


 
PREDICTION OF COMPRESSION INDEX OF FINE 

GRAINED SOIL BY USING ADAPTIVE NEURO FUZZY 
INFERENCE SYSTEM 

 
A project report  

Submitted to 
 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA,  
KAKINADA  

 
In partial fulfillment of the requirements for the award of the degree of 

 

BACHELOR OF TECHNOLOGY   
IN   

CIVIL ENGINEERING   
Submitted By 

 

A. ADISESHU 
(16481A0109) 

B. SAI KUMAR  
(16481A0121) 

M. ANIL KUMAR  
(17485A0101) 

A.V. ANIL BABU  
(16481A0107) 

B.V.CHANDRA SEKHAR  
(16481A0117) 

Under the Guidance of 
 

Mr . CH. NAGA BHARATH , M.Tech 
 Assistant professor  

 
 

 
 

 
 
 
 
 
 
 
 
 

 
DEPARTMENT OF CIVIL ENGINEERING 

 
  

GUDLAVALLERU ENGINEERING COLLEGE   
(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada,  

�$�F�F�U�H�G�L�W�H�G���E�\���1�$�$�&���Z�L�W�K���³�$�´���J�U�D�G�H��  
Seshadri Rao Knowledge Village 

Gudlavalleru-521356  
2019-2020 



DEPARTMENT OF CIVIL ENGINEERING 

GUDLAVALLERU ENGINEERING COLLEGE  
(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada, 

Accredited by NAAC with A grade) 

SeshadriRao Knowledge Village  
Gudlavalleru 

 

 

CERTIFICATE  
 
 
 

�7�K�L�V���L�V���W�R���F�H�U�W�L�I�\�� �W�K�D�W���W�K�H���S�U�R�M�H�F�W���U�H�S�R�U�W���H�Q�W�L�W�O�H�G���³PREDICTION OF COMPRESSION 

INDEX  (Cc) OF FINE GRAINED SOIL BY  USING ADAPTIVE NEURO FUZZY 

�,�1�)�(�5�(�1�&�(�� �6�<�6�7�(�0�� ���$�1�)�,�6���´��is the bonafied work done and submitted by 

A.ADISESHU (16481A0109), B.SAIKUMAR (16481A0121), M.ANIL KUMAR 

(17485A0101), A.V.ANIL BABU (16481A0107), B.V.CHANDRA SEKHAR 

(16481A0117) in partial fulfillment of requirements of the Degree of BACHELOR OF 

TECHNOLOGY in CIVIL ENGINEERING of GUDLAVALLERU 

ENGINEERING COLLEGE, GUDLAVALLERU.  

 
 

 
Mr. NAGA BHARATH .CH                                    Dr. P. KODANDA RAMARAO  

      (PROJECT GUIDE)                                         (HEAD OF THEDEPARTMENT)  
 
 
 

 
EXTERNAL EXAMINER  



 

PROGRAM OUTCOMES  

Engineering Graduates will be able to: 
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 
2. Problem analysis: Identify, formulate, review research literature, and analyze complex 
engineering problems reaching substantiated conclusions using first principles of 
mathematics, natural sciences, and engineering sciences. 
3. Design/development of solutions: Design solutions for complex engineering problems 
and design system components or processes that meet the specified needs with 
appropriate consideration for the public health and safety, and the cultural, societal, and 
environmental considerations. 
4. Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, 
and synthesis of the information to provide valid conclusions. 
5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
modern engineering and IT tools including prediction and modelling to complex 
engineering activities with an understanding of the limitations. 
6. The engineer and society: Apply reasoning informed by the contextual knowledge to 
assess societal, health, safety, legal and cultural issues and the consequent responsibilities 
relevant to the professional engineering practice. 
7. Environment and sustainability: Understand the impact of the professional 
engineering solutions in societal and environmental contexts, and demonstrate the 
knowledge of, and need for sustainable development. 
8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 
and norms of the engineering practice. 
9. Individual and team work: Function effectively as an individual, and as a member or 
leader in   diverse teams, and in multidisciplinary settings. 
10. Communication: Communicate effectively on complex engineering activities with 
the engineering community and with society at large, such as, being able to comprehend 
and write effective reports and design documentation, make effective presentations, and 
give and receive clear instructions. 
11. Project management and finance: Demonstrate knowledge and understanding of 
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12. Life-long learning: Recognize the need for, and have the preparation and ability to 
engage in independent and life-long learning in the broadest context of technological 
change. 
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and conduct geotechnical and geological investigations of the project. 
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CO 2 Review and evaluate the available literature on the chosen problem 
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Formulate the methodology to solve the identified problem by satisfying the 
ethical and societal conditions 
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Take up the breakdown of project work to be carried out in different phases, 
tasks and other related activities  

CO 5 Analyze the data collected and apply it in developing new resources. 

CO 6 Validate the obtained data with standard norms and prepare the report 
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ABSTRACT 
 
 

The compression index is one of the important compressibility parameters to 

determine the settlement calculation for fine-grained soil layers. These parameters can be 

determined by carrying out laboratory oedometer test on undisturbed samples. However, 

the test is quite time consuming and expensive. Therefore, many empirical formulas 

based on regression analysis have been presented to estimate the compressibility 

parameters using soil index properties. We are making an attempt on Adaptive Neuro 

Fuzzy Inference System (ANFIS) model for prediction of compressibility parameters To 

deal with the difficulties involved, in this project an attempt has been made to model 

property of soil  i.e.  Compression index parameter in terms of Depth of foundation (Df), 

liquid limit (WL), and N value, Fine fraction (ff). The Neuro Fuzzy back propagation 

network is constructed to model the Compression index.  For all the models selected, 

Depth of foundation, liquid limit, N value and Fine fraction are taken as input parameters 

and compression index of soil as output parameter from basic soil properties. 

For this purposes 1226 soils test data was collected from the consultancy cell of 

Geotechnical  Engineering  Lab,  the  test  results  relating  a  wide  range  of  soil  

properties. Among  the  total  979  datasets  are  used  for  training,  183  datasets  for  

checking  and remaining 62 datasets for testing. Different fuzzy models were tried with 

Df, N, WL, ff and densityas input parameters and Cc as output parameter. 

The  architectures  developed  by  varying  membership  functions  for  four input 

parameters  are  [5  4  4  5]  (Gbellmf),  [6  4  3  4]  (Trapmf),  [4  4  3  4]  (Gbellmf),  [3  

3  3  4] (Gbellmf , trapmf), [3  3  4  4] (Gbellmf, trapmf). The best Neuro Fuzzy model is 

identified by analyzing the performance of different models developed. Adaptive Neuro 

Fuzzy Inference System model with [3  3  4  4] (gbellmf) architecture was found to be 

quite reasonable in predicting desired output Pictorial  presentation  of  results  gives  a  

better  idea  than  quantitative  assessment.  In  this line  another  attempt  has  been  made  

for  checking  the  predicted  values  of  compression index  of  soils  with  the  observed  

values  graphically.  A  graph  is  plotted  between  the predicted  values  and  observed  

values  of  output  for  training  and  testing  process  which shows predicted values are 

close to observed values for all output parameters. Sensitivity analysis is performed by 
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finding Regression coefficient (R2) values for models developed at  predicting  stage.  

The  value  of  regression  coefficient  has  reached  0.96  indicating  the effectiveness  of  

predictability  of  the  model  proposed  in  this  work.  The  observed  and predicted  

values  of  compression index  of  soil  are  tabulated  to  check  the  intimacy of predicted  

values  with  the  observed  values  of  engineering parameters considered  for prediction. 
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CHAPTER 1 

INTRODUCTION  

1.1 General Introduction  

Soil is a mixture of organic matter, minerals, gases, liquids and organisms that 

�W�R�J�H�W�K�H�U�� �V�X�S�S�R�U�W�V�� �O�L�I�H���� �(�D�U�W�K�¶�V�� �E�R�G�\�� �R�I�� �V�R�L�O���� �F�D�O�O�H�G�� �S�H�G�R�V�S�K�H�U�H���� �K�D�V�� �I�R�X�U�� �L�P�S�R�U�W�D�Q�W��

functions (as a medium for plant growth, as a means of water storage, supply and 

�S�X�U�L�I�L�F�D�W�L�R�Q�����D�V���D���P�R�G�L�I�L�H�U���R�I���(�D�U�W�K�¶�V���D�W�P�R�V�S�K�H�U�H�����D�V���D���K�D�E�L�W���I�R�U���R�U�J�D�Q�L�V�P�V�������6�R�L�O���L�V���D��

�S�U�R�G�X�F�W�� �R�I�� �V�H�Y�H�U�D�O�� �I�D�F�W�R�U�V���� �W�K�H�� �L�Q�I�O�X�H�Q�F�H�� �R�I�� �F�O�L�P�D�W�H���� �U�H�O�L�H�I���� �R�U�J�D�Q�L�V�P�V�� �D�Q�G�� �W�K�H�� �V�R�L�O�¶�V��

parent materials interacting over time. It continually undergoes development by way 

of numerous physical, chemical and biological processes, which include weathering 

with associated erosion. Given its complexity and strong internal connectedness, soil 

ecologists regard soil as an ecosystem. Most soils have a dry bulk density between 1.1 

and 1.6 g/cm3, while the soil particle density is much higher, in the range of 2.6 to 2.7 

g/cm3. Little of the soil of planet earth is older than the Pleistocene and types, each 

with distinct characteristics that provide growing benefits and limitations. Soil can be 

categorized into sand, clay, silt, peat, chalk, and loam types of soils based on the 

dominating size of the particles within a soil. 

1.2 Compression index (Cc): 

The compression curve is plotted for effective stress versus void ratio. The void ratio 

is plotted using normal scale and effective curve is plotted using logarithm scale. 

The slope taken from virgin compression curve is termed as compression index. This 

is denoted by the symbol Cc. the image representation of the virginal Compression 

curve and slope for compression index are shown in Fig.1. 

 

Fig. 1. 
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The expression to find the compression index is given below. 

    �%�? =
�¿�A

�¿�H�K�C�ê
 

Here, the term Cc is compression index; �û e is void ratio change and  is 

difference in effective stress taken in log scale. 

The compression index is used to find the settlement in the normally consolidated 

clay.  

The total stress applied is larger than the stress in the field, to which the soil sample 

has been undergone in the past. This kind of clayey soil is said to be normally 

consolidated clay. 

1.3 Review of past work using Adaptive Neuro Fuzzy Inference System (ANFIS): 
 
Compression index can be measured from in-situ field tests, for example, Liquid limit, 

core-cutter. The Cc can likewise be evaluated in view of empirical correlation with 

other field gathered data. Empirical correlations ought to be utilized as a preparatory 

appraisal for improvement of response spectra and liquefaction defenselessness 

parameters. The Cc or compression index  is the soil property that has the best impact 

on the determination of the suitable response spectra and estimation of  compression 

index [1] Introduced the results of in-situ shear wave velocity estimations from eight 

bridge projects situated in North-eastern United States compared with determined 

empirical conditions related with N-values. Considered normal empirical condition of 

Ohta & Goto(1978), Seed et al(1983), Imai & Tonouchi (1982), Sykora & Stokoe 

(1983) and the outcomes from particular projects shows that the normal exact 

conditions. The response a spectrum at the foundation level is assessed since this is 

utilized as a part of deciding the seismic forces conferred to a structure. One 

dimensional site response investigation was performed utilizing the Pro-shake 

computer program. One dimensional site response analyses requires an acceleration 

time history and a soil profile includes the total unit weight and the Vs of the soils. It is 

seen that the changed empirical outputs better and helpful for Indian soils. 

In extensive very much planned field and research center testing that considers the 

distinctive soil condition experienced in Delhi, dynamic soil properties required for 

important microzonation from geotechnical earthquake building exhibited in [2]. In 

most geotechnical analysis programs, dynamic in-situ tests are generally not led 

because of cost thought and absence of particular faculty. Therefore many endeavors 

have been made in the past to correlate estimations of Vs or shear modulus to different 
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readings accessible soil parameters, for example, N-value. Shear Wave velocity 

profiles measured in the field at more than 80 bore holes are at a depth of the modulus 

reduction and damping curves. Clean Yamuna sand and Yamuna sand blended with 

measure up to extent of non-plastic fines are utilized for strain  controlled testing and 

for Yamuna sand blended with 15%, 30% fines stress  controlled tests were utilized to 

assess the modulus reduction and damping curves. A regular test result at a double 

amplitude strain of 0.4% for clean Yamuna sand is modeled and clarified  

[3].  Strain and stress controlled cyclic triaxial tests according to ASTM D3999 

showed that the modulus reduction and damping behavior can be approximated by 

lower down bound Seed and Idris (1970) values for sand. 

The major causes responsible for high damages because of earthquake are a strong 

possibility that the recently deposited sediments and loose soils could be a factor 

adding to the damage pattern in the areas. [4] Deals with the improvement of the 

empirical correlations between SPT and Vs for the Surat local in the state of Gujarat, 

India. The Vs profiles (1D, 2D) are created via doing Multi Channel Analysis of 

Surface Wave (MASW) tests at around 63 areas in range of roughly 600km2. A series 

of empirical correlations for prediction of Shear wave velocity from SPT N- value 

were created considering for the sort of soil. The created correlation are compared and 

the quantity of different conditions in order to evaluate prediction performance.  

[4]  Used 602 data focuses were in the improvement of correlations between Vs and 

uncorrected SPT N-values for three classes of soils i.e., for All soils, Sand and Clay. 

Around 80 to 85% of the Vs values predicted from the created uncorrected SPT N 

interactions for all soils, sand and mud are with ±20% of the scaled percent error. 

[5] Said that there are a several wave propagation tests in particular Seismic Cross-

hole, Down-hole, Up-hole and MASW which output shear wave velocity. Among 

these systems seismic cross-hole test is thought to be accurate for determination of Vs. 

The times of arrival of P and S �± waves measured on the seismic. 

[6] Developed a simple and efficient identification technique to assess site dynamic 

qualities. The two-degrees-of-freedom model with eight parameters is received to 

recreate the behavior of soils. Equivalent parameters for complex soil conditions are 

dictated by the Extended Kalman Filter (EKF), enhanced the computational efficiency 

and accuracy, the first order polynomial approximations for derivation of state 

estimators are connected in the EKF method. The recognized outcomes, the computed 

velocity and displacement time histories from the 2DOF physical model are confirmed 
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by contrasting and that integrated from the record acceleration. In the dynamic 

analysis, the response of subsoil to structure foundation is regularly expressed by the 

impedance work in which real part and the imaginary part express the stiffness and 

damping variables of the subsoil, respectively. The distinguished integrated 

parameters can be put away in a database for other comparable soil equations. The 

recognizable technique resolves the problems experienced in applying integrated 

parameter model to layered or complex soil conditions. 

Influence of the shear strength of soil on the seismic response of a moment resisting 

concrete building has been numerically researched 

[7] A three dimensional numerical soil-structure model had been developed adopting 

direct method of analysis. To capture practical soil nonlinearities for various shear 

strength, hysteretic damping has been executed to simulate backbone curve of the 

shear modulus and the damping proportion versus shear strain for soil. Numerical 

outcomes demonstrate that as the shear strength of subsoil increases, while other soil 

inputproperties are constant, the base shear, the maximum lateral displacement and the 

inter- story drift of the structure amplifies by up to 60%, 100% and 44%, individually. 

It can be presumed that soil undrained shear strength has considerable effects on the 

seismic response of midrise building frames laying on soft soil deposits because of 

soil-structure interaction, and considering impossible shear strength for the soil can 

extensively adjusts the predicted response of the structure. Along these lines, to 

acquire a dependable numerical prediction, the soil characteristics (undrained shear 

strength and plasticity) should to be treated with extraordinary care while leading soil- 

structure interaction investigation. 

Rooftop fall in coal mines is the best wellbeing risk that underground coal 

mineworker's deal with.  

[8]  Presented a fuzzy model for the prediction of rooftop fall in coal mines by 

utilizing US rooftop fall database. To manage circumstances like the portrayal of every 

single real system characteristically contains inadequate and uncertain data, a fuzzy 

approach in view of fuzzy logic is by all accounts a generally fitting. Amid the 

previous two decades, fuzzy logic has been effectively connected to some real issues 

particularly in demonstrating intricate and imprecise systems in the science and 

engineering field particularly mining, rock mechanics and engineering geology. Major 

contributing parameters on rooftop fall are Coal Mine Roof Rating, Primary Roof 

Support, intersection span and depth of cover. Fuzzy model based on Mamdani 
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algorithm is presented for the prediction of rooftop fall. The database went along from 

US coal mines were utilized. The database was separated into two groups arbitrarily 

on total for preparing and creating fuzzy model including 80% of data indexes and the 

other gathering including rest of 20% for testing the model execution. Total of 180 

rules were used in view of experts experience encounters and data thought about from 

the US coal mines. The proposed model predicted rooftop fall rate accurately for 85% 

cases and just 15% cases the model can't foresee the inferred rooftop fall rate. 

Fuzzy system elaborates qualitative, imprecise and sometimes contradictory 

information. They proved to be particularly useful in solution of complex problems 

which through they can`t be formulated in precise algorithm, can however be 

described qualitatively, which linguistic expressions. 

 [9]  Developed the model for the prediction of respiratory abnormalities from the 

norm utilizing fuzzy model based system approach for solid waste workers. The 

system has two sorts of inputs base and incremental. The base data variable for the 

system is age and BMI (Body Mass Index) data. The incremental info variable 

manages propensities, for example, tobacco chewing, liquor drinking, smoking, 

personal hygiene, work environment conditions and diet. The output is the danger of 

respiratory diseases related with solid laborers. The outcome obtained from the FRBS 

model in any event gives the thought with respect to the capability of hazard an 

incentive to get the symptoms of the diseases. 

The plan of a suitable classification for the prediction behavior of Rock Mass Rating 

(RMR) includes utilizing both the qualification and the quantification parameters. The 

most recent release of the stone mass system is utilized as the reference arrangement.  

[10] Built-up a strategy for fuzzification of expressive criteria that creates Fuzzy 

Interface System (FIS) for prediction of RMR and furthermore a multi-variable 

regression was set up with these weighting interims and was compared and 

consequence of the Mamdani fuzzy derivation system. Input data from contextual 

investigations were considered into record to acquire comes about because of 

prediction of regression analysis and FIS. The uniaxial compressive strength of intact 

rock(UCS), the rock quality designation (RQD), the join or discontinuity spacing (JS), 

are mathematical terms, despite the fact that the joint conduction (JC) and the ground 

water condition (GW) are expressed for the most part in descriptive terms, they are 

resolved as weighting intervals. Multiple regression method is utilized to determine 

the interactions between imperative RMR as the dependent variable and UCS, RQD, 
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JS, JC and GW as the independent variables. The discovery of the best capacity 

amongst dependent and independent factors with the utilization of sensitivity analysis 

was proposed. The model includes five inputs (UCS, RQD, JS, JC and GW) and just a 

single output (significant RMR). The triangular and trapezoidal MF`s were considered 

for the fuzzy models output and the scope of FIS output is interim [0,100]. A sum of 

375 rules for FIs were used by the special indices and a choice was made out of the 

joined data and output. It was discovered that the fuzzy model predicts more 

accurately RMR than regression models and fuzzy model modeled the most solid 

prediction when compared and the different regression models. 

1.4 Scope of Work and Methodology: 

The scope of our project work:- 

i. Data collection from any consultancy cell. 

ii.  Sorting the data. 

iii.  Develop the neuro fuzzy algorithm for classification using MATLAB.  

iv. The neuro fuzzy model considered hereby refers to ANFIS (Adaptive Neuro 

Fuzzy InferenceSystem). 

v. Selection of input and output parameters. 

vi. Training, checking and testing are done. 

vii.  Various models were formed and tested from which best model is to be taken 

basing upon itsaccuracy. 

viii.  Analyzing the adaptive neuro fuzzy inference system prediction accuracy. 

The methodologies of project are as follows: 

i. Involves the Neuro fuzzy model coding, simulation, adaptation and training of the 

using the MATLAB. 

ii.  This project starts with collection and sorting of data. 

iii.  Training, checking and testing of adoptive neuro fuzzy inference system is 

performed. 

iv. Using best compression index can be predicted. 
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1.5 ANFIS Introduction:  

The acronym ANFIS derives its name from adaptive neuro-fuzzy inference system. 

Using a given input/output data set, the toolbox function ANFIS constructs a fuzzy 

inference system (FIS) whose membership function parameters are tuned (adjusted) 

using either a back propagation algorithm alone or in combination with a least squares 

type of method. This adjustment allows your fuzzy systems to learn from the data they 

are modeling. 

The basic structure of Mamdani fuzzy inference system is a model that maps input 

characteristics to input membership functions, input membership functions to rules, 

rules to a set of output characteristics, output characteristics to output membership 

functions, and the output membership functions to a single-valued output or a  

decision associated with the output. Such a system uses fixed membership functions 

that are chosen arbitrarily and a rule structure that is essentially predetermined by the 

user's interpretation of the characteristics of the variables in the model. 

ANFIS and the Neuro-Fuzzy Designer apply fuzzy inference techniques to data 

modeling. As you have seen from the other fuzzy inference GUIs, the shape of the 

membership functions depends on parameters, and changing these parameters change 

the shape of the membership function. Instead of just looking at the data to choose the 

membership function parameters, you choose membership function parameters 

automatically using these Fuzzy Logic Toolbox applications. 

Suppose you want to apply fuzzy inference to a system for which you already have a 

collection of input/output data that you would like to use for modeling, model- 

following, or some similar scenario. You do not necessarily have a predetermined 

model structure based on characteristics of variables in your system. 

In some modeling situations, you cannot discern what the membership functions 

should look like simply from looking at data. Rather than choosing the parameters 

associated with a given membership function arbitrarily, these parameters could be 

chosen so as to tailor the membership functions to the input/output data in order to 

account for these types of variations in the data values. In such cases, you can use the 

Fuzzy Logic Toolbox neuro-adaptive learning techniques incorporated in the ANFIS 

command. 
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1.6 Significances of ANFIS: 

ANFIS largely removes the requirement for manual optimization of the fuzzy system 

parameters. A neural network is used to automatically tune the system parameters, for 

example the membership functions bounds, leading to improved performance without 

operator invention. The neuro fuzzy system with the learning capability of neural 

network and with the advantages of the rule-base fuzzy system can improve the 

performance significantly and can provide a mechanism to incorporate past 

observations into the classification process. In neuro fuzzy scheme, the system is built 

by fuzzy logic definitions and is then refined using neural network training algorithms. 

Some advantages of ANFIS are: 

�x Refines fuzzy if-then rules to describe the behavior of a complex system. 

�x Does not require prior human expertise 

�x  Uses membership functions plus 

�x  Desired dataset to approximate 

�x Greater choice of membership functions to use. 

�x Very fast convergence time. 

1.7 Advantages of Fuzzy Logic are: 

�x Fuzzy logic is conceptually easy tounderstand. 

The mathematical concepts behind fuzzy reasoning are very simple. What 

makes fuzzy nice is the "naturalness" of its approach and not its far-reaching 

complexity. 

�x Fuzzy logic isflexible. 

With any given system, it's easy to manage it or layer more functionality on top 

of it without starting again from scratch. 

�x Fuzzy logic is tolerant of imprecisedata. 

Everything is imprecise if you look closely enough, but more than that, most 

things are imprecise even on careful inspection. Fuzzy reasoning builds this 

understanding into the process rather than tacking it onto the end. 

�x Fuzzy logic can model nonlinear functions of arbitrarycomplexity. 

A fuzzy system can be created to match any set of input-output data. This 

process is made particularly easy by adaptive techniques like Adaptive Neuro-

Fuzzy Inference Systems (ANFIS), which are available in the Fuzzy 
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LogicToolbox. 

�x Fuzzy logic can be built on top of the experience ofexperts. 

In direct contrast to neural networks, which take training data and generate 

opaque, impenetrable models, fuzzy logic lets you rely on the experience of 

people who already understand your system. 

�x Fuzzy logic can be blended with conventional controltechniques. 

Fuzzy systems don't necessarily replace conventional control methods. In many 

cases fuzzy systems augment them and simplify their implementation. 

�x Fuzzy logic is based on naturallanguage. 

The basis for fuzzy logic is the basis for human communication. This 

observation underpins many of the other statements about fuzzy logic. 

�x The last statement is perhaps the most important one and deserves more 

discussion. Natural language, that which is used by ordinary people on a daily 

basis, has been shaped by thousands of years of human history to be 

convenient and efficient. 

Sentences written in ordinary language represent a triumph of efficient 

communication. We are generally unaware of this because ordinary language 

is, of course, something we use every day. Since fuzzy logic is built atop the 

structures of qualitative description used in everyday language, fuzzy logic is 

easy to use. 

1.8 Disadvantages of Fuzzy Logic are: 

Fuzzy logic is not a cure-all. When should you not use fuzzy logic? The safest 

statement is the first one made in this introduction: fuzzy logic is a convenient way to 

map an input space to an output space. If it's not convenient, try something else. If a 

simpler solution already exists, then use it. 

Fuzzy logic is the modification of common sense - use common sense when it is 

implemented and the right decision will probably been made. Many controllers, for 

example, do a fine job without using fuzzy logic. However, if time is taken to become 

familiar with fuzzy logic, a very powerful tool can be proved for dealing quickly and 

efficiently with imprecision and nonlinearity. 

1.9 Applications of ANFIS: 

Adaptive Neuro-Fuzzy Inference System (ANFIS) is useful for geotechnical 

engineering-based studies, as well as some applications employed in resonant column 
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testing, triaxial testing, and liquefaction triggering. 

Adaptive Neuro Fuzzy Inference System is used for non-linear function modeling and 

chaotic time series prediction. 

Adaptive Neuro Fuzzy Inference System is used for solubility prediction of carbon 

monoxide in polymers. 

1.10 Architecture:  

The ANFIS is a fuzzy Sugeno model put in the framework of adaptive systems to 

facilitate learning and adaptation. Such framework makes the ANFIS modeling more 

systematic and less reliant on expert knowledge. To present the ANFIS architecture, 

two fuzzy if-then rules based on a first order Sugeno model are considered: 

Rule 1: If (x is A1) and (y is B1) then (f1 = p1x + q1y + r1) Rule 2: If (x is 

A2) and (y is B2) then (f2 = p2x + q2y + r2) 

where x and y are the inputs, A1and B1are the fuzzy sets, f1are the outputs within the 

fuzzy region specified by the fuzzy rule, P1, q1and r1 are the design parameters that 

are determined during the training process. Fig. 1.1 illustrates the reasoning 

mechanism for this Sugeno model where it is the basis of the ANFIS model. 

 

Fig.1.1: A two-input first -order Sugeno fuzzy model with two rules 
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The ANFIS architecture to implement these two rules is shown in Fig.1.2, in which a 

circle indicates a fixed node, whereas a square indicates an adaptive node. Adaptive 

neuro fuzzy inference system basically has 5 layer architectures and each of the 

function is explained in detail later. 

 

Fig.1.2: ANFIS architecture 

In the first layer, all the nodes are adaptive nodes. The outputs of layer 1 are the fuzzy 

membership grade of the inputs. 

In the second layer, the nodes are fixed nodes. They are �O�D�E�H�O�H�G���Z�L�W�K���Œ�����L�Q�G�L�F�D�W�L�Q�J���W�K�D�W��

they perform as a simple multiplier. 

In the third layer, the nodes are also fixed nodes labeled by N, to indicate that they 

play a normalization role to the firing strengths from the previous layer. 

In the fourth layer, the nodes are adaptive. The output of each node in this layer is 

simply the product of the normalized firing strength and a first order polynomial (for a 

first order Sugeno model). 

In the fifth layer���� �W�K�H�U�H�� �L�V�� �R�Q�O�\�� �R�Q�H�� �V�L�Q�J�O�H�� �I�L�[�H�G�� �Q�R�G�H�� �O�D�E�H�O�H�G�� �Z�L�W�K�� ������ �7�K�L�V�� �Q�Rde 

performs the summation of all incoming signals. 

Fig .1.3 shows the variation in the Sugeno model that is equivalent to a two- input 

first-order Sugeno fuzzy model with nine rules, where each input is assumed to have 

three associated MFs. Fig .1.4 illustrates how the two dimensional input space is 

partitioned into nine overlapping fuzzy regions, each of which is governed by a fuzzy 

if -then rule. In other words, the premise part of a rule defines a fuzzy region, while the 
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consequent part specifies the output within the region. 

 

Fig.1.3: Two-input first -order Sugeno fuzzy model with nine rules 
 

 
Fig.1.4: The input space that are partitioned into nine fuzzy regions 

1.11 Membership functions: 

�0�H�P�E�H�U�V�K�L�S���I�X�Q�F�W�L�R�Q�V���D�U�H���L�Q�E�X�L�O�W���L�Q���0�D�W�O�D�E���I�X�]�]�\�� �O�R�J�L�F���W�R�R�O�E�R�[���� �µ�W�U�L�P�I�¶���� �µ�W�U�D�S�P�I�¶�� �D�U�H��

simple membership function that are formed using straight lines. Two membership 

functions, simple Gaussian-Curve(GC) and a Two sided Composite of two different 

GC are built on Gaussian Distributive Curve and by three parameters the generalized 
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�E�H�O�O�� �P�H�P�E�H�U�V�K�L�S�� �I�X�Q�F�W�L�R�Q�� �Z�K�L�F�K�� �Z�D�V�� �µ�J�E�H�O�O�P�I�¶�� �L�V�� �H�[�S�O�D�L�Q�H�G���� �6�L�J�P�R�L�G�D�O�� �P�H�P�E�H�U�V�K�L�S��

�I�X�Q�F�W�L�R�Q���Z�D�V���G�H�I�L�Q�H�G���E�\���Z�K�L�F�K���L�V���H�L�W�K�H�U���U�L�J�K�W���R�U���O�H�I�W�����µ�G�V�L�J�P�I�¶���L�V���W�K�H���W�K�H���S�U�R�G�X�F�W���R�I���W�K�H��

sigmoidal fa�F�W�R�U�� �µ�S�V�L�J�P�I�¶�� �D�Q�G�� �G�L�I�I�H�U�H�Q�F�H�� �E�H�W�Z�H�H�Q�� �W�Z�R�� �V�L�J�P�R�L�G�D�O�� �I�X�Q�F�W�L�R�Q�V���� �W�K�H�V�H�� �D�U�H��

asymmetric and closed membership functions of sigmoidal function. The membership 

�I�X�Q�F�W�L�R�Q�� �Z�L�W�K�� �D�V�\�P�P�H�W�U�L�F�D�O�� �S�R�O�\�Q�R�P�L�D�O�� �F�X�U�Y�H�� �R�S�H�Q�� �W�R�� �W�K�H�� �O�H�I�W�� �L�V�� �µ�]�P�I�¶���� �7�K�H��

membership function comprise �]�H�U�R�� �R�Q�� �E�R�W�K�� �H�Q�G�V�� �Z�L�W�K�� �D�� �U�L�V�H�� �L�Q�� �W�K�H�� �P�L�G�G�O�H�� �L�V�� �µ�S�L�P�I�¶��

and the membership function with mirror-image function which is free to the right is 

�µ�V�P�I�¶���I�X�Q�F�W�L�R�Q�� 

The membership function µA(x) describes the membership of the elements x of the 

base set X in the fuzzy set A, whereby for µA(x) a large class of functions can be taken. 

Reasonable functions often used are linear functions, such as triangular or trapezoidal 

functions. The grade of membership µA(x) of a membership function describes which 

grade it belongs to in the fuzzy set A. 

This value is in the unit interval [0,1]. This is shown in Fig . 1.5 

 

Fig. 1.5: Membership grades of a fuzzy set 

1.12 Components of a fuzzy system: 

There are basically four components in the fuzzy logic system which is fuzzification, 

inference engine, rule base and defuzzification. In some cases, a fuzzy system is drawn 

as a black box with some inputs and an output. Fig .1.6 shows the components of a 

fuzzy system. 
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Fig. 1.6: Components of fuzzy system 

The first block inside the controller is fuzzification. Fuzzification is used to convert 

each piece of input data to degrees of membership by a lookup in one or several 

membership functions. The fuzzification block thus matches the input data with the 

conditions of the rules to determine how well the condition of each rule matches that 

particular input instance. There is a degree of membership for each linguistic term that 

applies to that input variable. 

A fuzzy rule base consists of a set of fuzzy IF-THEN rules. It is the heart of the fuzzy 

system in the sense that all other components are used to implement these rules in a 

reasonable and efficient manner. Inference engine simply implies the combination of 

certain rules into a mapping from a fuzzy rule base to get some output corresponding 

to the inferred rules.  

There are two ways to infer with a set of rules which are composition based inference 

and individual rule based inference. In composition based inference, all rules in the 

fuzzy rule base is combined into a single fuzzy relation which is then viewed as a 

single fuzzy IF-THEN rule.  
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Most common type of inference used is shown below:- 

�x The fuzzy intersection operator �L (fuzzy AND connective) applied to two fuzzy 

sets A and B with the membership functions µA(x) andµB(x)isµA�LB(x) = 

min{µA(x), µB(x)}, x �ÅX 

�x The fuzzy union operator �M (fuzzy OR connective) applied to two fuzzy sets A 

and B with the membership functions µA(x) and µB(x) is µA�MB(x) 

=max{µA(x),µB(x), x�ÅX 

�x The fuzzy complement operator (fuzzy NOT operation) applied to the fuzzy sets 

A with the membership functions µA(x)is µA(x)=1-µA(x), x�ÅX 

In individual rule base inference, each rule in the fuzzy rule base determines an output 

fuzzy set and the output of the whole fuzzy inference engine is the combination of 

many individual fuzzy sets. The combination can be taken either by union or by 

intersection. In general, there are three criteria of choosing the inference methods 

which are intuitive appeal, computational efficiency and special properties. For 

intuitive appeal, the choice should make sense from an intuitive point of view. Simple 

computation of fuzzy inference system is also one of the issues that need to be 

considered besides the intuitive issue and some inference need special properties. 

The value inferred by the fuzzy rule base is in the fuzzy value or in other words, for 

every possible value µ, one gets a grade of membership that describes to what extent 

this value µ is reasonable to use. Defuzzification is used to transform fuzzy 

information into a single value. It is not a unique operation as different methods are 

possible. The most common are centre of gravity (COG), centre of singleton (COS), 

maximum membership, weight average and mean-max membership method. 

1.13 Fuzzy Logic Graphical User Interface(GUI) 

There are five primary GUI tools for building, editing, and observing fuzzy inference 

systems in the Fuzzy Logic package: 

1. Fuzzy Inference System(FIS)Editor 

2. Membership Function Editor 

3. RuleViewer 

4. Surface Viewer 

5. Rule Editor 
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Fig. 1.7: Fuzzy Logic Graphical User Interface (GUI) 

 
1.14 Statistical parameters: 

In our study four statistical parameters are considered which are clearly discussed 

below. 

1.14.1 Average Absolute Relative Error (AARE):  

The mean absolute percentage error (MAPE), also known as mean absolute percentage 

deviation (MAPD), is a measure of prediction accuracy of a forecasting method in 

statistics, for example in trend estimation. It usually expresses accuracy as a 

percentage, and is defined by the formula: 

 

whereAt is the actual value and Ft is the forecast value.  

The difference between At and Ft is divided by the Actual value At again. The 

absolute value in this calculation is summed for every forecasted point in time and 

divided by the number of fitted points n. Multiplying by 100 makes it a percentage 

error. 

Although the concept of MAPE sounds very simple and convincing, it has major 

drawbacks in practical application   
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�x It cannot be used if there are zero values (which sometimes happens for 

example in demand data) because there would be a division by zero.  

�x For forecasts which are too low the percentage error cannot exceed 100%, but 

for forecasts which are too high there is no upper limit to the percentage error.   

�x When MAPE is used to compare the accuracy of prediction methods it is 

biased in that it will systematically select a method whose forecasts are too 

low. This little-known but serious issue can be overcome by using an accuracy 

measure based on the ratio of the predicted to actual value (called the Accuracy 

Ratio), this approach leads to superior statistical properties and leads to 

predictions which can be interpreted in terms of the geometric mean. 

1.14.2 Correlation Coefficient (R²): 

A correlation coefficient is a numerical measure of some type of correlation, meaning 

a statistical relationship between two variables. The variables may be two columns of 

a given data set of observations, often called a sample, or two components of a 

multivariate random variable with a known distribution. 

Several types of correlation coefficient exist, each with their own definition and own 

�U�D�Q�J�H���R�I���X�V�D�E�L�O�L�W�\���D�Q�G���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����7�K�H�\���D�O�O���D�V�V�X�P�H���Y�D�O�X�H�V���L�Q���W�K�H���U�D�Q�J�H���I�U�R�P���í�����W�R��

���������Z�K�H�U�H���������L�Q�G�L�F�D�W�H�V���W�K�H���V�W�U�R�Q�J�H�V�W���S�R�V�V�L�E�O�H���D�J�U�H�H�P�H�Q�W���D�Q�G���í�����W�K�H���V�W�U�R�Q�J�H�V�W���S�R�V�V�L�E�O�H��

disagreement. As tools of analysis, correlation coefficients present certain problems, 

including the propensity of some types to be distorted by outliers and the possibility of 

incorrectly being used to infer a causal relationship between the variables. 

 

�S�D�A�N�A�G�E = �K�>�O�A�N�R�A�@�R�=�H�Q�A 

�G�D�E = �I �A�=�J�K�B�K�>�O�A�N�R�A�@�R�=�H�Q�A�O 

�3�D�E = �L�N�A�@�E�?�P�A�@�R�=�H�Qe 

1.14.3 Root Mean Square Error: 

Root Mean Square Error (RMSE) is the standard deviation of the residuals (prediction 

errors). Residuals are a measure of how far from the regression line data points are; 

RMSE is a measure of how spread out these residuals are. In other words, it tells you 

how concentrated the data is around the line of best fit. Root mean square error is 
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commonly used in climatology, forecasting, and regression analysis to verify 

experimental results.  

The formula is: 

 

Where: f = forecasts (expected values or unknown results),  

o = observed values (known results).  

The bar above the squared differences is the mean (similar to �[�C). The same formula 

can be written with the following, slightly different, notation (Barnston, 1992): 

 

You can use whichever formula you feel most comfortable with, as they both do the 

�V�D�P�H���W�K�L�Q�J�����,�I���\�R�X���G�R�Q�¶�W���O�L�N�H���I�R�U�P�X�O�D�V�����\�R�X���F�D�Q���I�L�Q�G���W�K�H���5�0�6�(���E�\���� 

Squaring the residuals  

Finding the i of the residuals 

Taking the square root of the result 

That said, this can be a lot of calculation, depending on how large your data set it. A 

shortcut to finding the root mean square error is: 

 

Where:  

SDy is the standard deviation of Y.  

When standardized observations and forecasts are used as RMSE inputs, there is a 

direct relationship with the correlation coefficient. For example, if the correlation 

coefficient is 1, the RMSE will be 0, because all of the points lie on the regression line 

(and therefore there are no errors). 

1.14.4 Standard Deviation: 

�,�Q���V�W�D�W�L�V�W�L�F�V���� �W�K�H���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�����6�'���� �D�O�V�R���U�H�S�U�H�V�H�Q�W�H�G���E�\�� �W�K�H���*�U�H�H�N���O�H�W�W�H�U���V�L�J�P�D���1��

or the Latin letter s) is a measure that is used to quantify the amount of variation or 

dispersion of a set of data values. A low standard deviation indicates that the data 

points tend to be close to the mean (also called the expected value) of the set, while a 
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high standard deviation indicates that the data points are spread out over a wider range 

of values. 

The standard deviation of a random variable, statistical population, data set, or 

probability distribution is the square root of its variance. It is algebraically simpler, 

though in practice less robust, than the average absolute deviation. A useful property 

of the standard deviation is that, unlike the variance, it is expressed in the same units 

as the data. There are also other measures of deviation from the norm,including 

average absolute deviation, which provide different mathematical properties from 

standard deviation. 

In addition to expressing the variability of a population, the standard deviation is 

commonly used to measure confidence in statistical conclusions. For example, the 

margin of error in polling data is determined by calculating the expected standard 

deviation in the results if the same poll were to be conducted multiple times. This 

derivation of a standard deviation is often called the "standard error" of the estimate or 

"standard error of the mean" when referring to a mean. It is computed as the standard 

deviation of all the means that would be computed from that population if an infinite 

number of samples were drawn and a mean for each sample were computed. Let X be 

�D���U�D�Q�G�R�P���Y�D�U�L�D�E�O�H���Z�L�W�K���P�H�D�Q���Y�D�O�X�H������ 

 

Here the operator E denotes the average or expected value of X. Then the standard 

deviation of X is the quantity 

 

(Derived using the properties of expected value) 

�,�Q���R�W�K�H�U���Z�R�U�G�V�����W�K�H���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���1�����V�L�J�P�D�����L�V���W�K�H���V�T�X�D�U�H���U�R�R�W���R�I���W�K�H���Y�D�U�L�D�Q�F�H���R�I��

�;�����L���H�������L�W���L�V���W�K�H���V�T�X�D�U�H���U�R�R�W���R�I���W�K�H���D�Y�H�U�D�J�H���Y�D�O�X�H���R�I�����;���í������ 2. 

The standard deviation of a probability distribution is the same as that of a random 

variable having that distribution. Not all random variables have a standard deviation, 

since these expected values need not exist. For example, the standard deviation of a 

random variable that follows a Cauchy distribution is undefined because its expected 

�Y�D�O�X�H�������L�V���X�Q�G�H�I�L�Q�H�G�� 
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CHAPTER �± 2 

EXPERIMENTAL PROGRAM  

Our main objective is to predict compression index using four input parameters named 

as dry density, liquid limit, fine fraction and standard penetration number. The tested 

results are samples are collected from the Consultancy cell of Geotechnical 

Engineering Lab, Department of Civil Engineering, Gudlavalleru Engineering 

College, Gudlavalleru. 

2.1 General Introduction: 

Each and every soil sample has its own properties which influence performance of soil 

in various conditions. These properties are considered in our study in order to predict 

compression index. 

2.2 Estimation of soil properties: 

The tested properties of soil samples are used in our study to predict compression 

index. All this data is collected from consultancy cell of our college. 

2.2.1 Depth of foundation: 

The Building has two main components, one is constructed above the ground level is 

known as super-structure while another is constructed below the ground level is called 

sub-structure. Foundation system falls into the category of sub-structure. The 

foundation is the part of a building that transfers the load of the structure to the 

ground. The foundation transfers the load of structure in such a manner so that the soil 

below the footing never undergoes excessive settlement. To resist the excessive 

settlement, the footing should be designed considering the factors like type of 

building, type of soil, the minimum depth of foundation, site topography, etc. The 

groundwater level, underground water courses, old drains, pits, wells, the old 

foundation, etc, and presence of excessive sulphates or other injurious compounds in 

the groundwater and soil should also be considered at the time of footing design. 

The minimum depth of foundation is the most important factor which affects the 

stability of footings. Hence the foundation should be located at a minimum depth, that 

the footing gets maximum stability and it can easily transfer the load of the structure to 

the ground. 

2.2.2 Liquid limit:  

Liquid limit tests are conducted at various percentages of Textile effluent. About 120 g 
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of an air-dried sample passing through 425-µ I.S. sieve is taken in a dish and mixed 

with certain amount of water to form a uniform paste. A portion of this paste is placed 

in the cup of the liquid limit device and surface is smoothened and leveled with a 

spatula to a maximum depth of 10 mm. A groove is cut through the sample along the 

symmetrical axis of the cup, preferably in one stoke, using a standard grooving tool. 

After the soil pat has been cut by a proper grooving tool, the handle is turned at a rate 

of 2 revolutions per second until the two parts of the soil sample come into contact at 

the bottom of the groove along a distance of 12mm .About 15g of soil near the closed 

groove is taken for water content determination. The liquid limit is the water content at 

which the soil is sufficient fluid to flow when the device is given 25 blows. As it is 

difficult to get exactly 25 blows for the sample to flow ,the test is conducted at 

different water contents so as to get blows in the range of 10 to 40.The soil in the cup 

is transferred to the dish containing the soil paste and mixed thoroughly after adding 

more water. The soil sample is again taken in the cup of the liquid limit device and the 

test is repeated. 

2.2.3 Dry density: (Code used for this test IS: 2720 (Part XXIX) �± 1975.) 

Dry Density of given soil sample can be calculated by using th following procedure. 

The internal volume (V) of the core cutter in cc should be calculated from its 

dimensions which should be measured to the nearest0.25mm. 

The core cutter should be weighed to the nearest gram(W1). 

A small area, approximately 30cm square of the soil layer to be tested should be 

exposed and leveled. The steel dolly should be placed on top of the cutter and the latter 

should be rammed down vertically into the soil layer until only about 15mm of the 

dolly protrudes above the surface, care being taken not to rock the cutter. The cutter 

should then be dug out of the surrounding soil, care being taken to allow some soil to 

project from the lower end of the cutter. The ends of the soil core should then be 

trimmed flat in level with the ends of the cutter by means of the straight edge. 

The cutter containing the soil core should be weighed to the nearest gram (W2). 

The soil core should be removed from the cutter and a representative sample should be 

placed in an air-tight container and its water content (w) 

Formulae used: 

Bulk density of the soil Y = [W2 �± W1]/ V g/cc  

Dry density of the soil Yd = Y/[1+w] g/c 
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2.2.4 Standard Penetration Number (N): 

The test procedure is described in ISO 22476-3 

The test uses a thick-walled sample tube, with an outside diameter of 50.8 mm and an 

inside diameter of 35 mm, and a length of around 650 mm. This is driven into the 

ground at the bottom of a borehole by blows from a slide hammer with a mass of63.5 

kg falling through a distance of 760 mm. The sample tube is driven 150 mm into the 

ground and then the number of blows needed for the tube to penetrate each 150mm up 

to a depth of 450 mm is recorded. The sum of the number of blows required for the 

second and third 6 in. of penetration is termed the "standard penetration resistance" or 

the "N-value". In cases where 50 blows are insufficient to advance it through a 150mm 

interval the penetration after 50 blows is recorded. The blow count provides an 

indication of the density of the ground, and it is used in many empirical geotechnical 

engineering formulae. 

2.2.5 Fine fraction (%):  

Individual solid particle in a soil can have different sizes and this characteristic of soil 

can have a significant effect on its engineering properties. Size of particles that 

constitute soils may vary from boulders to that of large molecules. 

The soil particles coarser than 0.075 mm constitute the coarse fraction of soils. 

Particles finer than 0.075, constitute the finer fraction of soils. Coarse fractions of soil 

consist of gravel and sand. Silt and clay are the fine fractions of soils. 

2.2.6 Compression index (Cc): 

The compression curve is plotted for effective stress versus void ratio. The void ratio 

is plotted using normal scale and effective curve is plotted using logarithm scale. 

The slope taken from virgin compression curve is termed as compression index.  

This is denoted by the symbol Cc. the image representation of the virginal 

compression curves and slope for compression index are shown in Fig.1. 

 
Fig.1 
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The expression to find the compression index is given below. 

    �%�? =
�¿�A

�¿�H�K�C�ê
 

Here, the term Cc �L�V�� �F�R�P�S�U�H�V�V�L�R�Q�� �L�Q�G�H�[���� �û e is void ratio change and  is 

difference in effective stress taken in log scale. 

The compression index is used to find the settlement in the normally consolidated 

clay.  

The total stress applied is larger than the stress in the field, to which the soil sample 

has been undergone in the past. This kind of clayey soil is said to be normally 

consolidated clay. 

2.3 Results of Soil Samples 

Table 2.1 Results of soil samples 

S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1 Rajgir (Bihar) 1a 1 45 1.54 9 87 0.12 

2 Rajgir (Bihar) 1a 1.5 45 1.54 9 87 0.12 

3 Rajgir (Bihar) 1a 2.5 54 1.502 13 87 0.135 

4 Rajgir (Bihar) 1a 3 54 1.502 13 87 0.135 

5 Rajgir (Bihar) 1a 4.5 54 1.502 17 87 0.135 

6 Rajgir (Bihar) 1a 5 45 1.649 19 92 0.125 

7 Rajgir (Bihar) 1a 6 45 1.649 19 92 0.125 

8 Rajgir (Bihar) 1a 7.5 45 1.649 22 92 0.125 

9 Rajgir (Bihar) 1a 8 40 1.656 33 88 0.122 

10 Rajgir (Bihar) 1a 9 40 1.656 33 88 0.122 

11 Rajgir (Bihar) 1a 10.5 40 1.656 34 88 0.122 

12 Rajgir (Bihar) 1a 11 40 1.675 34 82 0.11 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

13 Rajgir (Bihar) 1a 12 40 1.675 32 82 0.11 

14 Rajgir (Bihar) 1a 13.5 40 1.675 42 82 0.11 

15 Rajgir (Bihar) 1a 14 36 1.69 45 88 0.105 

16 Rajgir (Bihar) 1a 15 36 1.69 45 88 0.105 

17 Rajgir (Bihar) 1a 16.5 36 1.69 38 88 0.105 

18 Rajgir (Bihar) 1a 17 40 1.695 42 88 0.107 

19 Rajgir (Bihar) 1a 18 40 1.695 42 88 0.107 

20 Rajgir (Bihar) 1a 19.5 40 1.695 57 88 0.107 

21 Rajgir (Bihar) 1a 20 36 1.705 57 86 0.105 

22 Rajgir (Bihar) 1b 1 50 1.657 7 86 0.120 

23 Rajgir (Bihar) 1b 1.5 50 1.657 7 86 0.120 

24 Rajgir (Bihar) 1b 2.5 50 1.602 12 90 0.14 

25 Rajgir (Bihar) 1b 3 50 1.602 12 90 0.14 

26 Rajgir (Bihar) 1b 4.5 50 1.602 16 90 0.14 

27 Rajgir (Bihar) 1b 8 41 1.715 18 80 0.11 

28 Rajgir (Bihar) 1b 9 41 1.715 18 80 0.11 

29 Rajgir (Bihar) 1b 10.5 41 1.715 23 80 0.11 

30 Rajgir (Bihar) 1b 11 35 1.72 34 92 0.102 

31 Rajgir (Bihar) 1b 12 35 1.72 34 92 0.102 

32 Rajgir (Bihar) 1b 13.5 35 1.72 41 92 0.102 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

33 Rajgir (Bihar) 1b 14 40 1.725 37 79 0.107 

34 Rajgir (Bihar) 1b 15 40 1.725 37 79 0.107 

35 Rajgir (Bihar) 1b 16.5 40 1.725 44 79 0.107 

36 Rajgir (Bihar) 1b 17 42 1.71 45 87 0.108 

37 Rajgir (Bihar) 1b 18 42 1.71 45 87 0.108 

38 Rajgir (Bihar) 1b 19.5 42 1.71 57 87 0.108 

39 Rajgir (Bihar) 1b 20 50 1.715 57 94 0.115 

40 Rajgir (Bihar) 1c 1 50 1.597 7 91 0.120 

41 Rajgir (Bihar) 1c 1.5 50 1.597 7 91 0.120 

42 Rajgir (Bihar) 1c 2.5 52 1.614 9 96 0.122 

43 Rajgir (Bihar) 1c 3 52 1.614 9 96 0.122 

44 Rajgir (Bihar) 1c 4.5 52 1.614 11 96 0.122 

45 Rajgir (Bihar) 1c 5 51 1.657 17 89 0.115 

46 Rajgir (Bihar) 1c 6 51 1.657 17 89 0.115 

47 Rajgir (Bihar) 1c 7.5 51 1.657 14 89 0.115 

48 Rajgir (Bihar) 1c 8 45 1.811 20 84 0.115 

49 Rajgir (Bihar) 1c 9 45 1.811 20 84 0.115 

50 Rajgir (Bihar) 1c 10.5 45 1.811 22 84 0.115 

51 Rajgir (Bihar) 1c 11 41 1.85 22 76 0.105 

52 Rajgir (Bihar) 1c 12 41 1.85 26 76 0.105 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

53 Rajgir (Bihar) 1c 13.5 41 1.85 40 76 0.105 

54 Rajgir (Bihar) 1c 14 42 1.84 48 86 0.108 

55 Rajgir (Bihar) 1c 15 42 1.84 48 86 0.108 

56 Rajgir (Bihar) 1c 16.5 42 1.84 57 86 0.108 

57 Rajgir (Bihar) 1c 17 41 1.914 65 84 0.107 

58 Rajgir (Bihar) 1c 18 41 1.914 65 84 0.107 

59 Rajgir (Bihar) 1c 19.5 41 1.914 68 84 0.107 

60 Rajgir (Bihar) 1c 20 40 1.893 68 82 0 

61 Rajgir (Bihar) 1d 1 50 1.535 7 95 0.135 

62 Rajgir (Bihar) 1d 1.5 50 1.535 7 95 0.135 

63 Rajgir (Bihar) 1d 2.5 48 1.541 10 91 0.12 

64 Rajgir (Bihar) 1d 3 48 1.541 10 91 0.12 

65 Rajgir (Bihar) 1d 4.5 48 1.541 11 91 0.12 

66 Rajgir (Bihar) 1d 5 50 1.561 15 93 0.12 

67 Rajgir (Bihar) 1d 6 50 1.561 15 93 0.12 

68 Rajgir (Bihar) 1d 7.5 50 1.561 17 93 0.12 

69 Rajgir (Bihar) 1d 8 45 1.61 20 95 0.117 

70 Rajgir (Bihar) 1d 9 45 1.61 20 95 0.117 

71 Rajgir (Bihar) 1d 10.5 45 1.61 23 95 0.117 

72 Rajgir (Bihar) 1d 11 42 1.652 22 88 0.115 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

73 Rajgir (Bihar) 1d 12 42 1.652 22 88 0.115 

74 Rajgir (Bihar) 1d 13.5 42 1.652 31 88 0.115 

75 Rajgir (Bihar) 1d 14 42 1.67 40 92 0.112 

76 Rajgir (Bihar) 1d 15 42 1.67 40 92 0.112 

77 Rajgir (Bihar) 1d 16.5 42 1.67 40 92 0.112 

78 Rajgir (Bihar) 1d 17 40 1.69 46 87 0.116 

79 Rajgir (Bihar) 1d 18 40 1.69 46 87 0.116 

80 Rajgir (Bihar) 1d 19.5 40 1.69 58 87 0.116 

81 Rajgir (Bihar) 1d 20 40 1.705 58 90 0.105 

82 Rajgir (Bihar) 1e 1 52 1.56 10 81 0.12 

83 Rajgir (Bihar) 1e 1.5 52 1.56 10 81 0.12 

84 Rajgir (Bihar) 1e 2.5 50 1.59 9 80 0.118 

85 Rajgir (Bihar) 1e 3 50 1.59 9 80 0.118 

86 Rajgir (Bihar) 1e 4.5 50 1.59 14 80 0.118 

87 Rajgir (Bihar) 1e 5 42 1.68 13 74 0.11 

88 Rajgir (Bihar) 1e 6 42 1.68 13 74 0.11 

89 Rajgir (Bihar) 1e 7.5 42 1.68 15 74 0.11 

90 Rajgir (Bihar) 1e 8 41 1.846 16 90 0.111 

91 Rajgir (Bihar) 1e 9 41 1.846 16 90 0.111 

92 Rajgir (Bihar) 1e 10.5 41 1.846 18 90 0.111 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

93 Rajgir (Bihar) 1e 11 45 1.86 23 96 0.112 

94 Rajgir (Bihar) 1e 12 45 1.86 23 96 0.112 

95 Rajgir (Bihar) 1e 13.5 45 1.86 31 96 0.112 

96 Rajgir (Bihar) 1e 14 40 1.865 44 82 0.107 

97 Rajgir (Bihar) 1e 15 40 1.865 44 82 0.107 

98 Rajgir (Bihar) 1e 16.5 40 1.865 49 82 0.107 

99 Rajgir (Bihar) 1e 17 38 1.872 59 74 0.106 

100 Rajgir (Bihar) 1e 18 38 1.872 59 74 0.106 

101 Rajgir (Bihar) 1e 19.5 38 1.872 67 74 0.106 

102 Rajgir (Bihar) 1e 20 40 1.895 67 76 0.106 

103 Gautam Buddha 
nagar district 1a 

0 25 1.52 15 78 0.135 

104 Gautam Buddha 
nagar district 1a 

1.5 25 1.52 15 78 0.135 

105 Gautam Buddha 
nagar district 1a 

2.5 33 1.54 16 91 0.139 

106 
Gautam Buddha 
nagar district 1a 3 33 1.55 17 91 0.207 

107 
Gautam Buddha 
nagar district 1a 4.5 33 1.57 20 91 0.207 

108 
Gautam Buddha 
nagar district 1a 5.5 33 1.59 22 92 0.207 

109 
Gautam Buddha 
nagar district 1a 6 33 1.6 24 92 0.207 

110 Gautam Buddha 
nagar district 1a 

7.5 33 1.62 29 92 0.207 

111 Gautam Buddha 
nagar district 1a 

8.5 32 1.63 26 88 0.198 



29 
 

S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

112 
Gautam Buddha 
nagar district 1a 9 32 1.64 27 88 0.198 

113 
Gautam Buddha 
nagar district 1a 10.5 32 1.66 23 88 0.198 

114 
Gautam Buddha 
nagar district 1a 11.5 25 1.67 25 74 0.097 

115 Gautam Buddha 
nagar district 1a 

12 25 1.67 32 74 0.135 

116 Gautam Buddha 
nagar district 1a 

13.5 25 1.67 34 74 0.135 

117 Gautam Buddha 
nagar district 1a 

14.5 33 1.66 25 42 0.207 

118 Gautam Buddha 
nagar district 1b 

1.5 19 1.52 13 81 0.081 

119 
Gautam Buddha 
nagar district 1b 2.5 25 1.52 14 81 0.135 

120 
Gautam Buddha 
nagar district 1b 3 20 1.54 16 83 0.09 

121 
Gautam Buddha 
nagar district 1b 4.5 20 1.55 20 83 0.09 

122 Gautam Buddha 
nagar district 1b 

8.5 26 1.6 20 83 0.144 

123 Gautam Buddha 
nagar district 1b 

9 26 1.62 19 83 0.144 

124 Gautam Buddha 
nagar district 1b 

10.5 26 1.62 26 83 0.144 

125 Gautam Buddha 
nagar district 1b 

11.5 24 1.64 25 76 0.126 

126 
Gautam Buddha 
nagar district 1b 12 24 1.65 30 76 0.126 

127 
Gautam Buddha 
nagar district 1b 13.5 24 1.62 24 76 0.126 

128 
Gautam Buddha 
nagar district 1b 14.5 22 1.65 25 91 0.108 

129 Gautam Buddha 
nagar district 1b 

15 22 1.63 28 91 0.108 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

130 
Gautam Buddha 
nagar district 1b 16.5 22 1.63 35 91 0.108 

131 
Gautam Buddha 
nagar district 1b 17.5 21 1.67 32 89 0.099 

132 
Gautam Buddha 
nagar district 1b 18 21 1.69 38 89 0.099 

133 Gautam Buddha 
nagar district 1c 

2.5 24 1.55 16 66 0.132 

134 Gautam Buddha 
nagar district 1c 

7.5 24 1.55 18 93 0.126 

135 Gautam Buddha 
nagar district 1c 

8.5 19 1.62 16 93 0.081 

136 Gautam Buddha 
nagar district 1c 

9 19 1.63 20 93 0.081 

137 
Gautam Buddha 
nagar district 1c 10.5 19 1.64 28 93 0.081 

138 
Gautam Buddha 
nagar district 1c 11.5 19 1.65 29 83 0.081 

139 
Gautam Buddha 
nagar district 1c 12 19 1.65 31 83 0.081 

140 Gautam Buddha 
nagar district 1c 

13.5 19 1.62 35 94 0.081 

141 Gautam Buddha 
nagar district 1c 

14.5 22 1.67 36 94 0.108 

142 Gautam Buddha 
nagar district 1c 

15 22 1.62 38 94 0.108 

143 Gautam Buddha 
nagar district 1c 

16.5 22 1.67 46 79 0.108 

144 
Gautam Buddha 
nagar district 1c 17.5 19 1.7 48 79 0.081 

145 
Gautam Buddha 
nagar district 1c 18 19 1.64 52 79 0.081 

146 
Gautam Buddha 
nagar district 1d 0 26 1.63 12 82 0.144 

147 Gautam Buddha 
nagar district 1d 

1.5 26 1.68 16 82 0.144 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

148 
Gautam Buddha 
nagar district 1d 2.5 33 1.55 25 91 0.136 

149 
Gautam Buddha 
nagar district 1d 7.5 20 1.65 30 73 0.09 

150 
Gautam Buddha 
nagar district 1d 8.5 20 1.62 26 73 0.09 

151 Gautam Buddha 
nagar district 1e 

0 20 1.66 22 82 0.09 

152 Gautam Buddha 
nagar district 1e 

1.5 20 1.63 14 82 0.09 

153 Gautam Buddha 
nagar district 1e 

2.5 20 1.55 16 82 0.134 

154 Gautam Buddha 
nagar district 1e 

6 20 1.51 20 92 0.09 

155 
Gautam Buddha 
nagar district 1e 7.5 20 1.53 25 92 0.09 

156 
Gautam Buddha 
nagar district 1e 8.5 27 1.63 22 92 0.153 

157 
Gautam Buddha 
nagar district 1e 9 27 1.65 29 92 0.153 

158 Gautam Buddha 
nagar district 1e 

10.5 27 1.66 32 92 0.153 

159 Gautam Buddha 
nagar district 1e 

11.5 26 1.66 28 87 0.144 

160 Gautam Buddha 
nagar district 1f 

0 25 1.55 23 69 0.135 

161 Gautam Buddha 
nagar district 1f 

1.5 25 1.59 14 69 0.135 

162 
Gautam Buddha 
nagar district 1f 7.5 25 1.62 25 90 0.135 

163 
Gautam Buddha 
nagar district 1f 8.5 32 1.64 26 90 0.107 

164 
Gautam Buddha 
nagar district 1f 9 32 1.66 29 90 0.198 

165 Gautam Buddha 
nagar district 1f 

10.5 32 1.65 32 88 0.198 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

166 
Gautam Buddha 
nagar district 1f 11.5 34 1.66 29 88 0.216 

167 
Gautam Buddha 
nagar district 1f 12 34 1.66 36 88 0.216 

168 
Gautam Buddha 
nagar district 1f 13.5 34 1.64 39 84 0.216 

169 Gautam Buddha 
nagar district 1f 

14.5 33 1.67 26 84 0.207 

170 Gautam Buddha 
nagar district 1f 

15 33 1.69 44 84 0.207 

171 Gautam Buddha 
nagar district 1f 

16.5 33 1.67 46 79 0.207 

172 Gautam Buddha 
nagar district 1f 

17.5 25 1.7 48 79 0.135 

173 
Gautam Buddha 
nagar district 1f 18 25 1.69 51 79 0.135 

174 
Gautam Buddha 
nagar district 1f 20 25 1.68 53 79 0.135 

175 
Gautam Buddha 
nagar district 1g 0 25 1.63 12 74 0.135 

176 Gautam Buddha 
nagar district 1g 

1.5 25 1.65 14 74 0.135 

177 Gautam Buddha 
nagar district 1g 

7.5 25 1.67 26 95 0.135 

178 Gautam Buddha 
nagar district 1g 

8.5 28 1.64 28 95 0.162 

179 Gautam Buddha 
nagar district 1g 

9 28 1.623 33 95 0.162 

180 
Gautam Buddha 
nagar district 1g 10.5 28 1.64 36 87 0.162 

181 
Gautam Buddha 
nagar district 1g 11.5 35 1.67 38 87 0.225 

182 
Gautam Buddha 
nagar district 1g 12 35 1.62 43 87 0.225 

183 Gautam Buddha 
nagar district 1g 

13.5 35 1.66 41 96 0.225 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

184 
Gautam Buddha 
nagar district 1g 14.5 34 1.7 42 96 0.216 

185 
Gautam Buddha 
nagar district 1g 15 34 1.72 48 96 0.216 

186 
Gautam Buddha 
nagar district 1g 16.5 34 1.75 44 96 0.216 

187 Gautam Buddha 
nagar district 1g 

17.5 24 1.73 46 60 0.126 

188 Gautam Buddha 
nagar district 1g 

18 24 1.74 51 60 0.126 

189 Gautam Buddha 
nagar district 1g 

19.5 24 1.74 56 66 0.126 

190 Gautam Buddha 
nagar district 1g 

20.5 25 1.75 52 66 0.135 

191 
Gautam Buddha 
nagar district 1h 0 20 1.72 8 86 0.09 

192 
Gautam Buddha 
nagar district 1h 1.5 20 1.62 11 86 0.09 

193 
Gautam Buddha 
nagar district 1h 2.5 20 1.54 16 89 0.137 

194 Gautam Buddha 
nagar district 1h 

10.5 20 1.58 36 79 0.09 

195 Gautam Buddha 
nagar district 1h 

11.5 25 1.66 35 79 0.135 

196 Gautam Buddha 
nagar district 1h 

12 25 1.65 31 98 0.135 

197 Gautam Buddha 
nagar district 1h 

13.5 25 1.62 34 98 0.135 

198 
Gautam Buddha 
nagar district 1h 14.5 43 1.66 32 98 0.297 

199 
Gautam Buddha 
nagar district 1i 0 26 1.62 36 79 0.144 

200 
Gautam Buddha 
nagar district 1i 1.5 26 1.68 12 79 0.144 

201 Gautam Buddha 
nagar district 1i 

2.5 22 1.55 13 76 0.134 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

202 
Gautam Buddha 
nagar district 1i 10.5 22 1.52 28 88 0.108 

203 
Gautam Buddha 
nagar district 1i 11.5 27 1.65 30 88 0.153 

204 
Gautam Buddha 
nagar district 1i 12 27 1.62 32 98 0.153 

205 Gautam Buddha 
nagar district 1i 

13.5 27 1.63 34 98 0.153 

206 Gautam Buddha 
nagar district 1i 

14.5 39 1.66 24 98 0.261 

207 Gautam Buddha 
nagar district 1j 

0 39 1.68 13 74 0.261 

208 Gautam Buddha 
nagar district 1j 

1.5 39 1.61 10 74 0.261 

209 
Gautam Buddha 
nagar district 1j 2.5 24 1.53 16 69 0.139 

210 
Gautam Buddha 
nagar district 1j 6 24 1.56 24 82 0.126 

211 
Gautam Buddha 
nagar district 1j 7.5 24 1.59 26 82 0.126 

212 Gautam Buddha 
nagar district 1j 

8.5 26 1.65 25 82 0.144 

213 Gautam Buddha 
nagar district 1j 

9 26 1.68 27 82 0.144 

214 Gautam Buddha 
nagar district 1j 

10.5 26 1.62 31 82 0.144 

215 Gautam Buddha 
nagar district 1j 

11.5 39 1.66 35 94 0.261 

216 
Gautam Buddha 
nagar district 1j 12 39 1.63 28 94 0.261 

217 
Gautam Buddha 
nagar district 1j 13.5 39 1.68 31 94 0.261 

218 
Gautam Buddha 
nagar district 1j 14.5 41 1.67 25 93 0.279 

219 Gautam Buddha 
nagar district 1k 

0 41 1.65 15 83 0.279 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

220 
Gautam Buddha 
nagar district 1k 1.5 41 1.68 10 83 0.279 

221 
Gautam Buddha 
nagar district 1k 2.5 26 1.54 16 82 0.135 

222 
Gautam Buddha 
nagar district 1k 9 26 1.52 24 83 0.144 

223 Gautam Buddha 
nagar district 1k 

10.5 26 1.58 27 83 0.144 

224 Gautam Buddha 
nagar district 1k 

11.5 26 1.65 29 83 0.144 

225 Gautam Buddha 
nagar district 1k 

12 26 1.66 34 83 0.144 

226 Gautam Buddha 
nagar district 1k 

13.5 26 1.62 31 96 0.144 

227 
Gautam Buddha 
nagar district 1k 14.5 40 1.66 36 96 0.27 

228 
Gautam Buddha 
nagar district 1l 0 40 1.63 10 84 0.27 

229 
Gautam Buddha 
nagar district 1l 1.5 40 1.69 11 84 0.27 

230 Gautam Buddha 
nagar district 1l 

2.5 26 1.55 15 83 0.135 

231 Gautam Buddha 
nagar district 1l 

8.5 26 1.63 20 83 0.144 

232 Gautam Buddha 
nagar district 1l 

9 26 1.64 27 83 0.144 

233 Gautam Buddha 
nagar district 1l 

10.5 26 1.67 30 83 0.144 

234 
Gautam Buddha 
nagar district 1l 11.5 25 1.66 30 82 0.135 

235 
Gautam Buddha 
nagar district 1l 12 25 1.69 30 82 0.135 

236 
Gautam Buddha 
nagar district 1l 13.5 25 1.65 25 97 0.135 

237 Gautam Buddha 
nagar district 1l 

14.5 40 1.65 27 97 0.27 
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238 
Gautam Buddha 
nagar district 1l 15 40 1.53 28 97 0.27 

239 
Gautam Buddha 
nagar district 1m 0 40 1.58 10 83 0.27 

240 
Gautam Buddha 
nagar district 1m 1.5 40 1.54 11 83 0.27 

241 Gautam Buddha 
nagar district 1m 

2.5 26 1.53 15 84 0.141 

242 Gautam Buddha 
nagar district 1m 

3 26 1.52 13 84 0.144 

243 Gautam Buddha 
nagar district 1m 

9 26 1.56 21 86 0.144 

244 Gautam Buddha 
nagar district 1m 

10.5 26 1.58 25 86 0.144 

245 
Gautam Buddha 
nagar district 1m 11.5 26 1.64 26 86 0.144 

246 
Gautam Buddha 
nagar district 1m 12 26 1.66 28 86 0.144 

247 
Gautam Buddha 
nagar district 1m 13.5 26 1.63 23 96 0.144 

248 Gautam Buddha 
nagar district 1m 

14.5 39 1.65 26 96 0.261 

249 Gautam Buddha 
nagar district 1n 

0 24 1.66 6 74 0.126 

250 Gautam Buddha 
nagar district 1n 

1.5 24 1.63 8 74 0.126 

251 Gautam Buddha 
nagar district 1n 

6 40 1.68 20 79 0.27 

252 
Gautam Buddha 
nagar district 1n 7.5 40 1.62 25 79 0.27 

253 
Gautam Buddha 
nagar district 1n 8.5 25 1.65 26 79 0.135 

254 
Gautam Buddha 
nagar district 1n 9 25 1.67 27 79 0.135 

255 Gautam Buddha 
nagar district 1n 

10.5 25 1.66 30 77 0.135 
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256 
Gautam Buddha 
nagar district 1n 11.5 25 1.66 32 77 0.135 

257 Vishakhapatnam 1a 0 35 1.566 20 53.74 0.225 

258 Vishakhapatnam 1a 1 29 1.635 24 34.09 0.171 

259 Vishakhapatnam 1a 2 32 1.689 26 43.47 0.198 

260 Vishakhapatnam 1a 3 33 1.694 34 37.51 0.207 

261 Vishakhapatnam 1a 4 30 1.69 42 38.53 0.18 

262 Vishakhapatnam 1a 5 32 1.682 48 32.66 0.198 

263 Vishakhapatnam 1a 6.5 42 1.698 55 64.74 0.288 

264 Vishakhapatnam 1a 8 38 1.685 62 59.5 0.252 

265 Vishakhapatnam 1a 9 22 1.623 78 36.3 0.108 

266 Vishakhapatnam 1a 10 21 1.621 100 43.1 0.099 

267 BHUJ-KUTCH 1a 1 41.7 1.535 11 68 0.2853 

268 BHUJ-KUTCH 1b 2.5 44.3 1.541 16 71 0.3087 

269 BHUJ-KUTCH 1c 4 45.7 1.552 30 75 0.3213 

270 BHUJ-KUTCH 1d 5.5 31.3 1.578 100 61 0.1917 

271 BHUJ-KUTCH 1e 7 30.3 1.6 100 65 0.1827 

272 BHUJ-KUTCH 1f 8.5 29.2 1.625 100 58 0.1728 

273 BHUJ-KUTCH 1f 10 31.2 1.634 100 55 0.1908 

274 49 L STREET 1a 7.3 46 1.577 22 86.1 0.324 

275 49 L STREET 1b 2.7 38 1.56 65 96.2 0.252 
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276 virginia 1a 2.8 50 1.569 41 98.6 0.36 

277 virginia 1a 8.1 90 1.56 58 96.1 0.72 

278 virginia 1b 0.4 51 1.547 15 10.4 0.369 

279 virginia 1c 5.2 52 1.536 19 52.9 0.378 

280 virginia 1c 6.2 75 1.524 26 10.3 0.585 

281 virginia 1c 8.6 76 1.646 12 99.1 0.594 

282 virginia 1d 0.8 28 1.65 22 71.5 0.162 

283 virginia 1d 2.8 74 1.615 36 41.4 0.576 

284 virginia 1f 1.0 26 1.587 75 77.7 0.144 

285 virginia 1g 1.0 48 1.565 89 89.3 0.342 

286 Akhaura 1a 0.9 47 1.14 1 92 0.333 

287 Akhaura 1a 2.0 47 0.56 4 74 0.333 

288 Akhaura 1a 3.1 59 0.87 7 96 0.441 

289 Akhaura 1a 5.8 47 1.38 7 94 0.333 

290 Akhaura 1a 6.9 45 1.46 16 95 0.315 

291 Akhaura 1b 2.0 47 1.18 3 88 0.333 

292 Akhaura 1b 5.3 54 0.96 5 73 0.396 

293 Bingiriya 1a 1 58 1.254 24 22 0.432 

294 Bingiriya 1a 4 63 1.352 19 54 0.477 

295 Bingiriya 1b 4 54 1.425 17 44 0.396 
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296 Bingiriya 1c 2 21 1.125 11 23 0.099 

297 Bingiriya 1c 4 35 1.352 18 34 0.225 

298 Bingiriya 1d 4 44 1.365 19 26 0.306 

299 Bingiriya 1d 5 69 1.347 10 58 0.531 

300 Bingiriya 1d 9 65 1.398 20 50 0.495 

301 Bingiriya 1e 2 58 1.358 32 24 0.432 

302 Bingiriya 1e 5 61 1.369 17 57 0.459 

303 Bingiriya 1e 6 55 1.357 17 50 0.405 

304 Bingiriya 1f 4 64 1.324 35 42 0.486 

305 Bingiriya 1f 7 69 1.356 15 67 0.531 

306 Bingiriya 1g 1 67 1.425 22 35 0.513 

307 Bingiriya 1g 3 65 1.436 18 23 0.495 

308 Bingiriya 1g 5 66 1.496 42 49 0.504 

309 Bingiriya 1g 6 68 1.478 30 61 0.522 

310 Bingiriya 1g 10 60 1.428 33 40 0.45 

311 Bingiriya 1g 17 39 1.456 42 31 0.261 

312 Bingiriya 1h 1 67 1.472 32 26 0.513 

313 Bingiriya 1h 4 68 1.461 24 24 0.522 

314 Bingiriya 1h 6 71 1.463 24 36 0.549 

315 Bingiriya 1i 4 78 1.465 16 67 0.612 



40 
 

S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

316 Bingiriya 1i 6 64 1.467 15 56 0.486 

317 Bingiriya 1j 0 25 1.469 10 29 0.135 

318 Bingiriya 1j 1 32 1.471 15 35 0.198 

319 Bingiriya 1j 2 45 1.467 32 38 0.315 

320 Bingiriya 1j 3 86 1.468 23 62 0.684 

321 Bingiriya 1j 5 72 1.453 21 65 0.558 

322 Bingiriya 1j 7 63 1.426 13 58 0.477 

323 Bingiriya 1k 2 76 1.396 16 40 0.594 

324 Bingiriya 1k 3 68 1.385 34 55 0.522 

325 Bingiriya 1k 4 59 1.365 24 53 0.441 

326 Bingiriya 1k 5 51 1.325 17 52 0.369 

327 Bingiriya 1l 1 42 1.312 36 30 0.288 

328 Bingiriya 1l 2 32 1.305 13 19 0.198 

329 Bingiriya 1l 3 55 1.326 25 25 0.405 

330 Bingiriya 1l 5 61 1.354 21 52 0.459 

331 Bingiriya 1l 6 56 1.38 21 39 0.414 

332 Bingiriya 1l 7 61 1.369 24 57 0.459 

333 Bingiriya 1l 11 85 1.358 11 76 0.675 

334 Colorado 1a 4 28 1.048 3 67 0.162 

335 Colorado 1b 14 31 1.156 10 63 0.189 
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336 Colorado 1c 9 30 1.364 4 59 0.18 

337 MISSOURI 1a 2.5 54 1.057 14 69 0.396 

338 MISSOURI 1b 5 92 1.166 8 65 0.738 

339 MISSOURI 1c 5 88 1.258 7 63 0.702 

340 SAN BENITO 1a 1.5 25 1.62 12 46.8 0.135 

341 SAN BENITO 1b 11 29 1.696 15 67.1 0.171 

342 SAN BENITO 1c 1.5 35 1.542 8 51 0.225 

343 SAN BENITO 1d 1.5 32 1.536 4 58.5 0.198 

344 SAN BENITO 1e 16 26 1.639 26 22.8 0.144 

345 SAN BENITO 1f 1.5 28 1.595 9 49 0.162 

346 SAN BENITO 1g 4 54 1.559 7 72.1 0.396 

347 SAN BENITO 1h 7 53 1.562 12 59 0.387 

348 TSPL Banawala 1a 1.5 29.3 1.605 14 12 0.1737 

349 TSPL Banawala 1b 1.5 31.1 1.569 14 13 0.1899 

350 TSPL Banawala 1b 2.5 34.3 1.55 20 22 0.2187 

351 TSPL Banawala 1c 1.5 25.8 1.81 14 18 0.1422 

352 TSPL Banawala 1d 2 23.5 1.86 17 8 0.1215 

353 
Gallup-McKinley 

1a 10 39 0.981 16 75.1 0.261 

354 
Gallup-McKinley 

1b 10 55 0.961 33 87.7 0.405 

355 Gallup-McKinley 
1c 

2.5 42 0.893 13 91.4 0.288 
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356 
Gallup-McKinley 

1d 2.5 42 0.937 5 98.3 0.288 

357 
Gallup-McKinley 

1e 10 33 0.977 17 91.9 0.207 

358 
Gallup-McKinley 

1f 15 29 0.27 24 74.6 0.171 

359 Gallup-McKinley 
1g 

45 39 0.698 45 86.9 0.261 

360 Gallup-McKinley 
1h 

2.5 30 0.893 3 79.9 0.18 

361 Thedden Grange 1a 1.5 32 0.87 19 53 0.198 

362 Thedden Grange 1b 2 80 0.682 12 53 0.63 

363 Thedden Grange 1c 3 43 0.947 29 59 0.297 

364 Thedden Grange 1d 2 59 0.369 32 45 0.441 

365 RGRHCL 1a 1.5 36.8 1.356 52 14.2 0.2412 

366 RGRHCL 1b 1 38.1 1.398 49 63.7 0.2529 

367 RGRHCL 1b 1.5 39.5 1.247 55 55.5 0.2655 

368 RGRHCL 1c 1 49.3 1.195 50 85.6 0.3537 

369 RGRHCL 1c 1.5 32.9 1.684 50 62.6 0.2061 

370 RGRHCL 1d 1.5 39.8 1.254 55 88.8 0.2682 

371 CaveryBhavan 1a 1 41.7 1.135 32 38.8 0.2853 

372 CaveryBhavan 1a 3 39.8 1.42 20 49.1 0.2682 

373 CaveryBhavan 1a 6 40.2 1.392 40 57.7 0.2718 

374 CaveryBhavan 1b 1.5 42.6 1.468 45 35.5 0.2934 

375 CaveryBhavan 1c 1.5 41.4 1.296 20 27.8 0.2826 
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376 CaveryBhavan 1c 3 39.8 1.12 18 46.9 0.2682 

377 CaveryBhavan 1c 6 38.3 1.295 39 59.2 0.2547 

378 Cauvery Bhavan 1a 1.5 38.9 1.365 20 76.8 0.2601 

379 Cauvery Bhavan 1a 3 38.6 1.256 55 41.6 0.2574 

380 Cauvery Bhavan 1b 1 38.1 1.625 23 67.3 0.2529 

381 Cauvery Bhavan 1b 1.5 38.4 1.352 26 72.1 0.2556 

382 Cauvery Bhavan 1b 3 38.6 1.425 55 44.4 0.2574 

383 Cauvery Bhavan 1c 1.5 38.7 1.623 25 62.6 0.2583 

384 Cauvery Bhavan 1c 3 39 1.236 55 42.7 0.261 

385 Cauvery Bhavan 1d 1.5 38.2 1.634 23 68 0.2538 

386 Cauvery Bhavan 1d 3 38.9 1.253 57 48.7 0.2601 

387 Kempegowda Road 
1a 

1 35.8 1.354 48 31.7 0.2322 

388 Kempegowda Road 
1b 

1 41.7 1.326 52 66.9 0.2853 

389 
Kempegowda Road 

1b 1.5 38.6 1.313 55 33.4 0.2574 

390 
Kempegowda Road 

1c 1.5 36.2 1.296 46 31.5 0.2358 

391 Mandur 1a 0.5 31.8 1.36 47 36 0.1962 

392 Mandur 1b 0.5 30.6 1.37 46 37 0.1854 

393 Mandur 1c 0.5 31.4 1.33 41 33 0.1926 

394 
K G Road 

Bengaluru 1a 1.5 38.5 1.256 20 58 0.2565 

395 K G Road 3 39.6 1.298 16 63 0.2664 
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Bengaluru 1a 

396 
K G Road 

Bengaluru 1a 6 37.6 1.346 30 82.5 0.2484 

397 
K G Road 

Bengaluru 1b 1 37.2 1.63 48 33.6 0.2448 

398 K G Road 
Bengaluru 1b 

1.5 38.6 1.625 55 16.3 0.2574 

399 K G Road 
Bengaluru 1c 

1.5 44 1.643 55 42.8 0.306 

400 Mexico 1a 1.3 114 0.4 14 55.2 0.936 

401 Mexico 1a 2.3 23 0.96 28 54.6 0.117 

402 Mexico 1a 4.3 42 0.79 32 55.3 0.288 

403 Mexico 1b 0.2 110 0.4 35 57.1 0.9 

404 Mexico 1b 1.3 86 0.52 39 47 0.684 

405 Mexico 1b 3.1 37 0.77 19 38.3 0.243 

406 Mexico 1c 1.1 119 0.43 35 34.6 0.981 

407 Mexico 1c 2.3 46 1.03 25 39.5 0.324 

408 Mexico 1c 2.8 77 0.62 26 44.6 0.603 

409 Mexico 1d 2.3 78 0.65 29 77.5 0.612 

410 Mexico 1d 3.8 16 0.96 38 77.7 0.054 

411 Mexico 1d 4.8 73 0.79 36 80.3 0.567 

412 Mexico 1e 0.4 117 0.41 15 45.3 0.963 

413 Mexico 1e 1.0 138 0.35 24 46.7 1.152 

414 Mexico 1e 1.8 98 0.97 29 42.1 0.792 
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415 Mexico 1e 3.7 67 0.68 35 44.3 0.513 

416 Mexico 1f 1.1 41 0.79 45 43.6 0.279 

417 Mexico 1f 2.3 42 0.82 48 41.1 0.288 

418 Mexico 1f 3.8 32 0.95 36 40.3 0.198 

419 
Rockingham 
County 1a 1.6 65 1.256 18 58.6 0.495 

420 
Rockingham 
County 1b 1.3 55 1.365 22 66.6 0.405 

421 
Rockingham 
County 1b 2.2 44 1.653 29 78.5 0.306 

422 Rockingham 
County 1b 

4.1 63 1.456 17 68.8 0.477 

423 Rockingham 
County 1c 

1.3 48 1.532 29 65.6 0.342 

424 Rockingham 
County 1c 

2.5 41 1.52 26 66.3 0.279 

425 Rockingham 
County 1d 

1.9 40 1.247 23 64.3 0.27 

426 
Rockingham 
County 1d 5.6 22 1.125 18 69.3 0.108 

427 
Rockingham 
County 1e 4.1 57 1.198 35 74 0.423 

428 
Rockingham 
County 1e 4.7 41 1.68 23 75.3 0.279 

429 Rockingham 
County 1f 

5.6 56 1.195 36 71.3 0.414 

430 Rockingham 
County 1f 

6.3 53 1.529 32 65.3 0.387 

431 Rockingham 
County 1g 

1.3 55 1.123 35 64.5 0.405 

432 Rockingham 
County 1g 

1.6 48 1.169 39 62.8 0.342 
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433 Bristol 1a 1 34 1.15 12 48 0.192 

434 Bristol 1a 1.5 35 1.69 18 49 0.2 

435 Bristol 1a 2 37.5 1.253 20 48 0.22 

436 Bristol 1a 3 32.5 1.632 16 50 0.18 

437 Bristol 1a 4 29.75 1.572 14 50.5 0.158 

438 Bristol 1a 6 29.75 1.102 17 52 0.158 

439 Bristol 1a 8 31.25 1.02 13 52.3 0.17 

440 Bristol 1a 10 44.25 1.156 12 52.6 0.274 

441 Bristol 1a 11 32.5 1.364 12 53 0.18 

442 Bristol 1a 12 35 1.136 19 53.8 0.2 

443 Bristol 1a 14 29.75 1.196 18 54.9 0.158 

444 Bristol 1b 1 25.25 1.256 17 55 0.122 

445 Bristol 1b 1.5 30 1.369 12 54.6 0.16 

446 Bristol 1b 2 29.75 1.426 15 54.1 0.158 

447 Bristol 1b 3 30 1.483 14 58.6 0.16 

448 Bristol 1b 4 28.75 1.54 10 59.5 0.15 

449 Bristol 1b 6 37.5 1.597 6 60.5 0.22 

450 Bristol 1b 8 32.5 1.654 13 66 0.18 

451 Bristol 1b 10 30 1.542 11 63 0.16 

452 Bristol 1b 11 32.5 1.632 13 62 0.18 
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453 Bristol 1b 12 31.25 1.632 13 69 0.17 

454 Bristol 1b 14 33.25 1.365 16 68 0.186 

455 Bristol 1c 1 29 1.325 14 62 0.152 

456 Bristol 1c 1.5 30 1.256 12 61 0.16 

457 Bristol 1c 2 29.75 1.452 12 6 0.158 

458 Bristol 1c 3 43.5 1.023 12 67 0.268 

459 Bristol 1c 4 29.5 1.523 12 64 0.156 

460 Bristol 1c 6 41.25 1.268 12 57.99 0.25 

461 Bristol 1c 8 30.25 1.632 11 58.04 0.162 

462 Bristol 1c 10 29.75 1.455 11 58.09 0.158 

463 Bristol 1c 11 29.5 1.460 11 58.14 0.156 

464 Bristol 1c 12 40.5 1.464 11 58.2 0.244 

465 Bristol 1c 14 45 1.469 11 58.25 0.28 

466 Bristol 1d 1 29.25 1.473 10 58.3 0.154 

467 Bristol 1d 1.5 28 1.478 10 58.35 0.144 

468 Bristol 1d 2 30 1.482 10 58.4 0.16 

469 Bristol 1d 3 29.5 1.487 10 58.46 0.156 

470 Bristol 1d 4 31.5 1.491 10 58.5 0.172 

471 Bristol 1d 6 33.5 1.496 10 58.5 0.188 

472 Bristol 1d 8 41 1.102 9 58.6 0.248 
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473 Bristol 1d 10 29.25 1.405 12 58.66 0.154 

474 Bristol 1d 11 33.75 1.365 16 58.72 0.19 

475 Bristol 1d 12 29.5 1.065 13 58.7 0.156 

476 Bristol 1d 14 36.5 1.369 19 58.8 0.212 

477 Bristol 1e 1 29.75 1.523 18 58.87 0.158 

478 Bristol 1e 1.5 40.5 1.632 16 58.9 0.244 

479 Bristol 1e 2 40.5 1.352 17 58.97 0.244 

480 Bristol 1e 3 28.25 1.203 15 59.03 0.146 

481 Bristol 1e 4 33.75 1.438 9 59.08 0.19 

482 Bristol 1e 6 40.5 1.459 8 60 0.244 

483 Bristol 1e 8 29.5 1.479 16 62 0.156 

484 Bristol 1e 10 25.5 1.500 14 63 0.124 

485 Bristol 1e 11 33.75 1.521 14 65.5 0.19 

486 Bristol 1e 12 24.25 1.541 14 63.8 0.114 

487 Bristol 1e 14 32.5 1.562 13 63.4 0.18 

488 Bristol 1f 1 29.5 1.572 15 62.5 0.156 

489 Bristol 1f 1.5 43 1.577 19 68.95 0.264 

490 Bristol 1f 2 26.25 1.581 16 61.05 0.13 

491 Bristol 1f 3 29.75 1.586 18 61.8 0.158 

492 Bristol 1f 4 25.5 1.590 17 65.93 0.124 
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493 Bristol 1f 6 29.5 1.595 12 63.7 0.156 

494 Bristol 1f 8 30.5 1.599 15 63.6 0.164 

495 Bristol 1f 10 29.5 1.604 16 63.5 0.156 

496 Bristol 1f 11 31.5 1.608 13 63.4 0.172 

497 Bristol 1f 12 28.75 1.613 12 63.3 0.15 

498 Bristol 1f 14 31.5 1.617 11 63.2 0.172 

499 Bristol 1g 1 29.25 1.622 15 63.1 0.154 

500 Bristol 1g 1.5 40.5 1.626 16 63 0.244 

501 Bristol 1g 2 41.25 1.631 21 62.9 0.25 

502 Bristol 1g 3 36.25 1.635 22 62.8 0.21 

503 Bristol 1g 4 27 1.640 19 62.8 0.136 

504 Bristol 1g 6 30 1.644 20 62.7 0.16 

505 Bristol 1g 8 29 1.649 23 62.6 0.152 

506 Bristol 1g 10 30.25 1.653 16 62.5 0.162 

507 Bristol 1g 11 30 1.658 23 62.4 0.16 

508 Bristol 1g 12 29.5 1.523 15 62.3 0.156 

509 Bristol 1g 14 30 1.253 16 62.5 0.16 

510 Bristol 1h 1 33.5 1.222 19 62.5 0.188 

511 Bristol 1h 1.5 33.75 1.254 21 62.4 0.19 

512 Bristol 1h 2 30 1.365 23 62.4 0.16 
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513 Bristol 1h 3 36.25 1.365 24 62.3 0.21 

514 Bristol 1h 4 27.75 1.302 29 62.3 0.142 

515 Bristol 1h 6 34.5 1.402 29 62.2 0.196 

516 Bristol 1h 8 36 1.523 26 62.2 0.208 

517 Bristol 1h 10 29.75 1.025 25 62.1 0.158 

518 Bristol 1h 11 28.5 1.707 22 62.1 0.148 

519 Bristol 1h 12 28.75 1.712 24 62.1 0.15 

520 Bristol 1h 14 28.75 1.716 15 62 0.15 

521 Bristol 1i 1 50 1.721 19 62 0.32 

522 Bristol 1i 1.5 31 1.725 24 61.9 0.168 

523 Bristol 1i 2 29 1.730 20 63.8 0.152 

524 Bristol 1i 3 27.75 1.734 15 65.9 0.142 

525 Bristol 1i 4 29.5 1.739 16 62.5 0.156 

526 Bristol 1i 6 25 1.743 17 64.3 0.12 

527 Bristol 1i 8 29 1.748 13 68.12 0.152 

528 Bristol 1i 10 26.25 1.752 14 61.25 0.13 

529 Bristol 1i 11 29 1.757 12 63.02 0.152 

530 Bristol 1i 12 35 1.761 18 61.7 0.2 

531 Bristol 1i 14 24 1.766 12 67.6 0.112 

532 Bristol 1j 1 26.25 1.770 14 69.2 0.13 
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533 Bristol 1j 1.5 30 1.774 17 70 0.16 

534 Bristol 1j 2 29.5 1.325 15 69.8 0.156 

535 Bristol 1j 3 28.5 1.025 19 69.7 0.148 

536 Bristol 1j 4 35 1.369 26 68.3 0.2 

537 Bristol 1j 6 23.5 1.256 12 72.2 0.108 

538 Bristol 1j 8 24 1.698 19 72.6 0.112 

539 Bristol 1j 10 28.5 1.530 15 74.12 0.148 

540 Bristol 1j 11 44 1.653 17 70.3 0.272 

541 Bristol 1j 12 30 1.452 13 69.7 0.16 

542 Bristol 1j 14 28.75 1.258 15 68.3 0.15 

543 Premier 1a 1.6 34.3 1.635 35 77 0.105 

544 Premier 1a 3.1 38.93 1.529 39 79 0.104 

545 Premier 1a 4.7 35.34 1.365 45 82 0.101 

546 Premier 1a 6.3 34.34 1.625 49 84 0.062 

547 Premier 1a 7.8 39.36 1.524 50 86 0.043 

548 Walgrave 1a 0.6 52 1.425 13 69 0.378 

549 Walgrave 1a 1.1 43 1.369 25 68 0.297 

550 Walgrave 1a 1.5 41 1.526 29 69.5 0.279 

551 Fayette country 1a 2.8 45 1.329 15 53 0.315 

552 Fayette country 1b 0.2 23 1.425 35 12 0.117 
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553 Fayette country 1c 3.8 25 1.528 10 16 0.135 

554 Fayette country 1d 1.9 22 1.625 22 29 0.108 

555 Fayette country 1e 7.5 26 1.485 30 33 0.144 

556 Fayette country 1f 5.6 28 1.189 23 52 0.162 

557 Utah 1a 2.5 27 1.136 17 66 0.153 

558 Utah 1a 3.5 54 1.356 4 69 0.396 

559 DINWIDDIE 
COUNTY 1a 

1 30 1.197 8 66 0.18 

560 DINWIDDIE 
COUNTY 1b 

1 26 1.185 19 47.5 0.144 

561 DINWIDDIE 
COUNTY 1c 

2 30 1.125 15 62 0.18 

562 
DINWIDDIE 
COUNTY 1d 5 39 1.154 18 55.3 0.261 

563 
DINWIDDIE 
COUNTY 1e 5 33 1.147 23 71.5 0.207 

564 
DINWIDDIE 
COUNTY 1f 1 24 1.136 11 70.4 0.126 

565 Coachella 1a 7.5 31 1.168 3 67 0.189 

566 Coachella 1b 15 46 1.352 5 30 0.324 

567 Coachella 1c 0 31 1.254 14 80 0.189 

568 Wamego 1a 0.5 49 0.949 17 35 0.351 

569 Wamego 1b 0.5 35 1.120 12 32 0.225 

570 Wamego 1c 0.5 43 1.330 8 39 0.297 

571 Texas 1a 2 73 0.890 20 88 0.567 
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572 Texas 1a 8 32 1.180 14 88 0.198 

573 Texas 1b 4 71 1.162 27 85 0.549 

574 Texas 1c 2 70 1.165 25 85 0.54 

575 Texas 1c 4 48 1.253 18 89 0.342 

576 Texas 1d 5 28 1.526 16 89 0.162 

577 Saline 1a 5 31 1.526 4 65 0.189 

578 Saline 1b 2.5 43 1.259 8 62 0.297 

579 Saline 1b 6 20 1.632 12 63 0.09 

580 Saline 1c 5 26 1.625 6 69 0.144 

581 Saline 1c 10 40 1.329 3 68 0.27 

582 Saline 1d 2.5 54 1.582 72 51 0.396 

583 Saline 1e 1 62 1.486 10 53 0.468 

584 Saline 1f 2 43 1.358 2 69 0.297 

585 Saline 1f 6 32 1.396 53 32 0.198 

586 Saline 1f 15 46 1.289 63 35 0.324 

587 Saline 1g 2.5 42 1.325 12 68 0.288 

588 Saline 1g 6 31 1.293 13 64 0.189 

589 Saline 1g 15 66 1.365 19 74 0.504 

590 Saline 1h 2.5 35 1.352 6 72 0.225 

591 Saline 1h 6 124 0.982 14 85 1.026 
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592 Saline 1h 15 35 1.452 23 76 0.225 

593 Saline 1i 2.5 51 1.354 11 71 0.369 

594 Saline 1j 6 25 1.634 8 63 0.135 

595 Saline 1k 2.5 122 0.869 9 69 1.008 

596 Saline 1l 2.5 116 0.963 3 65 0.954 

597 Saline 1m 2.5 32 1.359 5 45 0.198 

598 Saline 1m 5 71 1.163 8 45 0.549 

599 Saline 1n 2.5 60 1.245 7 42 0.45 

600 COLORADO 1a 4 31 1.093 5 55 0.189 

601 COLORADO 1b 4 36 0.876 8 62 0.234 

602 COLORADO 1c 2 63 0.993 12 68 0.477 

603 Tirumani 1a 1 26 1.92 24 23 0.144 

604 Tirumani 1a 1.3 21 1.98 20 25 0.099 

605 Balasamudra 1a 1.5 25 1.952 12 25 0.135 

606 Balasamudra 1a 1.7 21 1.986 29 30 0.099 

607 Kyathaganacharlu 
1a 

1 34 1.9 26 37 0.216 

608 Kyathaganacharlu 
1a 

2 21 1.92 17 37 0.099 

609 Vallur 1a 1 37 1.936 26 38 0.243 

610 Vallur 1a 1.7 21 1.945 19 39 0.099 

611 Yanceyville 1a 1 59 1.632 3 63 0.441 
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612 Yanceyville 1a 2.5 47 1.526 8 71 0.333 

613 Richmond 1a 2 27 1.256 8 70 0.136 

614 Richmond 1b 1 39 1.258 6 72 0.232 

615 Richmond 1c 3.5 38 1.175 10 65 0.224 

616 Richmond 1d 1 49 1.147 8 69 0.312 

617 Richmond 1e 1.5 31 1.352 5 74 0.168 

618 Richmond 1f 1 43 1.186 7 77 0.264 

619 Richmond 1g 1.5 35 1.175 12 73 0.2 

620 Richmond 1h 1 25 1.196 8 71 0.12 

621 Richmond 1i 1.5 46 1.142 3 68 0.288 

622 Richmond 1j 3.5 46 1.152 12 74 0.288 

623 Richmond 1k 1.5 52 1.126 9 70 0.336 

624 Richmond 1k 1 27 1.085 20 69 0.136 

625 Richmond 1l 1 36 1.052 14 73 0.208 

626 Richmond 1m 1.5 38 1.036 12 74 0.224 

627 Richmond 1m 2 31 1.024 9 69 0.168 

628 Richmond 1m 2.5 31 1.085 17 72 0.168 

629 Erzin 1a 1 55 1.425 8 62 0.19 

630 Erzin 1a 2.5 53 1.426 6 79 0.15 

631 Erzin 1a 3.5 55.2 1.523 9 73 0.13 
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632 Erzin 1a 5 20.5 1.369 5 56 0.02 

633 Erzin 1a 6 60 1.632 12 69 0.3 

634 Erzin 1a 7 27.5 1.529 25 57 0.02 

635 Erzin 1a 8.5 26.3 1.578 36 86 0.03 

636 Erzin 1a 9 36.4 1.425 8 55 0.12 

637 Erzin 1a 10 14.6 1.368 7 78 0.08 

638 Erzin 1a 12 56.4 1.425 9 68 0.19 

639 Erzin 1a 14 64.2 1.365 12 72.2 0.2 

640 Erzin 1a 15 67.6 1.429 15 64 0.21 

641 Erzin 1a 16 20.9 1.458 25 84 0.01 

642 Erzin 1a 18 24.4 1.265 20 74 0.01 

643 Erzin 1a 19 24.4 1.425 19 82 0.01 

644 Erzin 1a 20 53 1.35 18 53 0.175 

645 Erzin 1b 1 43.8 1.523 17 87 0.126 

646 Erzin 1b 2.5 56 1.563 26 61 0.127 

647 Erzin 1b 3.5 60.5 1.263 23 63 0.26 

648 Erzin 1b 5 48 1.526 25 83 0.12 

649 Erzin 1b 6 49.2 1.596 24 81 0.13 

650 Erzin 1b 7 51.8 1.587 17 81 0.26 

651 Erzin 1b 8.5 49.2 1.562 19 53.2 0.12 
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652 Erzin 1b 9 47.2 1.561 14 57.6 0.126 

653 Erzin 1b 10 60 1.562 12 77 0.21 

654 Erzin 1b 12 51.8 1.561 10 64 0.2 

655 Erzin 1b 14 50.9 1.542 16 69 0.128 

656 Erzin 1b 15 41.2 1.524 13 78 0.14 

657 Erzin 1b 16 41.2 1.425 25 70 0.13 

658 Erzin 1b 18 30.8 1.535 15 63 0.09 

659 Erzin 1b 19 48 1.537 19 74 0.12 

660 Erzin 1b 20 51 1.539 18 78 0.26 

661 Erzin 1c 1 39.8 1.541 12 78 0.124 

662 Erzin 1c 2.5 28.5 1.425 24 81 0.07 

663 Erzin 1c 3.5 50 1.623 9 76 0.18 

664 Erzin 1c 5 53.5 1.524 8 75 0.17 

665 Erzin 1c 6 36.4 1.658 6 74 0.09 

666 Erzin 1c 7 50.5 1.356 12 37 0.28 

667 Erzin 1c 8.5 58.2 1.245 29 66 0.19 

668 Erzin 1c 9 60.22 1.523 25 61 0.2 

669 Erzin 1c 10 55.2 1.447 20 74 0.26 

670 Erzin 1c 12 59 1.44 19 71 0.28 

671 Erzin 1c 14 50.5 1.433 26 60 0.18 
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672 Erzin 1c 15 52.1 1.425 25 57 0.19 

673 Erzin 1c 16 48.4 1.418 21 53 0.22 

674 Erzin 1c 18 50 1.411 20 80 0.23 

675 Erzin 1c 19 53.8 1.404 35 73 0.25 

676 Erzin 1c 20 57 1.397 32 63 0.2 

677 Erzin 1d 1 56.5 1.389 25 63 0.26 

678 Erzin 1d 2.5 57 1.382 26 60 0.26 

679 Erzin 1d 3.5 56.5 1.413 28 82 0.18 

680 Erzin 1d 5 55.2 1.476 21 78 0.086 

681 Erzin 1d 6 53 1.526 25 58 0.18 

682 Erzin 1d 7 47.3 1.526 26 77 0.092 

683 Erzin 1d 8.5 48.2 1.524 24 58 0.063 

684 Erzin 1d 9 53 1.352 29 90 0.09 

685 Erzin 1d 10 37 1.426 20 85 0.18 

686 Erzin 1d 12 50.2 1.583 21 78 0.08 

687 Erzin 1d 14 55 1.685 12 78 0.13 

688 Erzin 1d 15 55 1.524 19 63 0.19 

689 Erzin 1d 16 63 1.586 26 56 0.18 

690 Erzin 1d 18 53 1.523 48 60 0.25 

691 Erzin 1d 19 57 1.524 41 45 0.175 
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692 Erzin 1d 20 60 1.51 52 85 0.22 

693 Erzin 1e 1 53 1.511 51 74 0.24 

694 Erzin 1e 2.5 45 1.515 46 87 0.18 

695 Erzin 1e 3.5 50 1.429 42 66 0.163 

696 Erzin 1e 5 48 1.536 41 68 0.184 

697 Erzin 1e 6 43 1.526 37 73 0.155 

698 Erzin 1e 7 41 1.65 32 84 0.152 

699 Erzin 1e 8.5 44 1.628 36 75 0.142 

700 Erzin 1e 9 43 1.691 25 72 0.146 

701 Erzin 1e 10 41 1.652 29 82 0.138 

702 Erzin 1e 12 48 1.639 12 87 0.13 

703 Erzin 1e 14 48 1.687 18 85 0.162 

704 Erzin 1e 15 48.4 1.685 16 80 0.162 

705 Erzin 1e 16 44.8 1.625 26 86 0.142 

706 Erzin 1e 18 46 1.546 17 80 0.151 

707 Erzin 1e 19 43 1.542 19 82 0.142 

708 Erzin 1e 20 43 1.523 15 70 0.14 

709 Erzin 1f 1 46 1.525 14 74 0.147 

710 Erzin 1f 2.5 46 1.452 19 70 0.154 

711 Erzin 1f 3.5 44 1.272 15 76 0.146 
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712 Erzin 1f 5 42 1.308 6 72 0.132 

713 Erzin 1f 6 47.5 1.344 26 60 0.16 

714 Erzin 1f 7 20.5 1.379 25 70 0.045 

715 Erzin 1f 8.5 60 1.415 25 68 0.23 

716 Erzin 1f 9 28 1.45 8 69 0.082 

717 Erzin 1f 10 27.5 1.492 9 60 0.08 

718 Erzin 1f 12 38.5 1.481 16 59 0.082 

719 Erzin 1f 14 42 1.592 24 63 0.096 

720 Erzin 1f 15 44 1.625 22 65 0.15 

721 Erzin 1f 16 49 1.598 21 69 0.18 

722 Scotts Valley 1a 3 37 1.121 16 32 0.243 

723 Scotts Valley 1a 25 54 0.648 19 43.2 0.396 

724 Scotts Valley 1b 3 39 1.09 25 44.2 0.261 

725 WALMER 1a 1 19 2.1 53 28 0.081 

726 WALMER 1b 1.3 23 1.915 58 20 0.117 

727 WALMER 1c 0.22 0 1.962 49 5 -0.09 

728 WALMER 1d 1.7 25 1.711 32 46 0.135 

729 WALMER 1e 0.4 35 1.786 36 55 0.225 

730 WALMER 1f 0.7 39 2.085 39 64 0.261 

731 WALMER 1g 1.2 22 2.058 41 42 0.108 
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732 WALMER 1h 0.6 27 1.754 45 50 0.153 

733 WALMER 1i 1.1 27 1.862 48 56 0.153 

734 WALMER 1j 1 37 1.957 42 58 0.243 

735 Marshville 1a 4 31 0.87 21 53 0.189 

736 Marshville 1b 9 49 0.87 16 39 0.351 

737 Marshville 1c 6 60 0.99 25 64 0.45 

738 SCHOLES 3a 3 27 0.526 14 60 0.153 

739 SCHOLES 4a 3 31 0.625 18 70 0.189 

740 SCHOLES 11a 2.5 21 0.429 16 38 0.099 

741 SCHOLES 12a 3 30 0.521 18 57 0.18 

742 Canadian 1 1.8 28 1.7 23 73 0.162 

743 Canadian 2 1.1 32 1.705 19 67 0.198 

744 Canadian 5 2.6 26 1.723 28 72 0.144 

745 Canadian 8 3.4 26 1.729 29 71 0.144 

746 Canadian 12 1.8 23 1.731 20 60 0.117 

747 Canadian 14 3.4 29 1.73 15 61 0.171 

748 Canadian 17 0.3 30 1.733 7 79 0.18 

749 Canadian 20 1.1 26 1.831 19 70 0.144 

750 Canadian 21. 2.6 28 1.751 33 70 0.162 

751 Canadian 24 4.9 26 1.791 12 72 0.144 
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752 Canadian 26 3.4 21 1.832 34 55 0.099 

753 Canadian 28 1.8 26 1.782 17 70 0.144 

754 Canadian 30 0.3 39 1.652 6 82 0.261 

755 Canadian 33 2.6 27 1.552 29 68 0.153 

756 Canadian 34a 1.1 26 1.772 22 79 0.144 

757 Canadian 34b 2.6 25 1.822 32 62 0.135 

758 Canadian 36 3.4 25 1.789 25 66 0.135 

759 Canadian 37 1.1 27 1.678 22 77 0.153 

760 Canadian 39a 0.3 46 1.543 3 87 0.324 

761 Canadian 39b 1.1 29 1.765 13 67 0.171 

762 Canadian 48 3.4 23 1.787 45 68 0.117 

763 Canadian 54 1.8 31 1.823 12 82 0.189 

764 Canadian 61 2.6 27 1.835 37 58 0.153 

765 Canadian 201a 3.4 33 1.791 41 83 0.207 

766 Canadian 2011b 8.8 24 1.782 15 56 0.126 

767 Canadian 202 8.8 22 1.772 36 53 0.108 

768 Canadian 203 4.9 24 1.822 44 67 0.126 

769 Canadian 204a 1.8 37 1.625 20 90 0.243 

770 Canadian 204b 4.9 26 1.772 9 66 0.144 

771 Canadian 205a 4.9 23 1.657 45 68 0.117 
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772 Canadian 205b 7.8 21 1.745 38 60 0.099 

773 Canadian 206a 2.6 24 1.723 22 55 0.126 

774 Canadian 206b 6.4 20 1.743 58 64 0.09 

775 Canadian 207a 2.6 33 1.785 10 42 0.207 

776 Canadian 207b 7.9 24 1.821 63 63 0.126 

777 Canadian 208 1.8 32 1.825 31 73 0.198 

778 Canadian 209a 1.8 28 1.89 18 77 0.162 

779 Canadian 209b 6.4 33 1.867 10 66 0.207 

780 Canadian 210a 2.6 22 1.793 28 73 0.108 

781 Canadian 210b 6.4 23 1.824 12 68 0.117 

782 Canadian 211a 2.6 33 1.762 20 71 0.207 

783 Canadian 211b 8.8 19 1.82 40 51 0.081 

784 Canadian 212 1.8 22 1.792 17 86 0.108 

785 Canadian 104 1.7 26 1.831 23 73 0.144 

786 Canadian 109 1.7 26 1.752 29 82 0.144 

787 Canadian 115 0.2 40 1.815 32 66 0.27 

788 Canadian 118 1.1 29 1.882 36 77 0.171 

789 Canadian 119 1.1 30 1.648 42 73 0.18 

790 Canadian 123 1.7 36 1.652 45 87 0.234 

791 Canadian 125 0.2 58 1.716 38 72 0.432 
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792 Canadian 128 1.7 27 1.767 39 66 0.153 

793 Canadian 132 1.7 29 1.671 48 69 0.171 

794 Nimli 1 14.5 34.4 1.97 43 56 0.2196 

795 Nimli 2 14.5 34.9 1.66 45 77 0.2241 

796 Nimli 3 11.25 29.8 1.75 54 26 0.1782 

797 Nimli 3 14.5 39.4 1.77 58 13 0.2646 

798 Nimli 5 5.5 30 1.72 48 58 0.18 

799 Nimli 5 8.5 30.1 1.61 42 47 0.1809 

800 Nimli 5 10.5 39.7 1.7 42 74 0.2673 

801 Nimli 5 14.5 34.9 1.7 35 62 0.2241 

802 Nimli 6 14.5 38.2 1.77 43 74 0.2538 

803 Nimli 8 5.5 38.7 1.57 33 20 0.2583 

804 Nimli 8 10.5 30.6 1.76 39 29 0.1854 

805 Nimli 8 14.5 32 1.72 47 52 0.198 

806 Nimli 9 10.5 34.7 1.87 54 42 0.2223 

807 Nimli 9 14.5 34.7 1.75 56 39 0.2223 

808 Nimli 10 11.5 29.6 1.77 52 47 0.1764 

809 Mott treet 1 1 32 0.91 12 52 0.198 

810 Mott treet 4 1 24 1.14 15 34 0.126 

811 Mott treet 5 1 25 1.26 21 32 0.135 
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812 San Diego 1 4 64 1.01 44 54 0.486 

813 San Diego 2 9 35 1.09 24 62 0.225 

814 San Diego 3 16 52 1.12 47 65 0.378 

815 San Diego 4 3 62 1.03 29 68 0.468 

816 San Diego 5 5.5 47 0.85 34 32 0.333 

817 San Diego 6 13 54 1.08 38 48 0.396 

818 San Diego 7 3 96 1.05 36 51 0.774 

819 San Diego 8 3 46 1.126 19 51.5 0.324 

820 San Diego 9 5 47 1.05 22 37.1 0.333 

821 San Diego 10 5 48 1.142 28 54.5 0.342 

822 San Diego 10 8 56 1.077 26 60 0.414 

823 San Diego 11 2 65 1.026 29 35 0.495 

824 Hasler Road 2 9.5 62 1.352 28 16 0.468 

825 Hasler Road 3 6.5 32 1.632 32 41 0.198 

826 Hasler Road 4 5.2 64 1.524 35 26 0.486 

827 Hasler Road 6 6 37 1.425 36 29 0.243 

828 Hasler Road 7 5.5 30 1.625 25 36 0.18 

829 Hasler Road 8 12 28 1.354 29 38 0.162 

830 Hasler Road 9a 4.95 35 1.245 25 25 0.225 

831 Hasler Road 9b 10.3 46 1.321 21 33 0.324 
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832 Hasler Road 10 5.3 38 1.625 39 39 0.252 

833 Hasler Road 12a 3.5 28 1.321 35 32 0.162 

834 Hasler Road 12b 6.2 33 1.354 26 35 0.207 

835 Hasler Road 12c 11.2 52 1.524 38 43 0.378 

836 Hasler Road 12d 12 33 1.241 34 29 0.207 

837 Hasler Road 13a 4.6 26 1.325 25 32 0.144 

838 Hasler Road 13b 6.6 30 1.245 27 54 0.18 

839 Hasler Road 14 0 35 1.125 31 36 0.225 

840 Hasler Road 15 6 29 1.147 29 42 0.171 

841 Hasler Road 16a 3.6 26 1.163 35 40 0.144 

842 Hasler Road 16b 5.25 56 1.193 24 39 0.414 

843 Hasler Road 16c 8 27 1.241 26 48 0.153 

844 
CHISINAU road 

1a 0.5 40 1.91 20 72.9 0.27 

845 
CHISINAU road 

1b 1 45 1.86 15 75.4 0.315 

846 CHISINAU road 2 0.5 43 1.7 16 65 0.297 

847 CHISINAU road 3 0.6 30 1.95 13 38 0.18 

848 CHISINAU road 4 0.6 34 1.51 25 54.7 0.216 

849 CHISINAU road 5 0.6 30 1.92 36 74.4 0.18 

850 CHISINAU road 6 0.6 30 1.74 12 68.2 0.18 

851 CHISINAU road 7 0.25 29 1.55 14 75.9 0.171 
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852 
CHISINAU road 

8a 0.2 24 1.94 19 57.5 0.126 

853 
CHISINAU road 

8b 0.6 30 1.31 13 55.4 0.18 

854 CHISINAU road 9 0.34 34 1.71 16 70.8 0.216 

855 CHISINAU road 
10 

0.38 35 1.81 24 66.7 0.225 

856 CHISINAU road 
11 

0.38 33 1.52 29 73.9 0.207 

857 CHISINAU road 
12 

0.5 20 1.44 32 12.5 0.09 

858 
CHISINAU road 

13 0.22 31 1.64 30 77.5 0.189 

859 
CHISINAU road 

14 0.45 32 1.55 24 75.6 0.198 

860 
CHISINAU road 

15 0.38 27 1.68 29 56.5 0.153 

861 CHISINAU road 
16 

0.2 29 1.66 16 57.1 0.171 

862 CHISINAU road 
17 

0.27 28 1.7 18 81.4 0.162 

863 CHISINAU road 
18 

0.53 19 1.53 19 23.3 0.081 

864 CHISINAU road 
19 

0.34 23 1.41 12 34.3 0.117 

865 
CHISINAU road 

20 0.5 21 1.65 11 36.7 0.099 

866 SAN DIEGO 2a 2 51 1.06 23 81 0.369 

867 SAN DIEGO 2b 8 27 1.21 32 32 0.153 

868 
Geotech - 

Fredericksburg 
WRF 1a 

0.8 48 1.36 23 74 0.342 

869 Geotech - 
Fredericksburg 

1.6 31 1.18 23 75 0.189 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

WRF 1b 

870 
Geotech - 

Fredericksburg 
WRF 1c 

6.3 40 1.25 32 86 0.27 

871 
Geotech - 

Fredericksburg 
WRF 2a 

0.8 27 1.21 48 25 0.153 

872 
Geotech - 

Fredericksburg 
WRF 2b 

1.9 18 1.26 46 28 0.072 

873 
Geotech - 

Fredericksburg 
WRF 2c 

6.3 14 1.19 47 30 0.036 

874 
Geotech - 

Fredericksburg 
WRF 3a 

1.6 16 1.27 42 26 0.054 

875 
Geotech - 

Fredericksburg 
WRF 3b 

3.1 19 1.32 45 24 0.081 

876 
Geotech - 

Fredericksburg 
WRF 3c 

4.7 40 1.24 41 62 0.27 

877 
Geotech - 

Fredericksburg 
WRF 4a 

0.8 16 1.35 21 71 0.054 

878 
Geotech - 

Fredericksburg 
WRF 4b 

6.3 39 1.24 44 74 0.261 

879 Fountain Valley 1a 3.4 46 1.05 4 69 0.324 

880 Fountain Valley 1b 6.9 53 1.12 6 77 0.387 

881 Fountain Valley 1c 7.8 44 1.09 4 71 0.306 

882 Fountain Valley 1d 10.9 47 1.07 10 69 0.333 

883 Arden Hills 1 9.4 28 1.11 9 50 0.162 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

884 Arden Hills 2 7.5 28 1.12 13 48 0.162 

885 Arden Hills 3 2.0 25 1.15 17 44 0.135 

886 Arden Hills 4 2.0 29 1.14 9 43 0.171 

887 Arden Hills 5 4.7 23 1.18 10 52 0.117 

888 Arden Hills 6 6.9 26 1.14 8 51 0.144 

889 Arden Hills 7 3.1 29 1.13 7 51 0.171 

890 Arden Hills 8 3.1 23 1.16 16 75 0.117 

891 Arden Hills 9 1.6 31 1.21 13 42 0.189 

892 Arden Hills 10 0.8 30 1.2 8 35 0.18 

893 
CLARK 

COUNTRY 4 4.7 41 1.21 17 31.5 0.279 

894 
CLARK 

COUNTRY 6 1.6 22 1.25 15 35.3 0.108 

895 CLARK 
COUNTRY 7 

3.1 28 1.32 11 28.4 0.162 

896 CLARK 
COUNTRY 8 

1.6 25 1.29 9 23.2 0.135 

897 LEBANON 6 5 89 0.872 14 52 0.711 

898 LEBANON 8 1.5 46 0.965 14 55 0.324 

899 LEBANON 11 7.5 80 0.853 9 59 0.63 

900 LEBANON 12 1.5 86 0.925 7 62 0.684 

901 AUSTIN 1a 0.6 36 1.154 19 56 0.234 

902 AUSTIN 1b 1.9 39 1.15 25 82 0.261 

903 AUSTIN 1c 4.1 36 1.17 24 80 0.234 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

904 AUSTIN 2a 0.6 23 1.147 19 85 0.117 

905 AUSTIN 2b 1.3 35 1.204 14 75 0.225 

906 AUSTIN 2c 1.9 37 1.19 16 84 0.243 

907 AUSTIN 2d 2.5 30 1.153 18 79 0.18 

908 AUSTIN 3a 1.3 32 1.285 25 33 0.198 

909 AUSTIN 3b 2.5 28 1.249 29 67 0.162 

910 AUSTIN 3c 4.1 26 1.326 32 49 0.144 

911 AUSTIN 4a 1.3 52 1.268 24 77 0.378 

912 AUSTIN 4b 1.9 54 1.325 26 81 0.396 

913 AUSTIN 4c 2.5 50 1.396 21 76 0.36 

914 AUSTIN 4d 4.1 53 1.375 29 91 0.387 

915 AUSTIN 5a 0.6 51 1.147 15 85 0.369 

916 AUSTIN 5b 1.9 43 1.256 17 89 0.297 

917 AUSTIN 5c 2.5 57 1.285 19 88 0.423 

918 AUSTIN 6a 1.3 72 1.14 9 86 0.558 

919 AUSTIN 6b 1.9 74 1.16 1 81 0.576 

920 AUSTIN 6c 2.5 75 1.18 18 89 0.585 

921 AUSTIN 6d 4.1 45 1.25 21 89 0.315 

922 AUSTIN 8a 0.6 38 1.142 22 61 0.252 

923 AUSTIN 8b 1.3 42 1.19 25 85 0.288 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

924 AUSTIN 8c 1.9 40 1..25 28 60 0.27 

925 AUSTIN 8d 2.5 49 1.26 24 78 0.351 

926 AUSTIN 9a 0.8 27 1.186 21 71 0.153 

927 AUSTIN 9b 2.5 30 1.179 16 80 0.18 

928 AUSTIN 9c 4.1 42 1.192 18 93 0.288 

929 AUSTIN 10a 1.3 54 1.162 20 82 0.396 

930 AUSTIN 10b 1.9 49 1.19 24 68 0.351 

931 AUSTIN 10c 2.5 32 1.25 24 64 0.198 

932 AUSTIN 10d 4.1 39 1.26 9 92 0.261 

933 AUSTIN 12a 0.6 55 1.23 23 73 0.405 

934 AUSTIN 12b 1.3 55 1.28 20 73 0.405 

935 AUSTIN 12c 1.9 29 1.26 19 64 0.171 

936 AUSTIN 12d 2.5 24 1.14 20 47 0.126 

937 AUSTIN 13a 1.3 29 1.18 27 70 0.171 

938 AUSTIN 13b 2.5 36 1.09 21 66 0.234 

939 AUSTIN 13c 4.1 40 1.05 20 20 0.27 

940 AUSTIN 14a 0.6 34 1.14 28 63 0.216 

941 AUSTIN 14b 1.3 30 1.185 23 64 0.18 

942 AUSTIN 14c 2.5 24 1.162 25 17 0.126 

943 AUSTIN 15a 0.6 53 1.132 19 85 0.387 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

944 AUSTIN 15b 1.9 38 1.19 15 71 0.252 

945 AUSTIN 15c 4.1 24 1.25 26 45 0.126 

946 AUSTIN 16a 1.3 89 1.29 18 65 0.711 

947 AUSTIN 16b 1.9 67 1.32 15 14 0.513 

948 AUSTIN 16c 4.1 40 1.35 12 8 0.27 

949 AUSTIN 17a 0.6 48 1.25 15 30 0.342 

950 AUSTIN 17b 1.9 58 1.24 23 53 0.432 

951 AUSTIN 17c 4.1 27 1.28 17 37 0.153 

952 AUSTIN 18a 1.3 69 1.17 19 87 0.531 

953 AUSTIN 18b 2.5 71 1.16 38 91 0.549 

954 AUSTIN 18c 4.1 49 1.18 26 47 0.351 

955 AUSTIN 19a 1.3 34 1.23 28 65 0.216 

956 AUSTIN 19b 2.5 25 1.26 12 43 0.135 

957 AUSTIN 19c 4.1 31 1.24 9 68 0.189 

958 AUSTIN 21a 0.6 69 1.23 14 88 0.531 

959 AUSTIN 21b 1.3 65 1.24 12 93 0.495 

960 AUSTIN 21c 1.9 60 1.2 16 73 0.45 

961 AUSTIN 21d 4.1 37 1.19 19 85 0.243 

962 AUSTIN 22a 1.3 54 1.17 25 86 0.396 

963 AUSTIN 22b 2.5 37 1.63 23 88 0.243 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

964 AUSTIN 22c 4.1 33 1.25 28 71 0.207 

965 AUSTIN 23a 0.6 55 1.21 2 49 0.405 

966 AUSTIN 23b 1.3 47 1.14 28 81 0.333 

967 AUSTIN 23c 1.9 48 1.19 24 82 0.342 

968 AUSTIN 23d 4.1 39 1.17 26 92 0.261 

969 AUSTIN 24a 1.3 42 1.12 25 54 0.288 

970 AUSTIN 24b 2.5 32 1.24 20 65 0.198 

971 AUSTIN 24c 4.1 30 1.32 19 51 0.18 

972 AUSTIN 25a 1.3 67 1.12 24 59 0.513 

973 AUSTIN 25b 1.9 70 1.02 16 70 0.54 

974 AUSTIN 25c 2.5 76 1.05 18 67 0.594 

975 AUSTIN 25d 4.1 48 1.15 22 71 0.342 

976 AUSTIN 26a 0.6 61 1.08 27 89 0.459 

977 AUSTIN 26b 1.9 43 1.24 18 83 0.297 

978 AUSTIN 26c 2.5 34 1.06 23 79 0.216 

979 AUSTIN 27a 0.6 52 1.08 30 74 0.378 

980 AUSTIN 27b 1.3 54 1.032 35 89 0.396 

981 AUSTIN 27c 1.9 52 1.142 32 80 0.378 

982 AUSTIN 27d 2.5 47 1.183 17 85 0.333 

983 AUSTIN 27e 4.1 71 1.52 19 85 0.549 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

984 AUSTIN 28a 4.1 35 1.33 24 48 0.225 

985 AUSTIN 28b 5.6 24 1.32 25 43 0.126 

986 AUSTIN 28c 7.5 20 1.36 21 19 0.09 

987 AUSTIN 29a 1.9 81 1.29 29 69 0.639 

988 AUSTIN 29b 4.1 35 1.26 25 91 0.225 

989 AUSTIN 30a 0.6 34 1.35 23 57 0.216 

990 AUSTIN 30b 4.1 25 1.32 28 61 0.135 

991 AUSTIN 30c 7.2 18 1.39 21 11 0.072 

992 AUSTIN 31a 0.9 70 1.29 19 92 0.54 

993 AUSTIN 31b 4.1 37 1.3 20 80 0.243 

994 AUSTIN 32a 1.9 81 1.28 18 94 0.639 

995 AUSTIN 32b 7.2 37 1.28 6 86 0.243 

996 AUSTIN 33a 1.9 54 1.35 23 59 0.396 

997 AUSTIN 33b 5.6 84 1.31 18 63 0.666 

998 AUSTIN 34a 0.6 78 1.32 25 92 0.612 

999 AUSTIN 34b 4.1 38 1.3 10 90 0.252 

1000 AUSTIN 35a 1.9 86 1.18 24 97 0.684 

1001 AUSTIN 35b 7.2 67 1.28 18 93 0.513 

1002 AUSTIN 36a 0.6 77 0.88 16 94 0.603 

1003 AUSTIN 36b 4.1 67 1.06 19 67 0.513 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1004 AUSTIN 37a 1.9 50 1.02 22 87 0.36 

1005 AUSTIN 37b 7.2 70 0.93 24 97 0.54 

1006 AUSTIN 38a 0.6 76 1.15 19 95 0.594 

1007 AUSTIN 38b 2.5 51 1.06 21 94 0.369 

1008 AUSTIN 38c 5.6 52 0.96 26 90 0.378 

1009 AUSTIN 39a 1.9 25 1.05 23 85 0.135 

1010 AUSTIN 39b 4.1 29 1.06 18 82 0.171 

1011 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

1.83 78 1.34 25 80 0.612 

1012 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

3.35 75 1.31 14 98 0.585 

1013 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

4.88 57 1.23 26 77 0.423 

1014 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

5.49 61 1.25 19 89 0.459 

1015 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

8.53 59 1.17 35 94 0.441 

1016 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

9.45 52 1.19 39 91 0.378 

1017 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

10.97 51 1.2 19 88 0.369 

1018 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

12.5 75 1.36 25 91 0.585 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1019 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 1 

18.59 89 1.38 18 99 0.711 

1020 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 4 

1.83 60 1.28 20 93 0.45 

1021 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 4 

3.35 69 1.31 25 82 0.531 

1022 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 4 

3.96 79 1.46 13 96 0.621 

1023 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 4 

6.4 66 1.31 19 99 0.504 

1024 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 4 

7 49 1.25 24 94 0.351 

1025 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 5 

4.8 71 1.34 25 86 0.549 

1026 
COUVA 

�&�+�,�/�'�5�(�1�¶�6��
HOSPITAL 8 

9.45 85 1.34 21 91 0.675 

1027 
Land Off Field 

Street  4 0.3 36 1.25 19 78 0.234 

1028 
Land Off Field 

Street  7a 0.4 31 1.27 16 81 0.189 

1029 
Land Off Field 

Street  7b 1.2 39 1.29 17 73 0.261 

1030 Land Off Field 
Street  7c 

2.5 27 1.14 23 86 0.153 

1031 Land Off Field 
Street  8 

0.9 33 1.24 20 88 0.207 

1032 Land Off Field 
Street  9 

2.1 36 1.17 14 90 0.234 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1033 
Land Off Field 

Street  10 0.7 39 1.14 18 88 0.261 

1034 EUREKA 1a 1.7 23 0.93 22 41 0.117 

1035 EUREKA 1b 4.7 56 0.97 25 97 0.414 

1036 Las Vegas 1 0.4 41 1.05 18 46 0.279 

1037 Las Vegas 2 1.3 38 1.03 17 47 0.252 

1038 Las Vegas 3a 15.3 48 0.82 28 72 0.342 

1039 Las Vegas 3b 18.4 52 0.74 16 48 0.378 

1040 Las Vegas 3c 21.6 82 0.76 25 75 0.648 

1041 Las Vegas 3d 26.3 106 1.06 11 96 0.864 

1042 Las Vegas 3e 29.4 56 0.83 12 58 0.414 

1043 Las Vegas 4a 5.9 79 0.72 40 64 0.621 

1044 Las Vegas 4b 9.1 40 0.72 12 52 0.27 

1045 Las Vegas 4c 15.3 67 0.91 16 41 0.513 

1046 Las Vegas 4d 18.4 41 0.69 31 69 0.279 

1047 Las Vegas 4e 21.6 45 0.83 6 90 0.315 

1048 Las Vegas 4f 24.7 42 0.71 19 48 0.288 

1049 Las Vegas 4g 30.9 73 0.71 10 47 0.567 

1050 Las Vegas 5a 1.3 39 0.75 17 23 0.261 

1051 Las Vegas 5b 7.8 31 0.82 27 38 0.189 

1052 Las Vegas 5c 12.5 25 0.84 9 33 0.135 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1053 Las Vegas 5d 18.8 73 0.68 10 63 0.567 

1054 Las Vegas 5e 21.9 76 0.72 5 82 0.594 

1055 Las Vegas 5f 25.0 48 0.78 23 21 0.342 

1056 Las Vegas 5g 28.1 110 0.84 15 48 0.9 

1057 Las Vegas 5h 31.3 58 0.81 14 81 0.432 

1058 Las Vegas 6a 1.3 31 0.8 24 37 0.189 

1059 Las Vegas 6b 4.4 41 0.86 34 31 0.279 

1060 Las Vegas 6c 7.5 23 0.92 25 53 0.117 

1061 Las Vegas 6d 12.2 23 0.96 17 40 0.117 

1062 Las Vegas 6e 16.9 62 0.95 29 40 0.468 

1063 Las Vegas 6f 20.0 51 0.82 15 77 0.369 

1064 Las Vegas 6g 24.7 69 0.92 36 46 0.531 

1065 Las Vegas 6h 29.4 41 1.04 13 42 0.279 

1066 RENO 2a 0.2 30 1.142 11 31.3 0.18 

1067 RENO 2b 0.6 34 1.124 12 25.7 0.216 

1068 RENO 2c 1.1 23 1.136 35 10.9 0.117 

1069 RENO2-1 0.3 30 1.036 24 24.7 0.18 

1070 RENO 3a 0.2 38 1.105 42 20 0.252 

1071 RENO 3b 1.1 25 1.139 25 21.5 0.135 

1072 RENO 3-1 0.3 26 1.182 26 17 0.144 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1073 RENO 4a 0.2 32 1.149 12 28.2 0.198 

1074 RENO 4b 0.6 29 1.052 15 22.8 0.171 

1075 RENO 4c 1.1 26 1.047 56 12.1 0.144 

1076 RENO 4-1 0.3 29 1.089 24 26.5 0.171 

1077 RENO5a 0.2 29 1.103 15 32.5 0.171 

1078 RENO5b 0.6 37 1.142 15 28.7 0.243 

1079 RENO5c 1.1 26 1.152 12 17.2 0.144 

1080 RENO 5-1 0.3 36 1.136 14 32.5 0.234 

1081 RENO 6 0.3 35 1.047 12 30.2 0.225 

1082 RENO 7 0.3 29 1.052 18 30.6 0.171 

1083 ALCORN ROAD 
1a 

0.9 19 0.97 9 8.9 0.081 

1084 ALCORN ROAD 
1b 

5.6 21 0.95 19 4.9 0.099 

1085 ALCORN ROAD 
1c 

7.2 19 1.02 39 3.4 0.081 

1086 
ALCORN ROAD 

1d 7.5 21 1.03 34 10.7 0.099 

1087 
ALCORN ROAD 

1e 9.4 19 1.01 36 5.7 0.081 

1088 
ALCORN ROAD 

1f 10.2 21 0.91 37 16 0.099 

1089 
ALCORN ROAD 

1g 10.4 19 0.85 24 56.5 0.081 

1090 ALCORN ROAD 
1h 

11.0 21 0.84 22 75.7 0.099 

1091 ALCORN ROAD 
1i 

11.2 19 0.79 34 56.4 0.081 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1092 
ALCORN ROAD 

1j 11.8 21 0.89 50 56.7 0.099 

1093 
ALCORN ROAD 

1k 14.1 27 0.982 24 81.6 0.153 

1094 
ALCORN ROAD 

1l 19.1 51 1.023 26 83.4 0.369 

1095 ALCORN ROAD 
2a 

2.7 26 1.102 4 60.4 0.144 

1096 ALCORN ROAD 
2b 

0.3 21 1.135 12 21 0.099 

1097 ALCORN ROAD 
4a 

10.3 25 0.964 23 40.3 0.135 

1098 ALCORN ROAD 
4b 

10.9 24 0.887 29 40.2 0.126 

1099 
ALCORN ROAD 

4c 11.2 27 0.822 30 79.5 0.153 

1100 
ALCORN ROAD 

4d 11.8 29 1.102 37 80.9 0.171 

1101 
ALCORN ROAD 

4e 11.9 42 1.105 24 98.5 0.288 

1102 ALCORN ROAD 
4f 

13.3 24 1.033 17 53.3 0.126 

1103 ALCORN ROAD 
4g 

18.2 19 0.975 17 61.9 0.081 

1104 ALCORN ROAD 5 8.2 52 1.031 17 77.9 0.378 

1105 
KYLE CANYON 

ROAD 1a 0.8 37 1.048 19 45.2 0.243 

1106 
KYLE CANYON 

ROAD 1b 2.3 36 1.087 10 56.4 0.234 

1107 
KYLE CANYON 

ROAD 1c 3.9 30 1.052 7 39.5 0.18 

1108 KYLE CANYON 
ROAD 1d 

4.8 30 1.026 27 39.7 0.18 

1109 KYLE CANYON 
ROAD 1e 

5.1 26 1.075 34 40.2 0.144 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1110 
KYLE CANYON 

ROAD 1f 6.3 36 1.036 25 40.9 0.234 

1111 
KYLE CANYON 

ROAD 1g 7.8 68 0.925 20 46 0.522 

1112 
KYLE CANYON 

ROAD 2a 0.8 32 0.986 5 88.8 0.198 

1113 KYLE CANYON 
ROAD 2b 

1.6 31 0.936 18 53.3 0.189 

1114 KYLE CANYON 
ROAD 2c 

7.8 90 1.025 27 39 0.72 

1115 KYLE CANYON 
ROAD 3a 

0.8 29 1.142 8 67.9 0.171 

1116 KYLE CANYON 
ROAD 3b 

2.3 32 1.052 12 54.9 0.198 

1117 
KYLE CANYON 

ROAD 3c 1.0 28 1.063 21 51.4 0.162 

1118 
KYLE CANYON 

ROAD 3d 1.2 24 1.048 32 51.5 0.126 

1119 
KYLE CANYON 

ROAD 3e 2.4 51 1.047 19 55 0.369 

1120 KYLE CANYON 
ROAD 4a 

0.2 38 1.125 11 82.2 0.252 

1121 KYLE CANYON 
ROAD 4b 

0.5 33 1.136 18 72.2 0.207 

1122 KYLE CANYON 
ROAD 4c 

0.7 32 1.254 14 73.1 0.198 

1123 KYLE CANYON 
ROAD 5a 

0.2 18 1.034 18 28 0.072 

1124 
KYLE CANYON 

ROAD 5b 0.5 18 1.029 29 29.8 0.072 

1125 
KYLE CANYON 

ROAD 6 0.2 20 1.025 18 30.9 0.09 

1126 
KYLE CANYON 

ROAD 8a 0.2 43 0.952 5 84.9 0.297 

1127 KYLE CANYON 
ROAD 8b 

0.5 35 0.987 21 87.8 0.225 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1128 
KYLE CANYON 

ROAD 8c 0.5 37 0.865 19 91.2 0.243 

1129 
KYLE CANYON 

ROAD 8d 0.6 36 0.882 24 83.9 0.234 

1130 
KYLE CANYON 

ROAD 8e 0.6 48 0.914 16 70.4 0.342 

1131 KYLE CANYON 
ROAD 8f 

0.8 41 0.762 14 84.3 0.279 

1132 KYLE CANYON 
ROAD 8g 

0.8 40 0.782 13 69.2 0.27 

1133 KYLE CANYON 
ROAD 8h 

0.9 39 0.871 21 67 0.261 

1134 KYLE CANYON 
ROAD 8i 

1.0 42 0.836 21 53 0.288 

1135 
KYLE CANYON 

ROAD 9a 0.5 38 0.852 12 94.8 0.252 

1136 
KYLE CANYON 

ROAD 9b 0.7 32 0.967 31 60.3 0.198 

1137 
KYLE CANYON 

ROAD 9c 1.0 45 0.923 36 68.6 0.315 

1138 PANACA 1a 0.6 24 0.82 9 45.9 0.126 

1139 PANACA 1b 1.1 21 0.854 7 42.3 0.099 

1140 PANACA 1c 1.6 27 0.862 10 76.7 0.153 

1141 PANACA 1d 2.0 26 0.74 10 70.7 0.144 

1142 PANACA 1e 3.1 34 0.62 5 79.8 0.216 

1143 PANACA 1f 3.6 36 0.65 3 79.3 0.234 

1144 PANACA 1g 4.8 62 0.85 12 80.4 0.468 

1145 PANACA 1h 6.3 53 0.69 9 93.4 0.387 

1146 PANACA 1i 6.7 56 1.02 6 97.4 0.414 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1147 PANACA 1j 7.8 85 1.08 10 99.5 0.675 

1148 PANACA 1k 8.3 86 0.95 14 99.9 0.684 

1149 PANACA 1l 9.4 68 0.91 18 98.2 0.522 

1150 PANACA 1m 10.9 46 1.04 5 98.7 0.324 

1151 PANACA 1n 14.1 31 1.03 13 75.6 0.189 

1152 PANACA 1o 15.6 40 0.62 12 98.3 0.27 

1153 PANACA 2a 0.8 29 0.899 9 66.6 0.171 

1154 PANACA 2b 1.6 23 0.854 29 54.7 0.117 

1155 PANACA 2c 2.0 33 0.712 22 56.3 0.207 

1156 PANACA 2d 3.1 36 0.625 8 57 0.234 

1157 PANACA 2e 3.9 33 0.766 21 28.9 0.207 

1158 PANACA 2f 4.7 78 0.863 20 92.4 0.612 

1159 PANACA 2g 5.5 67 0.854 28 91.6 0.513 

1160 PANACA 2h 5.8 69 0.925 28 99.1 0.531 

1161 PANACA 2i 6.3 85 0.605 16 99.7 0.675 

1162 PANACA 2j 7.8 69 0.783 22 98.8 0.531 

1163 PANACA 2k 8.1 69 0.635 22 99.5 0.531 

1164 PANACA 3a 0.6 34 0.895 19 62.9 0.216 

1165 PANACA 3b 0.8 29 1.047 19 61.3 0.171 

1166 PANACA 3c 1.3 29 1.052 26 43.4 0.171 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1167 PANACA 3d 1.6 23 1.063 30 46 0.117 

1168 PANACA 4a 0.8 26 0.975 12 81 0.144 

1169 PANACA 4b 1.3 25 1.001 10 54.2 0.135 

1170 PANACA 4c 1.7 30 0.748 22 49.6 0.18 

1171 PANACA 4d 2.3 29 0.753 8 62.2 0.171 

1172 PANACA 4e 4.7 47 0.906 26 62.6 0.333 

1173 PANACA 4f 4.8 68 0.812 26 96.5 0.522 

1174 PANACA 4g 6.3 59 0.785 6 96.8 0.441 

1175 PANACA 4h 7.8 92 0.872 16 99.7 0.738 

1176 PANACA 4i 9.4 64 0.695 11 91.6 0.486 

1177 PANACA 4j 10.9 39 0.852 10 77 0.261 

1178 PANACA 4k 12.5 38 0.963 14 72.5 0.252 

1179 Nordyke Road 1a 0.8 35 0.758 6 86.6 0.225 

1180 Nordyke Road 1b 1.7 35 0.803 8 92.3 0.225 

1181 Nordyke Road 1c 1.8 30 0.741 8 75.6 0.18 

1182 Nordyke Road 1d 2.0 34 0.652 8 94.6 0.216 

1183 Nordyke Road 1e 2.3 35 0.752 2 93.4 0.225 

1184 Nordyke Road 1f 3.4 31 0.771 5 82.6 0.189 

1185 Nordyke Road 1g 3.5 35 0.854 5 86.3 0.225 

1186 Nordyke Road 1h 4.8 34 0.778 2 77.9 0.216 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1187 Nordyke Road 1i 4.9 45 0.765 2 95.3 0.315 

1188 Nordyke Road 1j 5.1 54 0.841 2 100 0.396 

1189 Nordyke Road 1k 5.5 34 0.723 2 75.7 0.216 

1190 Nordyke Road 1l 5.9 72 0.77 2 100 0.558 

1191 Nordyke Road 1m 6.3 54 0.811 6 99 0.396 

1192 Nordyke Road 1n 6.5 39 0.698 22 70 0.261 

1193 Nordyke Road 1o 6.7 52 0.909 4 59.7 0.378 

1194 Nordyke Road 2a 1.6 24 1.021 13 77.4 0.126 

1195 Nordyke Road 2b 5.5 56 0.817 3 98.1 0.414 

1196 Nordyke Road 2c 6.3 50 0.809 7 98.9 0.36 

1197 Nordyke Road 2d 6.5 43 1.155 7 96.8 0.297 

1198 Nordyke Road 2e 6.7 47 1.027 7 97.1 0.333 

1199 Nordyke Road 2f 6.9 48 1.047 9 94.3 0.342 

1200 Nordyke Road 2g 7.0 52 0.925 9 95.7 0.378 

1201 CRAIG ROAD 3a 3.4 27 0.931 16 63.9 0.153 

1202 CRAIG ROAD 3b 4.7 58 0.98 29 62.7 0.432 

1203 CRAIG ROAD 3c 6.3 33 0.994 29 95.4 0.207 

1204 CRAIG ROAD 3d 9.4 68 0.908 27 96.7 0.522 

1205 CRAIG ROAD 3e 10.9 55 0.955 29 79.5 0.405 

1206 CRAIG ROAD 3f 12.5 38 0.847 24 76.6 0.252 
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S. 
No 

Location 

Depth 
of 

founda
tion  
(m) 

Liquid 
Limit  
 (%) 

Density  
(gm/cc) 

N 
value 

Fine 
fraction  

(%) 

Compress
ion index 

(%) 

1207 CRAIG ROAD 3g 15.6 41 0.869 30 79.7 0.279 

1208 CRAIG ROAD 3h 15.9 53 0.889 32 93.9 0.387 

1209 CRAIG ROAD 4a 4.8 84 0.845 22 84.4 0.666 

1210 CRAIG ROAD 4b 5.0 65 0.871 24 96.9 0.495 

1211 CRAIG ROAD 4c 8.0 55 0.902 35 98 0.405 

1212 CRAIG ROAD 4d 8.1 73 0.913 35 96.9 0.567 

1213 CRAIG ROAD 4e 11.1 90 0.848 19 92.7 0.72 

1214 CRAIG ROAD 4f 11.3 93 0.821 16 93.5 0.747 

1215 CRAIG ROAD 4g 26.7 65 0.852 24 98.7 0.495 

1216 CRAIG ROAD 4h 26.9 83 0.814 24 99.1 0.657 

1217 CRAIG ROAD 5a 17.3 67 0.717 25 85.4 0.513 

1218 CRAIG ROAD 5b 17.5 60 0.793 25 95.7 0.45 

1219 CRAIG ROAD 5c 18.9 88 0.848 28 97.2 0.702 

1220 CRAIG ROAD 5d 19.1 92 0.806 24 97.2 0.738 

1221 CRAIG ROAD 6a 8.1 43 1.046 32 45.7 0.297 

1222 CRAIG ROAD 6b 17.3 46 0.955 27 63 0.324 

1223 CRAIG ROAD 6c 17.5 46 1.026 29 53.4 0.324 

1224 CRAIG ROAD 7a 2.7 57 0.735 5 62.5 0.423 

1225 CRAIG ROAD 7b 15.9 38 0.77 23 48.8 0.252 

1226 CRAIG ROAD 7c 18.9 45 0.979 29 68 0.315 
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CHAPTER �± 3 

DATA SYSTEM DEVELOPMENT  

3.1 Data Modeling: 

Eventually, a training data set that contains the desired input/output data pairs of the 

targeted system is modeled. The coordinated abnormal tissues which are in the matrix 

form are presented to ANFIS for training (estimating) membership function 

parameters. They fully represent the features of the data that the trained FIS intends to 

model. 

This project uses the ANFIS Editor GUI menu bar to load a FIS training initialization, 

and then save the trained FIS. From this GUI: 

1. Load data (training) by selecting the appropriate radio buttons in the Load data 

portion of the GUI and then clicking Load Data. The loaded data is plotted on the 

plotregion. 

2. Generate an initial FIS model or load an initial FIS model using the options in the 

Generate FIS portion of theGUI. 

3. View the FIS model structure once an initial FIS has been generated or loaded by 

clicking the Structurebutton. 

4. Choose the FIS model parameter optimization method back propagation or a 

mixture of back propagation and least squares (hybrid method). This research uses 

the default hybrid method as the FIS model parameter optimization method. 

5. Choose the number of training epochs and the training error tolerance. This 

research uses 0 as training epochs and 40 as training errortolerance. 

6. Train the FIS model by clicking the Train Now button. This training adjusts the 

membership function parameters and plots the training error plot(s) in the plot 

region. 

7. View the FIS model output versus the training, checking, and testing data output by 

clicking the Test Now button. This function plots the rest data against the FIS 

output in the plotregion. 

The training data is a required argument to the ANFIS Editor GUI. Each row of the 

training data is a desired input/output pair of the target system to be modeled. Each 

row starts with an input vector and is followed by an output value. Therefore, the 

number of rows of the training data is equal to the number of training data pairs, and, 

since there is only one output, the number of columns training data is equal to the 
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number of inputs plus one. 

After data modeling by ANFIS, read this fuzzy inference system from an anfis.fis file 

on the disk and bring the resulting file into workspace. To evaluate the output of a 

fuzzy �V�\�V�W�H�P���I�R�U���D���J�L�Y�H�Q���L�Q�S�X�W�����X�V�H���W�K�H���I�X�Q�F�W�L�R�Q���H�Y�D�O�I�L�V�����7�K�H���µ�H�Y�D�O�I�L�V�¶���K�D�V���W�K�H���I�R�O�O�R�Z�L�Q�J��

arguments. 

Input: a number or a matrix specifying input values. If input is an M- by-N matrix, 

where N is a number of input variables, then evalfis takes each row of input as an 

input vector and returns the M-by-L matrix to the variable, output, where each row is 

an output vector and L is the number of output variables. 

Fismat: a FIS structure to be evaluated. 

Output: the output matrix of size M-by-L, where M represents the number of input 

values specified above, and L is the number of output variables for the FIS. 

 
Fig. 3.1 shows the Basic flow diagram of computations or algorithm in ANFIS 
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3.2 Data Management andPreparation: 

As this project fully use the MATLAB software, it is advisable to know its data 

management system. To work with m-files and data, all files are placed in a folder 

included in the MATLAB working path. The working path is a collection of folders 

where MATLAB searches files when these are called. Any file located outside this 

path will be invisible toMATLAB. 

�7�K�H���Z�R�U�N�L�Q�J���S�D�W�K���L�V���D�F�F�H�V�V�L�E�O�H���E�\���F�O�L�F�N�L�Q�J���W�K�H���µ�3�D�W�K���%�U�R�Z�V�H�U�¶���E�X�W�W�R�Q���L�Q���W�K�H���0�$�7�/�$�%��

�F�R�P�P�D�Q�G�� �Z�L�Q�G�R�Z���� �R�U�� �W�\�S�L�Q�J�� �µ�S�D�W�K�¶�� �L�Q�� �W�K�H�� �S�U�R�P�S�W���� �7�K�H�� �P�R�V�W�� �S�U�D�F�W�L�F�D�O�� �V�R�O�X�W�L�R�Q�� �I�R�U��

beginners is to place files in the folde�U�� �µ�«���0�$�7�/�$�%���:�R�U�N�¶���� �X�V�X�D�O�O�\�� �W�K�H�� �G�H�I�D�X�O�W��

current directory (i.e. the folder where MATLAB preferentially loads or saves data). 

An error will occur if m-files or data files are not in its directory. It means that the 

current directory is not in thefolder. 

The �0�$�7�/�$�%�� �Z�R�U�N�L�Q�J�� �S�D�W�K�� �L�V�� �H�D�V�L�O�\�� �H�G�L�W�H�G�� �Z�L�W�K�� �W�K�H�� �µ�3�D�W�K�� �%�U�R�Z�V�H�U�¶�� �W�R�R�O���� �%�X�W�� �Z�H��

�U�H�F�R�P�P�H�Q�G���E�H�J�L�Q�Q�H�U�V���W�R���Z�R�U�N���%���Z�R�U�N�L�Q�J���Z�L�W�K���W�K�H���µ�«���0�$�7�/�$�%���:�R�U�N�¶���I�R�O�G�H�U���D�V���W�K�H��

working directory, and only edit the MATLA path if either this folder is absent or it is 

not the current directory. MATLAB is case sensitive. Thus, any data file or m-file 

should be named properly. 

3.3 Data Mining: 

It has a total of 1226 data with 4 inputs and 1 output. The data is divided into 3 

partition which are training, checking and application. Training data has 979 patterns, 

checking takes around 183patterns and the rest which is 62 patterns are used for 

testing purposes. Training data means that the data is used for ANFIS training and 

checking on the other hand, is used to check the model created. testing data is a 

collection of untrained data needed in testing the accuracy of the model. 

The main program is developed in 4 phases which are input phase, classification and 

FIS phase, ANFIS phase, output phase (application and detection) and is explained in 

details below. 

3.4 Input Phase: 

In this phase, the user is required to enter the files that have been partitioned 

accordingly by keying the file name in the space provided. In this package 

development, 4 main input files are needed. They are training data file, checking data 

file, target data file and application data file including expected result data file. For the 
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training data file, it is advisable to contain the data only and not combined together 

with training target. On the other hand, the checking file that is used for model 

checking and validation should contain data and training target together, arranged in 

rows and columns. 

Application data purely contain the untrained data and is subjected to test the accuracy 

of the model. A convenient format to work with MATLAB is ASCII. It is always an 

easy way to paste data from a spreadsheet in the Windows Notepad and saving it 

�X�Q�G�H�U�� �H�[�W�H�Q�V�L�R�Q�� �µ�G�D�W�¶���� �8�V�H�U�� �D�O�V�R�� �L�V�� �U�H�T�X�L�U�H�G�� �W�R�� �H�Q�W�H�U�� �W�K�H�� �W�R�W�D�O�� �Q�X�P�E�H�U�� �R�I�� �F�O�X�V�W�H�U�� �D�Q�G��

epochs required for training purposes. All data and m-files should be placed in a folder 

included in the MATLAB working path. 

Table 3.1: Indicating typical input and output values of training data 

Liquid  
Limit (%)  

Density 
(gm/cc) N value 

Fine fraction 
(%) 

Compression index 
(%) 

45 1.54 9 87 0.12 

54 1.502 13 87 0.135 

45 1.649 19 92 0.125 

40 1.656 33 88 0.122 

40 1.675 34 82 0.11 

36 1.69 45 88 0.105 

40 1.695 42 88 0.107 

36 1.705 57 86 0.105 

50 1.657 7 86 0.120 
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Table 3.2: Indicating typical input and output values of checking data 

Liquid limit  
(%) 

Density 
(gm/cc) N value 

Fine fraction 
(%) 

Compression index 

(%) 

47 1.183 17 85 0.333 

71 1.52 19 85 0.549 

35 1.33 24 48 0.225 

24 1.32 25 43 0.126 

20 1.36 21 19 0.09 

81 1.29 29 69 0.639 

35 1.26 25 91 0.225 

34 1.35 23 57 0.216 

25 1.32 28 61 0.135 

18 1.39 21 11 0.072 

70 1.29 19 92 0.54 

37 1.3 20 80 0.243 

81 1.28 18 94 0.639 

37 1.28 6 86 0.243 

54 1.35 23 59 0.396 

84 1.31 18 63 0.666 

 

3.5 FIS Phase 

After the input phase, relevant data files will be loaded for Fuzzy Inference System 

(FIS) building. The fuzzy inference system is summarized in a function called genfis1. 

Genfis1 basically generates initial fuzzy inference system for ANFIS training by first 

applying classification technique on the data. Genfis1 function requires 4 main inputs 

which are training data without target, target data and number of membership function 

required. 

Output from genfis1 is considered as initial information for building the fuzzy 
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inference system which is useful for ANFIS training. This is accomplished by 

extracting a set of rules that models the data behavior. 

 

3.6 ANFIS modeling phase 

This phase is fully the training of ANFIS model. The data such as number epoch and 

fuzzy inference system (FIS) is used to train and validate the ANFIS model. 

Information regarding the ANFIS model will prompt at the early of the process as 

shown in Fig.3.2. Result from training error and checking error will be calculated 

depending on the step size and is in matrix form. 

 

Fig. 3.2: Information of ANFIS model training errors and total time training  
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3.7 Output phase 

The output phase involves the application of the model to observe how well the model 

reacts to the untrained data and also the detection of abnormal tissue based on the data 

itself. User is required to enter the application file name and also the expected 

result,by making comparison between the expected result and output from the ANFIS 

model. 
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CHAPTER-4 

NEURO FUZZY MODEL  

A neuro fuzzy system is a combination of neural network and fuzzy systems in such a 

way that neural network or neural network algorithms are used to determine the 

parameters of the fuzzy system. This means that the main intention of neuro fuzzy 

approach is to create or improve a fuzzy system automatically by means of neural 

network methods. An even more important aspect is that the system should always be 

interpretable in terms of fuzzy if-then rules, because it is based on a fuzzy system 

reflecting vague knowledge. 

The idea of a neuro fuzzy system is to find the parameters of a fuzzy system by the 

means of learning methods obtained from neural network. A common way to apply a 

learning algorithm to a fuzzy system is to represent it in a special neural- network-like 

architecture. Then a learning algorithm such as back propagation is used to train the 

system. However, neural network learning algorithms are usually gradient descent 

methods. This cannot be applied directly to a fuzzy system, because the functions used 

to realize the inference process are usually not differentiable. In order to realize the 

system, we need to replace the functions used in the fuzzy system (like min and max) 

by differentiable functions or do not use a gradient-based neural learning algorithm but 

a better-suited procedure. 

Modern neuro fuzzy systems are often represented as multilayer feed forward neural 

network. A neuro fuzzy system is a fuzzy system that is trained by a learning 

algorithm (usually) derived from neural network theory. The (heuristic) learning 

procedure operates on local information, and causes only local modifications in the 

underlying fuzzy system. The learning process is not knowledge-based, but data- 

driven. Besides, a neural-fuzzy system can always be interpreted as a system of fuzzy 

rules. It is possible both to create the system out of training data from scratch, and to 

initialize it from prior knowledge in the form of fuzzy-rules. The learning procedure of 

a neural-fuzzy system takes the semantical properties of the underlying fuzzy system 

into account. This results in co�Q�V�W�U�D�L�Q�W�V�� �R�Q�� �W�K�H�� �S�R�V�V�L�E�O�H�� �P�R�G�L�I�L�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�\�V�W�H�P�¶�V��

parameters. It also approximates an n-dimensional (unknown) function that is partially 

given by the training data. The fuzzy rules encoded within the system represent vague 

samples, and can be viewed as vague prototypes of the training data. 
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Generally, a neuro fuzzy system should not be seen as a kind of (fuzzy) expert system, 

and it has nothing to do with fuzzy logic in the narrow sense. It can be viewed as a 

special kind of feed of the activation functions normally used in neural networks. 

Fuzzy sets forward neural network. The units in this network use t- norms or t-

conorms instead are encoded as (fuzzy) connection weights. 

4.1 Adaptive neuro-fuzzy inference system(ANFIS) 

A neuro-fuzzy (ANFIS) system is a combination of neural network and fuzzy systems 

in such a way that neural network is used to determine the parameters of fuzzy system. 

ANFIS largely removes the requirement for manual optimization of the fuzzy system 

parameters. A neural network is used to automatically tune the system parameters, for 

example the membership functions bounds, leading to improved performance without 

operator invention. 

The neuro fuzzy system with the learning capability of neural network and with the 

advantages of the rule-base fuzzy system can improve the performance significantly 

and can provide a mechanism to incorporate past observations into the classification 

process. In neural network the training essentially builds the system. However, using a 

neuro fuzzy scheme, the system is built by fuzzy logic definitions and is then refined 

using neural network training algorithms. 

Some advantages of ANFIS are: 

�ƒ Refines fuzzy if-then rules to describe the behaviour of a complex system. 

�ƒ Does not require prior human expertise 

�x Uses membership functions plus 

�x Desired dataset to approximate 

�x Greater choice of membership functions to use. 

�x Very fast convergence time 

4.2 Learning algorithm ofANFIS: 

The task of the learning algorithm for this architecture is to tune all the modifiable 

parameters, namely {ai, bi, ci} and {pi, qi, r i}, to make the ANFIS outputmatch the 

training data. When the premise parameters ai, biand ciof the membership function are 

fixed, the output of the ANFIS model can be written as:which is a linear combination 

of the modifiable consequent parameters p1, q1, r1, p2, q2 and r2. The least squares 
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method can be used to identify the optimal values of these parameters easily. When 

the premise parameters are not fixed, the search space becomes larger and the 

convergence of the training becomes slower. A hybrid algorithm combining the least 

squares method and the gradient descent method is adopted to solve this problem. The 

hybrid algorithm is composed of a forward and a backward pass. The least squares 

method (forward pass) is used to optimize the consequent parameters with the 

premise parameters fixed. Once the optimal consequent parameters are found, the 

backward pass starts immediately. The gradient descent method (backward pass) is 

used to adjust optimally the premise parameters corresponding to the fuzzy sets in the 

input domain. The output of the ANFIS is calculated by employing the consequent 

parameters found in the forward pass. 

 

Fig. 4.0 

Table 4.1 Two Passes in the Hybrid Learning Procedure for ANFIS 

 

 Forward pass Backward pass 

Premise parameters Fixed Gradientdescent 

Consequent 
parameters 

Least-squares 
Estimator Fixed 

Signals Node outputs Error signals 
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4.3 ANFIS Classifier: 

Both neural network and fuzzy logic are universal estimators. They can approximate 

any function to any prescribed accuracy, provided that sufficient hidden neurons and 

fuzzy rules are available. Gradient descent and Backpropagation algorithms are used 

to adjust the parameters of membership functions (fuzzy sets) and the weights of 

defuzzification (neural networks) for fuzzy neural networks. ANFIS applies two 

techniques in updating parameters. The ANFIS is a FIS implemented in the 

framework of an adaptive fuzzy neural network. It combines the explicit knowledge 

representation of a FIS with the learning power of ANNs. The objective of ANFIS is 

to integrate the best features of fuzzy systems and neural network. The advantage of 

fuzzy is that prior knowledge is represented into a set of constraints to reduce the 

optimization research space. The adaptation of back propagation to structured 

network so as to automate fuzzy control parametric tuning is utilized from NN. For 

premise parameters that define membership functions, ANFIS employs gradient 

descent algorithm to fine-tune them. For consequent parameters that define the 

coefficients of each equation, ANFIS uses the least- squares method to identify them. 

This approach is thus called hybrid learning method since it combines gradient 

descent algorithm and least-squares method. To achieve good generalization of 

unseen data, the size of the training data set should be at least as big as the number of 

modifiable parameters in ANFIS. Functionally there are almost no constrains on the 

node functions of an adaptive network except for the requirement of piecewise 

differentiability. The neurons in ANFIS have different structures. 

�‡ The rules are differentiable T-norm usually product. 

�‡ The Normalization is by Sum and arithmetic division. 

�‡ Functions are linear regressions and multiplication with w, that is, normalized 

�Z�H�L�J�K�W�V���&�����D�Q�G���2�X�W�S�X�W�����$�O�J�H�E�U�D�L�F���6�X�P���� 

�‡ The Membership function is defined by parameterized soft trapezoids 

(Generalized Bell Functions). 

4.4 ANFIS editor GUI 

The ANFIS Editor GUI menu bar can be used to load a FIS training initialization, 

save the trained FIS, open a new Sugeno system or any of the other GUIs to interpret 

the trained FIS model. Any data set is loaded into the ANFIS Editor GUI, (or that is 
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applied to the command-line function ANFIS) must be a matrix with the input data 

arranged as vectors in all but the last column. The output data must be in the last 

column. 

 

Fig. 4.1: ANFIS Editor GUI  

4.5 FIS Editor 

The FIS Editor displays general information about a fuzzy inference system. There is 

a simple diagram at the top that shows the names of each input variable on the left, 

and those of each output variable on the right. The sample membership functions 

shown in the boxes are just icons and do not depict the actual shapes of the 

membership functions. This is shown in Fig. 4.2 

 
Fig.4.2: FIS Editor  
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4.6 Membership Functions Editor 

The Membership Function Editor shares some features with the FIS Editor. In fact, all 

of the five basic GUI tools have similar menu options, status lines, and Help and 

Close buttons. The Membership Function Editor is the tool that lets you display and 

edits all of the membership functions associated with all of the input and output 

variables for the entire fuzzy inference system. Figure shows the membership 

function editor. 

 

Fig. 4.3: Membership Function Editor for N value 

 

Fig. 4.4: Membership Function Editor for Liquid limit  
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Fig. 4.5: Membership Function Editor for Dry density 

 

Fig. 4.5: Membership Function Editor for fine fraction 

4.7 Rule Editor 

The Rule Editor allows user to construct the rule statements automatically, by clicking 

on and selecting one item in each input variable box, one item in each output box, and 

one connection item as in Figure. Choosing none as one of the variable qualities will 
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exclude that variable from a given rule. Choosing not under any variable name will 

negate the associated quality. Rules may be changed, deleted, or added, by clicking 

the appropriate button. 

 

Fig.4.6: Rule Editor 

4.8 RuleViewer 

The Rule Viewer allows users to interpret the entire fuzzy inference process at once. 

The Rule Viewer also shows how the shape of certain membership functions 

influences the overall result. Since it plots every part of every rule, it can become 

unwieldy for particularly large systems, but, for a relatively small number of inputs 

and outputs, it performs well (depending on how much screen space we devote to it) 

with up to 30 rules and as many as 6 or 7 variables. The Rule Viewer shows one 

calculation at a time and in great detail. In this sense, it presents a sort of micro view 

of the fuzzy inference system. 
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Fig. 4.7: Rule Viewer 

4.9 Surface Viewer 

 
Fig. 4.8: Surface viewer of fine fraction and Dry density 
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Fig. 4.9: Surface viewer of Liquid limit and fine fraction 

 

Fig.4.10: Surface viewer of Dry density and N value 

 
4.10 Determination of Model Architecture 

ANFIS Model Structure:  

After the FIS is generated, the model structure can be viewed by clicking the  

Structure button in the middle of the right side of the GUI. A GUI can be seen in 

Figure. The branches in this graph are color coded. Color coding of branches 
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characterize the rules and indicate whether or not and, not, or orare used in the rules. 

The input is represented by the left-most node and the output by the right-most node. 

The node represents a normalization factor for the rules. Clicking on the nodes 

indicates information about the structure. 

 
Fig.4.11: ANFIS Model structure 

4.11 Modeling Data throughANFIS 

The modeling approach used by ANFIS is similar to many system identification 

techniques. First, a parameterized model structure (relating inputs to membership 

functions to rules to outputs to membership functions, and so on) is hypothesized. 

Next, input/output data is collected in a form that will be usable by ANFIS for 

training. ANFIS can then be used to train the FIS model to emulate the training data 

presented to it by modifying the membership function parameters according to a 

chosen error criterion. Fig .4.12 and 4.13 show the example training error in ANFIS 

and output of the ANFIS. 

In general, this type of modeling works well if the training data presented to ANFIS 

for training (estimating) membership function parameters is fully representative of the 

features of the data that the trained FIS intend to model. This is not always the case, 
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however. In some cases, data is collected using noisy measurements, and the training 

data cannot be representative of all the features of the data that will be presented to the 

model. 

 
Fig. 4.12: Training Error  
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Fig. 4.13: Output of ANFIS 

4.12 Model Validation (Checking and Testing Data) 

Model validation is the process by which the input vectors from input/output data sets 

on which the FIS was not trained, are presented to the trained FIS model, to see how 

well the FIS model predicts the corresponding data set output values. This is 

accomplished with the ANFIS Editor GUI using the so-called testing data set, and its 

use is described in a subsection that follows. 

Another type of data set can also be used for model validation in ANFIS. This other 

type of validation data set is referred to as the checking data set and it set is used to 

control the potential for the model over fitting the data. When the checking and 

training data are presented to ANFIS, the FIS model having parameters associated 

with the minimum checking data model error is then selected. 

One problem with model validation for models constructed using adaptive techniques 

is selecting a data set that is both representative of the data the trained model intends 

to emulate, yet sufficiently distinct from the training data set so as not to render the 

validation process trivial. If a large amount of data has been collected, hopefully this 

data contains all the necessary representative features, so the process of selecting a 

data set for checking or testing purposes is made easier. 

Result: 
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CHAPTER-V 

RESULTS AND DISCUSSIONS 

5.1 Result 

Various experiments were performed and the sizes of the training and testing sets were 

determined by taking into consideration the classification accuracies. The data set was 

divided into two separate data sets �± the training data set and the testing data set. The 

training data set was used to train the ANFIS, whereas the testing data set was used to 

verify the accuracy and the effectiveness of the trained ANFIS model for the detection 

of Compression index. 

There were a total of 8 fuzzy models were developed with various fuzzy rules in the 

architecture of the ANFIS using triangular trapezoidal and gauss bell shaped 

membership functions. The ANFIS was implemented by using MATLAB software 

package. The ANFIS used 80% of datasets as training data in training periods and the 

step size for parameter adaptation had an initial value of 0.01. At the end of all training 

periods, the final error convergence value was as shown in Table. The overall result 

regarding to the ANFIS errors can be seen in Table. 

The membership functions for the models are shown in below figures. 

 
Fig.5.1:Model I Membership function before Training 
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Fig.5.2: Model II Membership function before Training 

After training, 62 testing data was used to validate the accuracy of the ANFIS 

classifier for the prediction of Compression index. The test results of the ANFIS are 

presented in Table As seen from that table, the ANFIS predicts the G with the 

accuracy of 96.70% in the Model . There were a total of 140 fuzzy rules in the 

architecture of the ANFIS using a type of generalized bell shaped membership 

function. The ANFIS was implemented by using MATLAB software package. The 

ANFIS used 1226 training data sets, 62 testing data sets. The final training error 

convergence value is 4.07 as shown in Fig .4.12. 

 
Fig.5.3: ANFIS Errors 
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Table 5.1: The ANFIS Errors 

Type of error Average 

Training Error 3.1741 

Checking Error 120.3946 

Global Error 39.2069 

 

 

Fig 5.4: Calculated vs. Predicted 

TABLE5.2: Results of ANFIS Models 

Model M Rules Epochs 
Membership 

Functions 
(mf) 

TIME        
TAKEN  
(Hours) 

R² 

1 [5 4 4 5] 400 1000 Gbellmf 15.9 0.656 

2 [6 4 3 4] 288 500 Trapmf 12.8 0.607 

3 [4 4 3 4] 192 500 Gbellmf 11.0 0.668 

4 [3 3 3 4] 108 500 1,2 - gbellmf 
3,4 - Trapmf 

9.8 0.864 

5 [3 3 4 4] 144 500 
1,2 - gbellmf 
3,4 - Trapmf 10.4 0.954 
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Table 5.3: Observed Values Vs Predicted Values 

Liquid 
Limit  
 (%) 

Dry 
Density  
(gm/cc) 

N value 
Fine 

fraction  
(%) 

Observed 
Compression 

Index(%) 

Predicted 
Compression 

Index(%) 

29 1.047 19 61.3 0.171 0.157 

29 1.052 26 43.4 0.171 0.1756 

23 1.063 30 46 0.117 0.1305 

26 0.975 12 81 0.144 0.0981 

25 1.001 10 54.2 0.135 0.1281 

30 0.748 22 49.6 0.18 0.1268 

29 0.753 8 62.2 0.171 0.1972 

47 0.906 26 62.6 0.333 0.2938 

68 0.812 26 96.5 0.522 0.5599 

59 0.785 6 96.8 0.441 0.4453 

92 0.872 16 99.7 0.738 0.7324 

64 0.695 11 91.6 0.486 0.4514 

39 0.852 10 77 0.261 0.2962 

38 0.963 14 72.5 0.252 0.2527 

35 0.758 6 86.6 0.225 0.2518 

35 0.803 8 92.3 0.225 0.2329 

30 0.741 8 75.6 0.18 0.1922 

34 0.652 8 94.6 0.216 0.2279 

35 0.752 2 93.4 0.225 0.2271 

31 0.771 5 82.6 0.189 0.1678 

35 0.854 5 86.3 0.225 0.2897 

34 0.778 2 77.9 0.216 0.2289 
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Liquid 
Limit  
 (%) 

Dry 
Density  
(gm/cc) 

N value 
Fine 

fraction  
(%) 

Observed 
Compression 

Index(%) 

Predicted 
Compression 

Index(%) 

45 0.765 2 95.3 0.315 0.3918 

54 0.841 2 100 0.396 0.3414 

34 0.723 2 75.7 0.216 0.2313 

72 0.77 2 100 0.558 0.5656 

54 0.811 6 99 0.396 0.3904 

39 0.698 22 70 0.261 0.269 

52 0.909 4 59.7 0.378 0.319 

24 1.021 13 77.4 0.126 0.1135 

56 0.817 3 98.1 0.414 0.5371 

50 0.809 7 98.9 0.36 0.3244 

43 1.155 7 96.8 0.297 0.256 

47 1.027 7 97.1 0.333 0.3869 

48 1.047 9 94.3 0.342 0.3865 

52 0.925 9 95.7 0.378 0.4061 

27 0.931 16 63.9 0.153 0.1435 

58 0.98 29 62.7 0.432 0.4355 

33 0.994 29 95.4 0.207 0.2301 

68 0.908 27 96.7 0.522 0.598 

55 0.955 29 79.5 0.405 0.3771 

38 0.847 24 76.6 0.252 0.2032 

41 0.869 30 79.7 0.279 0.2845 

53 0.889 32 93.9 0.387 0.3545 

84 0.845 22 84.4 0.666 0.6575 
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Liquid 
Limit  
 (%) 

Dry 
Density  
(gm/cc) 

N value 
Fine 

fraction  
(%) 

Observed 
Compression 

Index(%) 

Predicted 
Compression 

Index(%) 

65 0.871 24 96.9 0.495 0.4913 

55 0.902 35 98 0.405 0.4071 

73 0.913 35 96.9 0.567 0.5974 

90 0.848 19 92.7 0.72 0.7264 

93 0.821 16 93.5 0.747 0.7504 

65 0.852 24 98.7 0.495 0.4987 

83 0.814 24 99.1 0.657 0.6524 

67 0.717 25 85.4 0.513 0.4048 

60 0.793 25 95.7 0.45 0.4889 

88 0.848 28 97.2 0.702 0.6985 

92 0.806 24 97.2 0.738 0.7379 

43 1.046 32 45.7 0.297 0.3007 

46 0.955 27 63 0.324 0.3397 

46 1.026 29 53.4 0.324 0.3401 

57 0.735 5 62.5 0.423 0.4072 

38 0.77 23 48.8 0.252 0.3253 

45 0.979 29 68 0.315 0.353 
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CHAPTER �± 6 

 CONCLUSIONS 

The following conclusions are drawn from the present study 

�x A reliable method is used for predicting compression index of soils using the 

properties of soils determined with minimal tests in the laboratory and field. 

�x Due to inherent advantages like reliability, ability to learn and generalizing, the 

development of an ANFIS model to predict compression index are found fit and 

hence is proposed. 

�x In order to develop ANFIS model, the inputs considered Depth of foundation, 

liquid limit (%), Fine Fraction, Dry density, SPT (N-value) and the outputs is 

Compression index. 

�x The necessary training and testing of data was carried with the proposed model. 

�x Based on this an [3 3 4 4] Gauss bell Architecture function is proposed. 

This is the foremost model for predicting the Compression index of soils using 

Adaptive Neuro Fuzzy Inference System. 
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APPENDIX-1 

ALGORITHM  

% Classification using ANFIS 

% Input Phase 

clear 

name_trainingdata=input('\nEnter name of Training Data files (only prefix, without 

neither number nor extension): ','s'); 

name_checkingdata=input('\nEnter name of Checking Data file (only prefix, without 

neither number nor extension): ','s'); 

name_outputdata=input('\nEnter name of Output file (only prefix, without neither 

number nor extension): ','s'); 

epoch=input('\nNumber of epoch for training process: '); 

numMFs=input('\nNumber of membership function: '); 

inmftype=str2mat('gbellmf','gbellmf','gbellmf','gbellmf'); 

outmftype=('linear'); 

extension='.dat'; 

% strcat combine two strings together 

axus=strcat(name_trainingdata,extension); 

axus1=strcat(name_checkingdata,extension); 

axus2=strcat(name_outputdata,extension); 

% Loading Training data 

loadingtraining=load(axus); 

loadingchecking=load(axus1); 

loadingoutput=load(axus2); 

data=[loadingtrainingloadingoutput]; 

figure(1); 
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subplot(211); 

bar(data); 

title('Training data'); 

subplot(212); 

bar(loadingchecking); 

title('Checking data'); 

legend('input1','input2','input3','input4','output'); 

% Classification/Fuzzy Inference System Phase to get the FIS 

fis=genfis1(data,numMFs,inmftype,outmftype) 

figure(2); 

subplot(411); 

plotmf(fis,'input',1); 

subplot(412); 

plotmf(fis,'input',2); 

subplot(413); 

plotmf(fis,'input',3); 

subplot(414); 

plotmf(fis,'input',4); 

% Anfis Model Training Phase 

% Recording time for ANFIS training 

tic; 

[fistraining,errortraining,stepssize,checkfis,errorchecking]=anfis(data,fis,epoch,[1 1 1 

1],loadingchecking); 

figure(3) 

subplot(411); 

plotmf(fistraining,'input',1); 
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subplot(412); 

plotmf(fistraining,'input',2); 

subplot(413); 

plotmf(fistraining,'input',3); 

subplot(414); 

plotmf(fistraining,'input',4); 

time=toc; 

Total_time_for_ANFIS_training=time 

fprintf('\n<<<<<<<<<<<<<<<<<<<<WARNING!!!!>>>>>>>>>>>>>>>>>>>>>>>>

>>>>>>') 

fprintf('\nResults above show second column is training error') 

fprintf('\nand fourth column is checking error') 

fprintf('\n<<<<<<<<<<<<<<<<<<<<WARNING!!!!>>>>>>>>>>>>>>>>>>>>>>>>

>>>>>>') 

fprintf('\n') 

% Display Error for Training and Checking 

final_training_error=errortraining(epoch,1) 

final_checking_error=errorchecking(epoch,1) 

maximum_training_error=max(errortraining); 

minimum_training_error=min(errortraining); 

average_training_error=(maximum_training_error+minimum_training_error)/2 

maximum_checking_error=max(errorchecking); 

minimum_checking_error=min(errorchecking); 

average_checking_error=(maximum_checking_error+minimum_checking_error)/2 

average_global_error=(average_training_error+average_checking_error)/2 

% Save the trained FIS 
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saving=input('\nSave the Trained FIS, eg: yes=1 or no=0?= '); 

if saving==1; 

writefis(fistraining); 

else saving==2; 

end; 

% Application Phase 

%Evaluate the fis based on new set of data(application data) 

name_applicationdata=input('\nEnter name of Application Data files (only 

prefix,without neither number nor extension): ','s'); 

expected_result=input('\nEnter name of Expected Data Result files (only 

prefix,without neither number nor extension): ','s'); 

applicationdata=strcat(name_applicationdata,extension); 

axus3=strcat(expected_result,extension); 

loading=load(applicationdata); 

out=evalfis(loading,fistraining); 

output=round(out,3) 

% Detection Phase 

target=load(axus3); 

number=0; 

[a,b]=size(output); 

[c,d]=size(target); 

if a~=c 

error('Mismatched input and output data matrices'); 

end 

for i=1:size(output) 

if output(i,1)==target(i,1); 
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disp('Correct') 

elseif output(i,1)~=target(i,1); 

disp('InCorrect') 

number=number+1; 

end 

end 

Total_Misclassified=number 
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Outcome 1 Work in a team and select the broad statement of problem for project 

work. 
Outcome 2 Review and evaluate the available literature on the chosen problem 
Outcome 3 Formulate the methodology to solve the identified problem by satisfying 

the ethical and societal conditions. 
Outcome 4 Take up the breakdown of project work to be carried out in different 

phases, tasks and other related activities 
Outcome 5 Analyze the data collected and apply it in developing new resources. 
Outcome 6 Validate the obtained data with standard norms and prepare the report 
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Course 
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Outcome 2  3  3      3    2  
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Outcome 4 3  2 2  3 3 3 3 3 2 2 2 2  

Outcome 5 3 3 3 3 3 3 3 3 3 3 2 2 2 2 3 

Outcome 6 3 3 3 3 3 3 3 3 3 3 2  3 3 3 

 
Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based 

on level of mapping as follows:1-Slightly (Low) mapped  2-Moderately (Medium)mapped 3- 

Substantially (High) mapped. 



 

 

Justification:  

In India, with ever increasing population and stress on natural resources, especially water, 

rejuvenation of rainwater harvesting (RWH) technique which was forgotten over the days is 

becoming very essential. Large number of RWH methods that are available in the literature are 

demand specific and site specific, since RWH system depends on the topography, land use, land 

cover, rainfall and demand pattern. Thus for each and every case, a detailed evaluation of RWH 

structures is required for implementation, including the analysis of hydrology, topography and 

other aspects like site availability and economics, however a common methodology could be 

evolved. The present study was aimed at evaluation of various RWH techniques in order to identify 

the most appropriate technique suitable for Gudlavalleru Engineering College to meet its daily 

water demand. An attempt is made to determine the volume of water to be stored using mass 

balance method, rational method, analytical method. The approximate cost was also estimated for 

constructing RWH structure. 
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ABSTRACT 
 

Rainwater harvesting can be defined as an activity of direct collection of 

rainwater and storage of rainwater as well as other activities aimed at harvesting 

and conserving surface and ground water, prevention of loss through evaporation 

and seepage and other hydrological studies and engineering inventions aiming a 

most efficient utilization of rainwater onwards best use for humanity. 

Rainwater harvesting provides an independent water supply during regional 

water restrictions and in developed countries is often used to supplement the mains 

supply. Rainwater harvesting systems are appealing as they are easy to understand, 

install and operate. They are effective in 'green droughts' as water is captured from 

rainfall where runoff is insufficient to flow into dam storages. The quality of 

captured rainwater is usually sufficient for most household needs, reducing the need 

for detergents because rainwater is soft. Financial benefits to the users include that 

rain is 'renewable' at acceptable volumes despite climate change forecasts, and 

rainwater harvesting systems generally have low running costs, providing water at 

the point of consumption. 

The increasing growth in population, industrialization and urbanization is 

causing severe impact over the water resources. The overexploitation of natural 

water re-sources has already created environmental problems all over the world. In 

India, conflicts on river water sharing between the states have already started. One 

of the major solutions to meet ever increasing water demands would be storing the 

available rainwater through rainwater harvesting techniques (RWH).The term RWH 

implies conservation of rainwater where it falls which was also an age old tradition 

in India. 



CHAPTER-1 

INTRODUCTION  
 

 
 

1.1 General: 
 

Rainwater harvesting can be defined as an activity of direct collection of rainwater and 

storage of rainwater as well as other actives aimed a harvesting and conserving surface and 

ground water , prevention of loss through evaporation and seepage and other hydrological studies 

and engineering inventions aiming a most efficient utilization of rainwater onwards best use for 

humanity. 

Gudlavalleru is one among the 50 mandals of Krishna district and lies between 16035 l and 160 

21l of northern latitude and 81005 l and 810 2l eastern longitude. Gudlavalleru receives peak annual 

rainfall of 1659.6 mm of which southwest monsoon accounts for 61.2% of the total while north 

east monsoon contributes 28.9% of the total rainfall during 2010-11. The rest is shared by summer 

showers and winter rains. 

The total geographical area is 12453 hectares of this 35.37% is arable area while 0% is forest 

area. The rest is distributed among �³�%�D�U�U�H�Q and uncultivable �O�D�Q�G�´ about 5% and �³�/�D�Q�G put to non- 

agricultural uses about 17.2%. Out of the cultivable area, the net area sown form 80% while 

cultivable waste and fallow lands constitute about 0% during 2012-2013. In the present study the 

crop water need for the principle crops is evaluated for irrigation planning using climatic indices. 

 

 
1.2 Necessity of the study: 

 
Rainwater harvesting will improve water supply, food production, and ultimately food 

security. Water insecure households or individuals in rural areas will benefit the most from 

rainwater harvesting systems. Since rainwater harvesting leads to water supply which leads to food 

security, this will  greatly contribute to income generation. Surface water is inadequate to meet our 

demand and we have to depend on ground water. Due to rapid urbanization, infiltration of rain 

water into the sub-soil has decreased drastically and recharging of ground water has diminished. 



 

1.3 Objectives of Study: 
 

The objectives of the rain water harvesting are: 

i. Promote rain water harvesting by creating awareness among the people. 

ii. Increasing the availability of ground water during periods of requirement. 

iii.  Preventing depletion of ground water reservoir in areas of over exploitation 

iv. Decreasing menace of flood on local and regional scale 

v. Reducing pressure on storm drains in urban areas 

vi. Enhancing the quality of environment. 

1.4 Scope of the Work : 
 

Gudlavalleru Engineering college in Krishna district of Andhra Pradesh is considered as 

the study area. The aim of the present study is to use rainwater and thus taking close to the concept 

of nature conservation. In this study, Gudlavalleru Engineering College Campus is taken as study 

area and we divide the area into number of catchments. Then by using QGIS software we find the 

roof area of the structures situated in those catchments respectively. Then we calculate the intensity 

of rainfall in this area based on Previous year data and with respect to the quantity of rainwater to 

be collected, we design the recharge pits at a suitable location. The present study was aimed at 

evaluation of various RHS techniques in order to identify the most appropriate technique suitable 

for a G.E.C to meet its daily water demand. An attempt is made to determine the volume of water 

to be stored using mass balance method, Ripple diagram method, and analytical method. With the 

help of surveying we design the formation level to guide the Rainwater into the recharge pits by 

gravity. Finally by using estimation & costing we estimate the quantity of materials required and 

the cost of these works. 

 
 
 

1.5 Organization of Thesis: 
 

The thesis is organized into six chapters followed by references. 

�” An introduction to the present study, the necessity, objectives, scope are presented in 

Chapter-1. 



�” The theoretical outlook and a review on relevant literature is incorporated in Chapter-2. 

�” In Chapter-3, the methodology adopted in the present work is described in detail. 

�” In Chapter-4, the data obtained from various sources and its analysis is presented in suitable 

formats. A discussion on the results is also mentioned in this Chapter. 

�” In Chapter-5, the design storage tank and estimation is done. 

�” The conclusions of the study and the recommendations from the study are presented in 

Chapter-6. 



CHAPTER-2 

THEORY AND LITERATURE REVIEW  
 
 

 

2.1 RAINWATER  HARVESTING  

Various communities around the world are going through the problem of water shortage, 

water table levels are dropping at a higher rate. The main reason behind dropping of water table is 

pumping of water table and hence droughts are more frequent. Researchers have found a solution 

to deal with this problem which can be adopted by everyone right from small residence, to big 

industries etc. The rain water harvesting is proven as one of the most prominent solution to deal 

with water scarcity. In this situation related to certain region of India is exploited, but all this 

concepts are truly applicable all parts of the world. In rainwater harvesting technique rain water is 

not allowed to flow through the land but it is stopped and stored for future use. The major success 

point is not how much rain fall but how much harvesting done. 

 

Figure 2.1 : Simple rain water harvesting system 



2.2 ADVNATAGE S OF RAIN WATER  HARVESTING:  

1. Easy to maintain: Utilization of rainwater harvesting systems provided great advantages to the 

society. Firstly, harvested rainwater can be a better uses of energy resource. Systems employed for 

collection of rain water are easy to use and understand very little maintenance is required. 

2. Reduction in water bills: Collected water in rain harvesting system can be directly for various 

purposes e.g. irrigation purpose. For household and various small and large industries will reduce 

their utility bill.  

3. Reduction in ground water demand: As population has arose the demand for water is also risen 

three fold. To feed this excess demand ground water is extracted. This may led to reduction in level 

of ground water may be in 

 
2.3 DISADVATAGES OF RAIN WATER  HARVESTING:  

1. Unpredictable rainfall: It is very hard task to predict the rain fall. In literature advice is been 

made to not only to depend upon rain water harvesting projects as a sole source of water. Many 

authors in literature have suggested to used rain water where rainfall with higher rate. 

2. Initial high cost: The size and technology used may affect the cost of rain water harvesting 

project. The major problem with this kind of project is water cannot be derived directly like in case 

of solar panels. 

3. Regular maintenance: Regular maintenance is needed for harvesting tank and water otherwise 

water will become home for many animals like mosquitoes, insects and lizards. 

4. Storage limits: The storage and collection facilities may also impose an restriction on how much 

rainfall can be stored and reuse. During heavy raining the collection systems may not hold all 

rainwater which may end up going to rivers. 

 

2.4 LITERATURE  REVIEW  
 
 

JYOTIBA B.GURAV AND D.G. REGULWAR (2013 ) 

Jyotiba B.Gurav et.al. developed a working system at construction site named Daulat 

Heights in Pune, Maharashtra. The main of the study is to make efficient use of rainwater and 

adoption of newly launched concept of nature conversion. The system is actually built in saswad 



city, Maharashtra state of India. The cost of total project is Rs. 48060 and it can harvest 129600 

liters of water. 

 
INDU NIRUPAM et.al. (2013) 

In the study conducted by Indu Nirupam et.al. the rain water harvesting (RWH) system is 

analyzed as a alternative source of water at campus of IIMT  College of Engineering, Greater Noida 

in the state of Uttar Pradesh, India. The expected outcome of the study is the development of 

rainwater harvesting system for catchment area of campus from parking area, workshop area, some 

of the electronics department area upto Hostel �µ�$�¶�� The result analysis shows that the present RWH 

system is having the storage 30,96,816 litres/year and construction cost of Rs.5 lakhs respectively 

and is reasonably well in comparison with conventional water sources. The developed system 

satisfies the social requirements and can be implemented in rural areas by considering almost all 

the technical aspect. 

 

R.Greesan And V.Balamurugan (2013). 

R.Greesan and V.Balamurugan done a case study was done in the district of Pudukkottai, 

which is not having any perennial resource of water and the district was mostly depends on rain 

water for domestic and agri purposes. The study is aimed to give better solution to the ground water 

and ground water recharge. The study prescribed the technique of Roof Top Harvesting for storing 

and utilizing the rainwater and also for recharging the ground water. In the trend of urbanisation, 

the roof top harvesting is the effective, trouble-free system to implement with less expense. This 

will  result in effective utilisation of water, ground water recharge, sustain our natural resources and 

automatically the environment will come under the greenish envelope without any doubt and 

�G�U�R�X�J�K�W�����7�K�D�W�¶�V���W�K�H���V�R�O�X�W�L�R�Q���Z�D�V���Y�H�U�\���Q�H�D�U���W�R���X�V���W�R��build a green city. 

 
H.N. Verma and P. B. S. Sarma (1990) 

H.N. Verma and P. B. S. Sarma conducted a study on evaluation of various RWH 

techniques in order to identify the most appropriate technique suitable for a large scale industrial 

area to meet its daily water demand. An attempt is made to determine the volume of water to be 

stored using mass balance method, Ripple diagram method, analytical method, and sequent peak 

algorithm method. Based on various satisfying criteria, analytical hierarchy process (AHP) is 



employed to determine the most appropriate type of RWH method and required number of RWH 

structures in the study area. If economy alone is considered along with hydrological and site 

specific parameters, recharging the aquifer has resulted as a better choice. However other criteria 

namely risk, satisfaction in obtaining required volume of water for immediate utilization etc. has 

resulted in opting for concrete storage structures method. From the results it is found that AHP, if 

used with all possible criteria can result in a better tool for evaluation of RWH methods and 

structures. This RWH structures not only meets the demand but saves transportation cost of water 

and reduces the dependability of the industry on irrigation reservoir. Besides monetary benefits it 

is hoped that the micro environment inside the industry will improve due to the cooling effect of 

the stored water. 

 

S.N. Kalia (2013) 

S.N. Kalia designed rainwater harvesting system for GECA campus using Geographic 

Information System (GIS). For this taking catchment area of campus from parking area, workshop 

area, some of the electronics department area up to Hostel �µ�$�¶����Demarcate  and  calculate  area by 

using GIS. The slope of the catchment shall be checked by auto level. Analyse the potential  of 

runoff from the rainfall from the catchment and suggest suitable recharge pit locations 

 
2.5. EVALUATION OF RAINWATER HARVESTING METHODS  

 
�³�(�Y�D�O�X�D�W�L�R�Q���R�I���5�D�L�Q�Z�D�W�H�U���+�D�U�Y�H�V�W�L�Q�J���0�H�W�K�R�G�V���D�Q�G���6�W�U�X�F�W�X�U�H�V��Using Analytical Hierarchy 

�3�U�R�F�H�V�V�� �I�R�U�� �D�� �/�D�U�J�H���6�F�D�O�H�� �,�Q�G�X�V�W�U�L�D�O�� �$�U�H�D�´�� �Z�D�V��conducted by V. JOTHIPRAKASH, Mandar V. 

SATHE. .A large scale automobile industry situated near Nasik (Igatpuri), Maharashtra was 

considered as study area. The present study was aimed at evaluation of various RWH techniques 

in order to identify the most appropriate technique suitable for a large scale industrial area to meet 

its daily water demand. A large number of RWH methods are used. However each method is site 

specific and demand specific. The RWH system depends on the topography, land use pattern, 

rainfall, demand pattern and economic status of the stake holder. Each structure requires detailed 

analysis of hydrology (rainfall and demand), topography and other aspects. The present study is 

aimed at providing best techno-economic RWH structure so as to minimize or eliminate the 

dependency of the industry on purchased water. With the available data the first step is to find the 



volume of water need to be stored. All  the four methods employed in this study resulted in identical 

volume of 55,000 m3. Then the systematic methodology of AHP was applied to identify most 

appropriate RWH structure to store the required quantity of water with given conditions. As a 

�U�H�V�X�O�W���R�I���W�K�L�V���S�U�R�F�H�V�V���³�5�&�&���W�D�Q�N�´���Z�D�V���L�G�H�Q�W�L�I�L�H�G���D�V���W�K�H��most appropriate RWH structure for given 

requirement and conditions. Further, AHP was applied one more time to identify right combination 

of tank size and number of tank. As �D�� �U�H�V�X�O�W�� �³�I�R�X�U�� �5�&�&�� �F�X�E�L�F�D�O�� �W�D�Q�N�V�� �Z�L�W�K�� ���� �P�� �K�H�L�J�K�W�´�� �Z�D�V��

identified as the most appropriate choice of RWH method for study area under given requirements 

and conditions. 

 
2.6 STUDY AREA 

Gudlavalleru Engineering college in Krishna district of Andhra Pradesh is considered as 

the study area. Gudlavalleru Engineering College is the vision of Late Sri Vallurupalli Venkata 

Rama Seshadri Rao, the man behind the college. It was started in the year 1998 by the AANM & 

VVRSR Educational Society with an intake of 180 students, and the current intake is 1080 in UG 

B.Tech and 240 in PG M.Tech. and MBA. 

. The aim of the present study is to use rainwater and thus taking close to the concept of 

nature conservation. In this study, Gudlavalleru Engineering College Campus is taken as study 

area and we divide the area into number of catchments. 

Then by using QGIS software we find the roof area of the structures situated in those 

catchments respectively. Then we calculate the intensity of rainfall in this area based on Previous 

year data and with respect to the quantity of rainwater to be collected, we design the recharge pits 

at a suitable location. 

The present study was aimed at evaluation of various RHS techniques in order to identify 

the most appropriate technique suitable for a G.E.C to meet its daily water demand. An attempt is 

made to determine the volume of water to be stored using mass balance method, analytical method. 

With the help of surveying we design the formation level to guide the Rainwater into the recharge 

pits by gravity. 

Finally by using estimation & costing we estimate the quantity of materials required and 

the cost of these works. 



 

Figure 2.2: Study Area 
 
 

2.7 GEOLOGY  

Gudlavalleru is a village and Mandal in Krishna district of the Indian state of Andhra Pradesh. It 

is located on the Gudivada �± Machilipatnam route. Topography. For the purposes of this report, 

the geographical coordinates of Gudlavalleru are 16.350 deg latitude, 81.050 deg longitude, and 

23 ft elevation. The topography within 2 miles of Gudlavalleru is essentially flat, with a maximum 

elevation change of 36 feet and an average elevation above sea level of 25 feet. 

2.8 Runoff analysis: 
 

The rainfall runoff relationship is important for implying techniques like water harvesting. 

Runoff is that part of precipitation which traverses over surface/subsurface after compensation for 

various losses. Runoff potential and peak rate of runoff for Gudlavalleru region was carried out 

using SCS CN method in this study. The curve number method required individual storm rainfall, 

land use type, hydrologic soil group and antecedent moisture condition of watershed as input. In 

this method, the potential maximum retention storage of watershed was related to a discrete 

number called curve number which was a function of land use, different land treatments, and 



antecedent moisture condition and soil type of watershed. Curve number is dimensionless and its 

value varies from 0 to 100. 

 

2.9 QGIS 
 

QGIS (previously also known as Quantum GIS) is a free (GNU GPL v2) and open 

source GIS application enabling the user to visualize, manage, edit, analyse data, and compose 

printable maps. QGIS functions as geographic information system (GIS) software, allowing 

users to analyze and edit spatial information, in addition to composing and exporting graphical 

maps. QGIS supports both raster and vector layers; vector data is stored as either point, line, or 

polygon features. 



CHAPTER-3 

METHODOLOGY  

 
 

3.1 DATA  COLLECTION:  

The data w.r.t. various parameters are collected from the relevant government agencies the 

following text includes the details of the different parameters and the respective governmental 

agencies from which they are collected. 

 

3.1.1 RAINFALL  DATA:  

The monthly rainfall data both actual and average is obtained from The Directorate of 

Economics and Statistics, Government of Andhra Pradesh, Hyderabad from 2002 to 2012. 

 
 

3.1.2 METEOROLOGICAL  DATA:  

The meteorological data is obtained from the meteorological centres located at Hyderabad 

and from the E-source. 

 
3.1.3 CLIMATE AND RAINFALL DETAILS  

Climate is mainly tropical in nature with a cooler period from June to September. 

The temperature normal is 190C to 370C. Rainfall is variable both annually and seasonally. The 

annual rainfall ranges from 620.1mm to 1770.5 mm in the last 11 years period. 

 
The season wise rainfall pattern of the district is as below: 

1. Winter period 11.154mm 

2. Summer period 87.24mm 

3. South West monsoon period 703.25mm 

4. Northeast monsoon period 262.5mm 



3.2 ANALYSIS OF DATA AND  CALCULATION:  

3.2.1 STATISTICAL PROPERTIES OF THE RAINFALL  DATA  

The collected data on various parameters like Average rainfall (mm), Standard Deviation 

(mm), Skewness, Kurtosis are calculated below 

 

3.2.2 RAINFALL DATA  PROCESSING 

For programming of irrigation water supply and management, rainfall data of normal, wet 
and dry years are used. An estimate of the respective rainfall data can be obtained by computing 
and plotting probabilities from the rainfall records. 

The different steps involved are: 

i. Tabulate yearly rainfall totals for a given period. 

ii. Arrange data in descending order of magnitude. 

iii.  Tabulate plotting position according to: 

Fa = 100 * m / (N + 1) 
Where: N = number of records 

m = rank number 

Fa = plotting position 

iv. Plot values on log-normal scale and obtain the logarithmic regression 

equation, as shown in above point. 

v. Calculate year values at 20, 50 and 80% probability 

vi. Determine monthly values for the dry year according to the following 

relationship: 

Pidry=Piavg* Pdry/Pavg 
 

Where: P iav = average monthly rainfall for month i 

P idry = monthly rainfall dry year for month i 

P av = average yearly rainfall 

P dry = yearly rainfall at 80% probability of exceedance 

Similarly values for normal and wet years can be determined. 



3.3 GROUNDWATER RECHARGE BY ROOFTOP  HARVESING  
 

The computation was carried out for different Roof Top Area Buildings with average & 

annual rainfall of Krishna district with effective annual rainfall contributing to recharge as70% and 

considering losses as 30%.Then calculate total rainfall collected in the year and quantity available 

for recharge per annum. 

 
Quantity of Recharge = Roof Top Area*annual rainfall*0.7 

 
 

3.4 SELECTION OF R.W.H  METHOD  

3.4.1 MASS BALANCE  METHOD  
 

In this method the basic assumption is that the demand in rainy (wet) months is met by 

supply (runoff) during same months. To meet dry months demand, water has to be stored during 

the rainy months, thus the storage capacity should be at least equal to the total water demand during 

dry months. Assuming the runoff coefficient as 0.9; the runoff from rooftop was estimated using 

rational method, with appropriate units the equation used for rational method is as follows: 

Q=CiA 

 
Where Q - Runoff, 

C - Runoff coefficient, 

i - Rainfall intensity 

A - Rooftop area 

Since 95% of runoff occurs in four months (June, July, August, and September) the demand 

in these four months is met by the rainfall in these months. However the demand of remaining 

eight months should be met by the stored water in these four months. 



3.4.2 ANALYTICAL  METHOD  
 

In this method, the surplus or deficit for each time period is estimated and the cumulative 

is calculated. If there is a shift from surplus to deficit or vice versa in a time period, the cumulative 

is started afresh. The cumulative deficits are listed to find the maximum deficit. 

 

3.5. APPROPRIATE VOLUME OF WATER TO BE  STORED 

 
The comparative volume of rain water to be stored can be taken from either of mass balance 

method, ripple diagram method, analytical method which acquire high demand. 

 
3.6. FILTERS  

 
The filter is used to remove suspended pollutants from rainwater collected over roof. A 

filter unit is a chamber filled with filtering media such as fiber, coarse sand and gravel layers to 

remove debris and dirt from water before it enters the storage tank or recharges structure. 

Sand filters have commonly available sand as filter media. Sand filters are easy and 

inexpensive to construct. These filters can be employed for treatment of water to effectively 

remove turbidity (suspended particles like silt and clay), color and microorganisms. In a simple 

sand filter that can be constructed domestically, the top layer comprises coarse sand followed by a 

5-10 mm layer of gravel followed by another 5-25 cm layer of gravel and boulders. 

 

 
3.7 STORAGE TANK 

 

Rain water collected from the roof of the building is diverted to a storage tank. The storage 

tank has to be designed according to the water requirements, rainfall and catchment availability. 

Each drainpipe should have mesh filter at mouth and first flush device followed by filtration system 

before connecting to the storage tank. It is advisable that each tank should have excess water 

overflow system. The storage  tank  should be  checked  and cleaned periodically.  All tanks  

need cleaning and their designs should allow for thorough scrubbing of the inner walls and floors. 

A sloped bottom and the provision of a sump and a drain are useful for collection and discharge 



of settled grit and sediment. An entrance hole is required for easy access for cleaning. The use of 

a chlorine solution is recommended for cleaning, followed by thorough rinsing. Chlorination of 

the cisterns or storage tanks is necessary if the water is to be used for drinking and domestic uses. 

Dividing tanks into two sections or dual tanks can facilitate cleaning. Cracks in the storage tanks 

can create major problems and should be repaired immediately. 



CHAPTER-4 

RESULTS AND ANALYSIS 

 
 

4.1 DATA  PRESENTATION 
 

The rainfall data used in study vide chapter 3.1.1 is collected from the relevant government 

agency i.e. Meteorological Department, Hyderabad as follows. 

4.1.1 RAINFALL  DATA  
 

�7�K�H���P�R�Q�W�K�O�\���D�Q�Q�X�D�O���D�Q�G���V�H�D�V�R�Q�D�O���U�D�L�Q�I�D�O�O���I�R�U���W�K�H���\�H�D�U�¶�V�������������W�R�������������K�H�U�H with presented 

in table no 4.1(a) 

The results presented in the above table are plotted on a graph shown in fig. 4.1(a) 
 

Table 4.1(a) Annual and Seasonal Rainfall data 
 

Month/Y 
ear 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Jan 24.9 0.7 8.0 0.6 0.0 0.0 0.4 0.0 12.1 0.0 88.1 

Feb 0.0 1.3 0.4 4.3 0.0 8.6 58.2 0.0 0.0 34.6 0.0 

Winter 24.9 2 84 4.9 0.0 8.6 58.6 0.0 12.1 34.6 88.1 

Mar 0.0 21.8 0.3 6.2 47.7 0.0 133.3 0.1 0.0 0.0 3.2 

Apr 0.0 0.3 2.5 5.3 64.2 17.5 2.1 0.0 15.7 51.6 10.4 

May 47.0 0.9 67.9 58.5 59.8 10.8 1.7 95.8 182.0 42.7 50.3 

Summer 47.0 23 70.7 70 171.7 28.3 137.1 95.9 197.7 94.3 63.9 

Jun 86.4 116.2 112.8 63.8 111.3 236. 
0 

134.7 34.4 129.1 121.8 152.2 

Jul 73.7 216.3 188.9 248.9 79.6 150. 
6 

242.7 86.8 355.0 290.9 273.9 

Aug 187.9 147.2 139.5 93.5 147.8 189. 
9 

412.5 165.4 278.9 234.0 303. 



Sep 47.0 150.6 149.0 306.4 213.1 202. 
9 

115.8 145.4 327.1 40.3 232.0 

S.W 
Monsoon 

395 630.3 590.2 712.4 551.8 779. 
4 

905.7 432 1090 687 961.9 

Oct 136.1 142.5 122.1 263.8 376.8 148. 
5 

49.7 64.9 218.4 44.9 193.0 

Nov 17.1 6.9 7.7 28.5 89.0 17.1 135.7 130.3 146.5 12.2 262.3 

Dec 0.0 159.1 0.0 1.7 0.0 0.8 0.5 2.8 105.8 3.5 0.0 

N.E 
Monsoon 

153.2 308.5 129.8 294 465.8 166. 
3 

185.9 197.4 470.7 60.6 455.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.1(b) Annual and Seasonal Rainfall Details 

The average rainfall details as stated in chapter in 3.1.1 are determined for the period 2002- 

2012 are presented in the following able 4.1(b). 

The results presented in the above table are plotted on a graph shown in fig. 4.1(a) 
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Table 4.1(c) Average Rainfall Data from2002 to 2012 
Sl.no Year Rainfall in mm 

1 2002 620.1 

2 2003 963.8 

3 2004 799.1 

4 2005 1082.1 

5 2006 1189.3 

6 2007 982.6 

7 2008 1287.3 

8 2009 725.3 

9 2010 1770.5 

10 2011 876.5 

11 2012 1569.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.1(d) Average Rainfall Details 
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4.2 ANALYSIS OF DATA AND  CALCULATION  

4.2.1 CALCULATION FOR STATISTICAL PROPERTIES OF  THE 
RAINFALL  DATA  

The Average rainfall (mm), Standard Deviation (mm), Skewness, Kurtosis are presented 

in the following table 4.2(a) 

Table 4.2(a) shows Statistical properties of the rainfall data 
 

Month Average 
Rainfall(mm) 

Std 

Deviation(mm) 

Skewness Kurtosis 

Jan 12.25 26.3 2.84 8.49 

Feb 9.76 19 2.1 4.10 

Mar 19.28 40.5 2.67 7.41 

April  15.41 22 1.67 1.72 

May 56.12 50.9 1.51 3.34 

Jun 118.04 51.5 0.81 2.44 

July 200.66 93.8 -0.06 -1.045 

Aug 209.12 91.8 1.13 1.11 

Sep 175.41 92.7 1.17 -0.56 

Oct 160 99.6 0.95 0.94 

Nov 77.9 83.3 1.14 0.77 

Dec 24.9 54.4 2.13 3.52 

 
 
 

4.2.2 ANALYSIS FOR RAINFALL DATA  PROCESSING 
 

The rainfall data during 2002 to 2012 are determined as per the procedure mentioned in chapter- 

3.2.2, by using this Eq: 3.2, tabulate the values of plotting position and rainfall in Table 4.2.(b), 

Plot values on log-normal scale and obtain the logarithmic regression equation on a graph as shown 



in fig 4.2.(b). By using the Eq: 3.2. (1) Tabulate the values of dry and wet years in Table 4.2. (c). 
 

Table 4.2.(b)  Rainfall Analysis 
 

Rank no 1 2 3 4 5 6 7 8 9 10 11 

Rain(mm/ye 
ar) 

1770. 
5 

1569. 
2 

1287. 
3 

1189. 
3 

1082. 
1 

982. 
6 

963. 
8 

976. 
5 

799. 
1 

725. 
3 

620. 
1 

Fa (%) 8 17 25 33 42 50 58 67 75 83 92 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2.(c) Probability Yearly Rainfall  

PROBABILITY YEARLY RAINFALL 
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Table 4.2(d) Processing Rainfall Records 
 

 Jan Feb Mar Apr May June Jul Aug Sep Oct Nov Dec Year 

Avg 12 10 19 15 56 118 201 209 175 177 78 25 1095 

Dry 8 7 13 10 39 82 140 146 122 123 54 17 761 

Wet 16 13 25 19 73 153 261 271 227 230 101 32 1421 

 

4.3 COMPUTATION OF GROUNDWATER RECHARGE BY ROOFTOP 
HARVESING  

The rainfall data during 2002 to 2012 in chapter-3.1.1 is used and quantity of recharge is 
determined as per the procedure mentioned in chapter-3.3.Tabulate the values of quantity of 
recharge in between roof top area (for different sq.mt) and annual rainfall (mm) in Table 4.3(a) 

The results presented in the above table are plotted on a graph shown in fig. 4.3(a), 4.3(b) 

Table 4.3(a) Roof Top Area(sq.mt) Vs Annual Rainfall (mm) 
 

Roof 
Top 
Area/ 
Annua 
l Year 

2002 

(620.1 
) 

2003 

(963. 
8) 

2004 

(799 
.1) 

2005 

(1082 
.1) 

2006 

(1189 
.3) 

2007 

(982 
.6) 

2008 

(1287 
.3) 

2009 

(725 
.3) 

2010 

(1770 
.5) 

2011 

(876 
.5) 

2012 

(1569 
.2) 

50 21.7 33.73 27.9 
7 

37.87 41.62 34.9 45.06 25.3 
8 

61.97 30.6 
8 

54.92 

100 43.4 67.47 55.9 
4 

75.75 83.25 68.8 90.11 50.7 
7 

123.9 61.3 
5 

109.8 
4 

150 65.11 62.75 50.1 
4 

54.26 64.53 63.1 81.63 59.2 
0 

104.8 
2 

91.8 
7 

144.1 
8 

200 136.22 131.2 
9 

104. 
91 

113.5 
3 

135.0 
2 

132. 
67 

170.7 
9 

123. 
87 

219.3 
2 

192. 
23 

219.6 
9 

250 108.77 168.6 
2 

139. 
84 

189.3 
6 

203.1 
2 

171. 
95 

225.2 
7 

123. 
92 

219.3 
2 

192. 
23 

219.6 
9 

300 130.21 202.3 
9 

167. 
81 

227.2 
4 

249.7 
5 

206. 
34 

270.3 
3 

152. 
31 

371.8 184. 
06 

329.5 
3 



350 151.92 236.1 
3 

195. 
77 

265.1 
1 

291.3 
8 

240. 
73 

315.3 
8 

177. 
69 

433.7 
7 

214. 
74 

384.4 
5 

400 173.63 269.8 
6 

223. 
74 

302.9 
8 

333 275. 
12 

360.4 
4 

203. 
08 

495.7 
4 

245. 
42 

439.3 

450 195.33 303.5 
9 

251. 
71 

340.8 
6 

374.6 
2 

309. 
52 

405.4 
9 

228. 
47 

557.7 276. 
09 

494.2 
9 

500 217.03 337.3 
3 

279. 
68 

378.7 
3 

416.2 
5 

343. 
91 

450.5 
6 

253. 
85 

619.6 
7 

306. 
77 

549.2 
2 

1000 434.07 674.6 
6 

559. 
37 

757.4 
7 

832.5 
1 

687. 
82 

901.1 
1 

507. 
71 

1239. 
35 

613. 
55 

1098. 
44 

 
 

 

Figure 4.3(b) Roof Top Area/Annual Year 
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Figure 4.3(c) Roof Top Area/Annual Year 

Tabulate the values of quantity of recharge in between roof top area (for different sq.mt) 

and average rainfall(mm) in Table 4.3(c) 

The results presented in the above table are plotted on a graph shown in fig. 4.3(c). 
 
 

Table 4.3(d) Roof Top Area (Sq.m) Vs Average Rainfall(mm) 
 

For Average Rainfall of 1078.85mm 

Roof top (m2) Annual runoff 
(m3) 

50 37.75 

100 75.46 

150 113.19 

200 150.92 

250 188.65 

300 226.38 

350 264.11 

Years 

2012 2011 2010 2009 2008 2007 2006 2005 
2002 2003 2004

 

50 

100 

150 

50 
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100 

150 
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400 301.84 

450 339.57 

500 377.3 

1000 754.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3(e) Roof Top Area/Average Year 
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4.4 CALCULATION OF ROOF TOP AREA BY USING  QGIS 
 

Figure 4.4(a): Digitization of Polygon layer 

shows the procedure for selecting the field calculator and calculate the area and length by 

selecting the area and length as function of the all Roofs 

Figure 4.4(b): Complete Digitization of all layers 



RESULTS: 

The Roof Areas of Various structures has been calculated. 

1. Area of Main block = 8858 �I 2 

2. Area of New block =4249 �I 2 

3. Area of Amenities =1469 �I 2 
 
 

4.5 Metrological data of previous years 

 
Table 4.5 (a) Metrological Data of Year 2010 

Month NO . OF. DAYS AVERAGE(MM) 

January 8 10.51 

February 0 0 

March 0 0 

April  0 0 

May 3 18.51 

June 9 9.99 

July 21 36.55 

August 18 28.32 

September 15 17.35 

October 14 29.37 

November 16 35.09 

December 4 5.09 



Table 4.5 (b) Metrological Data of Year 2011 
 

Month NO . OF. DAYS AVERAGE(MM) 

January 0 0 

February 4 3.65 

March 4 0.52 

April  6 8.61 

May 7 4.34 

June 6 10.67 

July 18 39.13 

August 14 28.9 

September 8 14.27 

October 14 17.88 

November 2 4.31 

December 0 0 

 
Table 4.5(c) Metrological Data of Year 2012 

 

Month NO . OF. DAYS AVERAGE(MM) 

January 6 6 

February 0 0 

March 0 0 

April  1 1.68 

May 2 4.09 

June 7 18.9 

July 11 20.59 

August 20 27.18 

September 14 30.85 

October 11 18.07 



November 9 9.63 

December 4 5.09 

 
 
 
 

Table 4.5(d) Metrological Data of Year 2013 
 

Month NO . OF. DAYS AVERAGE(MM) 

January 2 10.51 

February 2 2.6 

March 0 0 

April  2 4.08 

May 2 1.62 

June 14 15.68 

July 13 26.50 

August 11 28.18 

September 15 13.28 

October 13 24.03 

November 5 11.26 

December 3 1.22 

 
 

Table 4.5(e) Metrological Data of Year 2014 
Month NO . OF. DAYS AVERAGE(MM) 

January 2 0.81 

February 1 2.57 

March 2 0.37 

April  0 0 

May 3 11.98 



June 12 17.61 

July 14 22.01 

August 9 15.2 

September 14 15.1 

October 12 12.69 

November 5 14.48 

December 1 0.63 

 

Table 4.5(f) Metrological Data of Year 2015 
 

Month NO . OF. DAYS AVERAGE(MM) 

January 2 10.51 

February 0 0 

March 12 6.91 

April  5 5.93 

May 3 18.58 

June 17 88.21 

July 15 27.37 

August 20 31.72 

September 18 27.4 

October 9 8.65 

November 7 11.41 

December 5 0.73 



 
 
 
 
 

Table 4.5(g) Metrological Data of Year 2016 
 

Month NO . OF. DAYS AVERAGE(MM) 

January 4 10.51 

February 0 0 

March 0 0 

April  0 0 

May 5 31.2 

June 18 32.58 

July 25 48.98 

August 19 73.21 

September 22 52.23 

October 12 26.02 

November 4 2.84 

December 4 3.98 

 
Table 4.5(h) Metrological Data of Year 2017 

 
Month NO . OF. DAYS AVERAGE(MM) 

January 0 0 

February 0 0 

March 11 13.63 

April  0 0 

May 2 2.0 

June 21 57.47 

July 14 20.34 



August 18 59.36 

September 19 41.06 

October 12 47.55 

November 7 4.5 

December 0 0 

 
 
 
 
 

Table 4.5(i) Metrological Data of Year 2018 
 

Month NO . OF. DAYS AVERAGE(MM) 

January 0 0 

February 0 0 

March 2 0.55 

April  8 1.33 

May 2 2.44 

June 18 37.8 

July 9 12.68 

August 22 50.93 

September 24 65.40 

October 13 60.76 

November 14 30.7 

December 10 23.4 



 
 
 
 
 

Table 4.5(j) Metrological Data of Year 2019 
 

Month NO . OF. DAYS AVERAGE(MM) 

January 3 11.7 

February 5 10.2 

March 5 3 

April  8 14.8 

May 3 7.9 

June 24 70.1 

July 30 239.4 

August 31 295.5 

September 30 372 

October 31 274.4 

November 13 22.7 

December 22 20.5 



 
 

Fig. 4.5(i): Average rainfall of all the Years 
 

�¹  The following chart shows the rainfall from the year 2009 to 2020(march) 

�¹  By considering this the data of rainfall data is taken 

�¹  The rainfall data of each year and each month are taken 

�¹  Thus the average rainfall is calculated and the storage pits are designed by average value 

 
4.6 SELECTION OF R.W.H  METHOD:  

 
4.6.1 ANALYSIS OF MASS BALANCE  METHOD  

By using the procedure in chapter-3.4.1,Eq3.4 the monthly mass balance method 

was elaborates Table 4.4. (a). However the demand of remaining eight months should be 

met by the stored water in these four months. From Table 4.4(a) it is seen that the demand 

for eight months is 3969.6m3, hence the size of the reservoir should be 3969.6 m3 or at least 

3556 m3 (as the expected runoff during dry months is 413 m3). 



 

4.6.1(a) Result of Mass Balance Method: 

4.6.1(b) Catchment-1 
 
 

S.no Month Rainfall(mm) Accumlated(m3) Demand(m3) Total 
demand(m3) 

1 June 70.1 620.94 760  
 
 

3040 

2 July 239.4 2120.6 760 
3 Aug 295.5 2617.53 760 
4 Sep 372 3295.17 760 
5 Oct 274.4 2430.63 760  

 
The amount 
of voume 
excess of wet 
demand is 

 
5614 

6 Nov 22.7 194 760 
7 Dec 20.5 181.58 760 
8 Jan 11.7 103.6 760 
9 Feb 10.2 90.35 760 
10 Mar 3 26.57 760 
11 April 14.8 131.09 760 
12 May 7.9 69.97 760 

 
 

4.6.1(c) Catchment-2 
 

 
S.no Month Rainfall(mm) Accumlated(m3) Demand(m3) Total 

demand(m3) 

1 June 70.1 297.43 420  
 
 

1680 

2 July 239.4 1017.21 420 
3 Aug 295.5 1255.57 420 
4 Sep 372 1580.62 420 
5 Oct 274.4 1165.92 420  

The amount 
of voume 
excess of wet 
demand is 

 
 

2470 

6 Nov 22.7 96.45 420 
7 Dec 20.5 87.10 420 
8 Jan 11.7 49.71 420 
9 Feb 10.2 43.33 420 
10 Mar 3 12.7 420 
11 April 14.8 62.88 420 
12 May 7.9 33.56 420 



4.6.1(d) Catchment-3 
 
 
 
 

S.no Month Rainfall(mm) Accumlated(m3) Demand(m3) Total 
demand(m3) 

1 June 70.1 102.97 590  
 
 

2360 

2 July 239.4 351.67 590 
3 Aug 295.5 434.08 590 
4 Sep 372 546.46 590 
5 Oct 274.4 403.09 590  

The amount 
of voume 
excess of wet 
demand is 

 
 
 

924 

6 Nov 22.7 33.3 590 
7 Dec 20.5 30.11 590 
8 Jan 11.7 17.18 590 
9 Feb 10.2 14.98 590 
10 Mar 3 4.4 590 
11 April 14.8 21.74 590 
12 May 7.9 11.6 590 

 
 

4.6.2 ANALYSIS OFANALYTICAL  METHOD  
 

The values of analytical method are tabulated in Table 4.4(c) the cumulative deficits are 

listed to find the maximum deficit, the maximum deficit works out to be 5827 m3
 

 
 

4.6.2(a) Analytical Method 

4.6.2(b)catchment-1 

S.no Month Rainfall 
(mm) 

Accumulated 

(m3) 

Demand 
(m3) 

Surplus 
(m3) 

Deficit 
(m3) 

Cumulative 
Surplus(m3) 

Cumulative 
Deficit (m3) 

1 Jan 11.7 620.94 760 0 139.06 0 139.06 

2 Feb 10.2 2120.6 760 1360.6 0 1360.6 139.06 

3 Mar 3 2617.53 760 1857.53 0 3218.13 139.06 

4 April  14.8 3295.17 760 2535.17 0 5753.3 139.06 



5 May 7.9 2430.63 760 1670.63 0 7423.93 139.06 

6 Jun 70.1 194 760 0 566 7423.93 705.06 

7 Jul 239.4 181.58 760 0 578.42 7423.93 1283.48 

8 Aug 295.5 103.6 760 0 656.4 7423.93 1936.88 

9 Sep 372 90.35 760 0 669.65 7423.93 2609.53 

10 Oct 274.4 26.57 760 0 733.43 7423.93 3342.96 

11 Nov 22.7 131.09 760 0 628.91 7423.93 3971.87 

12 Dec 20.5 69.97 760 0 690.03 7423.93 4661.9 

Volume required = 2762.03 m3 

 

4.6.2(c)catchment-2 
 

S.no Month Rainfall 
(mm) 

Accumulated 

(m3) 

Demand 
(m3) 

Surplus 
(m3) 

Deficit 
(m3) 

Cumulative 
Surplus(m3) 

Cumulative 
Deficit (m3) 

1 Jan 11.7 49.71 420 0 370.29 0 370.29 

2 Feb 10.2 43.33 420 0 376.67 0 746.96 

3 Mar 3 12.74 420 0 407.26 0 1154.22 

4 April  14.8 62.88 420 0 357.12 0 1511.34 

5 May 7.9 33.56 420 0 386.44 0 1897.78 

6 Jun 70.1 297.85 420 0 122.15 0 2019.93 

7 Jul 239.4 1017.21 420 597.21 0 597.21 2019.93 

8 Aug 295.5 1255.57 420 835.57 0 1432.78 2019.93 

9 Sep 372 1580.62 420 1160.62 0 2593.40 2019.93 

10 Oct 274.4 1165.92 420 745.92 0 3339.32 2019.93 

11 Nov 22.7 96.45 420 0 323.55 3339.32 2343.48 

12 Dec 20.5 87.10 420 0 332.90 3339.32 2676.38 

Volume required= 662.94 m3 



4.6.2(d)catchment-3 
 

S.no Month Rainfall 
(mm) 

Accumulated 

(m3) 

Demand 
(m3) 

Surplus 
(m3) 

Deficit 
(m3) 

Cumulative 
Surplus(m3) 

Cumulative 
Deficit (m3) 

1 Jan 11.7 102.97 590 0 487.03 0 487.03 

2 Feb 10.2 351.67 590 0 238.33 0 725.36 

3 Mar 3 434.08 590 0 155.92 0 881.28 

4 April  14.8 546.46 590 0 43.54 0 924.82 

5 May 7.9 403.09 590 0 186.91 0 1111.73 

6 Jun 70.1 33.3 590 0 556.7 0 1668.43 

7 Jul 239.4 30.11 590 0 559.89 0 2228.32 

8 Aug 295.5 17.18 590 0 572.82 0 2801.1 

9 Sep 372 14.98 590 0 575.02 0 3376.16 

10 Oct 274.4 4.4 590 0 585.6 0 3961.76 

11 Nov 22.7 21.74 590 0 568.26 0 4530.02 

12 Dec 20.5 11.6 590 0 578.4 0 5108.42 

Volume required= 5108.42 m3 

 
 

4.7 Calculation of Rainfall  
 

4.7.1 Analysis of Rational method 
 

4.7.1(a) Catchment-1 (Main black):- 
 

Roof top area = 8858 m2 

Assuming Average. Rainfall Intensity= 2cm per hr. 

Taking Runoff Coefficient is 0.95 for roof top area 

�:�6�W�R�U�P���G�X�P�E�R��� �������K�R�X�U�V��

By Rational formula, 

Q= CIA 



=0.95x(20x10-3&60x60)x8858 

Q=0.04675 m3/s 

Total Runoff volume =Qx storm duration 

= 0.04675 8x3600 

=336.604 m3 

=336 604 lit  

4.7.2(b) Catchment-2(New block):- 

Roof top area=4299m2 

Q = CIA 

=0.95x(20x10-3&60x60)x4299 

Q=0.02268 m3/s 

Total Runoff volume = Qxstorm duration 

=0.02268x2x3600 

=163.362 m3 

=163362 lit 

4.7.3(c) Catchment -3 (Aminities):- 

Roof top area = 1469m2 

Q=CIA 
 

= 0.95x(20x10-3&60x60)x1469 

Q=0.00775 m3/s 

Total run off volume =Q x storm duration 

=0.00775x2x3600 

=55.8m3 

=55800 lit 



4.8. APPROPRIATE VOLUME OF WATER TO BE STORED  
 

The comparative volume from the above R.W.H methods are shown 
 
 
 
 

S.no Method Volume(liters) 

1 Rational method (1) catchment-1 = 336604 
 
(2) catchment-2 = 163362 

 
(3) catchment-3 = 55800 

2 Mass balance method (1) catchment-1 = 5614000 
 
(2) catchment-2 = 2470000 

 
(3) catchment-3 = 924000 

3 Analytical method (1) catchment-1 = 2762030 
 
(2) catchment-2 = 662940 

 
(3) catchment-3 = 5108420 



 
 
 

 

4.9 STORAGE TANK 

From the above mentioned mass balance method ,analytical methods the volume of to be 

stored is taken as 6000m3.Hence storage tank is designed in rectangular shape. 

The most obvious feature of an underground rainwater harvesting tank is that it is designed to be 

installed below ground level, rather than above ground either externally, or within the property. 

This makes the system more advantageous for some purposes than others, as we shall see below. 

While every underground rain harvesting system will  be unique to the individual property, all have 

certain features in common. 



CHAPTER-5 

DESIGN OF STORAGE TANKS 
 
 
 
 

5.1 DESIGN OF STORAGE TANKS 
 

In actual field conditions, the size of the collector and storage system is dictated by the available 

roof area and the rainfall. Both these factors are beyond our control except that some 

modifications can be made in the type of roof covering to improve runoff. The water harvested 

from the available roof area, therefore, is more or less fixed and has to be judiciously used. In 

rare cases we have the real option of building enough roof area to meet the predetermined per 

capita requirement of a given family or community. However, for the purpose of illustration, the 

planning and design procedure for such a system is discussed below : The size of the catchment 

area and tank should be enough to supply sufficient water for the users during the dry period. 

Assuming a full tank at the beginning of the dry season (and knowing the average length of the 

dry season and the average water use), the volume of the tank can be calculated by the formula 

:following 
 
 

5.2 Material for storage tanks: 
 
 

Brick work (1:6) = 1m3 

Cement 

= 0.043 x 61.92 kg 

= 61.92/50 

= 1.23 bags 

SAND  

= (0.306 x 6)/7 = 0.262 m3 

= 0.262 x 1450 

= 380.31 kg 



BRICKS 

500 �± 1m3 

C-1 

Cement= 4.92 bags ( 16 x 2.5 x 0.1) = 4m3 

Sand = 1521.24 kg 

Bricks = 2000 nos 

C-2 

Cement= 2.21 bags (12x1.5x0.1)=1.8m3 

Sand = 684.55 kg 

Bricks = 900 nos 

C-3 

Cement=1.84 bags (10x1.5x0.1)=1.5m3 

Sand = 570.4 kg 

Bricks = 750 nos 

PCC (1:2:4) 

C-1 (0.1x16x9)=14.4m3 

Cement = 91.15bags 

Sand=9504kg 

C.A=19008kg 

C-2 (0.1x12x10)=12m3 

Cement = 75.96bags 

Sand = 7920kg 

C.A = 15840kg 

C-3 (0.1x10x5)=5m3 

Cement=37.65 bags 

Sand = 3300kg 

C.A = 6600kg 



 

5.3 ESTIMATION AND COSTING OF STORAGE  TANKS:  
 
 

ItemNo. Item Quantity/Nos Rate Total cost 

1. Excavation 
 

(1)  C-1 

(2)  C-2 

(3)  C-3 

 

360/m3 

 
180m3 

 
75m3 

 

300/m3 

 
300m3 

 
300m3 

 
 

108000/- 
 

54000/- 
 

22500/- 
 

Total 
 

Rs. 1,35,900/- 

2. P.C.C (1:2:4) 
 

(1) C-1 
 

�” Cement 

�” Sand 

�” C.A 
 
 

(2) C-2 
 

�” Cement 

�” Sand 

�” C.A 
 

 
(3) C-3 

�” Cement 

�” Sand 

�” C.A 

 
 

(14.4m3) 

91.15Nos 

9504 kg 
 

19008 kg 
 
 
 

(12m3) 
 

75.96 Nos 

7920kg 

15840kg 

 
 

(5m3) 
 

37.65 bags 

 
 
 
 

350/bag 

1600/ast 

8000/ast 

 
 
 
 

350/bag 

1600/ast 

8000/ast 

 
 
 
 

350/bag 

 
 
 
 

31902.5/- 
 

3379.2/- 
 

33792/- 
 
 
 
 
 

26586/- 
 

2816/- 
 

28160/- 
 
 
 
 
 

13177.6/- 



  3300 kg 
 

6600 kg 

1600/ast 

800/ast 

1173.33/- 
 

11733.33/- 
 
 
 

Total 
 

Rs. 1,52,718/- 

3. Brick work (1:6) 
 

(1) C-1 

�” Cement 

�” Sand 

�” Bricks 
 

 
(2) C-2 

�” Cement 

�” Sand 

�” Bricks 
 

 
(3) C-3 

�” Cement 

�” Sand 

�” Bricks 

 

(4m3) 
 

4.92 bags 

1521.24kg 

2000 
 
 
 

(1.8m3) 
 

2.21bags 

684.55kg 

900nos 
 
 
 

(1.5m3) 
 

1.84bags 

570.40kg 

750 nos 

 
 
 
 

350/bag 

1600/ast 

6/brick 

 
 
 
 

350/bag 

1600/ast 

6/brick 

 
 
 
 

350/bag 

1600/ast 

6/brick 

 
 
 
 

1722 
 

540.88 
 

12000 
 
 
 
 
 

773.5 
 

243.39 
 

5400 
 
 
 
 
 

644 
 

202.83 
 

4500 
 

TOTAL 
 

Rs. 26,024/- 



4. Plaster(1:4) 
 

(1) C-1 

�” Cement 

�” Sand 
 

 
(2) C-2 

�” Cement 

�” Sand 
 

 
(3) C-3 

�” Cement 

�” Sand 

 

(2m3) 
 

11.5bags 

2394kg 

 
 

(1.05m3) 
 

6.06bags 

1263.84kg 

 
 

(0.71m3) 
 

4.13bags 

861.3kg 

 
 
 
 

350/bag 

1600/ast 

 
 
 
 

350/bag 

1600/ast 

 
 
 
 

350/bag 

1600/ast 

 
 
 
 

4025/- 
 

851.2/- 
 
 
 
 
 

2121/- 
 

450/- 
 
 
 
 
 

1445.5/- 
 

306.41/- 
 
 
 

TOTAL 
 

RS.9,198/- 

5. Labour charges 

(1) Mazon 
(2) Mazdour 
(3) Boy/Women 

colee 
(4) Bhisti 

 
 
 
 

(5) T&P 

 

8 

16 

10 

3 

 

500/person 

350 

30 

300 

 

4000/- 

5600/- 

3000/- 

900/- 
 
 

Total Rs.13,500/- 



     
=10%(13500) 

= + 1350/- 

=14850/- 

 
Total=3,87,296/- 

 
Add 10% contract 
profit =3,87,296/- 

= + 38729 

 
Total 

Rs=4,26,100/- 



 
 

1. Design of rainwater harvesting system of GEC campus is done 
 

2. For Catchment 1: 
 

Runoff potential for one storm of two hours =3,36,604 liters 
 

For recharge, size of storage pit (1&2 each) is taken as = 16 m x 2.5 m x 0.1 m 
 

3. For Catchment 2: 
 

Runoff potential for one storm of two hours = 1,63,362liters 
 

For recharge, size of storage pit (2) is taken as = 12 m x 1.5 m x 0.1 m 

4.For Catchment 3: 

Runoff potential for one storm of two hours = 55,800liters 
 

For recharge, size of storage pit (3) is taken as = 10 m x 1.5 m x 0.1 m 
 

5. Total annual runoff potential from catchment area considered (1 & 2): 1,19,24,000liters 
 

6. Total annual recharge through pits: 53, 96, 816 liters 
 

7. Approximate expenditure for: storage pits RS..4,26,100/- 
 

8. Recharge pit/underground tank can be connected to bore well for bore well recharge. 



 

CHAPTER-6 

CONCLUSIONS AND RECOMMENDATIONS  

 
 

6.1 Conclusions: 
 

The present study concerned the assessment of water scarcity in Gudlavalleru region. The weekly, 

monthly and annual rainfall analysis revealed that the rainfall pattern is quite irregular in this region 

and distributed only in 4-5 months and the streams are mostly dry in non-monsoon season. From 

runoff analysis, it was observed that a considerable portion of precipitation flows off the watershed 

as runoff resulting in water scarcity and the main reason of agricultural drought in the watershed. 

Hence, there is a great need of storage of the water from runoff for future needs to avoid drought. 

Farm ponds can be used for storing water during rainy season as in water sheds, they are found to 

be economical. As the study area is rain fed, a number of farm ponds can be constructed in higher 

order drainage networks of the area for water storage. 

 
Recharge of ground water table is a gradual process, we cannot suddenly increase the 

groundwater table after constructing recharge structures, by constructing any type of recharge 

structure, and we can give our contribution in aquifer recharge. This will help to rejuvenate the 

depleting ground water resources. Also help to save the little amount of rain water which used to 

drain away from many years. Thus it is concluded that implementation of RWH system of 

Government College of Engineering (GEC) campus would result in the form of the best approach 

to deal with present scenario of water scarcity and storing huge quantity of 53,96,816 litres in a 

year in college campus. 



6.2 Recommendations: 

 
Various studies have shown the positive values and opportunities offered by rainwater 

harvesting which could be harnessed by people to help face periods of severe variability in weather 

and other geophysical events, such as those predicted under the various scenarios of climate change 

. 

Changes in �F�O�L�P�D�W�H�� �Z�L�O�O�� �H�Y�H�Q�W�X�D�O�O�\�� �F�K�D�Q�J�H�� �S�H�R�S�O�H�¶�V�� �Z�D�\�V�� �R�I�� �G�R�L�Q�J�� �W�K�L�Q�J�V���� �E�X�W���K�R�S�H�I�X�O�O�\��

not with much suffering and pain. Changes in ways of doing things could be introduced gently in 

the way people live, as in the case of using rainwater harvesting to supplement or provide water 

supplies. We need to actively develop adaptation measures, as well as continue with mitigation 

efforts, to meet the challenges of water supply and demand in a future of climate change. Rainwater 

harvesting already provides cost efficient adaptation to variable supplies of water. 

While there are abundant examples of rainwater harvesting in developed and developing 

contexts, for multiple purposes, there is still a lack of synthesized information: what are the 

investment costs? Who gains and who loses? Which impacts on the biophysical and social 

economic systems were positive? To answer these and other questions, there is �D���Q�H�H�G���W�R���³�V�W�R�F�N��

�X�S�´ on knowledge products for dissemination to all levels of end users. The momentum gained to 

date must be relentlessly sustained by network building. Enabling policies for rainwater harvesting 

uptake and implementation are a first step for increased adoption. To move from a centralized to a 

decentralized water system, for example, is not an impossible task but one that needs sustained 

efforts of rationalization, planning, implementation and adjustment. 

It is recommended that responsible global bodies take on the task of assisting countries to 

mainstream rainwater harvesting in their policy agendas. This effort should be supported by 

education, technical exchanges, and capacity building efforts which are institutionalized to assist 

countries who are ready to venture onward with a change in the historic paradigm and culture for 

water availability and climate change protection. However, such changes should be undertaken 

from a position of understanding and knowledge of the potential benefits and risks of using 

rainwater harvesting, including the human benefits and environmental costs of diverting flows 

from surface and ground waters. 
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ABSTRACT

                          During past Earthquakes column plastic hinges are more prominent than beam 

hinges which gives rise to global  structural damage and high life threatening risk. 

                     All the structural components transfers their forces through column and column 

then shares it with foundation to soil, so you can imagine if column fails whole structure can 

collapse this is “Strong-beam Weak-column” concept. 

                      By making column more moment resistant than beams the plastic hinges shifts to 

beam and avoids the global damage in this case only beam will show flexure as a sign of beam 

damage and the people will have adequate time  to evacuate the place and beam failure will only 

limit to a particular storey.  This concept is “Strong-column Weak-beam”. 

                       In this project RC frame of G+5 are  analyse and designed. The design involves 

load calculations and analysing the  whole structure by STAAD.Pro. Also the frame  investigated 

for “Strong-column Weak-beam” concept for zone-3 and medium soil (Based on Amaravathi 

location) and moment capacities are checked as per IS:1893-2016.

                     For checking the performance of plastic hinges of columns and beams, Non-linear 

static analysis(Pushover analysis) is done in E-TABS and Base shear is checked for all frames.

Keywords: Earthquake, Pushover Analysis, Hinges, Moment capacity, STAAD Pro, E-TABS.
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CHAPTER -1

INTRODUCTION

           1.1 GENERAL

                      The world’s urban population is growing at very faster rate. Currently, 

about half of the world’s population is living in urban areas. In the coming decades, 

urban dwellers will make up roughly 60 to 70 percent of the world’s population. Though 

the urban population is growing at an alarming rate, the land available for construction is 

limited. Increasing population coupled with urbanization has made the construction of 

multi-storey buildings a necessity to house the millions. Housing the millions is possible 

only by constructing multi-storey buildings. As the height of building increases, the 

behavior of the structure becomes more complex, these are more sensitive to wind and 

earthquake loads and hence, we need to be very careful to design them. Reinforced 

concrete is the best suited for multi-storey buildings. It has occupied a special place in the 

modern construction due to its several advantages. Owing to its flexibility in form and 

superiority in performance, it has replaced the earlier materials like stone, timber and 

steel. It has helped the engineers and architects to build pleasing structures. However, its 

role in several straight line structural forms like, multi-storey building and bridges etc. is 

enormous.

               1.2 TYPES OF THE BUILDING:-

1.  Based on occupancy

2.  Based on type of construction

                   1.2.1 Based On Occupancy:

 Residential buildings: -

The building in which sleeping accommodation is provided for normal     

residential purposes are called residential buildings.

 Educational / institutional buildings: -

The building used for school, college or day care purposes are called 

education / institutional building.     
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Assembly Buildings: -

The buildings which are constructed for the purposes to gathering of the 

people for their respective purposes i.e. social, religious, civil, political is called 

assembly buildings.

Business Buildings: -

The buildings used for transaction of business, for the keeping of accounts 

and records and other similar purposes called business buildings.

Mercantile Buildings: -

The buildings used for display of merchandise, either wholesale or retail are 

called Mercantile Buildings.

Industrial buildings: -

The buildings in which products or materials of all kinds and properties are 

fabricated, assembled or processed are called industrial buildings.

Storage buildings: -

The buildings used primary for the storage, handling or shattering of goods 

and wares or merchandise, vehicles and animals are called storage buildings. 

Hazardous buildings: -

The buildings used for storage, handling manufacturing or processing of 

highly combustible or explosive material are called Hazardous buildings. Our 

hospital building will come under institutional building.

CLASSIFICATION BASED ON TYPE OF CONSTRUCTION:

Building with type 1 construction: -

In these building the design and material used const. are such that all 

structural components have about 4 hours fire resistance.

Buildings with type 2 construction: -

In these building the design any type of material used in their construction 

are such that all structural components have 3 hours fire resistance

Buildings with type 3 construction: -

In these building the design and types of the materials used in their 

construction are such that all structural components have 3 hours fire resistance.

Buildings with type 4 construction: -

In these buildings the design and the type of material used in their 

construction are such that all structural components have 4 hours fire resistance.



3

            1.3 PARTS OF A BUILDING

A building can be divided into two parts: -
�� Sub structure
�� Super structure

                   1.3.1 Sub structure: -

The part of a building constructed beneath the ground level is known as Sub 

structure.

                  1.3.2 Super structure: -

The part of the building constructed above ground level is known as super 

structure. It is second part of a building. All the activities of the building 

construction take place after the making of sub-structure. Flooring, wall roofing are 

the example of super structure of a building.

           1.4 COMPONENTS OF A BUILDING:

1.4.1 Foundation: -

It is the lowest part of a structure below the ground level which is direct 

contact with ground and transmitted all the dead, live and other loads to the soil on 

which the structure rests.

1.4.2 Plinth: -

The portion of a building and the top of the floor immediately above the 

ground is known as plinth. The level of the surrounding ground is known as 

formation level of the ground floor of the building is known as plinth level.

1.4.3 Walls: -

Walls are provided to enclose or divide the floor space desired pattern in 

addition wall provided privacy security and give protection against sun, rain, cold 

and other undesired effect of the weather.

1.4.4 Column: -

A column may be defined as an isolated load bearing member, the width of 

which is neither less than its thickness. It carries the axially compressive load.

1.4.5 Floors: -

Floors are flat supporting elements of a building. They divided a building 

into different levels. There by creating more accommodation on a given plot of land. 

The basic purpose of a floor is to provide a firm and other items like stores, 

furniture, equipment etc.
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                    1.4.6 Doors, Windows and Ventilators: -
A door may be defined as a barrier secured in an opening left in a wall to 

provide usual means of access to a building, room or passage. Windows and 

ventilators are provided for sun light, fresh air and ventilation purposes.

1.4.7 Roof: -

It is the uppermost component of a building and its function is to cover the 

space below it of a room and protect it from rain, snow, sun, wind etc.

1.4.8 Buildings Finishes: -

A building is considered incomplete till such time the surface of its components is 

given appropriate treatment.

1.5 GENERAL CONSIDERATIONS:
�� The structure consists of 6 stories (ground+5 floors) which are intended 

to cater the needs of all people.
�� The floor diaphragms are assumed to be rigid.

�� Preliminary sizes of structural components are calculated for gravity 

loads only. Ground vibrates in all directions during earthquakes. The 

horizontal component of the ground motion is generally more 

predominant than that of vertical components during strong earthquakes. 

Hence, for analysis purpose, at any one time, it is assumed that only one 

horizontal component acts in any one direction.

�� Seismic loads are considered to be acting in the horizontal direction 

along one of the two principal directions and not along the vertical 

direction.

�� In actual practice, in RC multi-storied buildings, part of the slab 

constitutes the beam portion. This beam portion possesses considerable 

rigidity when compared with the columns. For practical purposes, the 

displacement due to wind or earthquake, the joints rotate very little and 

this rotation can be neglected. The displacement is purely translational. 

Such an arrangement can be considered as springs in parallel.

�� For all structural elements, M25grade concrete is used.

�� Steel is considered to be of Fe415 grade.

�� All dimensions are in mm, unless specified.
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                1.6 MISCELLANEOUS DATA:

Various details required for carrying out the analysis have been summarized as below

Table 1.1 Required assumed data

Parameters Values

Unit weight of concrete 25 kN/m2

Unit weight of brick 19.2 kN/m2

Live load

@Roof level 1.5 kN/m2

@Floor level 3.5 kN/m2

Floor finish

@Roof level 1.5 kN/m2

@Floor level 1.0 kN/m2

Zone factor 0.16

Location Amaravathi(zone-3)

Earthquake load As per IS-1893

Response reduction factor 5.0

Important factor 1.0

Floor height 3.2 for all floors

Number of floors G+5

Table 1.2 Sizes of Structural Elements

Member Dimensions in meters

Walls
0.23&
0.155

Beams 0.23 x 0.4

Parapet wall 0.125 x 1

Columns 0.3 x 0.4

Slabs 0.12
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CHAPTER – 2
LITERATURE REVIEW

 Analysis & Design of G+5 Residential Building with Seismic Load Using Staad.Pro 
Deepmala Pandey Vol-2, Issue-8, 2016.The principle objective of this project is to 
analyze and design a [G + 5 (3 dimensional frame)] residential building with seismic load 
and analyzing it under different earthquake zones in India using STAAD.Pro. The design 
involves load calculations and analyzing the whole structure by STAAD.Pro. The design 
methods used in STAAD.Pro analysis are Limit State Design conforming to Indian 
Standard Code of Practice.

“Analysis and design of multistoried building by using STAAD Pro” Volume:
03 Issue: 06 June-2016 (IRJET). The study includes design the structures for a
safe technology in the computing field; the structural engineer can dare to tackle
much more large and complex structure subjected to various type of loading
condition.

“Analysis and Design of G+5 Residential Building” V.Varalakshmi, G. Shiva
Kumar, R. Sunil Sarma (2014)” in their present study, G+5 residential building is
designed using Auto CAD software. The loads are calculated namely dead loads
which depend on the unit weight of material used and the live loads using code IS
456 : 2000, HYSD BARS Fe415. For designing of columns and beams, it is
necessary to know the moments subjected. For this purpose frame analysis is done
by limit state method. Finally the sections are checked for all components (Slabs,
Beams, Columns and footings) with regard to strength and serviceability.

“Analysis and Design of a Commercial cum Residential Building by Using
STAAD Pro Volume: 03 Issue: 06 June-2016 IRJET” Computer Aided Design of
Commercial cum Residential Building involves analysis of building frames by using
STAAD Pro and manual design of the frame elements STAAD Pro is the leading
design software in the market. Many design companies use this software for their
project design purposes. Hence this project mainly deals with the analysis of the
building by usingSTAAD Pro. These analysis results will also be compared by manual 
calculations of a sample beam and column of the same structure and these elements are 
design manually as per IS 456-2000
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“Analysis And Design of Apartment Building Vol. 3 Issue 3, March 2016
IJISE” Practical knowledge is an important and essential skill required by every
engineer. For obtaining this skill, an apartment building is analyzed and designed,
located at Thrissur with B+G+8 storey’s having a car parking facility provided at
basement and ground floor. The building have a shear wall around the lift pit. The
modeling and analysis of the structure is done by using STAAD. Pro 2007, and the
designing was done manually. Design of beam, column, slab, shear wall, stair case,
retaining wall, water tank and an isolated footing are done. And the detailing is done
using AUTOCAD 2016. Along with analyzing and designing of this building,

 “Strong column weak beam concept by analysing rcc mrf frame by non linear static 
procedure by Ajay Singh Thakur”. Volume 10, Issue 04, April 2019.In this paper 
three RC frame of 5, 8 and 12 storey height are investigated for strong column weak 
beam concept for zone 5 and medium soil and moment capacities are checked as per 
IS1893:2016. For checking the performance of plastic hinges of column and beam non 
linear static analysis (pushover analysis) is done in ETABS 2016 these hinges are 
checked and verified according to acceptance criteria given in FEMA 356. Base shear 
and performance point with displacement is checked for all frames.

 “Pushover Analysis of G+5 Reinforced Concrete Building in Basrah Samir A.B. 
Jabbar Al-jassim, Mohanned Abdul Husssain”. In this work a nonlinear static analysis 
(Pushover analysis) based on ATC40 capacity spectrum method is employed to analyze 
an existing G+5 stories reinforced concrete building. The building is analyzed in three 
cases, (regular, irregular in plan and irregular in height). The seismic coefficients of the 
design earthquake used in the analysis are based on the UBC97 code. 
 Also the building showed a weak beam strong column behavior. Thus the building 
expected to be safe during any earthquake less or equal to the design one.
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CHAPTER-3

PLANNING

Building planning is mostly done by architects. But even Engineers some time have to 
perform this job. Hence knowledge of building planning in its board prospective is essential 
for all the civil engineers also. There may be two conditions of planning for an architect or 
engineer.

When site plan is given

When site plan is yet to be decided in the latter case, architect can show his full competence 
by suitably selecting the site, orientation, planning and
designing the building.

3.1 PRINCIPLES OF PLANNING OF BUILDING:-
These principles are not rigid as laws of nature. The principles of planning are as follows:

1.Aspect 2. Prospect 3. Furniture requirements

4.Roominess5. Grouping 6. Circulation

7.Privacy          8. Sanitation          9. Elegance

10. Economy11. Flexibility 12. Practical consideration

1.Aspect:- Aspect means the peculiarity of the arrangement of doors and windows in the 
external walls of the building, particularly in residential buildings, which allow the occupants 
to enjoy the natural gifts such as sunshine, breeze, scenery etc.,

Bed rooms west or south – West Aspect

Kitchen                                 Eastern Aspect

Living Rooms  Northern Aspect

2. Prospect:-

Prospect of building demands the disposition of doors and windows like aspect, in the 
external of particular places and in particular way.
3. Roominess:-

It is deriving the maximum benefit from minimum dimensions of the room with cramping the 
plan.
4. Grouping:-

It means setting different rooms of a building according to their inter relationship.
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            5. Circulation:-

Access or internal through fares between rooms of the same floor or between different floors 
is known as circulation.
6. Privacy:-

Privacy may be from one part to another of the same building of may be privacy as a whole 
from neighboring buildings, public streets or by-ways.

7. Sanitation:-

All the parts of the building should be well ventilated and lighted so as to maintain hygienic 
in the building.
8. Elegance:-

The overall effect produced by elevation, general layout of plan is known as Elegance.
9. Economy:-

Economy may not be principle of planning but definitely factor affecting it.

10. Flexibility:-

Flexibility means planning the rooms in such as way which though originally designed for a 
specific purpose, may be used for other purposes also as and when desired.

3.2 REGULATIONS AND BYE LAWS OF THE SANCTIONING 
AUTHORITY:-

Layout plans, site plan, width of roads and open spaces.

Building-up area and FAR (Floor Area Ratio).

Marginal distance around building open space.

Height of the building.

Maximum number of stories.

Room areas i.e., minimum room dimensions.

            Ventilation i.e., minimum area of window opening.
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Figure.3.1 FLOOR PLAN
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Figure 3.2 PLINTH BEAM PLAN



12

CHAPTER-4

LOAD CALCULATIONS

                       4.1 NATIONAL BUILDING CODE

This Standard provides minimum design load requirements during 

construction for buildings and other structures. It addresses partially completed 

structures and temporary structures used during construction. The loads specified 

are suitable for use either with strength design (such as USD and LRFD) or with 

allowable stress design (ASD) criteria. The loads are equally applicable to all 

conventional construction methods. Topics include loads and load combinations, 

dead and live loads, construction loads, lateral earth pressures, environmental loads, 

and performance and safety criteria. The basics of loads are probabilistic analysis, 

observation of construction practices, and expert opinions. Maximum, as well as 

arbitrary point-in-time values of loads are given.

Code of practice design loads (other than for earthquake) for buildings and 

structures part 2 imposed loads (second revision) for This Indian Standard (Part 2) 

(Second Revision) was adopted by the Bureau of Indian Standards on 31 August 

1987. After the draft finalized by the Structural Safety, Sectional Committee had 

been approved by the Building Division Council.

A building has to perform many functions satisfactorily. Amongst these 

functions are the utility of the building for the intended use and occupancy, 

structural safety, fire safety and compliance with hygienic, sanitation, ventilation 

and day light standards. The design of the building is dependent upon the minimum 

requirements prescribed for each of the above functions. The minimum requirements 

pertaining to the structural safety of buildings are being covered in this Code by way 

of laying down minimum design loads which have to be assumed for dead loads, 

imposed loads, snow loads and other external loads, the structure would be required 

to bear. Strict conformity to loading standards recommended in this Code, it is 

hoped, will not only ensure the structural safety of the buildings which are being 

designed and constructed in the country and thereby reduce the hazards to life and 

property caused by unsafe structures, but also eliminate the wastage caused by 

assuming unnecessarily heavy loadings.

This Code was first published in 1957 for the guidance of civil engineers, 

designers and architects associated with the planning and design of buildings.
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It included the provisions for the basic design loads (dead loads, live loads, 

wind loads and seismic loads) to be assumed in the design of buildings. In its first 

revision in 1964, the wind pressure provisions were modified on the basis of studies 

of wind phenomenon and its effects on structures, undertaken by the special 

committee in consultation with the Indian Meteorological Department. In addition to 

this, new clauses on wind loads for butterfly type structures were included; wind, 

pressure coefficients for sheeted roofs, both curved and sloping, were modified; 

seismic load provisions were deleted (separate code having been prepared) and 

metric system of weights and measurements was adopted.

With the increased adoption of the Code, a number of comments were received

on  the  provisions  on  live  load  values  adopted  for  different  occupancies.

Simultaneously live load surveys have been carried out in America and Canada to

arrive at realistic live loads based on actual determination of loading (movable and

immovable) in different occupancies. Keep actual determination of loading (movable

and immovable) in different occupancies. Keeping this in view and other

developments in the field of wind engineering, the Sectional Committee responsible

for the preparation of the Code has decided to prepare the second revision of IS: 875

in the following five parts:

Part 1 Dead loads

Part 2 Imposed loads

Part 3 Wind loads

Part 4 Snow loads

Part 5 Special loads and load combinations

Earthquake load is covered in a separate standard, namely IS: 1893-2002 which 

should be considered along with above loads.

This Code (Part 2) deals with imposed loads on buildings produced by the 

intended Occupancy or use. In this revision, the following important changes have 

been made:

The use of the term ‘live load’ has been modified to ‘imposed load’ to cover not only 

the physical contribution due to persons but also due to nature of occupancy, the 

furniture and other equipment’s which are a part of the character of the occupancy.

The imposed loads on floors and roofs have been rationalized based on the 

codified data available in large number of latest foreign national standards, and other 

literature. Further, these values have been spelt out for the major occupancies as
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classified in the National Building Code of India as well as the various service areas 

appended to the major occupancies.

4.1.1 Criteria for Earthquake Resistant Design of Structures:

The reduction of imposed loads for design of vertical supporting members in 

multi-storied buildings has been further increased from 40 to 50 percent.

Provision has been included for sign posting of loads on floors in view of the 

different loadings specified for different occupancies and to avoid possible misuse 

in view of conversion of occupancies.

The buildings and structural systems shall provide such structural integrity 

that the hazards associated with progressive collapse such as that due to local failure 

caused by severe overloads or abnormal loads not specifically covered there in are 

reduced to a level consistent with good engineering practice.

Whenever buildings are designed for future additions of floor at a later date, 

the number of stories for which columns/walls, foundations, etc have been 

structurally designed may be posted in a conspicuous place similar to posting of 

floor capacities and both could be placed together.

The Sectional Committee responsible for the preparation of this Code has 

taken into account

Table 4.1 Live Loads

Institutional building rooms U.D.L(kN/m2)
Bed rooms, wards, dressing rooms, dormitories 2.0

and lounges

Kitchens, laundries and laboratories 3.0

Store rooms 5.0

Toilets and bathrooms 2.0

Corridors, passages, staircases 3.0

Dining rooms, restaurants 4.0

Balconies 4.0

Office rooms 2.5

Rooms for indoor games 3.0

Dead load : consider as per design
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                       4.2 LOAD CALCULATIONS

The load calculation on beams and columns can be based on the load 

distribution which is taken on the principle of 45 degrees principle. Based on this 

the load distribution can be mainly in two ways. They are

                                                 1. Trepeziodal Loading

                                                 2. Triangular Loading

                                             Table 4.2 Load Distribution of Beams

TYPE OF LOAD SHEAR FORCE BENDING MOMENT

CRITERIA CRITERIA

TRIANGULAR LOAD

TRAPEZOIDAL LOAD ] ]

Fig 4.1 Load calculation on to beams

Long side= ly

Short side=lx

4.2.1LOAD CALCULATIONS ON TO BEAMS 

BEAM:B 3C3 

At Roof Level:
LX1=3.8725m, LY1=8.575m,
LX2=4.23m,     LY2=4.23m
Wroof= 6.0 kN/m2
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Bending moment consideration: Load in kN/m

From slab = 20.07
From rib of beam = 1.61

From parapet wall
       
       =  0

Total   =
     

21.68

S.F consideration: Load in kN/m

From slab = 17.95

From rib of beam = 1.61

From parapet wall =    0

Total    = 19.56
At Floor Level:
LX1=3.8725m,LY1=8.575m,
LX2=4.23m,   LY2=4.23m
Wfloor=7.5 kN/m2

Bending moment considerations: Load in kN/m

From Slab 
   
                               = 25.09

From rib of the beam    = 1.61

From wall = 12.58

Total         = 39.28

S.F consideration: Load in kN/m

From slab         = 22.45

From rib of the beam            = 1.61

From wall  = 12.58

Total  = 36.64

BEAM C 2C3:

At roof level:
LX = 3.8725 m,  LY = 8.575 m

Wroof= 6.0 kN/m2

Bending moment consideration: Load in kN/m

From slab      = 0

From rib of beam == 1.61

From parapet wall          = 0

Total =    = 1.61
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S.F consideration: Load in kN/m

From slab        = 0

From rib of beam  = 1.61

From parapet wall  =  0

Total   = 1.61

At floor level:
                    LX = 3.8725 m,  LY = 8.575 m

Wroof= 7.5 kN/m2

Bending moment considerations Load in kN/m

From slab        = 0

From rib of the beam = 1.61

From wall = 12.58

Total = 14.19

S.F considerations Load in kN/m

From slab = 0

From rib of the beam = 1.61

From wall =12.58

Total =14.19

BEAM C 3C4

LX=4.23m  LY=4.23m W roof=6.0 kN/m2

At roof level:

Bending moment consideration: Load in kN/m

From slab == 16.92

From rib of beam == 1.61

From parapet wall

=
  
3= 0

Total == 18.53

S.F consideration: Load in kN/m

From slab == 12.69

From rib of beam == 1.61

From wall == 0

Total == 14.3
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At floor level:

Bending moment consideration: Load in kN/m

From slab == 21.15

From rib of beam == 1.61

From wall == 0

Total == 22.76

S.F consideration: Load in kN/m

From slab == 15.86

From rib of beam == 1.61
From wall   = 0
Total

= 17.47

BEAM C 3D3:

At roof level:
LX1=3.8725m, 
LY1=8.575m,
LX2=4.23m,     LY2=4.23m
Wroof= 6.0 kN/m2

Bending moment consideration: Load in kN/m

From slab = 20.7

From rib of beam = 1.61

From parapet wall   = 0

Total

2
.
1 = 21.68

S.F consideration: Load in kN/m

From slab = 17.95
From rib of beam = 1.61

From parapet wall = 0

Total = 19.56

At floor level:
LX1=3.8725m, 
LY1=8.575m,
LX2=4.23m,     LY2=4.23m
Wroof= 7.5 kN/m2
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Bending moment considerations          Load in kN/m

From slab = 25.09

From rib of the beam = 1.61

From wall = 12.58

Total = 39.28

S.F considerations
         
  Load in kN/m

From slab       = 22.45

From rib of the beam = 1.61

From wall = 12.58

Total = 36.64
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                    Table 4.3 LOAD CALCULATION FOR COLUMN C5

Elevation Load Load Load Load Self- Total Grand

From From from from Weight Load Total

beam Beam beam beam Of kN Load

B3C3 C2C3 C3C4 C4C5 Column kN

kN kN kN kN kN

19.2 45.36 3.11 30.24 45.36 124.07 124 .07 

16 79.49 27.47 40.94     79.49 8.4 235.39 359.46

12.8 79.49 27.47 40.94 79.49 8.4 235.39 594.85

9.6 79.49 27.47 40.94 79.49 8.4 235.39 830.24
   

6.4    79.49 27.47 40.94 79.49 8.4 235.39 1065.63

3.2 79.49 27.47 40.94 79.49 8.4 235.39 1301.02
  

         G.L   12.47     11.42     12.47     12.47       8.4    58.28   1359.3
 
                                                                                                                              TOTAL= 1359.3KN 
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CHAPTER-5

ANALYSIS OF THE STRUCTURE

               5.1 INTRODUCTION: -

The structural analysis is a mathematical algorithm process by which the response 

of a structure to specified loads and actions is determined. This response is 

measured by determining the internal forces or stress resultants and displacements 

or deformations throughout the structure.

The structural analysis is based on engineering mechanics, mechanics of solids, 

laboratory research, model and prototype testing, experience and engineering 

judgment. The basic methods of structural analysis are flexibility and stiffness 

methods. The flexibility method is also called force method and compatibility 

method. The stiffness method

Because their cross sectional dimensions are small in comparison to their lengths. 

The skeletal structures may be determinate or indeterminate and is also called 

displacement method and equilibrium method. These methods are applicable to all 

type of structures. The examples of such structures skeletal structures are beams, 

arches, cables, plane trusses, space trusses, plane frames, plane grids and space 

frames.

            The skeletal structure is one whose members can be represented by lines possessing
             certain rigidity properties. These one dimensional members are also called bar 
             members.
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                 5.2 TYPES OF STRUCTURES:

We can classify structures as manufactured (made by people) or natural 

(not made by people).Structures are also classified according to what they do. 

All manufactured structures have a purpose or function. To perform this main 

job, every part of the structure must resist forces that could change its shape or 

size. For example, if we build a brick wall around your backyard. The wall 

must be able to stand up to the force of the wind. The bricks at the bottom must 

support the weight of the bricks above. If a person climbs on top of the wall, 

the bricks must support that load (the weight carried or supported by a 

structure) as well. A third classification of structures is based on how they are 

built. There are three basic designs: mass, frame, and shell structures. Each 

design uses a particular type of construction, with its own set of advantages and 

problems.

                  5.3 NECESSITY OF ANALYSIS AND DESIGN

In general for any structure analysis and design are necessary. Experience 

without the aid of most modern tools in civil engineering like program 

Evaluation Review Technique (PERT), modern methods of design etc, lead to 

the construction of structures which are over safe or under safe with degree of 

safety unknown. Hence modern methods of analysis and design lead us to the 

level at which various forces, moment5s etc. In the members of a frame are 

known, with the various forces known appropriate cross sections of different 

members span can be chosen.

There are various methods of analysis which are developed in scientific way, no 

hard and fast rules can be specified to analyze a particular structure by a 

particular method as each method has its own limitations.

         The following are some of the methods used in multi-storeyed frame analysis.

�� Slope deflection method

�� Moment Distribution method

�� Kani’s method
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 5.4 KANI’S METHOD (OR ROTATION CONTRIBUTION  METHOD) OF       
FRAME ANALYSIS: -

This method may be considered as a further simplification of moment 

distribution method wherein the problems involving sway were attempted in 

a tabular form thrice (for double story frames) and two shear coefficients 

had to be determined which when inserted in end moments gave us the final 

end moments. All this effort can be cut short very considerably by using this 

method.

Frame analysis is carried out by solving the slope – deflection equations by 

successive approximations. Useful in case of side sway as well. Operation 

is simple, as it is carried out in a specific direction. If some error is 

committed, it will be eliminated in subsequent cycles if the restraining 

moments and distribution factors have been determined correctly. Please 

note that the method does not give realistic results in cases of columns of 

unequal heights within a storey and for pin ended columns both of these 

cases are in fact extremely rare even in actual practice. Even codes suggest 

that RC columns framing into footings or members above may be 

considered more or less as fixed for analysis and design purposes.

             5.5 ANALYSIS OF A FRAME BY KANI’S METHOD: -

 
Frame is analyzed by Kani’s method. It is shown in figure 3.2 .

 Moment of inertia for beam, IB = 0.23 × 0.43/ 12

= 1.2 × 10-3m4

                Moment of inertia for column, IC   = 0.3×0.43/12
                                                            = 1.6 x 10-3 m4

The following tables show the results of the manual method of analysis. Table1 

shows displacement factors; table 2 shows rotational factors and table 3 shows 

final end moments of the top floor i.e. roof. These final end moments are 

compared with STAAD pro moments
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                                       Figure 5.1 ANALYSIS OF FRAME BY KANI,S METHOD
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  KANI’S MEATHOD: 
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Figure 5.2 KANI'S ANALYSIS
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                                  TABLE 5.1 DISPLACEMENT FACTORS

Storey Member Relative          
stiffness( K )

Total stiffness
( �N�� )

Displacement 
factor

= �����6�A�&�"�����A�N���"

Ground Floor

ek
fl

gm
hn
io
jp

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

30 X 10-3

-0.25
-0.25
-0.25
-0.25
-0.25
-0.25

First Floor

Ye
Zf
ag
bh
ci
dj

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

30 X 10-3

-0.25
-0.25
-0.25
-0.25
-0.25
-0.25

Second Floor

SY
TZ
Ua
Vb
Wc
Xd

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

30 X 10-3

-0.25
-0.25
-0.25
-0.25
-0.25
-0.25

Third Floor

MS
NT
OU
VP
QW
RX

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

30 X 10-3

-0.25
-0.25
-0.25
-0.25
-0.25
-0.25

Fourth Floor

GM
HN
IO
JP
KQ
LR

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

30 X 10-3

-0.25
-0.25
-0.25
-0.25
-0.25
-0.25

Fifth Floor

AG
BH
CI
DJ
EK
FL

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

5 X 10-3

30 X 10-3

-0.25
-0.25
-0.25
-0.25
-0.25
-0.25
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TABLE 5.2 ROTATIONAL FACTIORS

JOINT MEMBER RELATIVE 
STIFFNESS

TOTAL 
RREALTIVE 
STIFFNESS

ROTATION 
FACTOR

A AB
AG

3.8 X 10-4

5 X 10-4
8.86 X 10-4 0.218

0.288
B BA

BC
BH

3.8 X 10-4

3.1 X 10-4

5 X 10-4
12.03 X 10-4

0.160
0.132
0.208

C CB
CD
CI

3.1 X 10-4

2.8 X 10-4

5 X 10-4

11.06 X 10-4 0.143
0.131
0.226

D DC
DE
DJ

2.8 X 10-4

3.1 X 10-4

5 X 10-4
11.06 X 10-4

0.131
0.143
0.226

E EF
ED
EK

3.8 X 10-4

3.1 X 10-4

5 X 10-4
12.03 X 10-4

0.160
0.132
0.208

F FE
FL

8.8 X 10-4

5 X 10-4 8.86 X 10-4
0.218
0.282

G GH
GA
GM

3.8 X 10-4

5 X 10-4

5 X 10-4
13.86 X 10-4

0.14
0.18
0.18

H HG
HI
HB
HN

3.8 X 10-4

     3.1X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4
0.113
0.093
0.147
0.147

I IH
IJ
IC
IO

3.1 X 10-4

2.8 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4
0.098
0.090
0.156
0.156

J JI
JK
JD
JP

2.8 X 10-4

3.1 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4
0.090
0.098
0.156
0.156

K KJ
KL
KE
KQ

3.1 X 10-4

3.8 X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4
0.093
0.113
0.147
0.147

L LK
LF
LR

3.8 X 10-4

5 X 10-4

5 X 10-4
13.86 X 10-4

0.14
0.18
0.18

M MN
MJ

3.8 X 10-4

5 X 10-4
13.86 X 10-4           0.14

0.18
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MP 5 X 10-4 0.18

N NO
NM
NK
NQ

3.8 X 10-4

     3.1X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4 0.113
0.093
0.147
0.147

O ON
OL
OR

3.1 X 10-4

2.8 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4 0.098
0.090
0.156
0.156

P PQ
PM
PS

2.8 X 10-4

3.1 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4 0.090
0.098
0.156
0.156

Q QR
QP
QN
QT

3.1 X 10-4

3.8 X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4 0.093
0.113
0.147
0.147

R RQ
RO
RU

3.8 X 10-4

5 X 10-4

5 X 10-4

13.86 X 10-4 0.14
0.18
0.18

S ST
SM
SY

3.8 X 10-4

5 X 10-4

5 X 10-4

13.86 X 10-4 0.14
0.18
0.18

T TS
TU
TN
TZ

3.8 X 10-4

     3.1X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4 0.113
0.093
0.147
0.147

U UT
UV
UO
Ua

3.1 X 10-4

2.8 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4          0.098
0.090
0.156

          0.156
V VU

VW
VP
Vb

2.8 X 10-4

3.1 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4 0.090
0.098
0.156

         0.156
W WV

WX
WQ
Wc

3.1 X 10-4

3.8 X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4 0.093
0.113
0.147

          0.147
X XW

XR
Xd

3.8 X 10-4

5 X 10-4

5 X 10-4

13.86 X 10-4 0.14
0.18

           0.18
Y YZ

YS
Ye

3.8 X 10-4

5 X 10-4

5 X 10-4

13.86 X 10-4 0.14
0.18

           0.18
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Z ZY
Za
Zf

3.8 X 10-4

     3.1X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4 0.113
0.093
0.147

          0.147
A aZ

ab
aU
ag

3.1 X 10-4

2.8 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4          0.098
0.090
0.156

          0.156
B ba

bc
bV
bh

2.8 X 10-4

3.1 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4 0.090
0.098
0.156

         0.156
C cb

cd
cW
ci

3.1 X 10-4

3.8 X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4 0.093
0.113
0.147

          0.147
D dc

dX
dj

3.8 X 10-4

5 X 10-4

5 X 10-4

13.86 X 10-4 0.14
0.18

          0.18
E ef

eY
ek

3.8 X 10-4

5 X 10-4

5 X 10-4

13.86 X 10-4 0.14
0.18

          0.18
F fe

fg
fZ
fl

3.8 X 10-4

     3.1X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4 0.113
0.093
0.147

          0.147
             G gf

gh
ga
gm

3.1 X 10-4

2.8 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4          0.098
0.090
0.156

          0.156
H hg

hi
hb
hn

2.8 X 10-4

3.1 X 10-4

5 X 10-4

5 X 10-4

16.06 X 10-4 0.090
0.098
0.156

         0.156
I ih

ij
ic
io

3.1 X 10-4

3.8 X 10-4

5 X 10-4

5 X 10-4

17.03 X 10-4 0.093
0.113
0.147

          0.147
J ji

jd
jp

3.8 X 10-4

5 X 10-4

5 X 10-4

13.86 X 10-4 0.14
0.18

           0.18

                                       TABLE 5.3 FINAL END MOMENTS
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FINAL 
END 

MOME
MTS

FOR BEAMS END MOMENT = FEM + 2* NEAR 
END CONTRIBUTION + FAR END 

CONTRIBOTION
FOR COLUMN END MOMRENTS = FEM + 2* 

NEAR END CONTRIBUTION + FAR END 
CONTRIBUTION+DFM

END 
MOMENT 

VALUE 

(MANUAL)

MAB -12 + 2(2.37) -2.50 -9.76
MBA 12 + 2(-2.50) + 2.37 9.37
MBC -2.01 + 2(-2.06) +4.31 -1.82
MCB +2.01 +2(+4.31) - 2.06 8.57
MCD -27.62 +2(3.95) - 3.98 -23.7
MDC +27.62 +2(-3.98) + 3.95 23.61
MDE -2.01 + 2(-4.35) +2.07 -8.64
MED +2.01 + 2(2.07) - 4.35 1.8
MEF -12 + 2(2.51) - 2.42 -9.4
MFE +12+ 2(-2.42) + 2.51 9.67
MGH -25.20+ 2(+2.71)-0.73 -20.51
MHG +25.20+ 2(-0.73)+2.71 26.45
MHI -17.73+2(-0.60)+0.81 -18.12
M IH +17.73+2(0.81)-0.60 18.75
M IJ -33.93+ 2(+0.74)-0.76 -33.21
MJI +33.93+ 2(-0.76)+0.74 33.15
MJK -17.73+ 2(-0.83) +0.57 -18.82
MKJ +17.73 + 2(+0.57) -0.83 18.04
MKL -25.20+ 2(0.69)-2.72 -26.54
MLK +25.20+ 2(-2.72)+0.69 20.45
MMN -25.20+2(2.69)-1.07 -20.89
MNM +25.20+2(-1.07)+2.69 25.75
MNO -17.73+2(-0.88)+1.45 -18.04
MON +17.73+2(1.45)-0.88 19.75
MOP -33.93+2(1.33)-1.36 -32.63
MPO +33.93+2(-1.36)+1.33 32.54
MPQ -17.73+2(-1.48)+0.85 -19.84
MQP +17.73+2(0.85)-1.48 17.95
MQR -25.20+2(1.04)-2.72 -25.84
MRQ +25.20+2(-2.72)+1.04 20.8
MST -25.20+2(2.69)-1.00 -20.82
MTS +25.20+2(-1.00)+2.69 25.89
MTU -17.73+2(-0.82)+1.33 -18.04
MUT +17.73+2(1.33)-0.82 19.57
MUV -33.93+2(1.22)-1.25 -32.74
MVU +33.93+2(-1.25)+1.22 32.65
MVW                             -17.73+2(-1.36)+0.83 -19.62
MWV +17.73+2(0.83)-1.36 17.63
MWX -25.20+2(1.01)-2.72 -25.9
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MXW +25.20-2(2.72)+1.01 20.77
MYZ -25.20+2(2.59)-0.97 -20.99
MZY 25.20-2(0.97)+2.59 25.85
MZa -17.73-2(0.80)+1.31 -18.02
MaZ 17.73+2(1.31)-0.80 19.55
Mab -33.93+2(1.20)-1.23 -32.76
Mba 33.93-2(1.23)+1.20 32.67
Mbc -17.73-2(0.80)+1.31 -19.63
Mcb 17.73+2(1.31)-0.80 17.95
Mcd -25.20+2(2.59)-0.97 -25.91
Mdc +25.20-2(2.72)+1.01 20.93
Mef -25.20+2(2.59)-0.97 -20.03
M fe +25.20-2(2.72)+1.01 25.91
M fg -17.73-2(0.80)+1.31 -18.18
Mgf 17.73+2(1.31)-0.80 19.92
Mgh -33.93+2(1.20)-1.23 -32.47
Mhg 33.93-2(1.23)+1.20 32.41
Mhi -17.73-2(0.80)+1.31 -19.98
M ih 17.73+2(1.31)-0.80 18.82
M ij -25.20+2(2.59)-0.97 -25.99
M ji +25.20-2(2.72)+1.01 19.33

MAG +0.00+2(3.07)+(3.49)+0.052 9.68
MGA +0.00+2(3.49)+(3.07)+0.052 10.10
MBH +0.00+2(-3.25)-(0.95)+0.052 -7.39
MHB +0.00+2(-0.95)-(3.25)+0.052 -5.09
MCI +0.00+2(6.82)+(1.29)+0.052 14.98
M IC +0.00+2(1.29)+(6.82)+0.052 9.45
MDJ +0.00+2(-6.88)-(1.32)+0.052 -15.02
MJD +0.00+2(-1.32)-(6.88)+0.052 -9.46
MEK +0.00+2(3.26)+(0.90)+0.052 7.47
MKE +0.00+2(0.90)+(3.26)+0.052 5.11
MFL +0.00+2(-3.14)-(3.50)+0.052 -9.78
MLF +0.00+2(-3.50)-(1.34)+0.052 -10.08
MGM +0.00+2(3.49)+(3.46)+0.055 10.49
MMG +0.00+2(3.46)+(3.49)+0.055 10.46
MHN +0.00+2(-0.95)-(1.39)+0.055 -3.23
MNH +0.00+2(-1.39)-(0.95)+0.055 -3.67
M IO +0.00+2(1.29)+(2.31)+0.055 4.94
MOI +0.00+2(2.31)+(1.29)+0.055 5.91
MJP +0.00+2(-1.32)-(2.36)+0.055 -4.94
MPJ +0.00+2(-2.36)-(1.32)+0.055 -5.98
MKQ +0.00+2(0.90)+(1.35)+0.055 3.20
MQK +0.00+2(1.35)+(0.90)+0.055 3.65
MLR +0.00+2(-3.50)-(3.50)+0.055 -10.44
MRL +0.00+2(-3.50)-(3.50)+0.055 -10.44
MMS +0.00+2(3.46)+(3.46)+0.052 10.43
MSM +0.00+2(3.46)+(3.46)+0.052 10.43
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MNT +0.00+2(-1.32)-(2.36)+0.055 -4.03
MTN +0.00+2(-1.63)+0+0.03 -3.95
MOU +0.00+2(1.29)+(2.31)+0.055 6.79
MUO +0.00+2(-3.50)-(3.50)+0.055 6.60
MPV +0.00+2(0)-2.60+0.03 -6.82
MVP +0.00+2(-1.32)-(2.36)+0.055 -6.62
MQW +0.00+2(1.29)+(2.31)+0.055 4.06
MWQ +0.00+2(-1.63)+0+0.03 4.02
MRX +0.00+2(0)-2.60+0.03 -10.44
MXR +0.00+2(1.29)+(2.31)+0.055 -10.44
MSY +0.00+2(-3.50)-(3.50)+0.055 10.29
MYS +0.00+2(0)+2.56+0.03 10.16
MTZ +0.00+2(0)+1.60+0.03 -3.84
MZT +0.00+2(2.31)+(1.29)+0.055 -3.80
MUa +0.00+2(0)-2.60+0.03 6.37
MaU +0.00+2(-1.63)+0+0.03 6.34
MVb +0.00+2(-3.50)-(3.50)+0.055 -6.40
MbV +0.00+2(0)-2.60+0.03 -6.37
MWc +0.00+2(-1.32)-(2.36)+0.055 3.90
McW +0.00+2(0)+2.56+0.03 3.83
MXd +0.00+2(2.31)+(1.29)+0.055 -10.31
MdX +0.00+2(0)+1.60+0.03 -10.17
MYe +0.00+2(1.29)+(2.31)+0.055 10.84
MeY +0.00+2(0)-2.60+0.03 11.64
MZf +0.00+2(2.31)+(1.29)+0.055 -4.11
M fZ +0.00+2(-3.50)-(3.50)+0.055 -4.47
Mag +0.00+2(0)-2.60+0.03 6.79
Mga +0.00+2(0)+2.56+0.03 7.26
Mbh +0.00+2(-1.63)+0+0.03 -6.80
Mhb +0.00+2(0)-2.60+0.03 -7.27
Mci +0.00+2(1.29)+(2.31)+0.055 4.13
M ic +0.00+2(0)+1.60+0.03 4.49
Mdj +0.00+2(0)+2.56+0.03 -10.84
M jd +0.00+2(-1.32)-(2.36)+0.055 -11.66
Mek +0.00+2(4.13)+0+0.03 8.29
Mke +0.00+2(0)+4.13+0.03 4.16
M fl +0.00+2(-1.63)+0+0.03 -3.23
M lf +0.00+2(0)-1.63+0.03 -1.6
Mgm +0.00+2(2.56)+0-0.03 5.15
Mmg +0.00+2(0)+2.56+0.03 2.59
Mhn +0.00+2(-2.60)+0+0.03 -5.17
Mnh +0.00+2(0)-2.60+0.03 -2.57
M io +0.00+2(1.60)+0+0.03 3.23
Moi +0.00+2(0)+1.60+0.03 1.63
M jp +0.00+2(-4.18)+0+0.03 -8.33
Mpj +0.00+2(0)-4.18+0.03 -4.15
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  CHAPTER-6
BASE SHEAR ANALYSIS

6.1 INTRODUCTION: 

The Seismic weight of a floor is its full dead load plus appropriate amount of imposed 
load, as specified in Clause 7.3.1 and 7.3.2 of IS 1893 (Part I) : 2016. Seismic forces are 
proportional to the building weight and increases along the height of the building. Weight 
reduction can be obtained by using lighter materials or by relocation of heavy weight such as file 
racks, libraries, swimming pools etc at lower levels. For example, if a load P placed at fifth level, 
the overturning moment becomes 25 times greater than P placed at first level.

6.2. Calculation of Seismic Weights: 

The Seismic Weights are calculated in a manner similar to gravity loads. The weight of columns 
and walls in any storey shall be equally distributed to the floors above and below the storey. 
Following reduced live loads are used for analysis: • Zero on terrace • 25% on other floors.

Computation of seismic weight

Self weight of slab  = 0.12 x 25 = 3 KN/m2

Roof finishes                          = 1.5 KN/m2

Floor finishes                         = 1.0 KN/m2

Live load @Roof level           =1.5 KN/m2

                @Floor level = 3.5 KN/m2

Weight of 0.115m thick wall   = 0.115 x 19.2 =2.208 KN/m2

Weight of 0.23m thick wall   = 0.23 x 19.2 =4.416 KN/m2

Effective weight of floor level = 3.0 + 1.0 + (3.5 x 0.5) = 5.75 KN/m2

Effective weight of roof level  = 3.0 + 1.5 + 0 = 4.5 KN/m2

Weight of beams at each floor and roof level  = 0.23 x 0.40 x 25 x [ 10 x 3.1725 + 17 x 4.23
                                                                                                  + 6 x 3.8725 + 12 x 4.345]
                                                                           = 411.73 KN

            
Weight of columns at each floor                       = 0.3 x 0.4 x 25 x (3.2-0.4) x 30
                                                                           = 252 KN

Weight of columns at roof level                       = 0.5 x 252 = 126 
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Plan area of building              = 17.15 x 18.32 = 314.18 m2

Equivalent load at roof level  = ( 4.5 x 314.18 ) + 411.72 + 126 + (2.4 x 70.94)
                                                = 2121.78 KN

Equivalent load at floor level  = (5.75 x 314.18) + 411.72 + 252 + (4.416 x 369.65)
                                                                                                    + (2.208 x 96.04)
                                                 = 4314.68 KN

Total seismic weight,          W = 2121.78 + (5 x 4314.68) = 23695.18 KN

 Ah = 
���� 

����   ×  
����
�	

              Vb = Ah × W

                    = 0.04 × 23695.18 = 947.80 KN

        I = 1

    Z = 0.16

    R = Response factor

        = 5.0 (for RC moment resisting frame

   
����
�	  = special acceleration coefficient

        = 2.50 (for black cotton soil)

6.3 CALCULATION OF BASE SHEAR

SEISMIC COEFFICIENT: The design horizontal seismic coefficient Ah for a structure shall 

be determined by the following expression: Ah =
���� 

����   ×  
����
�	 .Where, I= Importance Factor It is a 

factor used to obtain the design seismic force depending on the functional use of the structure, 
characterized by hazardous consequences of its failure, its post- earthquake functional need, 
historical value, or economic importance For the present building, importance factor is taken as 1 
Z = Zone Factor It is a factor to obtain the design spectrum depending on the perceived 
maximum seismic risk characterized by Maximum Considered Earthquake (MCE) in the zone in 
which the structure is located. The basic zone factors included in this standard are reasonable 
estimate of effective peak ground acceleration. 
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For the present building under consideration, zone factor is taken as 0.16, as the building is 
considered to be located in Amaravathi. R = Response Reduction Factor: It is the factor by which 
the actual base shear force, that would be generated if the structure were to remain elastic during 
its response to the Design Basis Earthquake (DBE) shaking, shall be reduced to obtain the design 
lateral force. As the G+5-storey building considered is a special RC moment resisting frame 

(SMRF), the value of Response Reduction Factor is taken as 
���� 
�	  = Spectral Acceleration 

Coefficient =2.5 The type of soil is considered to be Type I as the location considered is a black 
cotton soil

TABLE 6.1 BASE SHEAR CALCULATIONS

Floor Weight of each 
floor

(Wi) KN

Height of floor
(hi) m

Wihi
2

kN-m2

�
 ������2

� �
 ������2
Q = Vb.

�
 ������2

� �
 ������2

5 2121.78 19.2 782172.98 0.243 230.79

4 4314.68 16.0 1104558.08 0.343 325.91

3 4314.68 12.8 706917.17 0.220 208.58

2 4314.68 9.6 397640.9 0.123 117.32
1 4314.68 6.4 176729.29 0.055 52.14

GF 4314.68 3.2 44182.32 0.013 13.03

                           Total = 947.77KN
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CHAPTER 7

DESIGN OF SLABS

7.1. INTRODUCTION
Slabs are designed for the live loads and dead loads acting on the slabs. Loads from 

the slabs are considered on the beams as per trapezoidal and triangular distributions. On 

beams and columns .earthquake loads will be acting along with the other loads, where 

staircase is designed for the live load and dead load acting on it. And foundation is designed 

for the whole load acting on it from all the structural members above it. A slab is a flat two 

dimensional planar structural element having thickness small compared to its other two 

dimensions. Slabs are plate elements forming floors and roofs of buildings and carrying 

distributed loads primarily by flexure. Slab may be supported by beams or walls and may be 

used as the flange of a T or L-beam. Moreover, a slab may be simply supported or 

continuous over one or more supports and is classified according to the manner of support. 

�� One-way slabs 

�� Two-way slabs 

7.2 Two-way slabs:

Two-way slabs are those slabs that are supported continuously on all four sides and are of such 
dimensions that the loads are carried to the supports along both directions. In two-way slabs the 
ratio of longer span shorter span length is less than two. 
����
����

 < 2
Flat slabs and flat plates are those multi span slabs which directly rest on columns without 
beams.

7.2.1 DESIGN PROCEDURE OF TWO-WAY SLABS

 Step1: Spans 

Determine short span Lx, long span Ly, check that 
����
����

 < 2

Step 2: Trail depth (D) 

It will be decided by deflection criteria based on short span Lx and total depth D .The allowable 
��

��  ratio for two-way slab with short span up to 3.5m and for loading class up to 3 ����/��2. 

This is calculated from IS 456-2000 clause 23.2.1 and clause 24.1 21 
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Assuming the ��t% between 0.2% to 0.3% and modification factor 1.3 to 1.5 and proceeding, 

Step 3: Loads 

Calculate load for one meter width strip of slab. �
u = 1.5(25�� + ���� + ����) KN/�� 

Step 4: Design bending moments

Obtain the bending moments by using the relation 

�� x= �� �� wl2
x   -------- Eq. (3.7) 

�� y= �� ����� 2
x      -------- Eq. (3.8) 

Where,x ,�!y = Coefficients given in IS 456 Table 26 

W = Total design load per unit area, 

�� x   , �� y= Moments on strips of unit width spanning � x   and � y.

� x    , � y = Length of the shorter span and longer span 

Step 5:

As the depth selected is usually greater than the minimum depth d, the tension steel required will 

be less than the balanced amount for the tension. Determine the main 22 

Steel area along shorter span and longer span corresponding to moments ��x and ��y by using

formulas

Lever arm Z = �1�4�X�3�7�>�4�@ 
��

�#)

In shorter span effective depth d is as follows

�#=���X
�$

2�X�%� �&���' �%�(�)�&�'

In longer span effective depth d is as follows 

�#=���X
�$

2�X�%� �&���' �%�(�)�&�'�X�$

Where, �$ = diameter of the bar 

For slabs clear cover is generally taken as 15 mm 

Calculated moment ��u=0.87 �*y�+�,�-��-------- Eq. (3.9) 

Where, 

Mu = calculated moment 

�*y = characteristic strength of steel 

�+�,�-= tensile steel area

From the above equation we are calculating �+�,�- along the shorter span and longer span by using 

moment’s ��x and ��y. 
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After calculating steel area, check minimum area of steel, as follows

�+�,�������. = 0.15% × �0 × �� (for �*y =250)

= 0.12% × �0 × �� (for �*y =415 �(�' 500)

Assume the steel bar diameter (8mm or 10mm for steel grade Fe415, and 10mm or 12mm for 

Fe250). 

Required spacing (��) =
100���,�-

�+�,�-
where ���,�- is area of one bar. 

Maximum spacing (��max) < (3�# �(�' 300����) whichever is less

Step 6: Check for deflection

Calculate required ��t% (maximum value at mid-span of continuous slab or simply supported 

slab). 

(�� t)���,�,�5���&�# < (��t) �'�&�6�5���'�&�# 

Calculate steel stress of service load (�*s): 

�*s=0.58fy × (
�+�'�&�� �(�* �,�-�&�&�  �'�&�6�5���'�&�#

�+�'�&�� �(�* �,�-�&�&�  �9�'�(�)���#�&�#)

Obtain modification factor �1�Y�/ from IS 456: 2000 figure 4 corresponding to ��t and �*s

Allowable 
� 

�#
 = (�0���,���%  

� 

�#
  × ���(�#���*���%���-���(�. �*���%�-�(�')

If ���'�(�)���#�&�# (
� 

�#
) �'���-���( < ��� � �(�����0� �& 

� 

�#
ratio then it is safe in deflection.

Step 7: Torsion steel 

At corners where slab is discontinuous over both edges, �+t = (
3

4) × �+�,�-  

At corners where slab is discontinuous over only one edge, = (
3

8)   × �+�,�-  

At corners where slab is continuous over both the edges, At =0. 

Step 8: Check for shear & development 

Check for shear and development length are generally satisfied in case of slab and hence they are 

not checked.
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7.3. DESIGN OF TWO WAY SLAB

 
                                 Figure.7.1 TWO WAY SLAB PLAN

1. Load intensity

Self weight of the slab   = 0.12 × 25 × 1 = 3.0 KN/m2

Floor finish                 = 1 KN/m2

Live load                 = 3.5 KN/m2
  

Total load                    = 7.5KN/m2

Factored load                 = 1.5 × 7.5 = 11.25 KN/m2

2. Effective span

Shorter span      L × = 3.1725m

Longer span       Ly = 4.345m

                               
����
����

= 1.369< 2

 Hence, it is designed as two way slab.

3 .Slab thickness (IS456:2000, clause 24.1)

�,�9���.

�#�&�9�-h
    = 40

For HYSD bars Fe 415, modification factor is 0.8(clause 24.1, note)

  
�,�9���.

�#�&�9�-h
    = 0.8 × 40 = 32
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             Depth = 
3172.5

32
 = 99.14mm~100mm  

            Nominal cover     = 20mm

             Overall depth       = 100+20 = 120mm  

4. Interior panel (IS456:2000 table 26)

              Negative moment at continuous edge,

����
����

= 1.37

               �� �� = 0.049,�� �� =0.032 (by interpolating)

               Positive moment at mid span

              
����
����

= 1.37

  �� �� = 0.038, �� ��  = 0.024

5. Bending moments at supports

               Negative B.M. along shorter span

               M = �� �� × W × L2
x = 0.038x11.25x3.17252  

                                              = 5.548 KN-m

               Negative B.M. along longer span
 
               M =  �� �� × W × L2

x 
   = 0.032 × 11.25 × 3.17252

                                                  = 3.623 KN-m

6. Positive bending moment at mid span

                Along short span

                M = �� �� × W × L2
x = 0.038 ×11.25 × 3.17252  

                 = 4.302KN-m
               Along longer span

                M = �� ��× W × L2
x 

  = 0.024× 11.25 × 3.17252

           = 2.717 KN-m

7. Depth required for strength

    For Fe415,
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                �� �5 � ���� = 0.138 × �*�%�A × b × d2 

                5.548 × 106   = 0.138 × 25 × 1000 × d2

                                d = 40.10< 100mm

                So, as the minimum depth required is 40.10mm, providing 100mm thick slab with 

                20mmcover.              

                 D = 100+20 = 120mm

8. Reinforcement required 

a) Reinforcement along shorter span (mid span)
                  ���5�� = 4.302KN-m

               �� �5�� = 0.87.fy.Ast (d -
�*���+�,�-��

�0�*�%�A
)

                4.302× 106 =0.87x415xAst(d-0.0166Ast) 

                           �+�,�- = 121.60 mm2 

                Using 10mm �[ bars

              Area=78.5mm

                Spacing = 
���,�-
�+�,�-

  × 1000 = 645.55 mm > 300mm

                  Hence providing 10mm �[ bars@ 300mm c/c along shorter span

b) Reinforcement along longer span at mid span

                Mu= 0.87.fy. �+�,�- (d -
�*���+�,�-��

�0�*�%�A
)

                2.717× 106 = 0.87x415xAst(d-0.0166Ast)

                            �+�,�- = 76.21 mm2 

                 Using 8mm bars 

             ���,�-=50.24 mm2

                 Spacing = 
���,�-
�+�,�-

   × 1000 = 659.4mm >300mm

                Hence provide 8mm �[ bars@300mm c/c along mid span

c) Negative reinforcement along short span at support

             

                Mu =0.87.fy .�+�,�- (d -
�*���+�,�-��

�0�*�%�A
)
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                  5.548 × 106    = 36105�+�,�-��– 7.49 �+�,�-��2

                �+�,�-= 157.79mm2

                Using 10mm bars 

                 ���,�-=78.53 mm2

                Spacing = 
���,�-

�+�,�-  × 1000 = 497.68mm2 >300mm

               Hence, providing 10mm �[ bars@300mm c/c along mid span

d) Negative reinforcement along longer span at support

                Mu =0.87.fy. �+�,�-(d -
�*���+�,�-��

�0�*�%�A
)

                  3.623 × 106    = 36105�+�,�-�� – 7.49 �+�,�-��2

                  �+�,�-= 102.07 mm2

                Using 10mm bars 

                 ���,�-= 78.53 mm2

                 Spacing = 
���,�-
�+�,�-

  × 1000 = 769.385mm2 >300mm

                 Hence, providing 10mm �[ bars@300mm c/c along mid span

9. Minimum reinforcement

                  �+�,�- = 
0.12

100× (b × D) = 
0.12

100 × 1000 × 120

        = 144mm2 So, �+�,�- �����.< �+�,�- �9�'�(�)���#�&�#

  Hence safe 

10. Check for shear 

                  Shear force Vu= W × (
��

2)   = 11.25 × 3.1725/2

             = 17.84 kN

                   Nominal shear Tv = 
�B�5

�0 �C �#= 19.42 × 103/ (1000 × 1000)

              = 0.017 N/mm2 

                    At support 

                    For Pt = 0.157 %from table 19 IS 456:2000,

                           �D�%= 0.29 N/mm2 (by interpolating) 
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                    From table 20, IS 456:2000,

                                 �D�%������= 3.1 N/mm2

                             Tv < �D�%<�D�%������

                           Hence, safe in shear 

                    At mid span 

                    Pt = 0.12% 

                     From table 19,

                    �D�% = 0.29 N/mm2 (by interpolating)

                    �D�%������= 3.1 N/mm2 (From table 20, IS 456:2000)

                     Tv < �D�%<�D�%������ Hence, safe in shear

11. Check for deflection 

                      Clause 24.1, note, IS456:2000,
�,�9���.

�#�&�9�-h
    = K1 × K2 × K3 × (40 × 0.8)

                      Pt = 0.17% �*�,= 0.58 × 415 = 240 N/mm2 

                      From fig. 4 IS456: 2000,

                      K1 = 1.5 

                      From fig. 5 IS456: 2000,

                     K2 = 1.0 & from fig. 6 K3 = 1.0

 
�,�9���.

�#�&�9�-h
    = 48

 3172.5/120 = 26.4 < 48 

                         Hence, it is safe against deflection.
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Figure.7.2 DESIGN OF TWO WAY SLAB PLAN
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                                    Figure.7.3 CROSS SECTIONS OF TWO WAY SLAB



47

7.4. One-way slabs:

One-way slabs are those supported continuously on the two opposite sides so that 

   the loads are carried along one direction only. In one-way slabs the ratio of longer span shorter 

span length is greater than two. 

����
����

>2

7.5 DESIGN OF ONE WAY SLAB:

                            

       Figure.7.4   ONE WAY SLAB PLAN

1. Load intensity

 Self weight of the slab   = 0.12 × 25 × 1 = 3.0KN/m2

Floor finish                 = 1 KN/m2

Live load                 = 3.5 KN/m2

Total load                    = 7.5 KN/m2

Factored load                 = 1.5 × 7 = 11.5 KN/m2 
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2. Effective span

Shorter span     L x = 3.8725m

Longer span     Ly = 8.575m

                           = 2.21 > 2

 Hence, it is designed as one way slab.

3. Slab thickness (IS456:2000, clause 24.1)

  
�,�9���.

�#�&�9�-h
     = 26

 Depth    = 3.8725/26 = 98.56 < 100mm

              Nominal cover      = 20mm

              Overall depth           = 100+20 =120mm

4. Bending moment and shear force

              Shear force Vu = W × ( 
��

2 ) = 
11.5 ×  3.8725

2

           = 21.78KN

               Factored bending moment Mu = 
�
 � 2

8 = 
11.5 �C 3.87252

8  = 21.08 KN-m

5. Depth required for strength

                For Fe415,

                Mu lim = 0.138 × �*�%�A× b × d2 

                21.08 × 106   = 0.138 × 20 × 1000 × d2

                                d = 78.16 < 120mm 

                                  Hence safe

6. Tension reinforcement

                Mu = 0.87×�*��. �+�,�- (d -
�*���+�,�-��

�0�*�%�A
)

                    21.08 × 106 = 36105�+�,�--7.49 �+�,�-2 

                               �+�,�-= 655.08 mm2 

                   Minimum reinforcement required

                   �+�,�-= 
0.12

100 × (b × D) = 
0.12

100 × (1000 × 120)

     = 144mm2 So, �+�,�- min < �+�,�- provided 

                               Hence, safe



49

                   Providing 10 mm dia bars

                 Spacing of bars = 
���,�-
�+�,�-

   × 1000 = 115 mm < 300mm

                   Hence, providing 10mm �[ bars@115mm c/c

7. Distribution steel 

                  �+�,�- = (
0.12

100 ) × b × D = (
0.12

100 ) × 1000 × 120

   = 144mm2   

                 Providing 8mm bars

                 Spacing of bars = 
���,�-
�+�,�-

 × 1000 = 346mm              

                 Hence, providing 8mm �[ bars@300mm c/c

8. Check for shear 

                 Shear force 

                 Vu = W × ( 
��

2 ) = 
11.5 �C 3.8725

2

                                         = 21.78 KN

                 Tv =  
Vu

�0 ×  �# = 
21.78 �C 103

1000 �C 120

                = 0.0217 N/mm2 

                 At support 

                 For Pt =0.655 %, from table 19 IS 456:2000,

                �D�% = 0.539N/mm2

                From table 20, IS 456:2000,

            �D�%������ =3.1 N/mm2

               Tv < �D�%<�D�%������ , Hence, safe in shear

9. Check for deflection 

             Clause 24.1, note, IS456:2000,

              
�,�9���.

�#�&�9�-h
    = K1 × K2 × K3 × (40 × 0.8)

               Pt = 0.58% �*�,= 0.58 × 415 = 240 N/mm2 

              From fig. 4, IS456: 2000,

                        K1 = 1.5
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              From fig. 5, IS456: 2000, 

                         K2 = 1.0 & from fig. 6 K3 = 1.0

             
�,�9���.

�#�&�9�-h
    = 39

             
1750

120      = 32.27 < 48 

            Hence, it is safe against deflection.

                                  Figure 7.5 DESIGN OF ONE WAY PLAN
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Figure 7.6 CROSS SECTIONS OF ONE WAY SLAB
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CHAPTER-8

DESIGN OF BEAMS

8.1 GENERAL:

Beams are the horizontal members of a structure, which resists transverse loads and 

generally carries vertical gravitational loads from floor slabs and roof slabs. Beams can also be 

used to carry horizontal loads such as earthquake and wind loads. Beam is a structural element 

that capable of withstand the loads mainly by resisting bending and it adds rigidity to the 

structure. Due to the external loads, self-weight and external reactions, bending force induces in 

the material of the beam, called bending moment. Beam is subjected to bending moments and 

shear. Owing to the vertical loads, bending causes compression in the top fibers and tension in 

the bottom fibers of the beam. The stresses near the top and bottom fibers will be more and less 

towards neutral axis. The loads carried by beam are transferred to columns, which then transfer 

the force to adjacent structural compression members. 

8.2 CLASSIFICATION OF BEAMS

 
Beams are classified into several types based on the different supporting conditions. They are 

�� SIMPLY SUPPORTED BEAM is a beam supported freely at the two ends on walls or 

columns. 

�� FIXED BEAM is a beam in which both ends of the beam are rigidly fixed into the 

supports. 

�� ���"�������#�%���$���� BEAM is fixed in a wall or column at one end and the other end is 

free. It has tension zone in the top side and compression zone in the bottom side. 

�� CONTINUOUS BEAM is supported on more than two supports. 

�� OVERHANGING BEAM is a beam in which one end extends beyond the column 

support. Overhanging of the beam is the unsupported portion of the beam. 
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8.3 DESIGN PROCEDURE FOR BEAMS

IS: 456-2000 code provision for design of Beam 

A slab which is assumed to act as a compression flange of a T-beam or L-beam shall satisfy the 

following: 

a) The slab shall be cast integrally with the web, or the web and the slab shall be effectively 

bonded together in any other manner; and  

b) If the main reinforcement of the slab is parallel to the beam, transverse reinforcement shall be 

provided as in Fig. 3; such reinforcement shall not be less than 60 percent of the main  

reinforcement at mid span of the slab.  

Tension reinforcement: 

     • Minimum reinforcement-The minimum area of tension reinforcement shall be not 

less than-that given by the following:  

              As =  
(0.85 ×  �0�� ×  �#�:

�*��

 Where     As = minimum area of tension reinforcement 

                b = breadth of beam or the breadth of the web of T-beam 

                d = effective depth, and 

                �*�� = characteristic strength of reinforcement in N/mm2 

 

      • Maximum reinforcement: The maximum area of tension reinforcement shall not                                    

exceed 0.04 bD.  

Transverse reinforcement in beams for shear and Torsion: 

       • The transverse reinforcement in beams shall be taken around the outer-most tension and 

compression bars. 

       • In T-beams and I-beams, such reinforcement shall pass around longitudinal bars located 

close to the outer face of the flange. 
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Maximum spacing of shear reinforcement:  

The maximum spacing of shear reinforcement measured along the a × is of the member shall not 

exceed 0.75 d for vertical stirrups and d for inclined stirrups at �>�?�]�* where d is the effective depth 

of the section under consideration. In no case shall the spacing exceed 300 mm. 

Minimum shear reinforcement 

 Minimum shear reinforcement in the form of stirrups shall be provided such that: 

                                          
�+�,�)

�0���)
�  ̂

0.45

0.87�*��

 Where,

           ASV = total cross-sectional area of stirrup legs effective in shear, 

            ���)= stirrup spacing along the length of the member, 

            b = breadth of the beam or breadth of the web of flanged beam, and  

            �*��= characteristic strength of the stirrup reinforcement in N/mm2 which  

                       Shall not be taken greater than 415 N/mm2                                   

 8. 4 Design of Rectangular beam:        

                                                Figure 8.1 RECTANGULAR BEAM    

d’ = 30 mm

b = 230 mm

D = 400mm

d = 370 mm

fck = 25 N/mm2

fy = 415 N/mm2

W = 40 KN/m , l = 4.23 m

 Mu = 
�
 � 2

8  = 134.2 KN-m
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Area of reinforcement:

Limiting moment of resistant 

Mu lim = 0.138 × �*�%�A× b × d2

= 108.63 KN-m

            Mu > Mu lim

It should be designed as Doubly reinforced.

   Mu = 0.87×�*��. �+�,�-�1 (d -
�*���+�,�-��

�0�*�%�A
)

          Ast1 = 1013.34 mm2

Area of compression reinforcement:

     Mu = Mu1 + Mu2

     Mu2 = Mu – Mu1

            = 134.2 – 108.63 = 22.57KN.

     MU2 =�*�,�% × �+�,�%× (d-d|)

     For  
�#|

�# ; �*�,�%=354N/mm2 

          Asc = 187.52mm2

Additional reinforcement 

  Mu2 = 0.87fyAst2 (d-d’)

       Ast2 = 185.16mm2

Ast = Ast1 + Ast2 = 1198.5 mm2

Providing tension reinforcement as 4bars of 20mmØ 40mmc\c

�+�,�- Provided =1256.63mm2

Providing compression reinforcement of 4bars of 8mmØ 

�+�,�-Provided =201.06mm2

Design of shear reinforcement:
100 �C �+�,�-

�0�#  = 1.4

                Tc = 0.724N/mm2
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   And Tc max = 3.1 N/mm2

     

  Tv =  
Vu

�0 ×  �# = 1.49 N/mm2

Vus = Vu – Tcbd = 65.28KN

Asv = 2 x 0.785(82) = 100.54mm2

1. Sv = 225mm

2. 0.75d = 277.5mm

3. 300mm

Hence provide two legged 8mm dia stirrup c/c 225mm.

Check for deflection:

 Actual (
� 

�#
) = 11.43

For modification factor

fs  = 0.58 x 415 x (
1198.52

1256.6
) = 229.5 N/mm2

100 �C �+�,�-

�0�#  = 1.4

Modification factor = 0.9
For simply supported = 20

Permissible (
� 

�#
) = 0.9 x 20 =18

Actual (
� 

�#
) < Permissible (

� 

�#
)

Hence safe.
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FIG 8.2 DESIGN OF RECTANGULAR BEAM
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CHAPTER-9

 DESIGN OF COLUMNS
9.1 GENERAL:  

Column is a structural member designed to carry compressive loads. It transmits the load 

from slab and beam, including its self-weight to the foundation. The columns are the most 

critical part of the building because the failure of a column, especially a column lower in the 

building, could result in the failure of a large portion or all of the building. Columns are viewed 

as more important in the design of building than the beams or slabs because if a beam or slab 

collapses, the damage may be contained to a much smaller area than if a column fails. 

The compression members are considered as short when both the slenderness ratios 
� �&��

��  

and 
� �&��

�0
 are less than 12, where lex and ley are the effective lengths with respect to the major axis. 

In the short reinforced concrete columns, the lateral deflections are not significant. The columns 

and the compression members are treated as slender when the slenderness ration is more than 12. 

However, the slenderness ratio of columns should not exceed 60. In the slender reinforced 

columns, the lateral deflections have an importance on the strength of the columns. 

  The concrete columns are reinforced by longitudinal and transverse reinforcement is 

generally in the form of lateral ties or closely spaced spirals. 

  In limit state design, a structural member is usually designed for the ultimate limit load 

and checked for the serviceability limit states of cracking and excessive deflection. For the 

particular case of short braced columns (that is columns which are restrained in position at both 

the ends), it is generally not necessary to check deflections and crack widths in design.

9.2 CLASSIFICATION OF COLUMNS 

Depending upon the slenderness ratio effects, columns may be classified into two types: 

Short columns: If the slenderness ratios with respect to the major principal axis  
� �&��

��
  as well as 

the minor principal axis 
� �&��

�0
  are both less than 12, then it is considered as Short column. 



59

Slender (or long) columns: If the slenderness ratios are more than 12, then it is considered as 

slender column. Column is structural element used primarily to support axial compressive loads. 

A compression member subjected to pure axial load rarely occurs in practice because of 

eccentricity effects. 

Depending upon the type of loading, columns may be classified into three types: 

1. Columns with axial loading (applied concentrically) 

2. Columns with uniaxial eccentric loading 

3. Columns with biaxial eccentric loading 

9.3 DESIGN ROCEDURE
IS: 456-2000 Code provisions for design of Column:

             a) The cross-sectional area of longitudinal reinforcement shall not be less than 0.8% of 

the gross cross-sectional area of column & shall not be greater than 4% of the gross cross-

sectional area of column.

            b) In any column that had a larger cross-sectional area than that required to support the 

load, the minimum percentage of steel shall be based on the area of concrete required to resist the 

direct stress and not on the actual area. 

          c) The minimum number of longitudinal bars provided shall be four in rectangular 

columns and six in circular columns.

          d) The diameter of the bars shall not be less than 12mm.

           e) Pitch and diameter of lateral ties:   

                           Pitch-The pitch of transverse reinforcement shall be not more than the least of 

the following distances:

  i) The least lateral dimension of the compression members;

  ii) Sixteen times the smallest diameter of the longitudinal reinforcement bar to be tied; and

 iii) 300 m Diameter- The diameter of the polygonal links or lateral ties shall be not less    than 

one fourth of the diameter of the largest longitudinal bar, and in no    case less than 16 mm.
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9.4 DESIGN OF RECTANGULAR COLUMN 
Column C3,

                         

  �� �5= 2040 KN     (Factored Load)

 Assuming column size as 300mm × 400mm

                   Fe 415, M 25

Effective length of the column = 0.65 × L

                                                  = 0.65 × (3.2 – 0.4)

                                                  = 1.82 m

                  

Slenderness of column �1�a�/ = 
� �&�*

� �&���,�- � ���-�&�'���  �%�(� �5���.
 = 

1.82

0.30

                                            = 6.06 < 12 (Short Column

 Minimum eccentricity in long direction,

                 e min= 
��

500 + 
��

30

                       = 
3200

500
 + 

400

30
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                 = 19.73mm

                  
�& �����.

�� = 0.04 < 0.05

Hence design a Axially Loaded Short column is satisfactory.

Longitudinal Reinforcement:

( 
��

�  )c  =  
30 �C 403

12 �C 320
          = 500

( 
��

�  )b1 =  
23 �C 403

12 �C 387.25
    = 316.76

( 
��

�  )b2  =  
23 �C 403

12 �C 423
        =  290

 Net Bending moment = 16.2 KN-m

IC = 
16.2 �C 500

500 + 500 + 316.76+ 290  = 5.04 KN-m

Mu = 5.04 x 1.5 = 7.56 KN-m 

                         
�� �5

�*�%�A�0�#
     =     

2040 �C 103

25 �C 300 �C 400
   = 0.68

                    
�� �5

�*�%�A × �0× �� 2
   =

7.56 �C 106 

25 × 300 × 4002
      = 0.063

                            
 �#|

��
 = 

25

400
 = 0.0625

                    From SP – 16  

                                      Pt = 0.105 x 25 = 3% 

  Gross area of column = 300 x 400 = 120000 mm2

 Area of steel , Ast = 2.64% of 120000

= 3600 mm2
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Assume 25mm dia bars =0.785 x 252 = 490.62 mm2

Number of bars = 8 bars

Lateral ties:

1 Dia/4 = 20/4 = 5 mm

2 6 mm

Hence provide 6 mm dia bars.

Pitch of Ties:

1  D = 400 mm

2 16 x dia of bar= 16 x20 =320 mm

3 300 mm 

4 Which ever is less.

 Hence provide 300 mm c/c with 6mm dia                

                                      

9.1 DESIGN OF COLUMN
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                                                       CHAPTER-10 
                        INTRODUCTION TO SOFTWARE 

10.1 General Introduction 

                        The ETABS stands for extended 3D (Three-Dimensional) Analysis of Building 
Systems. This is based on the stiffness matrix and finite element based software. The analysis 
and design is done to satisfy all the checks as per Indian standards. ETABS is a powerful 
program that can greatly enhance an engineer's analysis and design capabilities for structures. 
Part of that power lies in an array of options and features. The other part lies in how simple it is 
to use. 
                        The basic approach for using the program is very straight forward. The user 
establishes grid lines, places structural objects relative to the grid lines using joints, frames and 
shells, and assigns loads and structural properties to those structural objects (for example, a 
frame object can be assigned section properties; a joint object can be assigned spring properties; 
a shell object can be assigned slab or deck properties). 
                        Analysis, design, and detailing are then performed based on the structural objects 
and their assignments. Results are generated in graphical or tabular form that can be printed to a 
printer or to a file for use in other programs. In using the program, you manage the File, Edit the 
model, and change the View, Define properties or load Patterns and cases, Draw something new 
in the model, Select that something, Assign properties or loads, Analyze the model, Display 
analysis results for checking, Design the structure, generate Detailing construction documents, 
apply various Options to achieve the desired outcome with optimum effort, and seek Help when 
you need it. Those actions are the basis for the program menu structure. Thus, familiarity with 
the Menu commands and their function are key to expanding the ability to use ETABS. 
Information about the various menu items is available using the Help menu > ETABS 
                    Help command as well as by using the F1 key when a form is displayed on the 
ETABS screen. The F1 key will display context sensitive help, including descriptions of the 
types of input for the forms used in the program. 
                    Familiarity with the menu commands will enable the user to create models for 
complex Composite Floor Framing Systems with Openings and Overhangs, Steel Joist Systems, 
Moment Resisting Frames, Complex Shear Wall Systems, Rigid and Flexible Floors, Sloped 
Roofs, Ramps and Parking Structures, Mezzanine Floors, Trussed Systems, Multiple Tower 
Buildings and Stepped Diaphragm Systems, and many more. 
                      Design manuals in .pdf format are available using the Help menu > Documentation 
command. Those manuals explain how the program performs steel frame design, concrete frame 



64

design, composite beam design, composite column design, steel joist design, and concrete shear 
wall design in accordance with applicable building codes. 

10.2 Areas of Application 

�� Analysis and design of building structures with a structural system consisting of beams, 
slabs, columns, shear walls and bracings. Different materials can be assigned to the 
structural elements within the same model such as steel, RC, composite or any other 
user-defined material 

�� Easy and automatic generation of gravity and lateral loads (seismic or wind loads) when 
compared with other FE general analysis programs. 

10.3 Advantages
 

�� Graphic input and editing for easy and fast model generation 
�� 3D generation of the model through plan views and elevations Fast model generation 

using the concept of Similar stories 
�� Easy editing through the Move, Merge, Mirror and Copy commands 
�� Accuracy in dimensions by using Snaps (end, perpendicular, middle etc.) 
�� Fast object creation with one click of the mouse 
�� Multiple viewing windows. 
�� 3D view with zoom and pan capability 

10.4 Basic process 

The following provides a broad overview of the basic modeling, analysis, Design and detailing 
processes: 

1. Select the Base Units and Design Codes 
2. Set up Grid Lines 
3. Define Story Levels 
4. Define Section Properties 
5. Draw Structural Objects 
6. Select Objects 
7. Assign Properties 
8. Define Load Patterns 
9. Assign Loads 
10. Define Load Cases 
11. Edit the Model Geometry 
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12. View the Model 
13. Analyse the Model 
14. Display Results for Checking 
15. Design the Model 
16. Generate Detail Documents 
17. Output Results and Reports 
18. Save the Model

CHAPTER-11
PUSHOVER ANALYSIS
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11.1BUILDING PERFORMANCE LEVEL

Building performance is the combined performance of both structural and non-structural 
components of the building. Different performance levels are used to describe the building 
performance using the pushover analyses, which are described below. 

11.1.1 Operational level (OL): 
As per this performance level building are expected to sustain no permanent damages. 
Structure retains original strength and stiffness. Major cracking is seen in partition walls and 
ceilings as well as in the structural elements. 

11.1.2 Immediate occupancy level (IO): 
Buildings meting this performance level are expected to sustain no drift and structure retains 
original strength and stiffness. Minor cracking in partition walls and structural elements is 
observed. Elevators can be restarted. Fire protection is operable. 

11.1.3 Life Safety Level (LS): 
This level is indicated when some residual strength and stiffness is left available in the 
structure. Gravity load bearing elements function, no out of plane failure of walls and 
tripping of parapet is seen. Some drift can be observed with some failure to the partition 
walls and the building is beyond economical repair. Among the non-structural elements 
failing hazard mitigates but many architectural and mechanical and mechanical systems get 
damaged. 

11.1.4 Collapse Prevention Level (CP): 
Buildings meeting this performance level are expected to have little residual strength and 
stiffness, but the load bearing structural elements function such as load bearing walls and 
columns. Building is expected to sustain large permanent drifts, failure of partitions infill and 
parapets and extensive damage to non-structural elements. At this level the building remains 
in collapse level.

                                   

11.2 Capacity Curve: 
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The plot between base shear and roof displacement is referred as capacity curve. Also, 
mentioned as pushover curve.

11.3 PLASTIC HINGE 
Location of inelastic action of the structural member is called as plastic hinge. 

11.3.1 Formation of Plastic Hinge: 
The maximum moments caused by the earthquake occur near the ends of the beams and 
columns, the plastic hinges are likely to form there and most ductility requirements apply to 
section near the junction. 

11.4 DESCRIPTION TO PUSHOVER ANALYSIS 
Federal Emergency Management Agency (FEMA) and Applied Technical Council (ATC) are 
the two agencies which formulated and suggested the Non-linear Static Analysis or Pushover 
Analysis under seismic rehabilitation programs and guidelines. This included documents 
FEMA-356, FEMA-273 and ATC-40. 

11.4.1 Introduction to FEMA-356 
The primary purpose of FEMA-356 document is to provide technically sound and nationally 
acceptable guidelines for the seismic rehabilitation of buildings. The guidelines for the 
seismic rehabilitation of the buildings are intended to serve as a ready tool for design 
professional for carrying out the design and analysis of the buildings, a reference document 
for the building regulatory officials and a foundation for the future development and 
implementation of the building code provisions and standards. 

11.4.2 Introduction to ATC-40 
Seismic evaluation and retrofit of concrete buildings commonly referred to as ATC-40 was 
developed by the Applied Technology Council (ATC) with funding from California Safety 
Commission. Although the procedures recommended in this document are for concrete 
buildings, they are applicable to most building types. 

11.5 TYPES OF PUSHOVER ANALYSIS 
Presently, there are two non-linear static analysis procedures available, one termed as the 
Displacement Coefficient Method (DCM), documented FEMA-356 and other the Capacity 
Spectrum Method (CSM) documented in ATC-40. Both methods depend on lateral load-
deformation variation obtained by non-linear static analysis under the gravity loading and 
idealized lateral loading due to the seismic action. This analysis is called Pushover Analysis. 

11.5.1 Capacity Spectrum Method 
Capacity Spectrum Method is a non-linear static analysis procedure which provides a 
graphical representation of the expected seismic performance of the structure by intersecting 
the structure’s capacity spectrum with the response spectrum (demand spectrum) of the 
earthquake. The intersection point is called as the performance point, and the displacement 
coordinate dp of the performance point is the estimated displacement demand on the 
structure for the specified level of seismic hazard. 
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11.5.2 Displacement Coefficient Method: 
Displacement Coefficient Method is a non-linear static analysis procedure which provides a 
numerical process for estimating the displacement demand on the structure, by using a 
bilinear representation of the capacity curve and a series of modification factors or 
coefficients to calculate a target displacement. The point on the capacity curve at the target 
displacement is the equivalent of the performance point in the capacity spectrum method.

11.6 The analysis of ETABS 
1. Modelling 
2. Static analysis 
3. Design 
4. Pushover analysis

11.7 PUSHOVER ANALYSIS: 
The procedure for pushover analysis is given below: 

11.7.1 Create the computational model 
�� Create the computational model, without pushover data, using conventional 

modelling techniques. 
�� Define properties for pushover hinges using Define > Section Properties > Hinge 

Properties. Hinges may be defined manually or by using one of several default 
specifications which are available. 

�� Assign the pushover hinges to selected frame objects using Assign > Frame > Hinges. 
�� Select Define > Load Patterns to define load patterns which will contain the loads 

applied  during pushover analysis. 
    
   11.7.2 Define a nonlinear static load case 

�� Select Define > Load Cases > Add New Load Case to define a nonlinear static load 
case which will apply the previously-defined load pattern. This load case may be 
force-controlled (pushed to a specified force level) or displacement-controlled 
(pushed to a specified displacement). 

�� Select Other Parameters > Results Saved to Multiple States such that various 
parameters may be plotted for each increment of applied loading. 

11.7.3 Run the analysis 
�� Select Analyse > Run Analysis to run the static-pushover analysis. 

11.7.4 Review results 
�� To view base shear vs. monitored displacement, select Display > Show Static 

Pushover Curve. Additional variables are also available for plotting. 
�� To plot hinge deformation vs. applied loading, select Display > Show Hinge Results. 

Moment as a function of plastic rotation is one such option. 
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�� To review displacement and the step-by-step sequence of hinge formation, select 
Display > Show Deformed Shape. 

�� To review member forces on a step-by-step basis, select Display > Show 
Forces/Stresses > Frames/Cables. 

�� Select Display > Show Plot Functions to plot response at each step of the pushover 
analysis, including joint displacement, frame member forces, etc. 

CHAPTER-12
PROCEDURE FOR ANALYSIS OF FRAMES (E-Tabs)

. 
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12.1 MEMBER PROPERTIES:
 

�� All the beams in the frame were sized to 0.23m X 0.40m 

�� All the columns in the frame were sized to 0.3m X 0.40m 

�� The slab of 0.12m thickness was taken for the analysis purpose and assigned to each 
floor. 

�� Default M3hinge was assigned to beams. 

�� Default P-M-M hinge was assigned to columns. 

�� Assign fixed support for columns

Figure 12.1- Plan and 3-D view of building

12.2 MEMBER LOADING: 
All the members were assigned the following loadings. 

�� Self Weight 

�� External Wall Load--- 12.58 KN/m 

�� Internal Wall Load--- 6.29 KN/m 
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�� Live Load                --- 3 KN/m @roof level
                                 --- 4.5 KN/m @floor level

�� Earth Quake Loading----- as per IS-code:1983-2002 

�� It was assumed that the wind force was not governing the frame efficiency. 

Figure 12.2-Live & Dead loads

12.3 PUSH OVER CASES: 

    Two pushover cases were defined for the analysis. 
�� Push-X also known as Gravity push which is done for gravity loading ( DL+LL) for 

which it is done in load defined pattern 
�� Push-Y also known as Gravity push which is done for gravity loading ( DL+LL) for 

which it is done in load defined pattern.

`12.4 PUSHOVER ANALYSIS STEPS:

�� Finalize/Design the Structural Members.
�� Then we will decide to push displacement value up to which we want to observe the 

behavior of structure .For example we will use here 300mm as our push Displacement. 
Consider the corner joint label of top floor for that displacement.
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�� Define Load Case: Convert Dead  load to Nonlinear Static Load Case so that program 
can use this case as the starting point for the Pushover.

�� Define>Load Case>Add New>Name-PAx>Type-NS>MassSource-MsSrc1 (as we 
defined before)>Initial Condition-Continue from State-Dead>Loads Applied-Add-Ltype-
Acceleration Ux-Factor1>Load Application>Displacement Control>Use Monitored 
Displacement>300mm at Joint 1>DOF>U1> Results Saved>Modify>Multiple Stage>

�� Same way Define PAy using Acceleration Uy direction

�� Assign Hinge Properties-Select All Beams>Assign>Frame>Hinges>AutoM3>Distance .1 
to 0.9 >Table Concrete Beam, V  Value from PAx.Similar way Assign Hinge for 
Column.Then select all beams & columns. Assign Hinge Over Wrights> This will 
discretize the members & can give better result.

�� Then Set the Load Cases to Run analysis. Linear Analysis is used to design the section 
sizes of the members & Nonlinear Analysis used to observe the Designed Structure’s 
behavior. So, Here we will run only Nonlinear Static analysis to observe proper structural 
behavior for defined Push Displacement.

�� After running analysis see deformed shape for Push along X direction & Y Direction and 
observe what hinges are forming>OL>IO>LS>CP>C>D>E.Display Pushover Curve- 1st 
Base Shear vs Displacement,(See how the base shear drops as the hinges forms & reach 
different stage) 

�� Display Hinge Result>Select Hinge>.

�� At the end the program has soften the drop in order to get convergence.

�� Lastly we can display Member force Diagram(SFD/BMD) for Pushover Analysis.

    

12.5 DISPLACEMENT RESULTS:
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Figure 12.3-Displacement Results

12.6 ASSAIGNING HINGES:
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Figure 12.4-Elevation view of Hinges
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Figure12.5-Plan view of Hinges
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Figure 12.6 3-D view of Hinges
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12.7 PUSHOVER DISPLACEMENTS:

Figure12.7-Push over displacement
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12.8 SHEAR FORCE AND BENDING MOMENT DIAGRAMES

Figure 12.8-Bendingmoment diagram
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Figure12.9-Shear force diagram
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12.9 HINGE RESULTS:

Figure 12.10-Hinge results for Push-X
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Figure 12.11-Hinge results for Push-Y
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CHAPTER-13
COMPARSION OF RESULTS WITH STAAD-PRO

             13.1DESIGN OF BEAM WORKED OUT BY STAAD-PRO
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13.2 DESIGN OF RECTANGULAR COLUMN WORKED OUT BY STAAD-PRO
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13.3 COMPARISION OF RESULTS

TABLE 13.1 COMPARISION OF MANUAL RESULTS WITH STAAD PRO

COLUMN NUMBER Manual(KN) STAADPro.v8i(KN) % VARIATION  

C3 1359.3 1390.1 2.28%
C1 774.6 797.4 2.94%
A6 443 453.63 2.40%

            It can be observed that the maximum percentage of variation is 3%.

TABLE 13.2 COMPARISION OF BASE SHEAR RESULTS WITH STAAD PRO

FLOOR NUMBER Manual(KN) STAADPro.v8i(KN) % VARIATION  

5 230.79 235.29 1.94%
4 325.91 330.41 2.04%
3 208.58 213.08 2.04%
2 117.32 121.82 2.04%
1 52.14 56.64 2.04%

GF 13.03 17.04 2.04%
TOTAL 947.77 978.64 3.25%
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                                                           CHAPTER-14

RESULTS IN E-TABS

14.1 BASE SHEAR VS MONITORED DISPLACEMENT FOR 
FRAME AND HINGE RESULTS

Table 14.1-Baseshear vs monitored displacement for Push-X
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Table 14.2-Baseshear vs monitored displacement for Push-Y
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14.2- SPECTRALACCELERATION V S TIMEPERIOD CURVES

Figure 14.1-Spectral acceleration vs Time period curves for Push-X
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                      Figure 14.2-Spectral acceleration vs Time period curves for Push-Y
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14.3 SPECTRALACCELERATION  V S SPECTRALDISPLACEMENT 
CURVES

Figure 14.3- spectral acceleration vs spectral displacement for Push-X
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Figure 14.4- spectral acceleration vs spectral displacement for Push-Y
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14.4-Sd VS Sa  TABLES

Table 14.3- Sd VS Sa table for Push-X

Table 14.4- Sd VS Sa table for Push-Y
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CHAPTER 15

                                                     CONCLUSION 

           15.1 TWO WAY SLAB

Overall Depth  =  120 mm
Reinforcement 10 mm Dia@ 300 mm c/c along shorter span
Reinforcement 8 mm Dia@ 300 mm c/c along longer span

           15.2 ONE WAY SLAB

Overall Depth  =  120 mm
Reinforcement 10 mm Dia@ 115 mm c/c along shorter span
Reinforcement 8 mm Dia@ 300 mm c/c along longer span

          15.3 DESIGN OF BEAM  

Dimensions of the beam =  230 x 400 mm
Reinforcement 4no. 20mm Dia@ 40mm c/c in compression zone
Reinforcement 4no. 8mm Dia@ 40mm c/c in tension zone

        15.4 RECTANGULAR COLUMN

Dimensions of the column = 300 x 400mm
Reinforcement 8no 25mm Diameter

       15.5 PUSHOVER ANALYSIS

    
�� The results concluded that the cross section of beam and column matters a lot in 

designing capacity-based design based on strong column weak beam concept which is 
systematically represented by the hinges formed during pushover analysis. 

�� The moment capacity ratio plays a major role in increasing the ductility of column 
and moment resistivity of column is increased as per the code guidelines. 

�� The frame follows mixed pattern in which nodes of column and beam shows hinge 
mechanism. 

�� With the increasing of storey height the performance point and displacement also 
increased which implies the need of shear walls for lowering the displacement and 
increasing the strength of building. 
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APPENDEX

ETABS Evaluation 64-bit 18.0.1 Build 2053 (Analysis Build 9752/64)
 File: C:\Users\GANESH CHANDU\Desktop\106LE\FINAL ANALYSIS.LOG

 B E G I N   A N A L Y S I S                                2020/04/10  13:51:54

 RUNNING ANALYSIS WITHIN THE GUI PROCESS
 USING THE ADVANCED SOLVER (PROVIDES LIMITED INSTABILITY 
INFORMATION)

 NUMBER OF JOINTS                                            =        4968
    WITH RESTRAINTS                                           =         174
    WITH MASS                                                        =           7
 NUMBER OF FRAME/TENDON ELEMENTS    =        4692
 NUMBER OF SHELL ELEMENTS                       =        2016
 NUMBER OF LINK/SUPPORT ELEMENTS       =        1800
 NUMBER OF CONSTRAINTS/WELDS              =           7
 NUMBER OF LOAD PATTERNS                        =           5
 NUMBER OF ACCELERATION LOADS            =           9
 NUMBER OF LOAD CASES                                =           5

 ADDRESSABLE PHYSICAL MEMORY (RAM)         =       7.864 GB

 PARALLELIZATION OF ANALYSIS OPERATIONS:
 (Env. variable SAPFIRE_NUM_THREADS                            =           0)
NUMBER OF THREADS: STATE (AUTOMATIC)                =           4
 NUMBER OF THREADS: STIFFNESS (AUTOMATIC)       =           4
 NUMBER OF THREADS: EVENT (AUTOMATIC)              =           4
 NUMBER OF THREADS: MOVE (AUTOMATIC)                =           4
 NUMBER OF THREADS: RESPONSE (AUTOMATIC)        =           4
 NUMBER OF THREADS: SOLVE (AUTOMATIC)               =           4
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 NUMBER OF THREADS: FORM (AUTOMATIC)                     =           4

 E L E M E N T   F O R M A T I O N                                      13:51:54

 NUMBER OF COUPLED CONSTRAINT EQUATIONS              =        3852
 REDUCTION OF CONSTRAINTS AND RESTRAINTS:
 NUMBER OF
   CONSTRAINT MASTER DOF BEFORE REDUCTION             =        2901
   COUPLED CONSTRAINT/RESTRAINT MASTER DOF           =        1440
   CONSTRAINT MASTER DOF AFTER REDUCTION                =        1461

 L I N E A R   E Q U A T I O N   S O L U T I O N                        13:51:56

 FORMING STIFFNESS AT ZERO (UNSTRESSED) INITIAL CONDITIONS

 TOTAL NUMBER OF EQUILIBRIUM EQUATIONS                  =       19620
 NUMBER OF NON-ZERO STIFFNESS TERMS                           =      245538

 ---------------------------------
 BASIC STABILITY CHECK FOR LINEAR LOAD CASES:
    NUMBER OF NEGATIVE STIFFNESS EIGENVALUES SHOULD BE ZERO 
FOR STABILITY.
    (NOTE: FURTHER CHECKS SHOULD BE CONSIDERED AS DEEMED 
NECESSARY,
     SUCH AS REVIEWING EIGEN MODES FOR MECHANISMS AND RIGID-
BODY MOTION)

    NUMBER OF NEGATIVE EIGENVALUES                              =           0,  OK.
 ---------------------------------

 L I N E A R   S T A T I C   C A S E S                                  13:51:57

 USING STIFFNESS AT ZERO (UNSTRESSED) INITIAL CONDITIONS

 TOTAL NUMBER OF CASES TO SOLVE                                     =           3
 NUMBER OF CASES TO SOLVE PER BLOCK                            =           3

 LINEAR STATIC CASES TO BE SOLVED:

 CASE: DEAD
 CASE: LIVE
 CASE: ~LLRF



96

 N O N L I N E A R   S T A T I C   A N A L Y S I S                      13:51:58

 CASE: PUSH X

 STARTING FROM ZERO (UNSTRESSED) INITIAL CONDITIONS

 LOAD CONTROL TYPE                                                    = DISPLACEMENT
 SAVE POSITIVE INCREMENTS ONLY                          =         YES
 TYPE OF GEOMETRIC NONLINEARITY                       =        NONE
 USE EVENT STEPPING                                                     =         YES
 USE ITERATION                                                                 =         YES
 USE LINE SEARCH                                                             =          NO
 EVENT LUMPING TOLERANCE                                      =    0.010000
 FORCE CONVERGENCE TOLERANCE (RELATIVE)    =    0.000100

 Negative iterations are Constant-Stiffness
 Positive iterations are Newton-Raphson

  Saved    Null   Total  Iteration   Relative  Curr Step   Curr Sum    Max Sum
  Steps   Steps   Steps  this Step  Unbalance       Size   of Steps   of Steps
 (  100      50     200     -10/40   1.000000   0.100000   1.000000   1.000000)

      1       0       1  Conv   -1   3.00E-07   0.050378   0.050378   0.050378
      2       0       2  Conv   -1   5.16E-07   0.034126   0.084504   0.084504
      2       0       3  Conv   -1   5.28E-07   0.001803   0.086307   0.086307
      2       0       4  Conv   -1   5.35E-07   0.001500   0.087807   0.087807
      2       0       5  Conv   -1   5.48E-07   0.002581   0.090388   0.090388
      2       0       6  Conv   -1   5.51E-07   0.001016   0.091405   0.091405
      2       0       7  Conv   -1   5.56E-07   0.001002   0.092407   0.092407
      2       0       8  Conv   -1   5.61E-07   0.001114   0.093521   0.093521
      2       0       9  Conv   -1   5.67E-07   0.001167   0.094688   0.094688
      2       0      10  Conv   -1   5.70E-07   0.000957   0.095645   0.095645
      2       0      11  Conv   -1   5.78E-07   0.002254   0.097900   0.097900
      2       0      12  Conv   -1   6.05E-07   0.008318   0.106217   0.106217
      2       0      13  Conv   -1   6.09E-07   0.001425   0.107643   0.107643
      2       0      14  Conv   -1   6.16E-07   0.002846   0.110489   0.110489
      2       0      15  Conv   -1   6.27E-07   0.003645   0.114134   0.114134
      2       0      16  Conv   -1   6.33E-07   0.001488   0.115622   0.115622
      2       0      17  Conv   -1   6.44E-07   0.003091   0.118713   0.118713
      2       0      18  Conv   -1   6.50E-07   0.002012   0.120725   0.120725
      2       0      19  Conv   -1   6.58E-07   0.002257   0.122981   0.122981
      2       0      20  Conv   -1   6.62E-07   0.001531   0.124512   0.124512
      2       0      21  Conv   -1   6.66E-07   0.001364   0.125877   0.125877
      2       0      22  Conv   -1   6.85E-07   0.005925   0.131802   0.131802
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      2       0      23  Conv   -1   6.95E-07   0.003415   0.135217   0.135217
      2       0      24  Conv   -1   7.05E-07   0.004129   0.139345   0.139345
      2       0      25  Conv   -1   7.13E-07   0.002472   0.141817   0.141817
      2       0      26  Conv   -1   7.18E-07   0.001646   0.143464   0.143464
      2       0      27  Conv   -1   7.34E-07   0.003306   0.146770   0.146770
      2       0      28  Conv   -1   7.50E-07   0.004021   0.150791   0.150791
      3       0      29  Conv   -1   7.79E-07   0.006592   0.157382   0.157382
      3       0      30  Conv   -1   8.06E-07   0.005529   0.162911   0.162911
      3       0      31  Conv   -1   8.52E-07   0.009938   0.172849   0.172849
      3       0      32  Conv   -1   8.67E-07   0.002449   0.175298   0.175298
      3       0      33  Conv   -1   8.82E-07   0.004996   0.180294   0.180294
      3       0      34  Conv   -1   0.181795   0.015987   0.196281   0.196281
      3       0      35  Conv   -1   0.253152   0.002245   0.198526   0.198526
      3       0      36  Conv   -1   0.346564   0.002908   0.201434   0.201434
      3       0      37  Conv   -1   0.634737   0.007315   0.208749   0.208749
      3       0      38         -1   1.276443   0.010099   0.208749   0.208749
      3       0      38  Conv   -2   0.123599   0.010099   0.218849   0.218849
      3       0      39  Conv   -1   0.328687   0.003723   0.222572   0.222572
      3       0      40  Conv   -1   0.575057   0.002359   0.224931   0.224931
      3       0      41  Conv   -1   0.789911   0.002322   0.227252   0.227252
      3       0      42         -1   1.685041   0.010786   0.227252   0.227252
      3       0      42  Conv   -2   0.182074   0.010786   0.238038   0.238038
      3       0      43  Conv   -1   0.573735   0.004423   0.242461   0.242461
      3       0      44         -1   4.928194   0.007713   0.242461   0.242461
      3       0      44         -2   1.285342   0.007713   0.242461   0.242461
      3       0      44  Conv   -3   0.352813   0.007713   0.250175   0.250175
      3       0      45         -1   2.649411   0.002904   0.250175   0.250175
      3       0      45  Conv   -2   0.606606   0.002904   0.253079   0.253079
      3       0      46         -1   5.700484   0.005849   0.253079   0.253079
      3       0      46         -2   1.517499   0.005849   0.253079   0.253079
      4       0      46  Conv   -3   0.462401   0.005849   0.258927   0.258927
      4       0      47         -1   4.821247   0.004068   0.258927   0.258927
      4       0      47         -2   1.280905   0.004068   0.258927   0.258927
      4       0      47  Conv   -3   0.449783   0.004068   0.262995   0.262995
      4       0      48         -1   4.525485   0.003959   0.262995   0.262995
      4       0      48         -2   1.183321   0.003959   0.262995   0.262995
      4       0      48  Conv   -3   0.444533   0.003959   0.266954   0.266954
      4       0      49         -1   5.593240   0.004252   0.266954   0.266954
      4       0      49         -2   1.648784   0.004252   0.266954   0.266954
      4       0      49  Conv   -3   0.647275   0.004252   0.271206   0.271206
      4       0      50         -1   3.988487   0.003570   0.271206   0.271206
      4       0      50         -2   1.062731   0.003570   0.271206   0.271206
      4       0      50  Conv   -3   0.463280   0.003570   0.274776   0.274776
      4       0      51         -1   7.990364   0.004464   0.274776   0.274776
      4       0      51         -2   2.669353   0.004464   0.274776   0.274776
      4       0      51  Conv   -3   0.931451   0.004464   0.279240   0.279240
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      4       0      52         -1   2.784467   0.002424   0.279240   0.279240
      4       0      52  Conv   -2   0.595488   0.002424   0.281664   0.281664
      4       0      53         -1   4.340925   0.003001   0.281664   0.281664
      4       0      53         -2   1.372500   0.003001   0.281664   0.281664
      4       0      53  Conv   -3   0.740109   0.003001   0.284665   0.284665
      4       0      54         -1  13.448964   0.005701   0.284665   0.284665
      4       0      54         -2   4.732021   0.005701   0.284665   0.284665
      4       0      54         -3  14.390771   0.005701   0.284665   0.284665
      4       0      54         -4 322.467225   0.005701   0.284665   0.284665
      4       0      54         -1   6.264612   0.002851   0.284665   0.284665
      4       0      54         -2   2.149504   0.002851   0.284665   0.284665
      4       0      54         -3   3.319138   0.002851   0.284665   0.284665
      4       0      54         -4 282.636130   0.002851   0.284665   0.284665
      4       0      54          1   6.264612   0.002851   0.284665   0.284665
      4       0      54          2  32.111843   0.002851   0.284665   0.284665
      4       0      54          3  14.492951   0.002851   0.284665   0.284665
      4       0      54          4  16.316340   0.002851   0.284665   0.284665
      4       0      54          5  53.551829   0.002851   0.284665   0.284665
      4       0      54          6  74.405800   0.002851   0.284665   0.284665
      4       0      54          7 376.366876   0.002851   0.284665   0.284665
      4       0      54          8 243.967431   0.002851   0.284665   0.284665
      4       0      54          9   1022.838   0.002851   0.284665   0.284665
      4       0      54         10   1295.215   0.002851   0.284665   0.284665
      4       0      54         11   1665.554   0.002851   0.284665   0.284665
      4       0      54         12   2471.024   0.002851   0.284665   0.284665
      4       0      54         13   3333.041   0.002851   0.284665   0.284665
      4       0      54         14  56098.159   0.002851   0.284665   0.284665
      4       1      55          1   2.950196   0.001425   0.284665   0.284665
      4       1      55          2  13.957935   0.001425   0.284665   0.284665
      4       1      55          3   6.202149   0.001425   0.284665   0.284665
      4       1      55          4   5.687787   0.001425   0.284665   0.284665
      4       1      55          5   8.372137   0.001425   0.284665   0.284665
      4       1      55          6  15.790429   0.001425   0.284665   0.284665
      4       1      55          7 308.451775   0.001425   0.284665   0.284665
      4       1      55          8 387.885877   0.001425   0.284665   0.284665
      4       1      55          9 397.142051   0.001425   0.284665   0.284665
      4       1      55         10 481.297194   0.001425   0.284665   0.284665
      4       1      55         11 493.568496   0.001425   0.284665   0.284665
      4       1      55         12 582.028706   0.001425   0.284665   0.284665
      4       1      55         13 632.736788   0.001425   0.284665   0.284665
      4       1      55         14 841.121111   0.001425   0.284665   0.284665
      4       1      55         15 859.701497   0.001425   0.284665   0.284665
      4       1      55         16 893.205903   0.001425   0.284665   0.284665
      4       1      55         17   1096.244   0.001425   0.284665   0.284665
      4       1      55         18   1034.559   0.001425   0.284665   0.284665
      4       1      55         19   1131.195   0.001425   0.284665   0.284665
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      4       1      55         20 912.012445   0.001425   0.284665   0.284665
      4       1      55         21 935.823526   0.001425   0.284665   0.284665
      4       1      55         22   1122.569   0.001425   0.284665   0.284665
      4       1      55         23   1021.973   0.001425   0.284665   0.284665
      4       1      55         24   1096.971   0.001425   0.284665   0.284665
      4       1      55         25   1084.450   0.001425   0.284665   0.284665
      4       1      55         26   1106.341   0.001425   0.284665   0.284665
      4       1      55         27   1097.799   0.001425   0.284665   0.284665
      4       1      55         28   1218.414   0.001425   0.284665   0.284665
      4       1      55         29   2412.483   0.001425   0.284665   0.284665
      4       2      56         -1   1.654524   0.000713   0.284665   0.284665
      4       2      56  Conv   -2   0.471516   0.000713   0.285378   0.285378
      4       2      57  Conv   -1   0.480912   2.01E-05   0.285398   0.285398
      4       2      58         -1   6.149627   0.002851   0.285398   0.285398
      4       2      58         -2   2.096588   0.002851   0.285398   0.285398
      4       2      58         -3  21.834412   0.002851   0.285398   0.285398
      4       2      58         -4 268.187638   0.002851   0.285398   0.285398
      4       2      58         -1   2.623348   0.001425   0.285398   0.285398
      4       2      58  Conv   -2   0.853980   0.001425   0.286823   0.286823
      4       2      59         -1   1.398866   0.000696   0.286823   0.286823
      4       2      59  Conv   -2   0.354746   0.000696   0.287519   0.287519
      4       2      60         -1  14.081274   0.005558   0.287519   0.287519
      4       2      60         -2   5.045444   0.005558   0.287519   0.287519
      4       2      60         -3  27.098691   0.005558   0.287519   0.287519
      4       2      60         -4 337.812168   0.005558   0.287519   0.287519
      4       2      60         -1   6.937597   0.002779   0.287519   0.287519
      4       2      60         -2   2.419190   0.002779   0.287519   0.287519
      4       2      60         -3  10.551491   0.002779   0.287519   0.287519
      4       2      60         -4 330.417370   0.002779   0.287519   0.287519
      4       2      60          1   6.937597   0.002779   0.287519   0.287519
      4       2      60          2  35.496773   0.002779   0.287519   0.287519
      4       2      60          3  15.395068   0.002779   0.287519   0.287519
      4       2      60          4  34.324827   0.002779   0.287519   0.287519
      4       2      60          5  82.092166   0.002779   0.287519   0.287519
      4       2      60          6 110.758783   0.002779   0.287519   0.287519
      4       2      60          7 401.459446   0.002779   0.287519   0.287519
      4       2      60          8 267.408554   0.002779   0.287519   0.287519
      4       2      60          9   1047.707   0.002779   0.287519   0.287519
      4       2      60         10   1447.263   0.002779   0.287519   0.287519
      4       2      60         11   1752.356   0.002779   0.287519   0.287519
      4       2      60         12   1720.600   0.002779   0.287519   0.287519
      4       2      60         13   2531.880   0.002779   0.287519   0.287519
      4       2      60         14  12412.623   0.002779   0.287519   0.287519
      4       2      60         15  28406.496   0.002779   0.287519   0.287519
      4       2      60         16  51905.804   0.002779   0.287519   0.287519
      4       2      60         17 2.1859E+09   0.002779   0.287519   0.287519
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      4       3      61          1   3.321543   0.001389   0.287519   0.287519
      4       3      61          2  16.971975   0.001389   0.287519   0.287519
      4       3      61          3   7.121873   0.001389   0.287519   0.287519
      4       3      61          4  17.063593   0.001389   0.287519   0.287519
      4       3      61          5  39.495950   0.001389   0.287519   0.287519
      4       3      61          6  49.466482   0.001389   0.287519   0.287519
      4       3      61          7 150.207423   0.001389   0.287519   0.287519
      4       3      61          8  27.145452   0.001389   0.287519   0.287519
      4       3      61          9 316.675294   0.001389   0.287519   0.287519
      4       3      61         10 590.409463   0.001389   0.287519   0.287519
      4       3      61         11 522.082354   0.001389   0.287519   0.287519
      4       3      61         12 731.632027   0.001389   0.287519   0.287519
      4       3      61         13 824.546862   0.001389   0.287519   0.287519
      4       3      61         14 786.135547   0.001389   0.287519   0.287519
      4       3      61         15   1099.062   0.001389   0.287519   0.287519
      4       3      61         16   2469.452   0.001389   0.287519   0.287519
      4       3      61         17   2498.118   0.001389   0.287519   0.287519
      4       3      61         18  10676.407   0.001389   0.287519   0.287519
      4       3      61         19   5050.478   0.001389   0.287519   0.287519
      4       3      61         20  55973.983   0.001389   0.287519   0.287519
      4       4      62         -1   1.575110   0.000695   0.287519   0.287519
      4       4      62  Conv   -2   0.523022   0.000695   0.288213   0.288213
      4       4      63  Conv   -1   0.669449   0.000215   0.288428   0.288428
      4       4      64         -1   7.245544   0.002779   0.288428   0.288428
      4       4      64         -2   2.605900   0.002779   0.288428   0.288428
      4       4      64         -3 163.381524   0.002779   0.288428   0.288428
      4       4      64         -4 581.617053   0.002779   0.288428   0.288428
      4       4      64         -1   3.620238   0.001389   0.288428   0.288428
      4       4      64         -2   1.391710   0.001389   0.288428   0.288428
      4       4      64         -3 163.319604   0.001389   0.288428   0.288428
      4       4      64         -4 630.412447   0.001389   0.288428   0.288428
      4       4      64          1   3.620238   0.001389   0.288428   0.288428
      4       4      64          2  18.192719   0.001389   0.288428   0.288428
      4       4      64          3   7.627946   0.001389   0.288428   0.288428
      4       4      64          4  77.703058   0.001389   0.288428   0.288428
      4       4      64          5  55.036853   0.001389   0.288428   0.288428
      4       4      64          6  69.384805   0.001389   0.288428   0.288428
      4       4      64          7 305.939698   0.001389   0.288428   0.288428
      4       4      64          8 526.437156   0.001389   0.288428   0.288428
      4       4      64          9 705.764829   0.001389   0.288428   0.288428
      4       4      64         10 819.328581   0.001389   0.288428   0.288428
      4       4      64         11 926.053740   0.001389   0.288428   0.288428
      4       4      64         12   1078.927   0.001389   0.288428   0.288428
      4       4      64         13 974.464651   0.001389   0.288428   0.288428
      4       4      64         14   1136.490   0.001389   0.288428   0.288428
      4       4      64         15   1147.145   0.001389   0.288428   0.288428
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      4       4      64         16   2438.016   0.001389   0.288428   0.288428
      4       4      64         17   3570.099   0.001389   0.288428   0.288428
      4       4      64         18   8434.182   0.001389   0.288428   0.288428
      4       4      64         19  13295.616   0.001389   0.288428   0.288428
      4       4      64         20 2.0972E+07   0.001389   0.288428   0.288428
      4       5      65          1   1.840757   0.000695   0.288428   0.288428
      4       5      65          2   8.791414   0.000695   0.288428   0.288428
      4       5      65          3   3.564448   0.000695   0.288428   0.288428
      4       5      65          4  43.454238   0.000695   0.288428   0.288428
      4       5      65          5  35.223696   0.000695   0.288428   0.288428
      4       5      65          6  43.708189   0.000695   0.288428   0.288428
      4       5      65          7 222.893889   0.000695   0.288428   0.288428
      4       5      65          8  82.126302   0.000695   0.288428   0.288428
      4       5      65          9 170.403553   0.000695   0.288428   0.288428
      4       5      65         10  47.334631   0.000695   0.288428   0.288428
      4       5      65         11 342.003527   0.000695   0.288428   0.288428
      4       5      65         12 567.317505   0.000695   0.288428   0.288428
      4       5      65         13 458.577983   0.000695   0.288428   0.288428
      4       5      65         14 594.298999   0.000695   0.288428   0.288428
      4       5      65         15 697.723111   0.000695   0.288428   0.288428
      4       5      65         16 787.114966   0.000695   0.288428   0.288428
      4       5      65         17 841.208177   0.000695   0.288428   0.288428
      4       5      65         18   2352.451   0.000695   0.288428   0.288428
      4       5      65         19   2605.807   0.000695   0.288428   0.288428
      4       5      65         20   5426.840   0.000695   0.288428   0.288428
      4       5      65         21   3100.224   0.000695   0.288428   0.288428
      4       5      65         22   4646.502   0.000695   0.288428   0.288428
      4       5      65         23   6290.695   0.000695   0.288428   0.288428
      4       5      65         24  12165.687   0.000695   0.288428   0.288428
      4       5      65         25  19442.950   0.000695   0.288428   0.288428
      4       5      65         26  37067.525   0.000695   0.288428   0.288428
      4       5      65         27 144793.291   0.000695   0.288428   0.288428
      4       6      66         -1   1.104011   0.000347   0.288428   0.288428
      4       6      66  Conv   -2   0.658708   0.000347   0.288776   0.288776
      4       6      67         -1   1.692267   0.000695   0.288776   0.288776
      4       6      67         -2   0.840293   0.000695   0.288776   0.288776
      4       6      67         -1   3.383587   0.001389   0.288776   0.288776
      4       6      67         -2   1.323143   0.001389   0.288776   0.288776
      4       6      67         -3   6.476853   0.001389   0.288776   0.288776
      4       6      67         -4 285.531046   0.001389   0.288776   0.288776
      4       6      67         -1   1.692267   0.000695   0.288776   0.288776
      4       6      67  Conv   -2   0.840293   0.000695   0.289471   0.289471
      4       6      68         -1   2.885305   0.001389   0.289471   0.289471
      4       6      68         -2   1.119536   0.001389   0.289471   0.289471
      4       6      68         -3   0.712626   0.001389   0.289471   0.289471
      4       6      68         -1   3.010164   0.001441   0.289471   0.289471
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      4       6      68         -2   1.160839   0.001441   0.289471   0.289471
      4       6      68  Conv   -3   0.728146   0.001441   0.290912   0.290912
      4       6      69         -1   3.285435   0.002044   0.290912   0.290912
      4       6      69         -2  75.710666   0.002044   0.290912   0.290912
      4       6      69         -3 138.370397   0.002044   0.290912   0.290912
      4       6      69         -4 302.743959   0.002044   0.290912   0.290912
      4       6      69         -1   1.364315   0.001022   0.290912   0.290912
      4       6      69         -2  75.701228   0.001022   0.290912   0.290912
      4       6      69         -3 190.232233   0.001022   0.290912   0.290912
      4       6      69         -4 419.219406   0.001022   0.290912   0.290912
      4       6      69          1   1.364315   0.001022   0.290912   0.290912
      4       6      69          2 163.266131   0.001022   0.290912   0.290912
      4       6      69          3 626.907781   0.001022   0.290912   0.290912
      4       6      69          4 677.775047   0.001022   0.290912   0.290912
      4       6      69          5 561.564555   0.001022   0.290912   0.290912
      4       6      69          6 775.570686   0.001022   0.290912   0.290912
      4       6      69          7 915.203430   0.001022   0.290912   0.290912
      4       6      69          8   1061.934   0.001022   0.290912   0.290912
      4       6      69          9 957.643923   0.001022   0.290912   0.290912
      4       6      69         10   1063.716   0.001022   0.290912   0.290912
      4       6      69         11   1059.514   0.001022   0.290912   0.290912
      4       6      69         12   1564.839   0.001022   0.290912   0.290912
      4       6      69         13   1146.625   0.001022   0.290912   0.290912
      4       6      69         14   1591.325   0.001022   0.290912   0.290912
      4       6      69         15  54675.333   0.001022   0.290912   0.290912
      4       7      70  Conv   -1   0.966192   0.000511   0.291423   0.291423
      4       7      71         -1   2.194727   0.001022   0.291423   0.291423
      4       7      71         -2 162.906882   0.001022   0.291423   0.291423
      4       7      71         -3 572.482916   0.001022   0.291423   0.291423
      4       7      71         -4 576.239103   0.001022   0.291423   0.291423
      4       7      71         -1   1.357978   0.000511   0.291423   0.291423
      4       7      71         -2 162.905901   0.000511   0.291423   0.291423
      4       7      71         -3 588.297947   0.000511   0.291423   0.291423
      4       7      71         -4 593.127417   0.000511   0.291423   0.291423
      4       7      71          1   1.357978   0.000511   0.291423   0.291423
      4       7      71          2 162.932536   0.000511   0.291423   0.291423
      4       7      71          3 631.667381   0.000511   0.291423   0.291423
      4       7      71          4 676.504398   0.000511   0.291423   0.291423
      4       7      71          5 598.208861   0.000511   0.291423   0.291423
      4       7      71          6 788.899919   0.000511   0.291423   0.291423
      4       7      71          7 956.277511   0.000511   0.291423   0.291423
      4       7      71          8 978.098549   0.000511   0.291423   0.291423
      4       7      71          9 928.006833   0.000511   0.291423   0.291423
      4       7      71         10 931.731014   0.000511   0.291423   0.291423
      4       7      71         11 945.510826   0.000511   0.291423   0.291423
      4       7      71         12   2051.707   0.000511   0.291423   0.291423
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      4       7      71         13   3093.711   0.000511   0.291423   0.291423
      4       7      71         14  55152.841   0.000511   0.291423   0.291423
      4       8      72          1   1.142876   0.000255   0.291423   0.291423
      4       8      72          2 162.909131   0.000255   0.291423   0.291423
      4       8      72          3 666.771147   0.000255   0.291423   0.291423
      4       8      72          4 671.950439   0.000255   0.291423   0.291423
      4       8      72          5 515.741640   0.000255   0.291423   0.291423
      4       8      72          6 754.613324   0.000255   0.291423   0.291423
      4       8      72          7 965.583676   0.000255   0.291423   0.291423
      4       8      72          8   1537.196   0.000255   0.291423   0.291423
      4       8      72          9   1133.432   0.000255   0.291423   0.291423
      4       8      72         10   1467.884   0.000255   0.291423   0.291423
      4       8      72         11   1862.298   0.000255   0.291423   0.291423
      4       8      72         12   1601.570   0.000255   0.291423   0.291423
      4       8      72         13   1436.791   0.000255   0.291423   0.291423
      4       8      72         14   1893.634   0.000255   0.291423   0.291423
      4       8      72         15   2900.234   0.000255   0.291423   0.291423
      4       8      72         16  16231.529   0.000255   0.291423   0.291423
      4       8      72         17  56668.247   0.000255   0.291423   0.291423
      4       8      72         18  53110.558   0.000255   0.291423   0.291423
      4       8      72         19  49162.047   0.000255   0.291423   0.291423
      4       8      72         20  58031.365   0.000255   0.291423   0.291423
      4       8      72         21 1.5689E+09   0.000255   0.291423   0.291423
      4       9      73          1   1.051122   0.000128   0.291423   0.291423
      4       9      73          2 162.906618   0.000128   0.291423   0.291423
      4       9      73          3 668.230431   0.000128   0.291423   0.291423
      4       9      73          4 674.104745   0.000128   0.291423   0.291423
      4       9      73          5 513.861348   0.000128   0.291423   0.291423
      4       9      73          6 765.379994   0.000128   0.291423   0.291423
      4       9      73          7 998.872212   0.000128   0.291423   0.291423
      4       9      73          8   1577.368   0.000128   0.291423   0.291423
      4       9      73          9   1136.350   0.000128   0.291423   0.291423
      4       9      73         10   1430.965   0.000128   0.291423   0.291423
      4       9      73         11   2218.931   0.000128   0.291423   0.291423
      4       9      73         12   2402.526   0.000128   0.291423   0.291423
      4       9      73         13   2754.444   0.000128   0.291423   0.291423
      4       9      73         14   2743.036   0.000128   0.291423   0.291423
      4       9      73         15   3290.992   0.000128   0.291423   0.291423
      4       9      73         16   3152.521   0.000128   0.291423   0.291423
      4       9      73         17   4505.197   0.000128   0.291423   0.291423
      4       9      73         18   5788.065   0.000128   0.291423   0.291423
      4       9      73         19  27806.232   0.000128   0.291423   0.291423
      4       9      73         20  89790.505   0.000128   0.291423   0.291423
      4       9      73         21 154330.266   0.000128   0.291423   0.291423
      4       9      73         22 3.8383E+07   0.000128   0.291423   0.291423
      4      10      74          1   1.007515   6.39E-05   0.291423   0.291423
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      4      10      74          2 162.905666   6.39E-05   0.291423   0.291423
      4      10      74          3 669.167307   6.39E-05   0.291423   0.291423
      4      10      74          4 674.950015   6.39E-05   0.291423   0.291423
      4      10      74          5 512.876687   6.39E-05   0.291423   0.291423
      4      10      74          6 754.949059   6.39E-05   0.291423   0.291423
      4      10      74          7 965.681556   6.39E-05   0.291423   0.291423
      4      10      74          8   1536.860   6.39E-05   0.291423   0.291423
      4      10      74          9   1106.699   6.39E-05   0.291423   0.291423
      4      10      74         10   1424.617   6.39E-05   0.291423   0.291423
      4      10      74         11   1790.173   6.39E-05   0.291423   0.291423
      4      10      74         12   1648.485   6.39E-05   0.291423   0.291423
      4      10      74         13   1457.783   6.39E-05   0.291423   0.291423
      4      10      74         14   1945.251   6.39E-05   0.291423   0.291423
      4      10      74         15   2882.900   6.39E-05   0.291423   0.291423
      4      10      74         16   5249.785   6.39E-05   0.291423   0.291423
      4      10      74         17  64932.378   6.39E-05   0.291423   0.291423
      4      11      75  Conv   -1   0.986368   3.19E-05   0.291455   0.291455
      4      11      76         -1   1.029076   6.39E-05   0.291455   0.291455
      4      11      76         -2 162.900475   6.39E-05   0.291455   0.291455
      4      11      76         -3 594.913458   6.39E-05   0.291455   0.291455
      4      11      76         -4 613.341490   6.39E-05   0.291455   0.291455
      4      11      76         -1   1.007482   3.19E-05   0.291455   0.291455
      4      11      76         -2 162.900466   3.19E-05   0.291455   0.291455
      4      11      76         -3 595.078195   3.19E-05   0.291455   0.291455
      4      11      76         -4 671.466488   3.19E-05   0.291455   0.291455
      4      11      76          1   1.007482   3.19E-05   0.291455   0.291455
      4      11      76          2 162.900468   3.19E-05   0.291455   0.291455
      4      11      76          3 669.356407   3.19E-05   0.291455   0.291455
      4      11      76          4 674.916726   3.19E-05   0.291455   0.291455
      4      11      76          5 513.032994   3.19E-05   0.291455   0.291455
      4      11      76          6 758.058931   3.19E-05   0.291455   0.291455
      4      11      76          7 931.459982   3.19E-05   0.291455   0.291455
      4      11      76          8   1533.000   3.19E-05   0.291455   0.291455
      4      11      76          9   1094.451   3.19E-05   0.291455   0.291455
      4      11      76         10   1554.994   3.19E-05   0.291455   0.291455
      4      11      76         11   2367.108   3.19E-05   0.291455   0.291455
      4      11      76         12   3616.588   3.19E-05   0.291455   0.291455
      4      11      76         13   4721.153   3.19E-05   0.291455   0.291455
      4      11      76         14   3743.831   3.19E-05   0.291455   0.291455
      4      11      76         15   4530.998   3.19E-05   0.291455   0.291455
      4      11      76         16   4138.648   3.19E-05   0.291455   0.291455
      4      11      76         17  17913.130   3.19E-05   0.291455   0.291455
      4      11      76         18 149726.071   3.19E-05   0.291455   0.291455
      4      12      77  Conv   -1   0.996851   1.60E-05   0.291471   0.291471
      4      12      78         -1   1.018200   3.19E-05   0.291471   0.291471
      4      12      78         -2 162.897872   3.19E-05   0.291471   0.291471
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      4      12      78         -3 595.071873   3.19E-05   0.291471   0.291471
      4      12      78         -4 671.481338   3.19E-05   0.291471   0.291471
      4      12      78         -1   1.007462   1.60E-05   0.291471   0.291471
      4      12      78         -2 162.897876   1.60E-05   0.291471   0.291471
      4      12      78         -3 595.156108   1.60E-05   0.291471   0.291471
      4      12      78         -4 675.670230   1.60E-05   0.291471   0.291471
      4      12      78          1   1.007462   1.60E-05   0.291471   0.291471
      4      12      78          2 162.897878   1.60E-05   0.291471   0.291471
      4      12      78          3 669.423873   1.60E-05   0.291471   0.291471
      4      12      78          4 674.944324   1.60E-05   0.291471   0.291471
      4      12      78          5 513.285354   1.60E-05   0.291471   0.291471
      4      12      78          6 709.446594   1.60E-05   0.291471   0.291471
      4      12      78          7 996.606126   1.60E-05   0.291471   0.291471
      4      12      78          8   1450.829   1.60E-05   0.291471   0.291471
      4      12      78          9   1120.555   1.60E-05   0.291471   0.291471
      4      12      78         10   1400.234   1.60E-05   0.291471   0.291471
      4      12      78         11  71330.211   1.60E-05   0.291471   0.291471
      4      13      79          1   1.002134   7.98E-06   0.291471   0.291471
      4      13      79          2 162.897895   7.98E-06   0.291471   0.291471
      4      13      79          3 669.123698   7.98E-06   0.291471   0.291471
      4      13      79          4 673.443718   7.98E-06   0.291471   0.291471
      4      13      79          5 506.091195   7.98E-06   0.291471   0.291471
      4      13      79          6 702.844068   7.98E-06   0.291471   0.291471
      4      13      79          7 830.296061   7.98E-06   0.291471   0.291471
      4      13      79          8   1382.881   7.98E-06   0.291471   0.291471
      4      13      79          9 938.327496   7.98E-06   0.291471   0.291471
      4      13      79         10   1105.574   7.98E-06   0.291471   0.291471
      4      13      79         11   1424.437   7.98E-06   0.291471   0.291471
      4      13      79         12   1215.100   7.98E-06   0.291471   0.291471
      4      13      79         13   1582.822   7.98E-06   0.291471   0.291471
      4      13      79         14   1891.491   7.98E-06   0.291471   0.291471
      4      13      79         15   1259.174   7.98E-06   0.291471   0.291471
      4      13      79         16   1550.170   7.98E-06   0.291471   0.291471
      4      13      79         17   2170.037   7.98E-06   0.291471   0.291471
      4      13      79         18   2462.288   7.98E-06   0.291471   0.291471
      4      13      79         19   2365.351   7.98E-06   0.291471   0.291471
      4      13      79         20   1932.694   7.98E-06   0.291471   0.291471
      4      13      79         21   1828.079   7.98E-06   0.291471   0.291471
      4      13      79         22   3630.652   7.98E-06   0.291471   0.291471
      4      13      79         23  15129.954   7.98E-06   0.291471   0.291471
      4      14      80  Conv   -1   0.999461   3.99E-06   0.291475   0.291475
      4      14      81         -1   1.004792   7.98E-06   0.291475   0.291475
      4      14      81         -2 162.897245   7.98E-06   0.291475   0.291475
      4      14      81         -3 595.196689   7.98E-06   0.291475   0.291475
      4      14      81         -4 819.609502   7.98E-06   0.291475   0.291475
      4      14      81          1   1.002131   3.99E-06   0.291475   0.291475
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      4      14      81          2 162.897328   3.99E-06   0.291475   0.291475
      4      14      81          3 670.502034   3.99E-06   0.291475   0.291475
      4      14      81          4 674.315819   3.99E-06   0.291475   0.291475
      4      14      81          5 513.215572   3.99E-06   0.291475   0.291475
      4      14      81          6 780.003506   3.99E-06   0.291475   0.291475
      4      14      81          7 927.998041   3.99E-06   0.291475   0.291475
      4      14      81          8   1532.347   3.99E-06   0.291475   0.291475
      4      14      81          9   1102.821   3.99E-06   0.291475   0.291475
      4      14      81         10   1514.279   3.99E-06   0.291475   0.291475
      4      14      81         11   2123.280   3.99E-06   0.291475   0.291475
      4      14      81         12   2309.657   3.99E-06   0.291475   0.291475
      4      14      81         13   1970.489   3.99E-06   0.291475   0.291475
      4      14      81         14   2723.671   3.99E-06   0.291475   0.291475
      4      14      81         15   2950.861   3.99E-06   0.291475   0.291475
      4      14      81         16   3227.994   3.99E-06   0.291475   0.291475
      4      14      81         17   3957.626   3.99E-06   0.291475   0.291475
      4      14      81         18   6238.270   3.99E-06   0.291475   0.291475
      4      14      81         19   9965.280   3.99E-06   0.291475   0.291475
      4      14      81         20  38076.626   3.99E-06   0.291475   0.291475
      4      14      81         21  68776.653   3.99E-06   0.291475   0.291475
      4      14      81         22 143875.520   3.99E-06   0.291475   0.291475
      4      14      81         23 992713.065   3.99E-06   0.291475   0.291475
      4      15      82         -1   1.000787   2.00E-06   0.291475   0.291475
      4      15      82         -2 162.897421   2.00E-06   0.291475   0.291475
      4      15      82         -3 595.174919   2.00E-06   0.291475   0.291475
      4      15      82         -4   1941.036   2.00E-06   0.291475   0.291475
      4      15      82          1   1.000787   2.00E-06   0.291475   0.291475
      4      15      82          2 162.897421   2.00E-06   0.291475   0.291475
      4      15      82          3 670.527119   2.00E-06   0.291475   0.291475
      4      15      82          4 674.319305   2.00E-06   0.291475   0.291475
      4      15      82          5 513.203303   2.00E-06   0.291475   0.291475
      4      15      82          6 780.199724   2.00E-06   0.291475   0.291475
      4      15      82          7 926.665297   2.00E-06   0.291475   0.291475
      4      15      82          8   1532.560   2.00E-06   0.291475   0.291475
      4      15      82          9   1102.634   2.00E-06   0.291475   0.291475
      4      15      82         10   1462.095   2.00E-06   0.291475   0.291475
      4      15      82         11   2056.590   2.00E-06   0.291475   0.291475
      4      15      82         12   2356.674   2.00E-06   0.291475   0.291475
      4      15      82         13   3396.620   2.00E-06   0.291475   0.291475
      4      15      82         14   8870.397   2.00E-06   0.291475   0.291475
      4      15      82         15   3734.239   2.00E-06   0.291475   0.291475
      4      15      82         16   4052.949   2.00E-06   0.291475   0.291475
      4      15      82         17  26809.556   2.00E-06   0.291475   0.291475
      4      15      82         18  27869.473   2.00E-06   0.291475   0.291475
      4      15      82         19  90059.330   2.00E-06   0.291475   0.291475
      4      15      82         20  95018.922   2.00E-06   0.291475   0.291475
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      4      15      82         21 2.1511E+07   2.00E-06   0.291475   0.291475
      4      16      83          1   1.000115   9.98E-07   0.291475   0.291475
      4      16      83          2 162.897484   9.98E-07   0.291475   0.291475
      4      16      83          3 670.538728   9.98E-07   0.291475   0.291475
      4      16      83          4 674.330749   9.98E-07   0.291475   0.291475
      4      16      83          5 513.209355   9.98E-07   0.291475   0.291475
      4      16      83          6 780.133165   9.98E-07   0.291475   0.291475
      4      16      83          7 927.165036   9.98E-07   0.291475   0.291475
      4      16      83          8   1533.020   9.98E-07   0.291475   0.291475
      4      16      83          9   1105.104   9.98E-07   0.291475   0.291475
      4      16      83         10   1611.240   9.98E-07   0.291475   0.291475
      4      16      83         11   2479.359   9.98E-07   0.291475   0.291475
      4      16      83         12   3175.908   9.98E-07   0.291475   0.291475
      4      16      83         13   3087.566   9.98E-07   0.291475   0.291475
      4      16      83         14   2930.563   9.98E-07   0.291475   0.291475
      4      16      83         15   2302.011   9.98E-07   0.291475   0.291475
      4      16      83         16   3598.583   9.98E-07   0.291475   0.291475
      4      16      83         17  11312.991   9.98E-07   0.291475   0.291475
      4      16      83         18  17872.040   9.98E-07   0.291475   0.291475
      4      16      83         19  71881.392   9.98E-07   0.291475   0.291475
      4      16      83         20 102624.286   9.98E-07   0.291475   0.291475
      4      16      83         21  76020.372   9.98E-07   0.291475   0.291475
      4      16      83         22 5.9312E+08   9.98E-07   0.291475   0.291475
      4      17      84  Conv   -1   0.999776   4.99E-07   0.291475   0.291475
      4      17      85         -1   1.000456   9.98E-07   0.291475   0.291475
      4      17      85         -2 162.897403   9.98E-07   0.291475   0.291475
      4      17      85         -3 595.172289   9.98E-07   0.291475   0.291475
      4      17      85         -4   2075.626   9.98E-07   0.291475   0.291475
      4      17      85          1   1.000115   4.99E-07   0.291475   0.291475
      4      17      85          2 162.897439   4.99E-07   0.291475   0.291475
      4      17      85          3 670.544248   4.99E-07   0.291475   0.291475
      4      17      85          4 674.338268   4.99E-07   0.291475   0.291475
      4      17      85          5 513.217007   4.99E-07   0.291475   0.291475
      4      17      85          6 780.093119   4.99E-07   0.291475   0.291475
      4      17      85          7 927.011814   4.99E-07   0.291475   0.291475
      4      17      85          8   1532.481   4.99E-07   0.291475   0.291475
      4      17      85          9   1103.241   4.99E-07   0.291475   0.291475
      4      17      85         10   1476.592   4.99E-07   0.291475   0.291475
      4      17      85         11   2134.124   4.99E-07   0.291475   0.291475
      4      17      85         12   2605.311   4.99E-07   0.291475   0.291475
      4      17      85         13  12759.568   4.99E-07   0.291475   0.291475
      4      17      85         14   2326.411   4.99E-07   0.291475   0.291475
      4      17      85         15   2739.639   4.99E-07   0.291475   0.291475
      4      17      85         16  11110.842   4.99E-07   0.291475   0.291475
      4      17      85         17  22575.855   4.99E-07   0.291475   0.291475
      4      17      85         18  88549.718   4.99E-07   0.291475   0.291475
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      4      17      85         19 2.2486E+09   4.99E-07   0.291475   0.291475
      4      18      86  Conv   -1   0.999946   2.49E-07   0.291476   0.291476
      4      18      87         -1   1.000271   4.99E-07   0.291476   0.291476
      4      18      87         -2 162.897399   4.99E-07   0.291476   0.291476
      4      18      87         -3 595.172100   4.99E-07   0.291476   0.291476
      4      18      87         -4   2132.243   4.99E-07   0.291476   0.291476
      4      18      87          1   1.000110   2.49E-07   0.291476   0.291476
      4      18      87          2 162.897418   2.49E-07   0.291476   0.291476
      4      18      87          3 670.546999   2.49E-07   0.291476   0.291476
      4      18      87          4 674.349980   2.49E-07   0.291476   0.291476
      4      18      87          5 513.499026   2.49E-07   0.291476   0.291476
      4      18      87          6 780.021923   2.49E-07   0.291476   0.291476
      4      18      87          7 931.863733   2.49E-07   0.291476   0.291476
      4      18      87          8   1556.014   2.49E-07   0.291476   0.291476
      4      18      87          9   1132.447   2.49E-07   0.291476   0.291476
      4      18      87         10   1417.271   2.49E-07   0.291476   0.291476
      4      18      87         11   1866.732   2.49E-07   0.291476   0.291476
      4      18      87         12   1667.431   2.49E-07   0.291476   0.291476
      4      18      87         13   1333.690   2.49E-07   0.291476   0.291476
      4      18      87         14   1525.184   2.49E-07   0.291476   0.291476
      4      18      87         15   1306.184   2.49E-07   0.291476   0.291476
      4      18      87         16   1487.531   2.49E-07   0.291476   0.291476
      4      18      87         17   2713.236   2.49E-07   0.291476   0.291476
      4      18      87         18  34802.081   2.49E-07   0.291476   0.291476
      4      19      88  Conv   -1   0.999951   1.25E-07   0.291476   0.291476
      4      19      89         -1   1.000188   2.49E-07   0.291476   0.291476
      4      19      89         -2 162.897396   2.49E-07   0.291476   0.291476
      4      19      89         -3 595.171778   2.49E-07   0.291476   0.291476
      4      19      89         -4   2158.304   2.49E-07   0.291476   0.291476
      4      19      89         -1   1.000109   1.25E-07   0.291476   0.291476
      4      19      89         -2 162.897408   1.25E-07   0.291476   0.291476
      4      19      89         -3 595.171715   1.25E-07   0.291476   0.291476
      4      19      89         -4   2170.514   1.25E-07   0.291476   0.291476
      4      19      89          1   1.000109   1.25E-07   0.291476   0.291476
      4      19      89          2 162.897407   1.25E-07   0.291476   0.291476
      4      19      89          3 670.548375   1.25E-07   0.291476   0.291476
      4      19      89          4 674.355341   1.25E-07   0.291476   0.291476
      4      19      89          5 513.243495   1.25E-07   0.291476   0.291476
      4      19      89          6 780.010372   1.25E-07   0.291476   0.291476
      4      19      89          7 928.332747   1.25E-07   0.291476   0.291476
      4      19      89          8   1536.306   1.25E-07   0.291476   0.291476
      4      19      89          9   1101.861   1.25E-07   0.291476   0.291476
      4      19      89         10   1533.178   1.25E-07   0.291476   0.291476
      4      19      89         11   2123.730   1.25E-07   0.291476   0.291476
      4      19      89         12   2633.419   1.25E-07   0.291476   0.291476
      4      19      89         13  12984.500   1.25E-07   0.291476   0.291476
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      4      19      89         14   2246.099   1.25E-07   0.291476   0.291476
      4      19      89         15  51774.797   1.25E-07   0.291476   0.291476
      4      19      89         16 1.5626E+08   1.25E-07   0.291476   0.291476
      4      20      90          1   1.000045   6.24E-08   0.291476   0.291476
      4      20      90          2 162.897413   6.24E-08   0.291476   0.291476
      4      20      90          3 670.549084   6.24E-08   0.291476   0.291476
      4      20      90          4 674.357531   6.24E-08   0.291476   0.291476
      4      20      90          5 513.246448   6.24E-08   0.291476   0.291476
      4      20      90          6 780.001293   6.24E-08   0.291476   0.291476
      4      20      90          7 927.651111   6.24E-08   0.291476   0.291476
      4      20      90          8   1532.561   6.24E-08   0.291476   0.291476
      4      20      90          9   1103.444   6.24E-08   0.291476   0.291476
      4      20      90         10   1533.970   6.24E-08   0.291476   0.291476
      4      20      90         11   2148.111   6.24E-08   0.291476   0.291476
      4      20      90         12   2644.130   6.24E-08   0.291476   0.291476
      4      20      90         13  13023.189   6.24E-08   0.291476   0.291476
      4      20      90         14   2276.147   6.24E-08   0.291476   0.291476
      4      20      90         15   2779.234   6.24E-08   0.291476   0.291476
      4      20      90         16  11166.334   6.24E-08   0.291476   0.291476
      4      20      90         17  23993.119   6.24E-08   0.291476   0.291476
      4      20      90         18  32467.319   6.24E-08   0.291476   0.291476
      4      20      90         19 2.3277E+09   6.24E-08   0.291476   0.291476
      4      21      91          1   1.000005   3.12E-08   0.291476   0.291476
      4      21      91          2 162.897415   3.12E-08   0.291476   0.291476
      4      21      91          3 670.549439   3.12E-08   0.291476   0.291476
      4      21      91          4 674.357588   3.12E-08   0.291476   0.291476
      4      21      91          5 513.246418   3.12E-08   0.291476   0.291476
      4      21      91          6 780.001327   3.12E-08   0.291476   0.291476
      4      21      91          7 927.648101   3.12E-08   0.291476   0.291476
      4      21      91          8   1532.562   3.12E-08   0.291476   0.291476
      4      21      91          9   1103.443   3.12E-08   0.291476   0.291476
      4      21      91         10   1522.949   3.12E-08   0.291476   0.291476
      4      21      91         11   2137.439   3.12E-08   0.291476   0.291476
      4      21      91         12   2636.671   3.12E-08   0.291476   0.291476
      4      21      91         13  13044.184   3.12E-08   0.291476   0.291476
      4      21      91         14   2316.625   3.12E-08   0.291476   0.291476
      4      21      91         15  51724.222   3.12E-08   0.291476   0.291476
      4      21      91         16   3442.882   3.12E-08   0.291476   0.291476
      4      21      91         17   3947.536   3.12E-08   0.291476   0.291476
      4      21      91         18  11795.748   3.12E-08   0.291476   0.291476
      4      21      91         19  20996.320   3.12E-08   0.291476   0.291476
      4      21      91         20 320618.594   3.12E-08   0.291476   0.291476
      4      22      92  Conv   -1   0.999999   1.56E-08   0.291476   0.291476
      4      22      93         -1   0.999999   3.12E-08   0.291476   0.291476
      4      22      93         -1   1.000044   6.24E-08   0.291476   0.291476
      4      22      93         -2 162.897410   6.24E-08   0.291476   0.291476
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      4      22      93         -3 595.171738   6.24E-08   0.291476   0.291476
      4      22      93         -4   2176.723   6.24E-08   0.291476   0.291476
      4      22      93  Conv   -1   0.999999   3.12E-08   0.291476   0.291476
      4      22      94         -1   1.000067   6.24E-08   0.291476   0.291476
      4      22      94         -2 162.897405   6.24E-08   0.291476   0.291476
      4      22      94         -3 595.171721   6.24E-08   0.291476   0.291476
      4      22      94         -4   2176.784   6.24E-08   0.291476   0.291476
      4      22      94          1   1.000044   3.12E-08   0.291476   0.291476
      4      22      94          2 162.897407   3.12E-08   0.291476   0.291476
      4      22      94          3 670.549422   3.12E-08   0.291476   0.291476
      4      22      94          4 674.357565   3.12E-08   0.291476   0.291476
      4      22      94          5 513.246414   3.12E-08   0.291476   0.291476
      4      22      94          6 780.001156   3.12E-08   0.291476   0.291476
      4      22      94          7 927.649890   3.12E-08   0.291476   0.291476
      4      22      94          8   1532.562   3.12E-08   0.291476   0.291476
      4      22      94          9   1103.445   3.12E-08   0.291476   0.291476
      4      22      94         10   1533.804   3.12E-08   0.291476   0.291476
      4      22      94         11   2149.012   3.12E-08   0.291476   0.291476
      4      22      94         12   2644.189   3.12E-08   0.291476   0.291476
      4      22      94         13  13023.192   3.12E-08   0.291476   0.291476
      4      22      94         14   2249.525   3.12E-08   0.291476   0.291476
      4      22      94         15  51752.964   3.12E-08   0.291476   0.291476
      4      22      94         16   3070.015   3.12E-08   0.291476   0.291476
      4      22      94         17 2.0034E+07   3.12E-08   0.291476   0.291476
      4      23      95          1   1.000029   1.56E-08   0.291476   0.291476
      4      23      95          2 162.897409   1.56E-08   0.291476   0.291476
      4      23      95          3 670.549600   1.56E-08   0.291476   0.291476
      4      23      95          4 674.357594   1.56E-08   0.291476   0.291476
      4      23      95          5 513.246402   1.56E-08   0.291476   0.291476
      4      23      95          6 785.668687   1.56E-08   0.291476   0.291476
      4      23      95          7 927.749306   1.56E-08   0.291476   0.291476
      4      23      95          8   1535.492   1.56E-08   0.291476   0.291476
      4      23      95          9   1105.559   1.56E-08   0.291476   0.291476
      4      23      95         10   1635.943   1.56E-08   0.291476   0.291476
      4      23      95         11   2120.704   1.56E-08   0.291476   0.291476
      4      23      95         12   2734.527   1.56E-08   0.291476   0.291476
      4      23      95         13  13022.009   1.56E-08   0.291476   0.291476
      4      23      95         14   2324.606   1.56E-08   0.291476   0.291476
      4      23      95         15  51709.231   1.56E-08   0.291476   0.291476
      4      23      95         16   3311.789   1.56E-08   0.291476   0.291476
      4      23      95         17   3555.305   1.56E-08   0.291476   0.291476
      4      23      95         18   4926.628   1.56E-08   0.291476   0.291476
      4      23      95         19 2.4054E+09   1.56E-08   0.291476   0.291476
      4      24      96          1   1.000028   7.80E-09   0.291476   0.291476
      4      24      96          2 162.897410   7.80E-09   0.291476   0.291476
      4      24      96          3 670.549689   7.80E-09   0.291476   0.291476
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      4      24      96          4 674.357609   7.80E-09   0.291476   0.291476
      4      24      96          5 513.246391   7.80E-09   0.291476   0.291476
      4      24      96          6 780.001133   7.80E-09   0.291476   0.291476
      4      24      96          7 927.648383   7.80E-09   0.291476   0.291476
      4      24      96          8   1532.563   7.80E-09   0.291476   0.291476
      4      24      96          9   1103.442   7.80E-09   0.291476   0.291476
      4      24      96         10   1523.036   7.80E-09   0.291476   0.291476
      4      24      96         11   2141.659   7.80E-09   0.291476   0.291476
      4      24      96         12   2628.374   7.80E-09   0.291476   0.291476
      4      24      96         13  13013.794   7.80E-09   0.291476   0.291476
      4      24      96         14   2243.375   7.80E-09   0.291476   0.291476
      4      24      96         15 1.7226E+06   7.80E-09   0.291476   0.291476
      4      25      97          1   1.000013   3.90E-09   0.291476   0.291476
      4      25      97          2 162.897410   3.90E-09   0.291476   0.291476
      4      25      97          3 670.549732   3.90E-09   0.291476   0.291476
      4      25      97          4 674.357616   3.90E-09   0.291476   0.291476
      4      25      97          5 513.246384   3.90E-09   0.291476   0.291476
      4      25      97          6 780.001067   3.90E-09   0.291476   0.291476
      4      25      97          7 927.652461   3.90E-09   0.291476   0.291476
      4      25      97          8   1532.563   3.90E-09   0.291476   0.291476
      4      25      97          9   1103.443   3.90E-09   0.291476   0.291476
      4      25      97         10   1522.985   3.90E-09   0.291476   0.291476
      4      25      97         11   2143.471   3.90E-09   0.291476   0.291476
      4      25      97         12   2628.187   3.90E-09   0.291476   0.291476
      4      25      97         13  13013.885   3.90E-09   0.291476   0.291476
      4      25      97         14   2239.854   3.90E-09   0.291476   0.291476
      4      25      97         15  51775.203   3.90E-09   0.291476   0.291476
      4      25      97         16   3478.008   3.90E-09   0.291476   0.291476
      4      25      97         17  70946.267   3.90E-09   0.291476   0.291476
      4      25      97         18  11809.318   3.90E-09   0.291476   0.291476
      4      25      97         19  43126.996   3.90E-09   0.291476   0.291476
      4      25      97         20  58210.359   3.90E-09   0.291476   0.291476
      4      25      97         21 7.6206E+07   3.90E-09   0.291476   0.291476
      4      26      98  Conv   -1   0.999999   1.95E-09   0.291476   0.291476
      4      26      99         -1   1.000014   3.90E-09   0.291476   0.291476
      4      26      99         -2 162.897410   3.90E-09   0.291476   0.291476
      4      26      99         -3 595.171757   3.90E-09   0.291476   0.291476
      4      26      99         -4   2182.338   3.90E-09   0.291476   0.291476
      4      26      99          1   1.000013   1.95E-09   0.291476   0.291476
      4      26      99          2 162.897410   1.95E-09   0.291476   0.291476
      4      26      99          3 670.549754   1.95E-09   0.291476   0.291476
      4      26      99          4 674.357618   1.95E-09   0.291476   0.291476
      4      26      99          5 513.246399   1.95E-09   0.291476   0.291476
      4      26      99          6 780.001042   1.95E-09   0.291476   0.291476
      4      26      99          7 927.652106   1.95E-09   0.291476   0.291476
      4      26      99          8   1532.563   1.95E-09   0.291476   0.291476
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      4      26      99          9   1103.443   1.95E-09   0.291476   0.291476
      4      26      99         10   1523.008   1.95E-09   0.291476   0.291476
      4      26      99         11   2142.851   1.95E-09   0.291476   0.291476
      4      26      99         12   2628.274   1.95E-09   0.291476   0.291476
      4      26      99         13  13012.238   1.95E-09   0.291476   0.291476
      4      26      99         14   2239.518   1.95E-09   0.291476   0.291476
      4      26      99         15  51777.954   1.95E-09   0.291476   0.291476
      4      26      99         16   3281.932   1.95E-09   0.291476   0.291476
      4      26      99         17   4435.813   1.95E-09   0.291476   0.291476
      4      26      99         18 5.0696E+08   1.95E-09   0.291476   0.291476
      4      27     100          1   1.000013   9.75E-10   0.291476   0.291476
      4      27     100          2 162.897410   9.75E-10   0.291476   0.291476
      4      27     100          3 670.549765   9.75E-10   0.291476   0.291476
      4      27     100          4 674.357620   9.75E-10   0.291476   0.291476
      4      27     100          5 513.246386   9.75E-10   0.291476   0.291476
      4      27     100          6 780.001082   9.75E-10   0.291476   0.291476
      4      27     100          7 927.652984   9.75E-10   0.291476   0.291476
      4      27     100          8   1532.563   9.75E-10   0.291476   0.291476
      4      27     100          9   1103.467   9.75E-10   0.291476   0.291476
      4      27     100         10   1523.198   9.75E-10   0.291476   0.291476
      4      27     100         11   2144.417   9.75E-10   0.291476   0.291476
      4      27     100         12   2628.589   9.75E-10   0.291476   0.291476
      4      27     100         13  13013.882   9.75E-10   0.291476   0.291476
      4      27     100         14   2243.643   9.75E-10   0.291476   0.291476
      4      27     100         15  51778.004   9.75E-10   0.291476   0.291476
      4      27     100         16 7.6959E+08   9.75E-10   0.291476   0.291476
      4      28     101         -1   1.000013   4.87E-10   0.291476   0.291476
      4      28     101         -2 162.897410   4.87E-10   0.291476   0.291476
      4      28     101         -3 595.171759   4.87E-10   0.291476   0.291476
      4      28     101         -4   2182.668   4.87E-10   0.291476   0.291476
      4      28     101          1   1.000013   4.87E-10   0.291476   0.291476
      4      28     101          2 162.897410   4.87E-10   0.291476   0.291476
      4      28     101          3 670.549770   4.87E-10   0.291476   0.291476
      4      28     101          4 674.357621   4.87E-10   0.291476   0.291476
      4      28     101          5 513.246386   4.87E-10   0.291476   0.291476
      4      28     101          6 780.001106   4.87E-10   0.291476   0.291476
      4      28     101          7 927.648539   4.87E-10   0.291476   0.291476
      4      28     101          8   1532.562   4.87E-10   0.291476   0.291476
      4      28     101          9   1103.439   4.87E-10   0.291476   0.291476
      4      28     101         10   1533.894   4.87E-10   0.291476   0.291476
      4      28     101         11   2152.539   4.87E-10   0.291476   0.291476
      4      28     101         12   2644.213   4.87E-10   0.291476   0.291476
      4      28     101         13  13023.613   4.87E-10   0.291476   0.291476
      4      28     101         14   2244.768   4.87E-10   0.291476   0.291476
      4      28     101         15  51752.623   4.87E-10   0.291476   0.291476
      4      28     101         16   3193.610   4.87E-10   0.291476   0.291476
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      4      28     101         17   3883.214   4.87E-10   0.291476   0.291476
      4      28     101         18 6.6317E+08   4.87E-10   0.291476   0.291476
      4      29     102  Conv   -1   0.999999   2.44E-10   0.291476   0.291476
      4      29     103         -1   1.000013   4.87E-10   0.291476   0.291476
      4      29     103         -2 162.897410   4.87E-10   0.291476   0.291476
      4      29     103         -3 595.171758   4.87E-10   0.291476   0.291476
      4      29     103         -4   2182.668   4.87E-10   0.291476   0.291476
      4      29     103          1   1.000013   2.44E-10   0.291476   0.291476
      4      29     103          2 162.897410   2.44E-10   0.291476   0.291476
      4      29     103          3 670.549773   2.44E-10   0.291476   0.291476
      4      29     103          4 674.357621   2.44E-10   0.291476   0.291476
      4      29     103          5 513.246376   2.44E-10   0.291476   0.291476
      4      29     103          6 780.001107   2.44E-10   0.291476   0.291476
      4      29     103          7 927.650946   2.44E-10   0.291476   0.291476
      4      29     103          8   1532.563   2.44E-10   0.291476   0.291476
      4      29     103          9   1103.442   2.44E-10   0.291476   0.291476
      4      29     103         10   1523.003   2.44E-10   0.291476   0.291476
      4      29     103         11   2143.109   2.44E-10   0.291476   0.291476
      4      29     103         12   2628.429   2.44E-10   0.291476   0.291476
      4      29     103         13  13014.038   2.44E-10   0.291476   0.291476
      4      29     103         14   2244.263   2.44E-10   0.291476   0.291476
      4      29     103         15  51778.421   2.44E-10   0.291476   0.291476
      4      29     103         16   3438.656   2.44E-10   0.291476   0.291476
      4      29     103         17   4467.376   2.44E-10   0.291476   0.291476
      4      29     103         18 8.0864E+08   2.44E-10   0.291476   0.291476
      4      30     104          1   1.000013   1.22E-10   0.291476   0.291476
      4      30     104          2 162.897410   1.22E-10   0.291476   0.291476
      4      30     104          3 670.549774   1.22E-10   0.291476   0.291476
      4      30     104          4 674.357621   1.22E-10   0.291476   0.291476
      4      30     104          5 513.246391   1.22E-10   0.291476   0.291476
      4      30     104          6 780.001094   1.22E-10   0.291476   0.291476
      4      30     104          7 927.652151   1.22E-10   0.291476   0.291476
      4      30     104          8   1532.563   1.22E-10   0.291476   0.291476
      4      30     104          9   1103.443   1.22E-10   0.291476   0.291476
      4      30     104         10   1523.063   1.22E-10   0.291476   0.291476
      4      30     104         11   2141.123   1.22E-10   0.291476   0.291476
      4      30     104         12   2628.385   1.22E-10   0.291476   0.291476
      4      30     104         13  13014.210   1.22E-10   0.291476   0.291476
      4      30     104         14   2247.952   1.22E-10   0.291476   0.291476
      4      30     104         15  51851.476   1.22E-10   0.291476   0.291476
      4      30     104         16   3480.043   1.22E-10   0.291476   0.291476
      4      30     104         17   7171.288   1.22E-10   0.291476   0.291476
      4      30     104         18  10076.405   1.22E-10   0.291476   0.291476
      4      30     104         19 6.9808E+06   1.22E-10   0.291476   0.291476
      4      31     105          1   1.000013   6.09E-11   0.291476   0.291476
      4      31     105          2 162.897410   6.09E-11   0.291476   0.291476
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      4      31     105          3 670.549775   6.09E-11   0.291476   0.291476
      4      31     105          4 674.357622   6.09E-11   0.291476   0.291476
      4      31     105          5 513.246390   6.09E-11   0.291476   0.291476
      4      31     105          6 780.001083   6.09E-11   0.291476   0.291476
      4      31     105          7 927.652241   6.09E-11   0.291476   0.291476
      4      31     105          8   1532.563   6.09E-11   0.291476   0.291476
      4      31     105          9   1103.445   6.09E-11   0.291476   0.291476
      4      31     105         10   1523.086   6.09E-11   0.291476   0.291476
      4      31     105         11   2140.395   6.09E-11   0.291476   0.291476
      4      31     105         12   2633.374   6.09E-11   0.291476   0.291476
      4      31     105         13  13021.295   6.09E-11   0.291476   0.291476
      4      31     105         14   2329.951   6.09E-11   0.291476   0.291476
      4      31     105         15   2992.829   6.09E-11   0.291476   0.291476
      4      31     105         16  11219.190   6.09E-11   0.291476   0.291476
      4      31     105         17  19565.629   6.09E-11   0.291476   0.291476
      4      31     105         18  49476.168   6.09E-11   0.291476   0.291476
      4      31     105         19 2.1440E+09   6.09E-11   0.291476   0.291476
      4      32     106  Conv   -1   0.999999   3.05E-11   0.291476   0.291476
      4      32     107         -1   1.000013   6.09E-11   0.291476   0.291476
      4      32     107         -2 162.897410   6.09E-11   0.291476   0.291476
      4      32     107         -3 595.171759   6.09E-11   0.291476   0.291476
      4      32     107         -4   2182.710   6.09E-11   0.291476   0.291476
      4      32     107          1   1.000013   3.05E-11   0.291476   0.291476
      4      32     107          2 162.897410   3.05E-11   0.291476   0.291476
      4      32     107          3 670.549776   3.05E-11   0.291476   0.291476
      4      32     107          4 674.357622   3.05E-11   0.291476   0.291476
      4      32     107          5 513.246387   3.05E-11   0.291476   0.291476
      4      32     107          6 780.001107   3.05E-11   0.291476   0.291476
      4      32     107          7 927.650491   3.05E-11   0.291476   0.291476
      4      32     107          8   1532.563   3.05E-11   0.291476   0.291476
      4      32     107          9   1103.443   3.05E-11   0.291476   0.291476
      4      32     107         10   1523.002   3.05E-11   0.291476   0.291476
      4      32     107         11   2143.125   3.05E-11   0.291476   0.291476
      4      32     107         12   2628.401   3.05E-11   0.291476   0.291476
      4      32     107         13  13013.830   3.05E-11   0.291476   0.291476
      4      32     107         14   2243.468   3.05E-11   0.291476   0.291476
      4      32     107         15  51777.930   3.05E-11   0.291476   0.291476
      4      32     107         16   3438.608   3.05E-11   0.291476   0.291476
      4      32     107         17   4632.044   3.05E-11   0.291476   0.291476
      4      32     107         18   6502.949   3.05E-11   0.291476   0.291476
      4      32     107         19  38731.388   3.05E-11   0.291476   0.291476
      4      33     108  Conv   -1   0.999999   1.52E-11   0.291476   0.291476
      4      33     109         -1   1.000013   3.05E-11   0.291476   0.291476
      4      33     109         -2 162.897410   3.05E-11   0.291476   0.291476
      4      33     109         -3 595.171759   3.05E-11   0.291476   0.291476
      4      33     109         -4   2182.713   3.05E-11   0.291476   0.291476
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      4      33     109          1   1.000013   1.52E-11   0.291476   0.291476
      4      33     109          2 162.897410   1.52E-11   0.291476   0.291476
      4      33     109          3 670.549776   1.52E-11   0.291476   0.291476
      4      33     109          4 674.357622   1.52E-11   0.291476   0.291476
      4      33     109          5 513.246387   1.52E-11   0.291476   0.291476
      4      33     109          6 780.001098   1.52E-11   0.291476   0.291476
      4      33     109          7 927.648586   1.52E-11   0.291476   0.291476
      4      33     109          8   1532.563   1.52E-11   0.291476   0.291476
      4      33     109          9   1103.442   1.52E-11   0.291476   0.291476
      4      33     109         10   1523.009   1.52E-11   0.291476   0.291476
      4      33     109         11   2142.805   1.52E-11   0.291476   0.291476
      4      33     109         12   2628.253   1.52E-11   0.291476   0.291476
      4      33     109         13  13012.000   1.52E-11   0.291476   0.291476
      4      33     109         14   2232.608   1.52E-11   0.291476   0.291476
      4      33     109         15 4.2524E+08   1.52E-11   0.291476   0.291476
      4      34     110          1   1.000013   7.61E-12   0.291476   0.291476
      4      34     110          2 162.897410   7.61E-12   0.291476   0.291476
      4      34     110          3 670.549776   7.61E-12   0.291476   0.291476
      4      34     110          4 674.357622   7.61E-12   0.291476   0.291476
      4      34     110          5 513.246389   7.61E-12   0.291476   0.291476
      4      34     110          6 780.001099   7.61E-12   0.291476   0.291476
      4      34     110          7 927.649972   7.61E-12   0.291476   0.291476
      4      34     110          8   1532.563   7.61E-12   0.291476   0.291476
      4      34     110          9   1103.442   7.61E-12   0.291476   0.291476
      4      34     110         10   1523.000   7.61E-12   0.291476   0.291476
      4      34     110         11   2143.105   7.61E-12   0.291476   0.291476
      4      34     110         12   2628.185   7.61E-12   0.291476   0.291476
      4      34     110         13  13012.496   7.61E-12   0.291476   0.291476
      4      34     110         14   2232.893   7.61E-12   0.291476   0.291476
      4      34     110         15 4.1356E+08   7.61E-12   0.291476   0.291476
      4      35     111          1   1.000013   3.81E-12   0.291476   0.291476
      4      35     111          2 162.897410   3.81E-12   0.291476   0.291476
      4      35     111          3 670.549776   3.81E-12   0.291476   0.291476
      4      35     111          4 674.357622   3.81E-12   0.291476   0.291476
      4      35     111          5 513.246386   3.81E-12   0.291476   0.291476
      4      35     111          6 780.001129   3.81E-12   0.291476   0.291476
      4      35     111          7 927.648585   3.81E-12   0.291476   0.291476
      4      35     111          8   1532.563   3.81E-12   0.291476   0.291476
      4      35     111          9   1103.442   3.81E-12   0.291476   0.291476
      4      35     111         10   1523.045   3.81E-12   0.291476   0.291476
      4      35     111         11   2141.722   3.81E-12   0.291476   0.291476
      4      35     111         12   2628.396   3.81E-12   0.291476   0.291476
      4      35     111         13  13013.970   3.81E-12   0.291476   0.291476
      4      35     111         14   2243.972   3.81E-12   0.291476   0.291476
      4      35     111         15  51777.681   3.81E-12   0.291476   0.291476
      4      35     111         16   3438.922   3.81E-12   0.291476   0.291476
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      4      35     111         17 7.0152E+08   3.81E-12   0.291476   0.291476
      4      36     112  Conv   -1   0.999999   1.90E-12   0.291476   0.291476
      4      36     113         -1   1.000013   3.81E-12   0.291476   0.291476
      4      36     113         -2 162.897410   3.81E-12   0.291476   0.291476
      4      36     113         -3 595.171759   3.81E-12   0.291476   0.291476
      4      36     113         -4   2182.715   3.81E-12   0.291476   0.291476
      4      36     113          1   1.000013   1.90E-12   0.291476   0.291476
      4      36     113          2 162.897410   1.90E-12   0.291476   0.291476
      4      36     113          3 670.549776   1.90E-12   0.291476   0.291476
      4      36     113          4 674.357622   1.90E-12   0.291476   0.291476
      4      36     113          5 513.246389   1.90E-12   0.291476   0.291476
      4      36     113          6 780.001131   1.90E-12   0.291476   0.291476
      4      36     113          7 927.649960   1.90E-12   0.291476   0.291476
      4      36     113          8   1528.749   1.90E-12   0.291476   0.291476
      4      36     113          9   1118.307   1.90E-12   0.291476   0.291476
      4      36     113         10   2906.436   1.90E-12   0.291476   0.291476
      4      36     113         11   2751.616   1.90E-12   0.291476   0.291476
      4      36     113         12   7422.896   1.90E-12   0.291476   0.291476
      4      36     113         13  35983.735   1.90E-12   0.291476   0.291476
      4      36     113         14  96583.547   1.90E-12   0.291476   0.291476
      4      36     113         15  70148.453   1.90E-12   0.291476   0.291476
      4      36     113         16  96652.288   1.90E-12   0.291476   0.291476
      4      36     113         17 8.7499E+07   1.90E-12   0.291476   0.291476
      4      37     114          1   1.000006   9.52E-13   0.291476   0.291476
      4      37     114          2 162.897410   9.52E-13   0.291476   0.291476
      4      37     114          3 670.549776   9.52E-13   0.291476   0.291476
      4      37     114          4 674.357622   9.52E-13   0.291476   0.291476
      4      37     114          5 513.246386   9.52E-13   0.291476   0.291476
      4      37     114          6 780.001131   9.52E-13   0.291476   0.291476
      4      37     114          7 927.649921   9.52E-13   0.291476   0.291476
      4      37     114          8   1532.563   9.52E-13   0.291476   0.291476
      4      37     114          9   1103.443   9.52E-13   0.291476   0.291476
      4      37     114         10   1523.005   9.52E-13   0.291476   0.291476
      4      37     114         11   2143.106   9.52E-13   0.291476   0.291476
      4      37     114         12   2628.418   9.52E-13   0.291476   0.291476
      4      37     114         13  13013.995   9.52E-13   0.291476   0.291476
      4      37     114         14   2244.325   9.52E-13   0.291476   0.291476
      4      37     114         15  51777.727   9.52E-13   0.291476   0.291476
      4      37     114         16   3439.242   9.52E-13   0.291476   0.291476
      4      37     114         17   4637.957   9.52E-13   0.291476   0.291476
      4      37     114         18  11050.933   9.52E-13   0.291476   0.291476
      4      37     114         19  32049.102   9.52E-13   0.291476   0.291476
      4      37     114         20 1.0058E+09   9.52E-13   0.291476   0.291476
      4      38     115  Conv   -1   0.999999   4.76E-13   0.291476   0.291476
      4      38     116         -1   1.000006   9.52E-13   0.291476   0.291476
      4      38     116         -2 162.897410   9.52E-13   0.291476   0.291476
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      4      38     116         -3 595.171759   9.52E-13   0.291476   0.291476
      4      38     116         -4   2182.716   9.52E-13   0.291476   0.291476
      4      38     116          1   1.000006   4.76E-13   0.291476   0.291476
      4      38     116          2 162.897410   4.76E-13   0.291476   0.291476
      4      38     116          3 670.549776   4.76E-13   0.291476   0.291476
      4      38     116          4 674.357622   4.76E-13   0.291476   0.291476
      4      38     116          5 513.246388   4.76E-13   0.291476   0.291476
      4      38     116          6 780.001137   4.76E-13   0.291476   0.291476
      4      38     116          7 927.649927   4.76E-13   0.291476   0.291476
      4      38     116          8   1528.749   4.76E-13   0.291476   0.291476
      4      38     116          9   1117.430   4.76E-13   0.291476   0.291476
      4      38     116         10   2949.138   4.76E-13   0.291476   0.291476
      4      38     116         11   2578.490   4.76E-13   0.291476   0.291476
      4      38     116         12   6543.317   4.76E-13   0.291476   0.291476
      4      38     116         13   8980.986   4.76E-13   0.291476   0.291476
      4      38     116         14  46266.829   4.76E-13   0.291476   0.291476
      4      38     116         15  44709.300   4.76E-13   0.291476   0.291476
      4      38     116         16 122909.333   4.76E-13   0.291476   0.291476
      4      38     116         17 1.1180E+08   4.76E-13   0.291476   0.291476
      4      39     117  Conv   -1   0.999999   2.38E-13   0.291476   0.291476
      4      39     118         -1   1.000006   4.76E-13   0.291476   0.291476
      4      39     118         -2 162.897410   4.76E-13   0.291476   0.291476
      4      39     118         -3 595.171759   4.76E-13   0.291476   0.291476
      4      39     118         -4   2182.716   4.76E-13   0.291476   0.291476
      4      39     118         -1   1.000006   2.38E-13   0.291476   0.291476
      4      39     118         -2 162.897410   2.38E-13   0.291476   0.291476
      4      39     118         -3 595.171759   2.38E-13   0.291476   0.291476
      4      39     118         -4   2182.716   2.38E-13   0.291476   0.291476
      4      39     118          1   1.000006   2.38E-13   0.291476   0.291476
      4      39     118          2 162.897410   2.38E-13   0.291476   0.291476
      4      39     118          3 670.549776   2.38E-13   0.291476   0.291476
      4      39     118          4 674.357622   2.38E-13   0.291476   0.291476
      4      39     118          5 513.246388   2.38E-13   0.291476   0.291476
      4      39     118          6 780.001131   2.38E-13   0.291476   0.291476
      4      39     118          7 927.648628   2.38E-13   0.291476   0.291476
      4      39     118          8   1532.562   2.38E-13   0.291476   0.291476
      4      39     118          9   1103.379   2.38E-13   0.291476   0.291476
      4      39     118         10   1476.450   2.38E-13   0.291476   0.291476
      4      39     118         11   2139.328   2.38E-13   0.291476   0.291476
      4      39     118         12   2628.198   2.38E-13   0.291476   0.291476
      4      39     118         13  12973.228   2.38E-13   0.291476   0.291476
      4      39     118         14   2316.680   2.38E-13   0.291476   0.291476
      4      39     118         15  51831.065   2.38E-13   0.291476   0.291476
      4      39     118         16   3234.350   2.38E-13   0.291476   0.291476
      4      39     118         17   6576.842   2.38E-13   0.291476   0.291476
      4      39     118         18   7486.553   2.38E-13   0.291476   0.291476
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      4      39     118         19  87878.552   2.38E-13   0.291476   0.291476
      4      40     119          1   1.000006   1.19E-13   0.291476   0.291476
      4      40     119          2 162.897410   1.19E-13   0.291476   0.291476
      4      40     119          3 670.549776   1.19E-13   0.291476   0.291476
      4      40     119          4 674.357622   1.19E-13   0.291476   0.291476
      4      40     119          5 513.246389   1.19E-13   0.291476   0.291476
      4      40     119          6 780.001142   1.19E-13   0.291476   0.291476
      4      40     119          7 927.648593   1.19E-13   0.291476   0.291476
      4      40     119          8   1532.564   1.19E-13   0.291476   0.291476
      4      40     119          9   1103.443   1.19E-13   0.291476   0.291476
      4      40     119         10   1523.112   1.19E-13   0.291476   0.291476
      4      40     119         11   2139.596   1.19E-13   0.291476   0.291476
      4      40     119         12   2628.341   1.19E-13   0.291476   0.291476
      4      40     119         13  13013.809   1.19E-13   0.291476   0.291476
      4      40     119         14   2242.835   1.19E-13   0.291476   0.291476
      4      40     119         15  51852.024   1.19E-13   0.291476   0.291476
      4      40     119         16   3460.406   1.19E-13   0.291476   0.291476
      4      40     119         17 1.0508E+07   1.19E-13   0.291476   0.291476
      4      41     120  Conv   -1   0.999999   5.95E-14   0.291476   0.291476
      4      41     121         -1   1.000006   1.19E-13   0.291476   0.291476
      4      41     121         -2 162.897410   1.19E-13   0.291476   0.291476
      4      41     121         -3 595.171759   1.19E-13   0.291476   0.291476
      4      41     121         -4   2182.716   1.19E-13   0.291476   0.291476
      4      41     121          1   1.000006   5.95E-14   0.291476   0.291476
      4      41     121          2 162.897410   5.95E-14   0.291476   0.291476
      4      41     121          3 670.549776   5.95E-14   0.291476   0.291476
      4      41     121          4 674.357622   5.95E-14   0.291476   0.291476
      4      41     121          5 513.246389   5.95E-14   0.291476   0.291476
      4      41     121          6 780.001130   5.95E-14   0.291476   0.291476
      4      41     121          7 927.649980   5.95E-14   0.291476   0.291476
      4      41     121          8   1532.564   5.95E-14   0.291476   0.291476
      4      41     121          9   1103.444   5.95E-14   0.291476   0.291476
      4      41     121         10   1523.069   5.95E-14   0.291476   0.291476
      4      41     121         11   2136.434   5.95E-14   0.291476   0.291476
      4      41     121         12   2636.827   5.95E-14   0.291476   0.291476
      4      41     121         13  13044.396   5.95E-14   0.291476   0.291476
      4      41     121         14   2316.588   5.95E-14   0.291476   0.291476
      4      41     121         15  51724.352   5.95E-14   0.291476   0.291476
      4      41     121         16   3460.829   5.95E-14   0.291476   0.291476
      4      41     121         17   4050.371   5.95E-14   0.291476   0.291476
      4      41     121         18  11614.612   5.95E-14   0.291476   0.291476
      4      41     121         19 185166.450   5.95E-14   0.291476   0.291476
      4      42     122  Conv   -1   0.999999   2.97E-14   0.291476   0.291476
      4      42     123         -1   1.000006   5.95E-14   0.291476   0.291476
      4      42     123         -2 162.897410   5.95E-14   0.291476   0.291476
      4      42     123         -3 595.171759   5.95E-14   0.291476   0.291476



119

      4      42     123         -4   2182.716   5.95E-14   0.291476   0.291476
      4      42     123          1   1.000006   2.97E-14   0.291476   0.291476
      4      42     123          2 162.897410   2.97E-14   0.291476   0.291476
      4      42     123          3 670.549776   2.97E-14   0.291476   0.291476
      4      42     123          4 674.357622   2.97E-14   0.291476   0.291476
      4      42     123          5 513.246389   2.97E-14   0.291476   0.291476
      4      42     123          6 780.001140   2.97E-14   0.291476   0.291476
      4      42     123          7 927.649948   2.97E-14   0.291476   0.291476
      4      42     123          8   1532.563   2.97E-14   0.291476   0.291476
      4      42     123          9   1103.441   2.97E-14   0.291476   0.291476
      4      42     123         10   1522.962   2.97E-14   0.291476   0.291476
      4      42     123         11   2143.100   2.97E-14   0.291476   0.291476
      4      42     123         12   2628.249   2.97E-14   0.291476   0.291476
      4      42     123         13  13013.716   2.97E-14   0.291476   0.291476
      4      42     123         14   2242.963   2.97E-14   0.291476   0.291476
      4      42     123         15  51851.218   2.97E-14   0.291476   0.291476
      4      42     123         16   3476.243   2.97E-14   0.291476   0.291476
      4      42     123         17   7142.527   2.97E-14   0.291476   0.291476
      4      42     123         18   9543.932   2.97E-14   0.291476   0.291476
      4      42     123         19 313975.382   2.97E-14   0.291476   0.291476
      4      43     124          1   1.000006   1.49E-14   0.291476   0.291476
      4      43     124          2 162.897410   1.49E-14   0.291476   0.291476
      4      43     124          3 670.549776   1.49E-14   0.291476   0.291476
      4      43     124          4 674.357622   1.49E-14   0.291476   0.291476
      4      43     124          5 513.246389   1.49E-14   0.291476   0.291476
      4      43     124          6 780.001130   1.49E-14   0.291476   0.291476
      4      43     124          7 927.649726   1.49E-14   0.291476   0.291476
      4      43     124          8   1532.563   1.49E-14   0.291476   0.291476
      4      43     124          9   1103.444   1.49E-14   0.291476   0.291476
      4      43     124         10   1523.041   1.49E-14   0.291476   0.291476
      4      43     124         11   2137.780   1.49E-14   0.291476   0.291476
      4      43     124         12   2637.032   1.49E-14   0.291476   0.291476
      4      43     124         13  13040.506   1.49E-14   0.291476   0.291476
      4      43     124         14   2275.393   1.49E-14   0.291476   0.291476
      4      43     124         15  51742.669   1.49E-14   0.291476   0.291476
      4      43     124         16 2.1538E+09   1.49E-14   0.291476   0.291476
      4      44     125          1   1.000006   7.44E-15   0.291476   0.291476
      4      44     125          2 162.897410   7.44E-15   0.291476   0.291476
      4      44     125          3 670.549776   7.44E-15   0.291476   0.291476
      4      44     125          4 674.357622   7.44E-15   0.291476   0.291476
      4      44     125          5 513.246389   7.44E-15   0.291476   0.291476
      4      44     125          6 780.001143   7.44E-15   0.291476   0.291476
      4      44     125          7 927.648453   7.44E-15   0.291476   0.291476
      4      44     125          8   1532.563   7.44E-15   0.291476   0.291476
      4      44     125          9   1103.443   7.44E-15   0.291476   0.291476
      4      44     125         10   1523.065   7.44E-15   0.291476   0.291476
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      4      44     125         11   2141.202   7.44E-15   0.291476   0.291476
      4      44     125         12   2628.367   7.44E-15   0.291476   0.291476
      4      44     125         13  13013.840   7.44E-15   0.291476   0.291476
      4      44     125         14   2244.663   7.44E-15   0.291476   0.291476
      4      44     125         15  51852.390   7.44E-15   0.291476   0.291476
      4      44     125         16   3467.552   7.44E-15   0.291476   0.291476
      4      44     125         17   7054.809   7.44E-15   0.291476   0.291476
      4      44     125         18 1.4628E+09   7.44E-15   0.291476   0.291476
      4      45     126          1   1.000006   3.72E-15   0.291476   0.291476
      4      45     126          2 162.897410   3.72E-15   0.291476   0.291476
      4      45     126          3 670.549776   3.72E-15   0.291476   0.291476
      4      45     126          4 674.357622   3.72E-15   0.291476   0.291476
      4      45     126          5 513.246391   3.72E-15   0.291476   0.291476
      4      45     126          6 780.001126   3.72E-15   0.291476   0.291476
      4      45     126          7 927.649957   3.72E-15   0.291476   0.291476
      4      45     126          8   1532.563   3.72E-15   0.291476   0.291476
      4      45     126          9   1103.605   3.72E-15   0.291476   0.291476
      4      45     126         10   1452.042   3.72E-15   0.291476   0.291476
      4      45     126         11   2101.756   3.72E-15   0.291476   0.291476
      4      45     126         12   2645.390   3.72E-15   0.291476   0.291476
      4      45     126         13  13215.492   3.72E-15   0.291476   0.291476
      4      45     126         14   2356.834   3.72E-15   0.291476   0.291476
      4      45     126         15  51882.754   3.72E-15   0.291476   0.291476
      4      45     126         16   2975.970   3.72E-15   0.291476   0.291476
      4      45     126         17   2699.417   3.72E-15   0.291476   0.291476
      4      45     126         18 8.1380E+08   3.72E-15   0.291476   0.291476
      4      46     127  Conv   -1   0.999999   1.86E-15   0.291476   0.291476
      4      46     128         -1   1.000006   3.72E-15   0.291476   0.291476
      4      46     128         -2 162.897410   3.72E-15   0.291476   0.291476
      4      46     128         -3 595.171759   3.72E-15   0.291476   0.291476
      4      46     128         -4   2182.716   3.72E-15   0.291476   0.291476
      4      46     128          1   1.000006   1.86E-15   0.291476   0.291476
      4      46     128          2 162.897410   1.86E-15   0.291476   0.291476
      4      46     128          3 670.549776   1.86E-15   0.291476   0.291476
      4      46     128          4 674.357622   1.86E-15   0.291476   0.291476
      4      46     128          5 513.246389   1.86E-15   0.291476   0.291476
      4      46     128          6 780.001142   1.86E-15   0.291476   0.291476
      4      46     128          7 927.649707   1.86E-15   0.291476   0.291476
      4      46     128          8   1532.562   1.86E-15   0.291476   0.291476
      4      46     128          9   1103.442   1.86E-15   0.291476   0.291476
      4      46     128         10   1522.957   1.86E-15   0.291476   0.291476
      4      46     128         11   2144.581   1.86E-15   0.291476   0.291476
      4      46     128         12   2628.421   1.86E-15   0.291476   0.291476
      4      46     128         13  13013.839   1.86E-15   0.291476   0.291476
      4      46     128         14   2243.841   1.86E-15   0.291476   0.291476
      4      46     128         15  51777.999   1.86E-15   0.291476   0.291476
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      4      46     128         16 7.5683E+08   1.86E-15   0.291476   0.291476
      4      47     129          1   1.000006   9.29E-16   0.291476   0.291476
      4      47     129          2 162.897410   9.29E-16   0.291476   0.291476
      4      47     129          3 670.549776   9.29E-16   0.291476   0.291476
      4      47     129          4 674.357622   9.29E-16   0.291476   0.291476
      4      47     129          5 513.246389   9.29E-16   0.291476   0.291476
      4      47     129          6 780.001140   9.29E-16   0.291476   0.291476
      4      47     129          7 927.648606   9.29E-16   0.291476   0.291476
      4      47     129          8   1532.563   9.29E-16   0.291476   0.291476
      4      47     129          9   1103.442   9.29E-16   0.291476   0.291476
      4      47     129         10   1523.049   9.29E-16   0.291476   0.291476
      4      47     129         11   2141.633   9.29E-16   0.291476   0.291476
      4      47     129         12   2628.406   9.29E-16   0.291476   0.291476
      4      47     129         13  13014.035   9.29E-16   0.291476   0.291476
      4      47     129         14   2244.288   9.29E-16   0.291476   0.291476
      4      47     129         15  51777.606   9.29E-16   0.291476   0.291476
      4      47     129         16   3439.570   9.29E-16   0.291476   0.291476
      4      47     129         17   4599.809   9.29E-16   0.291476   0.291476
      4      47     129         18   8136.614   9.29E-16   0.291476   0.291476
      4      47     129         19 4.4171E+09   9.29E-16   0.291476   0.291476
      4      48     130  Conv   -1   0.999999   4.65E-16   0.291476   0.291476
      4      48     131         -1   1.000006   9.29E-16   0.291476   0.291476
      4      48     131         -2 162.897410   9.29E-16   0.291476   0.291476
      4      48     131         -3 595.171759   9.29E-16   0.291476   0.291476
      4      48     131         -4   2182.716   9.29E-16   0.291476   0.291476
      4      48     131          1   1.000006   4.65E-16   0.291476   0.291476
      4      48     131          2 162.897410   4.65E-16   0.291476   0.291476
      4      48     131          3 670.549776   4.65E-16   0.291476   0.291476
      4      48     131          4 674.357622   4.65E-16   0.291476   0.291476
      4      48     131          5 513.246389   4.65E-16   0.291476   0.291476
      4      48     131          6 780.001131   4.65E-16   0.291476   0.291476
      4      48     131          7 927.648621   4.65E-16   0.291476   0.291476
      4      48     131          8   1543.770   4.65E-16   0.291476   0.291476
      4      48     131          9   1118.791   4.65E-16   0.291476   0.291476
      4      48     131         10   1532.839   4.65E-16   0.291476   0.291476
      4      48     131         11   2143.450   4.65E-16   0.291476   0.291476
      4      48     131         12   2635.154   4.65E-16   0.291476   0.291476
      4      48     131         13  12946.195   4.65E-16   0.291476   0.291476
      4      48     131         14   2317.278   4.65E-16   0.291476   0.291476
      4      48     131         15  51749.398   4.65E-16   0.291476   0.291476
      4      48     131         16   3392.112   4.65E-16   0.291476   0.291476
      4      48     131         17   3114.150   4.65E-16   0.291476   0.291476
      4      48     131         18   4142.071   4.65E-16   0.291476   0.291476
      4      48     131         19 1.0663E+09   4.65E-16   0.291476   0.291476
      4      49     132  Conv   -1   0.999999   2.32E-16   0.291476   0.291476
      4      49     133         -1   0.999999   4.65E-16   0.291476   0.291476
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      4      49     133         -1   1.000006   9.29E-16   0.291476   0.291476
      4      49     133         -2 162.897410   9.29E-16   0.291476   0.291476
      4      49     133         -3 595.171759   9.29E-16   0.291476   0.291476
      4      49     133         -4   2182.716   9.29E-16   0.291476   0.291476
      4      49     133  Conv   -1   0.999999   4.65E-16   0.291476   0.291476
      4      49     134         -1   1.000006   9.29E-16   0.291476   0.291476
      4      49     134         -2 162.897410   9.29E-16   0.291476   0.291476
      4      49     134         -3 595.171759   9.29E-16   0.291476   0.291476
      4      49     134         -4   2182.716   9.29E-16   0.291476   0.291476
      4      49     134         -1   1.000006   4.65E-16   0.291476   0.291476
      4      49     134         -2 162.897410   4.65E-16   0.291476   0.291476
      4      49     134         -3 595.171759   4.65E-16   0.291476   0.291476
      4      49     134         -4   2182.716   4.65E-16   0.291476   0.291476
      4      49     134          1   1.000006   4.65E-16   0.291476   0.291476
      4      49     134          2 162.897410   4.65E-16   0.291476   0.291476
      4      49     134          3 670.549776   4.65E-16   0.291476   0.291476
      4      49     134          4 674.357622   4.65E-16   0.291476   0.291476
      4      49     134          5 513.246389   4.65E-16   0.291476   0.291476
      4      49     134          6 780.001138   4.65E-16   0.291476   0.291476
      4      49     134          7 927.649708   4.65E-16   0.291476   0.291476
      4      49     134          8   1532.563   4.65E-16   0.291476   0.291476
      4      49     134          9   1103.445   4.65E-16   0.291476   0.291476
      4      49     134         10   1523.056   4.65E-16   0.291476   0.291476
      4      49     134         11   2141.447   4.65E-16   0.291476   0.291476
      4      49     134         12   2637.891   4.65E-16   0.291476   0.291476
      4      49     134         13  13022.877   4.65E-16   0.291476   0.291476
      4      49     134         14   2289.146   4.65E-16   0.291476   0.291476
      4      49     134         15 2.0731E+08   4.65E-16   0.291476   0.291476

 * * * W A R N I N G * * *
 MAXIMUM NUMBER OF NULL STEPS REACHED FOR
 CASE: PUSH X
 SUBSEQUENT RESULTS WILL NOT BE AVAILABLE

 NUMBER OF STIFFNESS FORMATIONS/SOLUTIONS     =        1005

 TIME FOR INITIALIZING ANALYSIS                                 =        0.03
 TIME FOR CONTROLLING ANALYSIS                              =        4.51
 TIME FOR UPDATING LOADS AND STATE                      =       98.00
 TIME FOR FORMING STIFFNESS MATRIX                       =       19.76
 TIME FOR SOLVING STIFFNESS MATRIX                        =      861.85
 TIME FOR CALCULATING DISPLACEMENTS                  =      601.83
 TIME FOR DETERMINING EVENTS                                    =        1.77
 TIME FOR SAVING RESULTS                                               =        1.30
                                               ----------
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 TOTAL TIME FOR THIS ANALYSIS                                       =     1589.05

 N O N L I N E A R   S T A T I C   A N A L Y S I S                      14:18:27

 CASE: PUSH Y

 STARTING FROM ZERO (UNSTRESSED) INITIAL CONDITIONS

 LOAD CONTROL TYPE                                                      = DISPLACEMENT
 SAVE POSITIVE INCREMENTS ONLY                            =         YES
 TYPE OF GEOMETRIC NONLINEARITY                         =        NONE
 USE EVENT STEPPING                                                       =         YES
 USE ITERATION                                                                   =         YES
 USE LINE SEARCH                                                              =          NO
 EVENT LUMPING TOLERANCE                                       =    0.010000
 FORCE CONVERGENCE TOLERANCE (RELATIVE)     =    0.000100

 Negative iterations are Constant-Stiffness
 Positive iterations are Newton-Raphson

  Saved    Null   Total  Iteration   Relative  Curr Step   Curr Sum    Max Sum
  Steps   Steps   Steps  this Step  Unbalance       Size   of Steps   of Steps
 (  100      50     200     -10/40   1.000000   0.100000   1.000000   1.000000)

      1       0       1  Conv   -1   0.088696   1.00E-08   1.00E-08   1.00E-08
      1       1       2         -1    .000000    .000000   1.00E-08   1.00E-08
      2       1       3  Conv   -1   0.088697   0.000735   0.000735   0.000735
      2       2       4         -1    .000000    .000000   0.000735   0.000735
      2       3       5         -1    .000000    .000000   0.000735   0.000735
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PROGRAM OUTCOMES  
 
Engineering Graduates will be able to: 
 
1. Engineering knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 
 
2. Problem analysis; Identify, formulate, review research literature, and analyze complex engineering 
problems reaching substantiated conclusions using first principles of mathematics. 
 
natural sciences, and engineering sciences. 
 
3.Design/development of solutions: Design solutions for complex engineering problems and design 
system components or processes that meet the specified needs with appropriate consideration for the 
public health and safety, and the cultural, societal, and environmental considerations. 
 
4. Conduct investigations of complex problems: Use research-based knowledge and research methods 
including design of experiments, analysis and interpretation of data, and synthesis of the information to 
provide valid conclusions. 
 
5.Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 
engineering and IT tools including prediction and modeling to complex engineering activities with an 
understanding of the limitations. 
 
6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal, 
health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional 
engineering practice. 
 
7. Environment and sustainability: Understand the impact of the professional engineering solutions in 
societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable 
development. 
 
8.Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of 
the engineering practice 
 
9.Individual and team work: Function effectively as an individual, and as a member or leader in 
diverse teams, and in multidisciplinary settings. 
 

            



  

10.Communication: Communicate effectively on complex engineering activities with the engineering 
community and with society at large, such as, being able to comprehend and write effective reports and 
design documentation, make effective presentations, and give and receive clear instructions . . 
11. Project management and finance: Demonstrate knowledge and understanding of the engineering 
and management principles and apply these to one's own work, as a member and leader in a team, to 
manage projects and in multidisciplinary environments. 
 
12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in 
independent and life-long learning in the broadest context of technological change. 

 

 

 
 
             PROGRAMME SPECIFIC OUTCOMES (PSOs) 
 
Students will be able to 
 
1. Survey, plot and prepare layout for buildings, dams, canals and highway alignments and conduct 
geotechnical and geological investigations of the project 
 
2. Test, analyze and design various substructures and superstructures by considering the environmental 
and societal issues. 
 
3. Organize various construction projects considering modem construction techniques, equipment and 
management issues. 
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PROJECT MAPPING  
 

Note: Tick Appropriate category. 
 

Classification 
of 

Project 

Application  Product Research Review 
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Student will be able to 
Course Outcomes 

Outcome 1 Identify and solve challenging civil 
engineering problems. 

Outcome 2 Analyze and design civil engineering 
structures 

Outcome 3 Conduct experimental studies on various 
specialized areas of civil engineering. 

Outcome 4 Present project reports 

CO-PO Mapping 
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Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based 

on level of mapping as follows:1-Slightly (Low) mapped 2-Moderately (Medium) mapped 
3-Substantially (High) mapped. 
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ABSTRACT 
Building information modelling  is a process involving the generation and management of digital 
representation of physical and functional characterstics of a place. Revit is building information modelling  
software for architects, structural engineers ,designers and contractors. It allows  users to design a building 
structure and it's components in 3D. Navisworks package enhance the 4D time simulation, 5D cost simulation 
and providing energy simulation through facility management. 
       

Revit will bring the realistic views of building and it is very easy to simulation the architectural view of a 
building.Autodesk Revit Architecture is a robust architectural design and documentation software application 
created by Autodesk for architects and building professionals. The tools and features that makeup Revit 
Architecture are specifically designed to support building information modeling (BIM) workflows.By 
utilizing BIM as opposed to computer-aided drafting (CAD), Revit Architecture is able to leverage dynamic 
information in intelligent models allowing complex building structures to be accurately designed and 
documented in a short amount of time. Each intelligent model created with Revit.Architecture represents an 
entire project and is stored in a single database file. This allows changes made in one part of the model to be 
automatically propagated to other parts of the model, thus enhancing the workflow for Revit Architecture 
users. 

Navisworks is a 3D design review product from Autodesk.Used primarily in construction industries to 
complement 3D design packages (such as Autodesk Revit, AutoCAD, and MicroStation) Navisworks allows 
users to open and combine 3D models, navigate around them in real-time and review the model using a set of 
tools including comments, redlining, viewpoint, and measurements. A selection of plug-ins enhances the 
package adding interference detection, 4D time simulation, photorealistic rendering and PDF-like publishing. 
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CHAPTER- 1                     

INTRODUCTION  

Building information modeling (BIM) is a process involving the generation and management 
of digital representation of physical and functional characteristics of places. Building information 
modeling are files which can be extracted or  network to support decision making regarding a 
building or built asset. 

Currently BIM software is used by individual, business & government agencies who plan, 
design, construct, operate & maintenance diverse physical infrastructures such as water, refuse, 
electricity, gas, communication, utilities, roads, railways, bridges, port & tunnels. BIM (building 
information modeling) is an intelligent 3D model-based process that gives architecture, 
engineering, and construction (AEC) professionals the insight and tools to more efficiently plan, 
design, construct, and manage and infrastructure. 

WHO INVENTED BIM?  

BIM is not an invention. It is a process. CAD stand for computer aided design; BIM stands 
for building information modelling. The first person to actually propose this was Doug Engelbart 
with his article "augmenting human intellect". In 1987, Graphisoftintroduced archicad under the 
notion of virtual reality. Later on, others came through with different notions, namely IPD 
(integrated project delivery) by Bentley and BIM by Revit. Autodesk bought Revit in 2000 and a 
white paper was released introducing BIM. Because Autodesk is a very powerful company and 
dominates the engineering software industry, the process became famously known  as BIM. BIM 
started with 3D but now, people are utilizing BIM 4D, 5D, 6D, and current studies are ongoing all 
the way to 11D. We also have people talking about CIM and lean construction integration.BIM is 
not an invention, it is a process, and we are still trying to understand it. There is a long way to go 
but it looks promising and will eventually become part of AI integration. (my opinion). 
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1.1 WHAT IS  BIM?  

Building information modelling is a digital representation of physical & functional characteristics 
of a facility. A BIM is a shared knowledge resource for information about a facility forming a 
reliable basis for a decisions during its life cycle defined as existing from earliest conception to 
demolition. 

1.2 LEVELS OF BIM:  

The concept of 'BIM Levels' (and 'BIM Levels  2 compliance')  has  become the 'accepted' 
definition of what criteria are required to be deemed BIM- compliant, by seeing the adoption 
process as the next steps in a journey that has taken the industry from the drawing board to the 
computer and, ultimately, into the digital age.The government has recognised that the process of 
moving the construction industry to 'full' collaborative working will be progressive, with distinct 
and recognisable milestones being defined within that process, in the form of 'levels'. These have 
been defined within a range from 0 to 3, and, whilst there  is  some debate about the exact meaning 
of each level, the broad concept is as follows: 

There are a number of 'levels of maturity' of BIM: 

�x Level 0 describes unmanaged CAD (Computer Aided Design). 

�x Level 1 describes managed CAD in 2D or 3D. 

�x Level2involvesdevelopingbuildinginformationinacollaborative3Denviron mnt with 
data attached, but created in separate discipline models. 

�x Level 3 has yet to be defined in detail, but it is thought that it will  include a single, 
collaborative. 

Level 0 BIM 

In its simplest form, level 0 effectively means no collaboration. 2D CAD drafting only is 
utilised, mainly for Production Information (RIBA Plan of Work 2013 stage 4). Output and 
distribution is via paper or electronic prints, or a mixture of both. The majority of the industry is 
already well ahead of this now (source: NBS National BIM Report 2017). 
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Level 1 BIM 

This typically comprises a mixture of 3D CAD for concept work, and 2D for drafting of statutory 
approval documentation and Production information. CAD standard are managed to RS 
1192:2007, and electronic sharing of data is carried out from a common data environment (CDE), 
often managed by the contractor. 

To achieve Level 1 BIM, the Scottish Futures Trust states you should achieve the following: 

�x Roles and responsibilities should be agreed upon 

�x Naming conventions should be adopted 

�x Arrangements should be put in place to create and maintain the project specific 
codes and project spatial co-ordination 

�x A" Common Data Environment" (CDE) for example a project extranet or electronic 
document management system (EDMS) should be adopted, to allow information to 
be shared between all members of the project team 

�x A suitable information hierarchy should be agreed which supports the concepts 
of the CDE and the document repository. 

Level 2 BIM 

Level 2 BIM is distinguished by collaborative working, and requires "an 
information exchange process which is specific to that project and coordinated between 
various systems and project participants". 

Any CAD software that each party uses must be capable of exporting to one of the common file 
formats such as IFC (Industry Foundation Class) or COBie (Construction Operations Building 
Information Exchange). This is the method of working that has been set as a minimum target by 
the UK government for all work on public-sector work. For more information on working to BIM 
Level 2, see the following guide developed by NBS and BSI. 
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Level 3 BIM 

Level 3 has not yet been fully defined, however the vision for this is outlined in the UK 
Government's Level 3 Strategic Plan. Within this plan, they set out the following 'key measures' to 
be secured with further funding: 

�x The creation of a set of new, international 'Open Data' standards which would pave the way 
for easy sharing of data across the entire market 

�x The establishment of a new contractual framework for projects which have been procured 
with BIM to ensure consistency, avoid confusion and encourage, open, collaborative 
working. 

�x The creation of a cultural environment which is co-operative, seeks to learn and share 

�x Training the public sector client in the use of BIM techniques such as, data requirements, 
operational methods and contractual processes 

�x Driving domestic and international growth and jobs in technology and construction. 

HOW BIM IS DIFFERENT FROM CAD:  

BIM software is similar to CAD( and technically falls under the CAD umbrella), but the 
difference is that all the tools are for designing a building. Both  2D and 3D modelling tools are 
often included in BIM, which allows for creating construction documents and visualizations. 
Speaking plainly, a rectangle in AutoCAD could be anything from a fish tank to helicopter-pad; the 
geometrical shape alone doesn't tell you anything about its intended use.BIM (Building 
Information Management) adds a layer of data to the drawings. When you draw a rectangle in the 
architecture software ArchiCAD, you also specify whether it is a floor, a door, a window, etc. 
Because BIM software understand the intended use of each object, it will automatically sign 
industry standard measurements and materials. The approach of BIM software makes it very easy 
to produce coherent architectural designs. Architectural software of this kind also enables to 
calculate the mass of a building the number of material needed in an instant, and its overal
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BIM software like Revit is designed not only for the architects,  but also MEP, electrical, 
mechanical and structural design teams. The shared program facilitates communication between the 
teams and ensures that conflicts between the different aspects of the project get noticed long before 
the first cut of the spade. In our list, we feature mostly BIM software. However, we have also added 
CAD programs that are specifically geared towards architecture. 

We also compared the prices to each other and give you a quick look at the possibility every 
3D architecture software has based on these different criteria, we presented the different 3D 
architecture software and BIM programs to help you ease the struggle of choosing one. 

 

 
LIFE CYCLE OF B IM:  

Use of BIM goes beyond the planning & design phase of the project, extending throughout the 
building life cycle, supporting process including cost management, construction management, 
project management, facility operation & application in green building. 
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1.3 APPLICATIONS OF  BIM:  

�x ARCHICAD 
�x MICROSTATION 
�x REVIT 
�x SKETCHUP 
�x 6D BIM 

Here REVIT is used for energy analysis 

1.4 ADVANTAGES OF BIM:  

1. Improve collaboration with owner/design firms during the construction phase. 

2. Enhance organisation image. 

3. Rework was reduced. 

4. To reduce construction cost & better cost control and predictability(21%). 5 Reduce 

the overall project duration. 

6. Reduce cycle time of work flows and faster client approval cycle. 

7. Improved safety. 

8 Faster regulatory approval cycles. 

�‡ Better planning and design: 

Using BIM, you can visualize a completed building and all Its components and systems 
before the first shovel of dirt is moved on the construction site. This information allows better 
planning and design that takes best advantage of available space and resources. 



 7 

�‡ Fewer reworks: 

BIM allows you to see potential problem areas and fix them before the error is committed 
in the physical world. This reduces the need for costly rework under revision. 

�‡ Savings on materials: 
BIM systems track and monitor resources and provide detailed information on needs even 

before construction begins. You are less likely to order more than needed and can replenish 
supplies only when necessary. 

 
 

�z Support for prefabrication: ��

BIM allows you and your partners to more easily prefabrication components of the project 
offsite, which saves time. 

1.5 Disadvantages of BIM:  

�x Incompatibility with associates: BIM is not yet entirely used among 
construction professionals. 

�x Legal issues: The legal implications of using BIM software have not yet been extensively 
tested, let alone settled. 

�x Cost of software: BIM software needs substantial investment in new technology. 

1.6 REVIT ARCHITECTURE  SOFTWARE 

Autodesk Revit Architecture is a robust architectural design and documentation software 
application created by Autodesk for architects and holding professionals. The tools and features 
that make up Revit Architecture  are specifically designed to support building information 
modelling (BIM) workflows. By utilizing BIM as opposed to computer-aided drafting (CAD), 
Revit Architecture is able to leverage dynamic information in intelligent models -allowing complex 
building structures to be accurately designed and documented in a short amount of time. Each 
intelligent model created with Revit Architecture represents an entire project and is stored in a 
single database file. This allows changes made in one partof the model to be automatically 
propagated to other parts of the model, thus enhancing the workflow for Revit Architecture users. 
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Benefits of using Revit Architecture 

Individuals who currently work in or are pursuing careers in architectural and other 
building professional fields will discover many benefits of using Revit Architecture. The BIM 
workflow offered by Revit Architecture not only maximizes productivity but also helps to 
streamline your design and documentation workflows; speeding projects from design to 
completion while automating updates across your model with a single design change. 

Autodesk Revit Architecture offers many other tools and features that can enhance 
productivity such as Physical Materials for Building Performance Analysis, Autodesk 360 
Integration, Work sharing, Construction Modeling. Bidirectional Associativity, Parametric 
Components, and much more. 

How Revit Architecture is used 

Autodesk Revit Architecture is used by architects and other building professionals to help 
reduce risk obtain insight into how buildings will perform before construction begins, develop 
better quality designs, and improve project delivery. For example, a school of architecture may use 
Revit Architecture as the software of choice to help its 600 full-time students gain real-world 
experience using a BIM workflow to build high-impact 3D models. In the case of an engineering 
and architectural services firm, Revit Architecture may be used to fast-track the complex design 
and construction of a building that wraps around distillery processing equipment and allow for a 
high level of future maintenance and improvements. Ultimately, Revit Architecture is used to 
create accurate building designs while minimizing the time it takes to coordinate and design in a 
virtual environment. This, in turn, allows ideas to be worked through faster and helps to maintain 
better consistency across the project. 
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WHY WE CHOOSE THE REVIT SOFTWARE FOR THE 
BUILDING INFORMATION MODELLING:  

Building Information Modeling (BIM) has become an essential part of any design project by 
facilitating smarter, faster, stronger designs that make economic sense while reducing 
environmental impact. BIM provides support every step of the way from design and visualization, 
to simulation and construction. 

The software helps terms collaborate, innovate, and connect with clients in more productive ways. 
And now Revit - the latest innovation in BIM - is taking an already impressive price of 
programming to the next level with a new array of features and capabilities. here are three ways 

Revit takes computer-aided drafting into the 21st century. 

Increased efficiency 

Revit has changed the architecture design, drafting and modeling processes  by 
accomplishing substantial improvements in precision and efficiency. With Revit software 
architectural designers can now rapidly sketch out rough layout of a floor plan, or male changes to 
the standard set of building designs and instantly let their future homes. 3D design views give 
designers the opportunity to quickly try out different designs, while high-quality documents let 
them detect and correct problems early in the design process - and that equals big savings on time 
and money. Also, Revit comes with a full set of parametric building design components that can be 
customized and saved for use in future projects. And the program has environmental benefits as 
well - energy modelling and environmental responsiveness are core components of its design 
process. 

 
 
Flexible & Dynamic 

Professionals who completed their architectural training using conventional CAD 
technology will notice right away that Revit is not simply a drafting program - 
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it's a powerful, dynamic database. Unlike AutoCAD, Revit allows all project data to be stored in a 
single project file, permitting multiple users to work on the same project file, permitting multiple 
users to work on the same project file and merge their changes with every save. All changes in 
Revit are coordinated across the entire project, so a change in one place (view) is a simultaneous 
change in all views. This  is perhaps Revit's most striking difference from previous tools: section 
views, elevati9ons, and schedules are lives views of the Single Building Model and require no 
updates or refreshing when the model changes. 

Multi -Talented 

In addition to its flexibility and efficiency, Revit is revolutionizing CAD training and 
application with a diverse range of capabilities. The program can be used to facilitate design, 
construction, procurement, pricing, life safety, ongoing maintenance, facility management and 
much more. And according to Architecture Evangelist, Revit's multi- talented profile produces 

advantages that go beyond what AutoCAD provides, such as: 
 
 

�x Reduced Field Cycle Time 

�x Greater Coordination and Collaboration 

�x Short Turn Around Time(TAT) 

�x Waste On-site Renewable Opportunities 

�x Greater Error Detection and Risk Mitigation 

�x Increased Public Confidence 

�x Increased Employee Productivity 

Does Revit Do Everything? 

No, there is still a place for CAD software like AutoCAD, which desginers still use for 
detailing and documenting. Visualization software, like 3ds Max _and Photoshop are still used afar 
highly-detailed design visualizations. Other analysis application can perform advanced simulations 
to improve design efficiency as well. The BIM models Revit creates can integrate into the 
workflows of designersusing 
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these applications to further enhancing the effectiveness of the design term from design to 

construction. With at least 6 out of 10 architects in the U.S. creating BIM models1, BIM has 
become almost unavoidable and there are plenty of designers lamenting a breakdown in the lexicon 
surrounding BIM. The best way to prevent confusion is education and Digital-Tutors Revit tutorials 
can teach you industry- peoven techniques to take full advantage of BIM methodology so you can 
create your best designs faster, more cost-effective and more efficient than ever. 
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CHAPTER-2 

LITERATURE REVIEW  

 

2.1 LITERATURE REVIEW  

This chapter will focus on the modelling software's under BIM platform, with 
emphasis on trending Revit software and discusses the different construction project that are 
worked out by same software out by same software. 

2.2 INTRODUCTION OF MODELLING SOFTWARES INTO THE 
CONSTRUCTION INDUSTRY  

software used in the construction industry is highly fragmented and it is common to use a 
different software package for each construction activity. Software that is common to the industry 
is primavera which is used for scheduling, Timberline and On Screen Take Off for estimating, 
Autodesk AutoCAD for drafting, Revit Architecture software for 3D modelling, and ESRI GIS 
software for site selection and Revit for modelling according to architectural aspects. Most 
construction software is designed for specific individual processes and does not take into 
consideration that information that is captured by one construction function may be needed to make 
a decision for another construction process. 

Construction projects are built concurrently and a majority of the information about the 
project is unknown or hypothetical in nature, therefore the most optimal situation is to have all 
information regarding the construction project stored in a single software package or within two 
software packages that are interoperable. Interoperable software allows for information in two 
separate systems to be captured together, allowing accurate decisions to be made. 

BIM (Building information modelling):  

BIM as a data rich, object-oriented, intelligent and parametric digital representation of the 
facility from which views and data appropriate to various 
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users" needs can be extracted and analyzed to generate information, which can be used to make 
decision and improve the process of delivering the facility. NBIMS defined BIM as "a computable 
representation of all the physical and functional characteristics of a building and its related project 
(lifecycle) information, which is intended to be a repository of information for the building owner 
(and operator) to use and maintain throughout the lifecycle of building ( Isikdag et al. 2008)." 

A BIM model provides information about the Drawings, visualization of the building 
in3D,cost, estimation and scheduling, energy simulation, and supporting information about the 
specification, and soon code checking (Jeong et al. 2009). the supporting information about the 
objects and geometry and analysis of the building make BIM models distinct from other VRML 

files or Sketch Up TM ,here after referred to a Sketch UP, files. the fact that a BIM model has 
"smart" information makes the model more valuable than a simple 3D visual representation of a 
building. It unties the professions related to the construction, canters on the BIM platform of 
cooperative work. And then the storage and management of BIM data is achieved, the data 
management and permission assignment based on objects are achieved. It can support the multi-
user collaboration and synchronous modification (Zhang jointing, yu fangqiang, Li ding 2012) 

Technology advancement in the form of "future shock" (A. Toffler, Amereon Ltd., New York, 
1970) is developing at an exponential speed with synergy of diverse emerging digital innovations. 
Collaborations among different specializations are becoming more common than before , as 
technologies that are previously enigmatic and expensive are now widely available and affordable ( 
F. Wickson, A.L Carew, 
A.W. Russell 2006). In 3D computer graphics, 3D modelling (or three-dimensional modelling) is 
the process of birth of an3D object three dimensional surface of an object (either inanimate or 
living) via specialized software. The product is called a 3Dmodel. It can be displayed as a two-
dimensional image through a process called 3Drendering or used in a computer simulation of 
physically phenomena. The model can also be physically created using 3D printing devices. Model 
may be created automatically or manually. The manual modelling process of preparing geometric 
data for 3D computer graphics is similar to plastic arts such as sculpting. 
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�x 3D modelling software is a class of 3D computer graphics software  is used  to produce 3D 
models. Individual programs of this class are called modelling applications or modellers. 

�z Computer-aided design(CAD) is the use of computer systems(or workstations) to aid in the 
creation, modification, analysis, or optimization of a design.(Narayan, K. the Lalit(2008))CAD 
software is used to increase productivity of the designer, improve the quality of design, 
improve communications through documentation, and to create a database for manufacturing. 
(narayan, K. Lalit (2008))CAD output is often in the form of electronic files for print, 
matching, or other manufacturing operations. The term CADD (for Computer Aided Design 
and Drafting) is also used (Duggal, Vijay(2000)). CAD technology is used in the design of 
tools and machinery and in the drafting and design of all types of buildings, from small 
residential types (houses)to the larges commercial and industrial structures (hospitals and 
actress)( Jennifer Herron (2010)) .it can also be used to design objects.��

CAD has become an especially important technology within the scope of computer- aided 
technologies, with benefits such as lower product development cost and greatly shortened design 
cycle. CAD enables designers to layout and develops work on screen print it out and save it for 
future editing, saving time on their drawings. 

4D modelling allows stakeholders to visualize construction over the project duration to identify 
potential spatial temporal conflicts in schedule. Adding a cost component to the process creates a 
5th dimension, making a 5D model. Such 5D engineered models allow stakeholders to evaluate 
costs and model cash flows for each phase of construction. 

2.3 USES OF REVIT SOFTWARE: 

2.3.1 DRAWINGS 

Revit was intended to allow architects and other building professionals to design and document a 
building by creating a parametric three-dimensional model that included both the geometry and 
non-geometric design and construction Information, which is also known as Building Information 
Modeling or BIM (1975 Eastman C.). 
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For example, moving a wall would update the neighbouring walls, floors, and roofs, correct the 
placement and values of dimensions and notes, adjust the floor areas reported in schedule, redraw 
section views, etc., so that the model would remain connected and all documentation would be 
coordinated. 

2.3.2 MEP 

Design complex MEP systems. Model fully parametric air-handling, piping, and plumbing 
systems, Design lighting, power, fire-detection, and other electrical subsystems. Individuals who 
currently work in or are pursuing careers in the mechanical, electrical, or plumbing engineering 
fields will discover many benefits of using Revit MEP. The BIM workflow offered by Revit MEP 
not only maximizes productivity but also helps to streamline your design and documentation 
workflow, speeding projects from design to completion while automating updates across your 
model with a single design change. Growing needs for power system development, for the purpose 
of electricity delivery, have been caused by industry development, increasing standards of living 
and population growth. The delivery of the electricity must raise the level of security and reliability 
but also raise the required quantity, quality and continuity (J. D. McDonald, May 2012). There is 
an increasing need for construction of substations, which represent node points or transformer 
points of the network. However, substation design is a complicated process, which requires 
important analysis before the beginning of any design. It also requires finding the optimal solution, 
satisfying the number of restrictions and standards (T. Bunyagul, 2010) (j. D. Glover, M. S. 
Sharma, 2011). 

For example, a HVAC (heating, ventilation, and air conditioning) manufacturing company 
may use Revit MEP to develop detailed BIM-ready product models for engineering. customers, 
which not only saves customers from having to spend hours drawing a single piece of equipment, 
but also increases accuracy and helps them deliver a more buildable product. In the case of an 
architectural firm, Revit MEP may be used to fast-track the design and construction of a military 
community hospital; leveraging BIM to allow everyone involved in the project to explore, 
visualize, and understand the outcomes of design choices from the earliest stages of the project. 
Ultimately, Revit MEP is used to 12 streamline the engineering 
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design process using a single model to enhance the communication of design intent before 
construction begins. 

2.3.3 ANALYZE BUILDING SYSTEM  PERFORMANCES: 

Simulate real-world performance and evaluate building system performances so you can 
quickly discover the best design choices, Inform carly design decisions with conceptual energy 
analysis that provides peak loads, annual energy calculations, energy consumption, carbon 
emissions, and fuel costs. 

2.3.4 COLLABORATE ACROSS MULTI DESCIPLINE  TEAM:  

Includes tools for architectural, electrical, mechanical, and structural systems design in one 
application. Coordinate your design better thanks to a common design environment and a 
streamlined workflow. Resolve clashes with built-in clash detection and share mark-ups of models 
and documentation across teams to reduce project errors. In the case of an architectural firm, Revit 
MEP may be used to fast- track the design and construction of a military community hospital; 
leveraging BIM to allow everyone involved in the project to explore, visualize, and understand the 
outcomes of design choices from the earliest stages of the project. 

2.3.5 VISUALIZE BUILDING DESIGN:  

Produce visualizations of models and further refine potential designs. Generate images and 
animations with life-like detail and high-end photo realistic renderings with no need for additional 
software. 
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CHAPTER-3  

     METHODOLOGY  

 

3.1 INTRODUCTION  

The methodology in this project serves as a guide in achieving the objectives of the 
study and discusses the procedures from how the data is collected till how it is processed and 
analysed to achieve the objectives and scope of the study. Revit software is recent technology 10 
architectural. Structural, Electrical and Mechanical application created by Bentley for architects 
and building professionals. And it also performs Energy simulation. The tools and pictures that 
make up Revit Architecture are specifically designed to support building information modelling 
(BIM) workflows. 

3.2 QUANTITATIVE  METHODS 

Quantitative research method is made by an assumption that human behaviour can be 
explained by what may termed as "social facts" which are investigated by methodologies (Horna. 
1994). This research method will tend to collect to factual data by using structured procedures. The 
Qualitative methodology will also tend to study the relationships between facts and relationships 
related with theories and finding any previous literature (Fellows and Liu, 1997) Quantitative 
investigations will look for "distinguishing characteristics", clemental properties and empirical 
boundaries and will lead to measure 

"How much" and "How often" (Nau, 1995) The following are the strengths of Quantitative 
research method by Easter-Smith (1991). 

Helps the researcher to search for causal explanations, theories and fundamental laws, 
and generally reduces the whole work in to simple possible elemental order to understand and 
making analysis. 



 18 

Furthermore, qualitative data is useful when one need to add something for Future 
reference, explain, spot or re Interpret qualitative data gathered from the same setting. Even though 
Richards and Richard recognized. 

3.3 QUALITATIVE  METHODS 

The Qualitative research is conducted through an intense and continuous contact with a 
specific field of a life situation. These situations are typically normal, reflective of everyday life of 
individuals, groups, societies and organization (Miles and Huberman, 1994). In some cases all data 
collected on qualitative can refer to people, objectives and situations (Berg. 1989). Important about 
well-collected qualitative data will focus on naturally occurring, ordinary events in natural settings, 
so there is a view on what it will be in "real life" Qualitative approach will employs   a preliminary 
reasoning to understand situation and also gives a room for producing ideas and findings from data 
which is very difficult to obtain by means of statistical approach. According to Van Manen (1977) 
there are three other claims for the power of qualitative data and stated as a best strategy for 
discovery, exploring a new arca and developing hypothesis. 
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4.1 Building details 

CHAPTER 4 

PROJECT DETAILS

 

A complete BIM Model is created in Autodesk's Revit Architecture  software asshown. 
The model is created from the obtained building drawings. In BIM model, building materials and 
environmental variables can be demonstrated in real time rather than manual estimation, which 
enhances the accuracy of simulation. 

Project plan: 
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4.2 Software details 

Autodesk Revit Architecture is building information modelling software for architects, 
structural engineers, MEP engineers, designers and contractors. It allows users to design a building 
structure and its components in 3D, annotate the model with 2D drafting elements and access 
building information from the building model's database. Revit is 4D BIM capable with tools to 
plan and track various stages in the building's lifecycle, from concept to construction and later 
demolition. The Revit work environment allows users to manipulate whole building or assemblies 
(in the project environment) or individual 3D shapes (in the family editor environment). Modeling 
tools can be used with pre-made solid objects or imported geometric models. However, Revit is not 
a NURBS modeller and also lacks the ability to manipulate an object's individual polygons except 
on some specific object types such as roofs, slabs and terrain or in the massing environment. 

An experienced user can create realistic and accurate families 
ranging from furniture to lighting fixtures, as well as import existing models from other programs. 
Revit families can be created as parametric models with dimensions and properties. This lets users 
modify a given component by changing predefined parameters such as height, width or number in 
the case of an array. In this way a family defines a geometry which is controlled by parameters, 
each combination of parameters can be saved as a type, and each occurrence (instance in Revit) of 
a type can also contain further variations. For example, a swing door may be a Family. 

 

Autodesk NavisworksManage is a comprehensive project review solution that 
supports coordination, analysis, and communication of design intent and constructability. Entire 
project models can be published and freely* viewed using AutodeskNavisworks Freedom 
software.Used primarily in construction industries to complement 3D design packages (such as 
Autodesk Revit, AutoCAD, and MicroStation) Navisworks allows users to open and combine 3D 
models, navigate around them in real-time and review the model using a set of tools including 
comments, redlining, viewpoint, and measurements. 
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                                                                            CHAPTER-5 
 

 
 
 
5.1Walls 

ARCHITECTURAL MODELING  

WITH RIVET PLATFORM

 

Use Wall tool to create a non-bearing wall or Structural wall in the building wall structural 
walls Click (Wall: Structural) on the 

�x Architect tab > Build panel > Wall drop-down. 

�x Structure tab >Structure panel >Wall drop-down. 

5.11 About Walls 

Like other basic elements in a building model, walls are instances of proteins watem 
family types, which represent standard varieties of wall function, composition and ickness. You 
can customize these characteristics by modifying wall type properties to add remove layers, divide 
them into regions and change their thickness of assigned material. You can add walls to a building 
model by clicking the Wall tool, selecting the desired wall wype and placing instances of that type 
in a plan view or 3D view.To place in instance, you eleet one of the draw tools on the ribbon and 
either sketch the linear extents of the wall in the drawing area, or define them by picking an 
existing line, edge, or face. 

 
 

The position of the wall relative to the path you sketch of the existing element you select is 
determined by the value of one of the wall's instance properties. Location Line. After you place a 
wall in the drawing, you can add sweeps or reveals, edit the wall's profile and insert hosted 
components such as doors and windows. 
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5.1.2 Place a Wall  

Add one or more instances of a specific type of architectural wall to the building model. 
The process of creating a structural wall is similar. 

1. Open a floor plan view or a 3D view. 

2. Click Architecture tab> Build panel > Wall drop-down> (Wall: Architectural), 

 
 
 
 

Figure 5.1.1 placing a wall 

3. If you want to place a wall type other than the one displayed in the Type Selector, select a 
different type from the drop-down. 

�x We can use the bottom part of the Properties palette to modify some of the instance 
properties for the selected wall type before you start placing instances. 
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4. On the Options bar, specify the following: 

�x Level: (3D views only) select a level for the wall's base constraint. You can choose a non-
storcy level. See Levels. 

�x Height: Select a level for the wall's top constraint or enter a value for the default setting of 
Unconnected. See Height/Depth of Walls. 

�x  Location Line: Select which vertical plane of the wall you want to align with the 
cursor as you draw or with the line face you will select in the drawing  area. For example, 
see about the Wall Location Line. 

�x Chain: Select this option to draw a series of wall segments connected at endpoints. 

�x Offset: Optionally enter a distance to specify how far the wall location line will be offset 
from the cursor position or from a selected line or face (as described in the next step). 

�x Join Status: Select Allow to automatically creating a butt joint (default where walls 
intersect. Select Disallow to prevent walls from joining when they meet. Allow is selected 
by default each time you open the software, but your last selected option is maintained 
during the current session. You can change the join status of individual walls later, if 
desired. See Wall Joins. 

5. On the Draw panel, select a draw tool to place the wall using one of the following methods: 

�x Draw the wall: Use the default Line tool to place a straight wall segment by specifying both 
a start point and an endpoint in the drawing, Alternatively, you can specify the start point, 
move the cursor in the desired direction, and then enter a value for the wall length. 

�x Place the wall along an existing line: Use the Pick Lines tool to place wall segments along 
lines you select in the drawing. The lines can be model lines. reference planes or edges of 
elements such as roofs, curtain panels and other walls. 

�x Place the wall on an existing face: Use the Pick Faces tool to place a wall on a massing face 
or a generic model face that you select in the drawing. See Creating Walls from Mass 
Faces. 
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5.1.3 Wall  Joints 

When walls intersect, Revit creates a butt joint by default and cleans up the display in plain 
view, removing Visible edges between the joined walls and their corresponding component layers. 
You can change how the joint displays in a plan view by selecting a join option other than Butt 
(Miter or Square-off) or by specifying a different order in which the walls butt up or square off 
ngainst one another. Butt joint with and without cleanup at coarse level of detail and Butt joint with 
and without cleanup at fine level of detail. You can also specify whether the join cleans up, does 
not clean up or cleans up according to the default setting for the view. 

 

 
Figure 5.1.2 Wall joints after placing with desired properties 

 

 
5.1.4 Wall Sweeps 

Use the Sweep tool to add a baseboard, crown molding or other type of decorative 
horizontal or vertical projection to a wall. You can add a wall sweep to a wall from a 3D or 
elevation view. 
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To add a sweep for all walls of a type, modify the wall structure in the walls type 
properties. You can quantities wall sweeps. Integral wall sweets, which are part of the wall type 
definition cannot be quantities independently. 

5.1.5 Add a Wall Sweep 

Use the Sweep tool to add a baseboard, crown moulding or other type of decorative 
horizontal or vertical projection to a wall. 

1. Open a 3D or elevation view containing the wall to which you want to add the sweep. 

2. Click Architecture tab >Build panel > Wall drop-down 

3. In the Type Selector, select the desired type of wall sweep. (Wall: Sweep). 

4. Click Modify Place Wall Sweep > Placement panel, and select the orientation of the 
wall sweep: Horizontal or Vertical. 

5. Place the cursor over the wall to highlight the wall sweep location. Click to place the 
wall sweep. 

6. Add the wall sweep to adjacent walls, if needed. 

Revit preselects the wall sweep location on each adjacent wall. If you are in a 3D view, you can 
add a wall sweep to all exterior walls by using the View Cube to rotate the view. 

7. To start wall sweep in a different location, click Modify Place Wall Sweep tab > 
Placement panel > Wall Sweep Restart. Move the cursor to the desired location on the wall, and 
click to place the wall sweep 

8. To finish placing wall sweeps, click Modify. 

5.1.6 Edit a Wall  Profile 

In most cases, when you place a straight wall, it has a rectangular profile when viewed in 
elevations parallel to its length. If your design calls for a different shape of 
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profile, or for openings in the wall, you can edit the wall's elevation profile in a section view or an 
elevation view 

Design with non-rectangular walls and cut openings 

You cannot edit the elevation profile of an arc wall. To place rectangular openings in an 
arc wall, use the Wall Opening tool. 

To edit the profile of a wall 

1. In the drawing area, select the wall, and click Modify Walls tab > Mode panel > 
Edit Profile 

2. If the active view is a plan view, the Go to View dialog displays, prompting you to 
select an appropriate elevation or section view. 

For example, for a north all you could select there Neror South elevation view. When an 
appropriate view is open the profile of the wall displays in a model lines, as shown 

3. Use the tools on the Modify and Draw panels to edit the profile as needed. 

�x Delete the lines and then sketch a completely different shape. 

�x split the existing lines and add arcs. 

�x Draw openings of holes. 

4. As you move and edit the rectangle, datum planes appear to indicate the original shape and size 
of the wall when you entered sketch mode. If the sketch lines snap to the datum planes, the 
endpoints of the lines automatically align to the planes, unless you explicitly unlock them. If you 
unlock the sketched lines, you can modify them independently of the datum si aligned, then as you 
move a datum handle, the sketched lines move with it planes. If you exit sketch mode with the 
sketch lines, , you can modify them independently of the datum plans. If you exit sketch mode with 
the sketched lines still aligned, then as you move a datum handle, the sketched lines move with it. 

5. Sketch lines unlocked 
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6. When you are finished, click Finish Edit Mode. 

You want to restore an edited wall to its original shape, select it, and click Modify Walls 
tab > Mode panel > Reset Profile. 

5.2 Doors 

Use the Doors tool to place a door in a wall. Select a door type from the Type Selector 

�x Architecture tab > Build panel > (Door). 

5.2.1 About Doors 

Doors are hosted components that you can add to any type of wall. Doors can be dded in 
plan, section, elevation, of 3D views. You select the type of door to add, and then pecify its 
location on the wall. Revit automatically cuts the opening and places the door. 

5.2.2 Place a Door 

Use the Door tool to place doors in walls of the building model. An opening is 
automatically cut into the wall to accomadate the door. 

 
 

Figure 5.2: Placing of door in the wall 
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1. Open a plan, section, elevation, or 3D view. 

2. Click Architecture tab > Build panel > (Door). 

3. If you want to place a door type other than the one displayed in the Type Selector, select a 
different type from the drop-down. 

Note: To load additional door types from the Revit library, click Place Door tab > Mode panel > 
Load Family, navigate to the Doors folder, and open the desired family file. 

4. If you want to tag doors automatically as you place them, click Modify | Place Door tab > Tag 
panei > O Tag on Placement. Then specify the following tagging options on the Options Bar. 

5. Move the cursor over a wall to display a preview image of the door. 

6. When placing the door in plan view, press the Spacebar to flip the door hand from left to right. 
To flip the door facing (make it swing in or out), move the cursor closer to the inner or outer wall 
edge. 

7. By default, the temporary dimensions indicate the distances from the door centerline to the 
centre lines of the nearest perpendicular walls. To change these settings, see Temporary 
Dimension Settings. 

8. When the preview image is at the desired location on the wall, click to place the door. 

5.2.3 Change the Orientation of a Door 

You can change a change a door's hinge side (hand) or swing (facing). 

1. In a plan view, select the door. 

2. Right-click, and click the desired option. 
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Figure 5.2.1: Properties of door in the plan 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 5.2: Orientation of door direction 
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5.3 Windows 

Use the Windows tool to place windows in a wall or skylights in a roof. Select a window type 
from the Type Selector 

�x Architecture to architecture tab Build panel > (Window) 

5.3.1 About Windows 

Windows are hosted components that you can add to any type of wall (or to an in-place 
roof, in the case of a skylight), Windows can be added in plan, section, elevation, or 3D views. 
You select the type of window to add, and then specify its location on the host element. Revit 
automatically cuts the opening and places the window. 

 

 
 

Figure 5.3: Placing of window in the wall 
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5.3.2 Place a Window 

You can add a window to any kind of wall or add a skylight to an in-place roof. To add a 
window to a curtain wall panel, you must first change the panel to a wall. 

1. Open a plan, elevation, section, or 3D view. 

2. Click Architecture tab > Build panel >(Window). 

3. If you want to place a window type other than the one displayed in the Type Selector, Select a 
different type from the drop-down. 

4. If you want to tag window automatically as you place them, click Modify| Place Window tab 
Tag panel Tag on Placement. Then specify the following can tagging options on the Options Bar 

5. Move the cursor over a wall to display a preview image of the window. By default, temporary 
dimensions indicate the distance from the window centerline to the centerline of nearest 
perpendicular walls. To change these settings 

6. When the preview Image at the desired location on the wall, click to place the window. 
 

 

Figure 5.3.2: After placing the window 
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5.3.3 Change the Window Orientation 

You can change a window horizontal orientation (hand) or vertical 
orientation(facing). 

1. In a plan view, select the window. 

2. Right-click, and click the desired option. 

3. Alternatively, you can click either of the corresponding flip controls (Flip the instance hand or 
Plip the instance facing) that display in the drawing when a window is selected. 

 
 
 
 

 

Figure 5.3.3: Orientation of window direction 

5.4 Components 
Components are used to model building elements that are usually delivered and installed 

on site, such as furniture and plumbing fixtures. 

�x Architecture tab> Build panel > (Place a Component). 
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�x Structure tab > Model panel > Component drop-down > (Place a Component). 

�x Systems tab > Model panel > Component drop-down > (Place a Component). 

�x Use the Type Selector to choose the desired component, or load a component family into 
the project. 

 
 
 

Figure 5.4: Placing of door by components 

5.4.1 Place a Component 

You can to place in to place freestanding components in the building model. 

1. Open a project view appropriate for the type of component you want to place, 2.On the 

ribbon, click one of the following: 

�x Architecture tab > Build panel > (Place a Component) 

�x Structure tab > Model panel > Component drop down >( Component) 

�x Systems tab > Model panel > Component drop-down> (Place a 
component) 

3. In the Type Selector at the top of the Properties palette, select the desired component 
type. 
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4. If the selected component family has been defined as face-based or work plane- based, see 
the Note following this procedure. 

5. Click one of the following options on the Placement panel, which displays on the Modify 
Place Component tab. 

�x Place on Vertical Face: This option is only available for components and allows 
placement only on vertical faces. 

�x Place on Face: This option allows placement on face regardless of orientation. 

�x Place on Work Plane: This option requires an active work plans to be defined in the view. 

6. In the drawing area, move the cursor until the preview man of the component is in the desired 
location. 

7. If you want to change the orientation of the component, press the spacebar to rotate the 
preview image through its available positioning options. 

8. When the preview image is in the desired location and orientation, click to place the 
component 

9. After you place a component, you can specify that it moves when a nearby wall moves. 

5.5 Architectural  columns 

Use architectural columns to model column box-outs around structural columns 
and for decorative applications. 

�x Architecture tab > Build panel > Column drop-down> 
(Column:Arechitectural) 
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Figure 5.5: Placing of structural columns by using the column icon 
 
 
 

 
 

Figure 5.5.1: Placing of architectural columns in the plan 

You can use architectural columns to model column box-outs around structural columns 
and for decorative applications. Architectural columns inherit the material of other elements to 
which they are joined. Compound layers in walls wrap at architectural columns. This does not 
apply to structural columns. 
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Figure 5.5.2: After placing of columns in the plan 

5.5.2 Add a Column 

You can add columns in plan views and 3D views The height of the column is defined by 
the Base Level and Top Level properties, as well as offsets. 

1. Click Architecture tab > Build panel > Column drop-down > (Column: 
Architectural). 

2. On the Options Bar, specify the following: 

�x Rotate after placement Select this option to rotate the column 
immediately after placing it. 

�x Level. (3D views only) Select a level for the column base. For plan views, the 
view's level is the base level for the column. 

�x Height: This setting draws the column upward from its base. To draw the column 
downward from its base, select Depth. 

�x Level/Unconnected: Select a level for the top of the column, or select 
Unconnected and specify the column height. 

�x Room Bounding: Select this option to designate the column as room- bounding 
before you place it. 

3. Click in the drawing area to place the column. 

4. If you need to move the column, select it and drag it to a new position. 



 37 

5.6 Beams 
 
 

 

 

Figure 5.6: Adding the beams of required size 
 

 
Use beams tools to add load-bearing structural elements to building models. 

�x Structure tab Structure panel >(Beam) 
 
 

Figure 5.6: Placing of beams in the plan 
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5.6.1 About Placing Beams 

It is good practice to first add grids and columns before creating teams. When adding beam 
to a plan view, you must set the Bottom clip plane below the current level, otherwise the beam is 
not visible in the view. If you use a structural template, however, the view range and visibility 
settings will display beams accordingly. 

Elements of each beam are defined through the type properties of the specific beam family. 
In addition, various instance properties can be modified to define the functionality of the beam. 
You can attach beams to any structural element in your project using one of the following 
methods: 

�x Sketch individual beams. 

�x Create a chain of beams. 

�x Select grid lines that lie between structural elements. 

�x Create a beam system. 

 
 

 
Figure 5.6.1: Properties of beams in the plan 
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Figure 5.6.2: After placing of beams 

5.7 Roofs 
 

Create a roof from a building footprint or an extrusion. 

�x Architecture tab >Build panel > Roof drop-down> (Roof by Footprint) or(Roof by 
Extrusion) 

5.7.1 About Roofs 

Revit offers several methods of creating roofs. Choose the method that best meets the needs 
of your design. For examples of basic roof shapes, and a link to a sample Revit model containing 
these examples, see the Roof Sample File Topic.  You can create a roof 

�x from a building footprint 

�x as an extrusion 

�x with sloped glazing 

�x from a mass instanceA roof cannot cut through windows or doors. 
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Figure 5.7.1: Creating of roof by footprint 

5.7.2 Roof by footprint  

�x 2D closed-loop sketch of the roof perimeter. 

�x Created when you select walls or draw lines in plan view. 

�x Created at level of view in which it was sketched 

�x Height is controlled by Base Height Offset property. 

�x Openings are defined by additional closed loops. 

�x Slopes are defined when you apply a slope parameter to sketch lines. 

Create a Roof by Footprint 

create a roof using the building footprint to define its boundaries. 

1. Display a floor plan view of a reflected ceiling plan view. 

2. Click Architecture tab > Build panel > Roof drop-down >(Roof by 
Footprint). 

3. On the Draw panel, select a sketch or pick tool. To edit roof properties before 
sketching, use the Properties palette. 

4. Sketch, or pick, a closed loop for the roof. 

5. Specify slope defining lines. 
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6. To change the slope definition of a line, select the line and on the Properties palette, 
click Defines Roof Slope. You can then change the slope value. 

 
 

7. When a roof line is set to slope defining this symbol appears adjacent to it. 

8. Click (Finish Edit Mode), and then open a 3D view. 
 
 
 
 

 
 
 
 

Figure 5.7.2: After creating the roof 

5.8 Floors 
 

Use the Floor tool to create level, sloped, or multi-layer floors. 

�x Architecture tab > Build panel >Floor drop-down> (Floor: Architectural) 

�x Structure tab > Structure panel >Floor drop-down >(Floor: Architectural) 

5.8.1 About Floors 

You create floors by defining their boundaries, either by picking walls or using Drawing 
tools. Typically, you sketch a floor in a plan view, although you can use a 3D view if the work 
plane of the 3D view is set to the work plane of a plan view. Floors are offset downward from the 
level on which they are sketched. You 
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can create a sloped floor add slab edges to a floor, or create multi-layer floors. In a conceptual 
design, you can use floor area faces to analyze masses, and create floors from a mass. 

5.8.2 Create a Floor 

To create a floor, define its boundaries by picking walls or sketching its profile with 
drawing tools, 

1. Click Architecture tab> Build panel > For drop-down> (Floor: Architectural). 

2. Draw the floor boundaries, using one of the following methods: 

�x Pick walls: By default, Pick Walls is active if it is not active, click Modify 
|Create floor Boundary tab > draw panel > (Pick Walls). Select walls in the drawingarea to 
use as floor boundaries. 

�x Sketch boundaries: To sketch the profile of the floor, click Modify Create Floor Boundary 
tab > Draw panel, and select a sketching tool. See Sketching 

�x The floor boundary must be a closed loop (profile). To create an opening in the floor, you 
can sketch another closed loop where you want the opening to appear. 

3. On the Options Bar, for Offset, specify an offset for the floor edges. 

4. Click Finish Edit Mode. 

 

Figure 5.8.1: Creating of floor to the building 
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5.9 Stair by Component 

Create a stair by assembling common run, landing, and support components. Architecture tab > 

Circulation panel > (Stair by Component). 

5.9.1 About Stair by Component 

To create a component-based stair, you work in a stair assembly edit mode to add common 
and custom sketch components. In stair assembly edit mode, you can directly assemble 
components in a plan or 3D view. Tiling the views can give you a complete picture of the stair 
model as you assemble it. A component-based stair can consist of 

�x Runs: straight, spiral, U-shaped, L-shaped, custom sketches run. 

�x Landings: created automatically between runs or by picking two runs or by creating a 
custom sketches landing. 

�x Supports (side and center): created automatically with the ruins or by picking a run or 
landing edge. 

�x Railings: automatically generated during creation or placed later. 

Notice in the following image that you can create a stair where the assembled components 
overlap. You can assemble multiple runs leading to the same landing, for example, a T shaped stair 
Components in a stair assembly are independent, but also have an intelligent relationship to each 
other to support design intent. For example, if steps are removed from one run, steps are added to 
connected runs to maintain the overall stair height. Because the stair is built with components, the 
individual parts can be controlled separately, they can be 

�x Quantities 

�x Tagged 

�x Added, removed or replaced with different parts. 

�x Converted to sketch for custom editing. 

�x Customized for visual representation. 
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5.9.2 Stair Run Components 

When creating stairs, create a common run component in a plan or 3D view. You can 
assemble a stair using individual run, landing, and support components. Use the run component 
tools to create common runs, such as straight, are, spiral or winder. 

5.9.3 Select the Run Component Tool and Specify Options 

Use the Stair by Component tool to define a stair run. Refer to these steps to select the 
appropriate tool and specify initial options, and then refer to the specific procedure for the type of 
run you are creating. 

1. Click Architecture tab Circulation panel (Stair by Component). 

2. On the Component panel, verify that Run is selected. 

3. In the Draw gallery, select one of the following tools to create the desired run type: 
 

�x (Straight) 

�x (Full-Step spiral) 

�x (Center-Ends Spiral) 

�x (L-Shape Winder) 

�x (EU-Shape Winder) 

4. On the Options Bar: 

�‡ For Location Line, select the creation path for the run relative to the Up- direction. 
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Figure 5.9.1: Creating of riser to the staircase 
 
 

�x Exterior Support: Left (1) 

�x Run: Left (2) 

�x Run: Centre (3) 

�x Run: Right (4) 

�x Exterior Support: Right (5) 
 

Depending on the type of run you are creating, it can be helpful to change the Location Line 
option. For example, if you are creating a winder run and want to snap the left edge to a wall, 
choose exterior Support: Left for Location Line. 
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�x For Offset, specify an optional offset value for the creation path. For example, if enter 3" 
for Offset and the  Location Line  is Run: Center, the creation path is ���´���W�R���W�K�H���U�L�J�K�W���R�I���W�K�H��
center line of the stairs (in the Up-direction). A negative offset is to the left of the center 
line. 

�x For Actual Run Width, specify a value for the run width. This is the value of the run not 
including supports. 

 
 

�x Automatic Landing is selected by default. If you create 2 separate runs to reach the next 
level, Revit automatically creates a landing between the 2 runs. Clear this option if you do 
not want to create landing automatically 

 
 
5. In the Type Selector, select the type of stair you want to create. You can change the type later, 
if required. 

6. Optionally, you can specify run instance properties, such as Relative Base Height, and Begin 
with Riser/End with Riser preferences. On the Properties palette, select New C Stairs: Runs, and 
modify the instance properties as required. 

 
 
 

 
 

Figure 5.9.2: Properties of the staircase 
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Figure 5.9.3:After placing the staircase in the plan 
 
 
 
 

7. Optionally, on the Tools palette, click (Railing). 
 
 
By default, a railing is automatically created when you create a run. In the Railing dialog, Select 
the railing type or select none if you do not want to create a railing automatically. You can also add 
a railing later, if required. Select to position the railing on the Treads or Stringer. Click OK. Follow 
the procedure for the specific type of run component you are creating. 
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5.10 Openings 

Use an Opening tool to cut openings in walls, floors, ceilings, roofs, structural beams, braces, and 
structural columns 

 
 

�x Architecture tab> Opening channel 

�x ( By Face) 

�x (Shaft) 

�x (Wall Opening) 

�x (Vertical) 

�x (Dormer) 

�x Structure tab > Opening panel > 
 
 

�x (By Face) 
 

�x ( Shaft) 
 

�x ( Wall Opening) 
 

�x ( Vertical) 
 

�x ( Dormer) 

5.10.1 About Openings 

Use the Opening tools to cut openings in walls, floors, ceilings, roofs, structural beams, 
braces, and structural columns 

�x When you cut a floor, ceiling, or roof, you can choose to cut vertically or perpendicular to 
the surface. You can also sketch complex shapes using the drawing tools. 
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�x When cutting an opening in a wall. you can sketch a rectangular opening in a straight or arc 
wall. For walls, you can create rectangular openings only. You cannot create round or 
polygon shapes). 

For information on cutting opening in structural beams, braces, and structural columns, you can 
also cut openings in structural floors and decks. For more information, see when creating a family, 
you can sketch an opening in family geometry. 

5.10.2 Cut a Shaft Opening 

Use the shaft tool to place an opening that extends through the entire height of a building (or 
through selected levels), cutting through the fires of roofs, floors, or ceiling simultaneously. 

1. Click Architecture tab> Opening panel > (Shaft). 

2. Sketch a shaft opening by drawing lines or by picking walls. 

3. If desired, add symbolic lines to the opening. 

4 When you are done sketching the shaft, click Finish Opening. 

5. To adjust the levels that the opening outs, select it and make the following adjustments 
on the Properties palette: 

�‡ For Base Constraints specify a level for the start point of the shaft 
 

�‡ For Top Constraint, specify a level for the end point of the shaft. 

6. Click Apply 

The shaft cuts through and is visible on all intermediate level is, If you move the shaft on any level, 
it moves on all levels. The symbolic lines are visible on all levels too. 
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5.11 Revit Families 

Use the Family to modify existing elements or create new ones to meet the specific needs of a 
project. All of the elements that you add to your Revit projects are created with families. For 
example, the structural members, walls, roofs, windows, and doors that you use to assemble a 
building model, as well as the callouts, fixtures, tags, and detail components that you use to 
document it, are all created with families. 

By using predefined families and creating new ones in Revit, you can add both standard and 
custom elements to your building models. Families also provide a level of control over elements 
that are similar in use and behavior, allowing you to easily make design changes and manage your 
project more efficiently. 

5.11.1 About Families 

A family is a group of elements with a common set of properties, called parameters and 
related graphical representation. Different elements belonging to a family may have different 
values for some or all of their parameters, but the set of parameters (their names and Meaning) is 
the same. These variations within the family are called family type or types. 

5.11.2 Load Families 

When you load families into a project, the Revit family library is accessed by default The library is 
located here: Autodesk \<product name and release>\ Libraries. If your office is use different 
library of content in another location, your system may seas that library by demit Contact your 
CAD Manager for more information. 

To load families 

1. Click insert tab> Load from Library panel> (Load Family). 
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2. In the Road Family dialog, double choke the category of the family that you want to load. 
 

 
Figure 5.11.1: Loading the families 

3.Preview any of the families (OF) in the category: 

�ƒ To preview a single family, select it from the list. 

At the top right of the dialog, under Preview, a thumbnail image of the family 
display 

 
 

�ƒ To display a thumbnail image in the list for all families in the category, at the top night 
comer of the dialog, click Views » Thumbnail. 

4.Select the family that you want to load, and lock Open. 

The family type is now available to place in the project. It displays in the appropriate Category under 
Families in the Project Browse. 
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5.11.3 Use Families in the Project. 

Create an instance of a family type in the project, or change the family type for an existing 
element. To add an element in a project, do one of the following: 

�ƒ On the appropriate tab of the ribbon, click the element to create. In the Type Selector, 
select the desired family type. 

�ƒ Select the family type in the Project Browser, and drag it to the drawing area. 
�ƒ Select the family type in the Project Browser, right-click, and click Create Instance. 

2. On the Options Bar, specify any necessary values or selections. 

3. In the drawing area, click to place the element. 

To change the family type of existing elements, you can change an element to use another family 
type within the same category. 

1. Open a view that displays the elements to change. 

2. Do one of the following: 

�ƒ In the view, select one or more elements belonging to the same category. In the Type 
Selector, select the desired family type, 

�ƒ In the Project Browser, select the desired family type, right-click, and click Match. 

In the drawing area, select each element to change its type. 

�ƒ Click Modify tab> Clipboard panel > (Match Type properties). In the view, select the 
elements to apply that type. 
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Figure 5.11.2: Final modelling of commercial building 

I-colons. 
Text qualifier specifies whether the text in cach field of the output file should be enclosed by a 
single or double quote, or no annotation. 

2. Click OK. 

3. Revit saves the file as delimited text, a format that can be opened in spreadsheet programs, 
such as Microsoft Excel or IBM Lotus 1-2-3.
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CHAPTER-6 
 

ESTIMATION OF PROJECT TROUGH NAVISWORKS MANAGE  
 
Autodesk NavisworksManage is a comprehensive project review solution that 

supports coordination, analysis, and communication of design intent and constructability. Entire 
project models can be published and freely* viewed using AutodeskNavisworks Freedom 
software.Used primarily in construction industries to complement 3D design packages (such as 
Autodesk Revit, AutoCAD, and MicroStation) Navisworks allows users to open and combine 3D 
models, navigate around them in real-time and review the model using a set of tools including 
comments, redlining, viewpoint, and measurements. 

6.1 Time simulation 

Exploring the Tasks 

The Tasks tab is �W�K�H���¿�U�V�W of the tabs in the TimeLiner window, and you can think of it as the 
�³�K�R�P�H���W�D�E�´���Z�K�H�Q���\�R�X�¶�U�H���V�H�W�W�L�Q�J���X�S���\�R�X�U�����'���P�R�G�H�O�����%�\���W�K�L�V�����Z�H���P�H�D�Q���W�K�D�W���D�O�O���W�K�H���E�D�V�L�F���H�G�L�W�L�Q�J��
functions and views are based in this tab. Without a data model loaded, most of the functions 
are unavailable (grayed out). 

The topmost commands control the creation of tasks, visibility of the columns, and ways to 
filter the various schedule tasks. The lower-left area displays the schedule task names, start 
and end dates, and task types. On the right side, you see the standard Gantt chartview. 
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Refocusing back at the top, the Tasks subarea can be further broken down into several sub- groups: 
the Tasks, Gantt Chart, and Filter/Export areas. 
�/�H�W�¶�V���O�R�R�N���D�W���W�K�H���7�D�V�N�V���V�X�E�D�U�H�D���L�Q���G�H�W�D�L�O�����)�L�J�X�U�H���������������7�K�L�V���D�U�H�D���F�R�Q�W�D�L�Q�V���I�X�Q�F�W�L�R�Q�V���W�K�D�W���D�U�H��
used to: 

 Add tasks 

 Attach model items to schedule tasks 

 Find/locate items 

 Add comments 

 �&�R�Q�¿�J�X�U�H��column layouts 
 

FiGURE 6.1 

Tasks tab subarea 
 
 
 
 
The Gantt Chart area as shown in Figure 6.2contains functions that are used to: 

 Toggle on/off Gantt chart visibility  

 Toggle views between actual and planned dates. 
 

FiGURE 6.2 
Gantt Chart tasks 
area 

The Filter/Export area as shown in Figure 6.3 contains functions that allow you to: 

 Filter schedule status 

 Export TimeLiner data 
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BUTton 

�/�H�W�¶�V���H�[�S�D�Q�G���R�Q���W�K�H�V�H���F�R�P�P�D�Q�G�V by exploring the interface of the Tasks tab in detail. 
Table 6.1 lists the buttons and describes their function. 

 
 

TaBLe 6.1: Task ButtonDescriptions 
 

Add Task The Add Taskbutton adds a new task at the 
bottom of the task list. 

 

Insert Task The Insert Task button inserts a new task above 
the one cur- rently selected in the 
Task view. 

 

Auto-Add Tasks The Auto-Add Tasks button 
automatically addsataskfor every 
topmostlayer,everytopmost item,or every 
search 

and selection set. 
 
 

Delete TaskThe Delete Task button deletes the tasks currently 
selected in the Task view. 

 

                               Attach The Attachbuttonenables youto: 

Attach Current Selection�² attaches the 
currently selected items in the scene to the 
selected tasks. 

Attach Current Search�² attaches all items 
selected by the current search to the 
selected tasks. 

BUTton Name DeSCRIPtion 
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Append Current Selection�² appends the currently 
selected items inthe scenetothe items already 
attached to the selected tasks. 

 
 
 

Auto- 
Attach 
Using 
Rules 

The Auto-Attach Using Rules button opens 
the TimeLiner Rules dialog box, 
whereyoucancreate,edit,andapplyrules for 
automatically attaching model geometry 
to tasks. 

 

Clear Attachment The Clear Attachment button 
detaches the model geometry from the selected 
tasks. 

 

Find Items The Find Items button enables you to �¿�Q�G��
itemsinaschedule basedonthesearch 
criteria that you select from thedrop- 

downlist.Thisoptioncan beturned on/off 
inthe Options Editor (Tools TimeLiner  
Enable Find check box). 

 
Move Up The Move Upbuttonmovesthe 

selected tasks up the task list. Tasks can only 
move with their current level of 

hierarchy. 
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BUT ton BUTton Name DeSCRIPtion 

  
 

TaBLe 6.1: Task Button Descriptions (continUEd) 

 
Move Down The MoveDownbuttonmoves 

theselectedtasksdownthetasklist. 
Tasks can only move withtheircurrent 
level of 

hierarchy. 
 
 

Indent The Indent button indentsthe selected tasks 
by one level in the task hierarchy. 

 
 

Outdent The Outdent button outdentsthe selected tasks by one 
level in the task hierarchy. 

 

Add Comment The AddComment buttonaddsa 

comment to the task. 

Columns The Columns button enables you choose 
oneof threepre- �G�H�¿�Q�H�G��column setsto 
display in the Tasks view: Basic, 

Standard, or Extended. Alternatively, you can 
create a cus- tomized columnsetinthe Choose 
TimeLiner Columns dia- logbox byclicking 
Choose Columns andthen selecting 
Customwhen youhavesetup your preferred 
column set. 

 
 
 

Show/Hide 
Gantt Chart 

Clickthe Show/Hide Gantt Chart button to show or 
hidethe Gantt chart. 
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Click the Show Planned Dates button to show 
Planned Dates in the Gantt chart. 

 
 

Show Planned 
Dates 

 
 
 

Show 
Actual 
Dates 

ClicktheShow Actual Datesbuttonto show 
Actual Dates in the Gantt chart. 

 
 
 

 
Planned vs. 
Actual Dates 

ClicktheShowPlannedvs.Actual 
Dates button toshow Planned vs. 
Actual Dates in the Gantt chart. 
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Filter By Status The Filter By Status button 
enables you to �¿�O�W�H�U tasks based ontheir 
status.Filteringatasktemporarily hides the 
task 

fromtheTaskand GanttChart viewsbut does 
not make any changes to the underlying 
data structure. 

 
 

 
 

In addition to these basic functions listed, several of the Taskbar buttons have drop-down 
menus that access more options. 

Column �&�R�Q�¿�J�X�U�D�W�L�R�Q The Column Set drop-down menu  allows you to 
customize the columns displayed in the task view. �1�D�Y�L�V�Z�R�U�N�V���S�U�R�Y�L�G�H�V���W�K�U�H�H���S�U�H�G�H�¿�Q�H�G��
options for the grid layout, or you can customize your own layout (Figure6.3). 

 
 

FiGURE 6.3 

Column Set 

drop-down menu 
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To change between the 
different column sets, 
specify Basic, Standard, 
Extended, or Custom from 
the Column Set drop- 
down. To customize the 
layout, click Choose 
Columns in the drop-down. 
A new window will 
display, allowing you to 
select which columns you 
want to include (Figure 
6.4) 

FiGURE6.4 

Available 
TimeLiner 
columns 

 
 
 
 
 

The second part of the Tasks subarea is centered on the display of the Gantt chart (Figure 6.5). 
This area provides several basic functions aimed at controlling the visibility of the Gantt chart and 
either planned or actual schedule data. 

 
FiGURE 6.5  
Gantt Chart 
subarea 

Show Gantt Chart  The Show Gantt Chart button  is used to toggle the Gantt 
chart on/ off at the lower-right side of the Tasks window. 

Display Dates One of the nice features in Navisworks is the ability to work 
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with planned and actual schedule values. The Display Dates menu allows you to quickly 
select between Planned, Actual, or Planned vs. Actual dates 

(Figure 6.6). 
 

FiGURE 6.6  
Display Dates 
menu selector 

 
 
Similar to the status icon, Navisworks displays the planned values in the Gantt chart as 
light-gray bars. Actual values are displayed in light blue. When Planned vs. Actual is 
selected, the bars are stacked with the planned values displayed on the bottom (Figure 6.7). 

In addition to the schedule value bars, Navisworks displays schedule milestones as 
diamond-shaped dots. In certain cases where there is a WBS hierarchy, Navisworks will 
display a summary bar . 

 
 
 
 
 
 
 
 

FiGURE6.7 

Planned vs. 
Actual Gantt 
chart view 
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Zoom The zoom slider is used to control the density of the Gantt chart. Depending 
on the zoom level, the two horizontal header bars in the Gantt chart will 
change. At full  zoom, 

Navisworks will display the quarter, year, and abbreviated month. When you 
zoom in gradually, the timescale will expand to include additional detail 
down to hours and minutes. Figure 6.8 shows the timescale �F�R�Q�¿�J�X�U�D�W�L�R�Q�V�� 

 
FiGURE6.8 

Timescale 
zoom options 

 
 
 
 
 
 

�1�R�Z���W�K�D�W���\�R�X�¶�U�H���F�R�P�I�R�U�W�D�E�O�H���Z�L�W�K���W�K�H���G�L�I�I�H�U�H�Q�W���7�D�V�N�V���Z�L�Q�G�R�Z���V�H�W�W�L�Q�J�V�����O�H�W�¶�V���I�R�F�X�V���R�Q���W�K�H��
Tasks and Gantt Chart areas. Depending on your column display settings, the Tasks window 
will vary is showing the layout using the Standard setting. 
�,�Q���D�G�G�L�W�L�R�Q���W�R���F�R�Q�¿�J�X�U�L�Q�J���W�K�H���F�R�O�X�P�Q���G�L�V�S�O�D�\�����\�R�X���F�D�Q���D�G�M�X�V�W���W�K�H���F�R�O�X�P�Q���S�O�D�F�H�P�H�Q�W���E�\��
dragging the column header to a new location in the Tasks window. Grabbing the sides of the 
column header allows you to expand or shrink the size. You can sort the columns by clicking 
the header to sort ascending or descending. 
The Gantt Chart area provides the typical bar chart view of the project schedule. Furthermore, 
to step through the zoom levels for the timescale, you can use the zoom slider or double-click 
the timescale to zoom in. Holding down the Shift key and double-clicking will zoom out. 
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ADDING TASKS MANUALLY  

�5�H�F�D�O�O���I�U�R�P���W�K�H���H�D�U�O�L�H�U���À�R�Z�F�K�D�U�W���W�K�D�W���W�K�H���¿�U�V�W���V�W�H�S���W�R�Z�D�U�G���E�X�L�O�G�L�Q�J���W�K�H�����' model is to add the 
�V�F�K�H�G�X�O�H���G�D�W�D�������,�W�¶�V���L�P�S�R�U�W�D�Q�W���W�R���Q�R�W�H���W�K�D�W���1�D�Y�L�V�Z�R�U�N�V���D�O�O�R�Z�V���\�R�X���W�R���F�U�H�D�W�H���\�R�X�U���R�Z�Q���W�D�V�N�V��
one at a time, automatically from an object hierarchy or search and selection sets or by 
linking them from an outside scheduling program. There are several steps and best practices 
�W�K�D�W���Z�H���Q�H�H�G���W�R���F�R�Y�H�U���E�H�I�R�U�H���\�R�X���F�U�H�D�W�H���\�R�X�U���¿�U�V�W�����' model. 
�'�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���V�F�H�Q�D�U�L�R���\�R�X�¶�U�H���W�U�\�L�Q�J���W�R���V�L�P�X�O�D�W�H�����W�K�H���S�U�R�M�H�F�W���P�D�\���K�D�Y�H���D���I�H�Z���E�D�V�L�F���V�F�K�H�G- 
ule milestones that you wish to sequence or several thousand schedule items in a complex 
�V�F�H�Q�H�����,�W�¶�V���L�P�S�R�U�W�D�Q�W���W�R���Q�R�W�H���W�K�D�W���Z�K�L�O�H���1�D�Y�L�V�Z�R�U�N�V���K�D�V���V�R�P�H���L�Q�W�H�U�Q�D�O���V�F�K�H�G�X�O�L�Q�J���W�R�R�O�V�����L�W�¶�V��
not intended to replace the power and functionality of a true stand-alone scheduling 
application. 
Instead, Navisworks is a BIM simulation and analysis tool that teams up and augments 
�H�[�L�V�W�L�Q�J���V�F�K�H�G�X�O�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V�����0�R�V�W���R�I���W�K�H���Z�R�U�N�À�R�Z�V���P�H�Q�W�L�R�Q�H�G���Z�L�O�O���I�R�F�X�V���R�Q���W�K�L�V���³�W�H�D�P�´��
environ- �P�H�Q�W�����Z�K�H�W�K�H�U���L�W�¶�V���P�D�Q�D�J�L�Q�J���G�D�W�D���L�Q�W�H�U�Q�D�O�O�\���R�U���H�[�W�H�U�Q�D�O�O�\�����7�L�P�H�/�L�Q�H�U���L�V���S�D�U�W���R�I���D���V�X�L�W�H��
of features inside Navisworks aimed at providing an easy-to-use yet powerful solution. 

 
 
 
 
 

FiGURE 6.9 

Adding a new task 
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���'���P�R�G�H�O���L�V���W�R���D�G�G���W�K�H���V�F�K�H�G�X�O�H���G�D�W�D�������,�W�¶�V���L�P�S�R�U�W�D�Q�W���W�R���Q�R�W�H���W�K�D�W���1�D�Y�L�V�Z�R�U�N�V���D�O�O�R�Z�V���\�R�X���W�R��
create your own tasks one at a time, automatically from an object hierarchy or search and 
selection sets or by linking them from an outside scheduling program. There are several steps 
�D�Q�G���E�H�V�W���S�U�D�F�W�L�F�H�V���W�K�D�W���Z�H���Q�H�H�G���W�R���F�R�Y�H�U���E�H�I�R�U�H���\�R�X���F�U�H�D�W�H���\�R�X�U���¿�U�V�W�����'���P�R�G�H�O�� 
Depending on the scenario �\�R�X�¶�U�H��trying to simulate, the project may have a few basic sched- 
ule milestones that you wish to sequence or several thousand schedule items in a complex 
scene. �,�W�¶�V��important to note that while Navisworks has some internal scheduling tools, �L�W�¶�V��
not intended to replace the power and functionality of a true stand-alone scheduling 
application.Instead, Navisworks is a BIM simulation and analysis tool that teams up and 
�D�X�J�P�H�Q�W�V���H�[�L�V�W�L�Q�J���V�F�K�H�G�X�O�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V�����0�R�V�W���R�I���W�K�H���Z�R�U�N�À�R�Z�V���P�H�Q�W�L�R�Q�H�G���Z�L�O�O���I�R�F�X�V���R�Q��
�W�K�L�V���³�W�H�D�P�´���H�Q�Y�L�U�R�Q- �P�H�Q�W�����Z�K�H�W�K�H�U���L�W�¶�V���P�D�Q�D�J�L�Q�J���G�D�W�D���L�Q�W�H�U�Q�D�O�O�\���R�U externally. 
TimeLiner is part of a suite of features inside Navisworks aimed at providing an easy-to-use 
yet powerful solution. Either way, addingtasks manually is an important skill to learn and 
will be useful for creating a new schedule from scratch or augmenting an �H�[�L�V�W�L�Q�J���R�Q�H�����/�H�W�¶�V��
give it a try using these steps: 

1. �2�S�H�Q���W�K�H���¿�O�H���F�����B�0�H�D�G�R�Z�J�D�W�H�B�0�D�Q�X�D�O�B�7�D�V�N�V���Q�Z�G���D�Q�G���R�S�H�Q the 
TimeLiner window. 

2. Open TimeLiner from the Home tab Tools Panel TimeLiner. 
3. In the TimeLiner Tasks tab, select the Add Task button  just 

below the Tasks tab (Figure 6.9). Navisworks will add a new task with 
blank dates. 

4. Select the Planned Start column and adjust the dates to �U�H�À�H�F�W���W�K�H��
anticipated start date for this task. 

5. Repeat this for the Planned End dates. Note that the Status column is 
still gray since you �G�R�Q�¶�W��have any actual dates to compare against. 

 
�6�H�O�H�F�W���W�K�H���$�F�W�X�D�O���6�W�D�U�W���¿�H�O�G���D�Q�G���H�Q�W�H�U���G�D�W�H�V���I�R�U���E�R�W�K���W�K�H���$�F�W�X�D�O���6�W�D�U�W���D�Q�G���(�Q�G����

Experiment with adjusting the dates to notice how the status icon changes. 

This exercise was aimed at adding a few tasks to the model to prepare for the simula- 
�W�L�R�Q�����+�R�Z�H�Y�H�U�����O�H�W�¶�V���D�V�V�X�P�H���W�K�D�W���\�R�X���K�D�Y�H���D���P�R�G�H�O���W�K�D�W���D�O�U�H�D�G�\ 
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contains numerous tasks, but when �F�R�Q�¿�J�X�U�L�Q�J��the model, you need to add additional 
tasks. This scenario arises quite often in the early 4D coordination efforts where the 
project schedule was created by a different department without much thought to the 
BIM process. To accurately depict the construction simulation, you need to add 
additional detail to the schedule. One option is to modify the original project schedule 
to add in the extra tasks. 

However, because most project schedules are legal instruments and part of 
the overall contract documents, modify- ing them may not be feasible. Using 
the Insert Tasks feature, you can manually augment the existing data to 
include the additional line items. 
�:�H�¶�O�O���G�L�V�F�X�V�V���O�L�Q�N�L�Q�J���L�Q���H�[�W�H�U�Q�D�O���V�F�K�H�G�X�O�H�V�O�D�W�H�U���L�Q���W�K�L�V���F�K�D�S�W�H�U�����E�X�W���I�R�U���Q�R�Z����
�R�S�H�Q���W�K�H���¿�O�H���F�����B�0�H�D�G�R�Z�J�D�W�H�B�$�X�J�P�H�Q�W�L�Q�J�B�7�D�V�N�V���Q�Z�G�����/�H�W�¶�V���W�U�\���W�K�L�V��
�Z�R�U�N�À�R�Z���X�V�L�Q�J���W�K�H���I�R�O�O�R�Z�L�Q�J���V�W�H�S�V�� 

 �2�S�H�Q���W�K�H���¿�O�H���D�Q�G���W�K�H�Q���W�K�H���7�L�P�H�/�L�Q�H�U window. 
 Select the Tasks tab and locate the Foundation WBS in the Tasks window. You need 

�W�R���D�G�G���D�Q���D�G�G�L�W�L�R�Q�D�O���W�D�V�N���W�R���U�H�À�H�F�W���V�W�U�L�S�S�L�Q�J���W�K�H���I�R�U�P�Z�R�U�N�����E�D�F�N�¿�O�O�L�Q�J�����D�Q�G��
compacting the walls. 

 On the left side of the Tasks window, highlight the task Foundation Phase Complete. 
 Click the Insert Task button . 
 An additional schedule item labeled New Task is added above the 

aforementioned task (Figure 6.10). 
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FiGURE 6.10 Foundation task Listing 
 

 Rename the task �%�D�F�N�¿�O�O���D�Q�G���&�R�P�S�D�F�W Walls. 
 Modify the dates as needed. 
 To �X�S�G�D�W�H�� �W�K�H�� �F�R�O�X�P�Q�� �V�R�U�W�L�Q�J�� �W�R�� �U�H�À�H�F�W�� �W�K�H�� �Q�H�Z�� �G�D�W�H�V���� �F�O�L�F�N�� �W�K�H Planned Start 

column heading to reorder the tasks. 

In this exercise, you added a new task to part of the existing data hierarchy. 
As �\�R�X�� �E�H�F�R�P�H�� �I�D�P�L�O�L�D�U�� �Z�L�W�K�� �W�K�L�V�� �Z�R�U�N�À�R�Z���� �W�K�L�Q�N�� �D�E�R�X�W�� �R�W�K�H�U�� �H�[�D�P�S�O�H�V��
where this would be useful. 

Link Tasks 
to M

od
el 
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Quantification Tool 

6.2 cost simulation 

Quantification T ool in Navisworks Manage 

The Quantification tool is found in Navisworks Manage is  the descendant of a tool 
that used to be called Quantity Take Off(QTO). Quantification allows you to extract object 
data from the model in a number of ways and provide and organizational structure that 
aligns with CSI-16 or CSI- 48 formats. We will learn more about Navisworks Manage in 
the following sections but will provide a brief introduction to it here. 

The application button in the top left corner contains the typical commands such as 
New, Open, Save, Save As, etc. The Application button also contains an Options button 
which can be useful in doing many things but particularly changing units. 

There are tabs across the top �± Home, Viewpoint, Review, Animation, View, Output, 
BIM 360 and Render. We will use only the Home tab and the ribbon of tools that go along 
with it for this Section. The Quantification tool button is found on the Home ribbon. 

 

 
 
 

The quantification workbook will open. Click on the Project Setup button. A popup 
will appear asking if you would like to view tutorials on various features on the 
quantification tool. Feel free to view those if you wish but for right now let us choose 
Remind Me Later. 

With these items highlighted, simple click and drag them to the lower portion of 
the Quantification Workbook where the Wall Footing name is located. Release the 
mouse button and the Workbook should look like this: 

Notice that the part of the Quantification Workbook lists the Wall Footing under the 
WBS code of 3.1 and the bottom of the workbook lists the actual 
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four footing elements under the code 
Notice also how the (0) has been replaced by the number (4) in the left panel of 

�W�K�H���Z�R�U�N�E�R�R�N�����7�K�L�V���L�Q�G�L�F�D�W�H�V���W�K�D�W���W�K�H�V�H���I�R�X�U�V���L�W�H�P�V���D�U�H���S�D�U�W���R�I���W�K�H�����������³�I�R�O�G�H�U�´�� 

You can use the slider bars to scroll through the various columns that are associated with the 
workbook. There are many columns in the workbook that simply are not relevant to a 
takeoff structural steel but they can be left in there if desired. To customize the column 
format, right click on any one of the column titles and select Choose Columns. Here you can 
�³�F�K�H�F�N�� �R�I�I�´�� �W�K�H�� �F�R�O�X�P�Q�V�� �\�R�X�� �G�R�� �Q�R�W�� �Z�D�Q�W���W�R�� �G�L�V�S�O�D�\�� The columns Status, WBS/RBS, and 
Name are automatically included but leave Volume and Count on the top as well. Check on 
Status,WBS/RBS, Object, Length, and Volume on the bottom. You can do this in both 
levels of the WBS to streamline the display. The following image shows a slightly more 
compact format. 

This returns you to the Material Takeoff properties box where you can click OK 
again. The Wall Takeoff table will now be populated with costs in it as follows: 

 
 

 
1. It might be wise at this time to click on �W�K�H�� �³�K�R�X�V�H�´�� �L�F�R�Q�� �D�E�R�Y�H�� �W�K�H�� �9�L�H�Z�� �F�X�E�H����

This will automatically give you a 3D view of the appended file. You might click 
�W�K�H���9�L�H�Z�� �&�X�E�H�¶�V�� �³�7�R�S�´���D�Q�G�� �³�6�L�G�H�´�� �Y�L�H�Z�V���W�R���J�H�W���D���E�H�W�W�H�U���O�R�R�N���D�W���W�K�H���W�Z�R���P�R�G�H�O�V��
that have now been integrated. 

It is apparent is that the �W�Z�R���P�R�G�H�O�V���G�R�Q�¶�W���³�O�L�Q�H���X�S�´�����7�K�L�V���L�V���D���Y�H�U�\���F�R�P�P�R�Q���S�U�R�E�O�H�P���Z�L�W�K��
�P�R�G�H�O�V�� �E�H�L�Q�J�� �F�U�H�D�W�H�G�� �E�\�� �G�L�I�I�H�U�H�Q�W�� �G�H�V�L�J�Q�H�U�V�� �D�Q�G�� �F�R�Q�W�U�D�F�W�R�U�V���� �7�R�� �³�I�L�W�´�� �W�R�J�H�W�K�H�U�� �L�W�� �L�V��
necessary that all files are created using the same project base point as they were being 
built in Revit or some other software. This, however, may not always be the case as 
designers or contractors may build 
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their model with no regard to a common project base point. Although this is fairly easy to 
do in Revit, designers may forget about it and a construction manager might not have 
access to the Revit file (or other file type) from the designer. What construction managers 
will have access to in Navisworks Manage® and there is an easy way of adjusting fitting 
together two different files in this software. The Units and Transform dialogue box a 
common way to adjust models. The Units and Transform dialogue box can be accessed by 
right- clicking the Section4BaseStructural.nwc file in the Selection Tree. 

If you would like to identify an element in a clash you can click on it in the display 
�D�U�H�D�����,�W���V�K�R�X�O�G���E�H���K�L�J�K�O�L�J�K�W�H�G�����<�R�X���F�D�Q���W�K�H�Q���U�L�J�K�W���F�O�L�F�N���R�Q���L�W���D�Q�G���F�K�R�R�V�H���³�6�H�O�H�F�W�L�R�Q��
�,�Q�V�S�H�F�W�R�U�´�����7�K�D�W���Z�L�O�O���P�D�N�H���D���E�R�[���Y�L�V�L�E�O�H���W�K�D�W���K�D�V���P�R�U�H���L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���W�K�H���H�O�H�P�H�Q�W��
involved in the clash. 
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Using Quantification and Excel formulas to manipulate data in Navisworks Manage 

 
 
 

a. From the Item Catalog, setup the Takeoff Property Description1 to map to the desired 
Category and Property. See To Map Global Takeoff Properties for information on 
Property Mapping. 

b. Takeoff the model data for the Quantification Workbook. 

c. Export the Quantification Workbook to an Excel format, see Export data: 

d. In the Quantification Workbook, click Import/Export Catalogs and 

ExportQuantities  

e. From the drop down list, click Export Quantities to Excel 

f. Save the file to your preferred location 

g. Open the exported Excel file, and go to the Items Raw sheet 

h. Use the FIND and LEFT formula to remove the letters the Description1 column: 

i. =LEFT([@Description1],FIND(" ",[@Description1])) 

j. Use the Description2 or another column to calculate the desired outcome. In this project, 
we calculated the total weight in pounds (lbs) for structural members: 

k. =[@Description2]*[Volume]. 
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Total estimation: 
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ABSTRACT ESTIMATION:  
 

S.no particular 
s 

Grade Quantity unit  Rate per 
unit  

Material 
cost 

Labor 
cost 

Contractor 
cost 

Total cost 
in Rupees 

1 FOUNDAT 
ION 

25 439.542 Cu.m 3400 1494442.00 58000 149444 1701886 

2 SLABS 25 3156 Cu.m 3400 6836861 920028 683686 8440575 
3 COLUMNS 25 64.055 Cu.m 3400 217788 34800 21778 274366 
4 BEAMS 25 302.42 Cu.m 3400 1027624 87649 102762 1218035 
5 WINDOWS  257 no 3000 771000 30000 77100 878100 
6 DOORS  32 no 4000 160000 30000 16000 206000 
7 BRICKS class-1 1164 Cu.m 10 5822952 202500 582295 6607745 
8 Reinforcement 10mm 181 no 464 83980 5384 8398 97762 
9 Reinforcement 16mm 3991 no 1170 4669555 170495 466955 5307005 
10 Reinforcement 20mm 358 no 1829 654810 27150 65481 747441 
11 Reinforcement 25mm 9 no 2851 25659 1066 2565 29290 
12 Plastering  698750.68 Sq.m 20 13975013.6 202500 1397501.36 15575014.96 

 
TOTAL COST taken by above particulars      Rs.41,083,219.96 

    
 
 
 
 
 
 
 
 
 

S.no CHARGES % ON WORK  AMOUNT  in Rupees 

1 Contingencies 5% 966335 

2 Water supply 7.5% 1449503 

3 electrification 7.5% 1449503 

4 architectural 1% 193267 

TOTAL CHARGES  for the building at the time of 
construction 

Rs.4,058,608 

 
 
 

Total estimated cost of the building is about  Rs.45,141,827.96
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CHAPTER 7 

INTRODUCTION  TO ENERGY SIMULATION  ANALYSIS 
USING RIVET  

7.1 INTRODUCTION ON ENERGY  SIMULATION  

A building energy simulation takes as input information about a building such as 
geometry, construction materials, HVAC system characteristics, and internal gains and 
outputs the resulting energy use, which can be analyzed by architects, engineers, and other 
building stakeholders. 

Background 

A typical building energy model has inputs for local weather, building geometry. 
building envelope characteristics, internal heat gains from lighting, people and plug loads, 
heating, ventilation, and cooling (HVAC) system specifications, operation schedules and 
control strategies. A building energy simulation then uses mathematical models to represent 
building systems and their interactions in order to calculate thermal loads, system responses to 
those loads, and the resulting energy use, along with related metrics such as occupant thermal 
comfort, energy use and carbon emissions. 

New subscription-based features in Autodesk Revit software provide significant 
enhancements to integrated whole-building energy simulation powered by the Autodesk 
Green Building Studio cloud service. This demonstration will highlight the automatic creation 
of accurate energy model geometry from detailed Revit software elements, such as walls, 
floors, roofs, windows, etc. This eliminates the time and effort required to rebuild a separate 
energy model, leaving more time for design iteration and optimization. This class will also 
show how other energy analysis data, such as thermal properties of building materials and 
building/space function, can be defined Revit for use  in the energy simulation and how the 
Autodesk Green Building Studio cloud service supports a more collaborative energy analysis 
process between architects and engineers, leading to greater accuracy and better design 
optimization from the earliest stages in the process. Finally, the extensive validation work 
conducted on this new feature will also be presented. While knowledge of Revit will be 
beneficial for attendees, it is not a requirement. 
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7.2 KEY  LEARNINGS  

Create energy analysis model documentation using Revit views and schedules 
Collaborate with engineers/energy analysts to optimize the design and ensure validity Run 
whole building energy simulation directly from Revit and powered by the Green Building 
Studio cloud service Use certain Revit objects to capture varying levels of design detail at 
different stages throughout the building lifecycle.
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CHAPTER 8   

RESULTS 

In this chapter we are going to compare the results obtained for the energy simulation 
analysis of conventional building and smart material (cellulose material replaced building) 
replaced building. Finally emphasis on changes in room temperature of the building and cost 
analysis given by software. 
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RIVET RESUL S: 
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    NAVISWORKS RESULTS:  
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Weather Station 

 
 
 
 
 
 
 
 

ENERGY ANALYSIS RESULTS:  
 

 
 
 
�x��
�x��
�x��
�x��
�x��
�x��

 
�x��

My Projects > revit work 6 -03-2020.0008 

Utility Information 

Project Members 

Project Details 

Project Defaults 

Run Charts 

Run List  
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��
��
��

Weather Station: GBS_06M12_08_009017 ��

  

 

 
Cooling Degree Day Heating Degree Day 

Threshold Value Threshold Value 

65 °F 6617 65 °F 0 

70 °F 4792 60 °F 0 

75 °F 3021 55 °F 0 

80 °F 1554 50 °F 0 

��
��
��
��

IP SI 
��
��
��

Annual   Design Conditions 

��
Threshold 

Cooling Heating 

Dry Bulb(°F) MCWB(°F) Dry Bulb(°F) MCWB(°F) 

0.1 % 104.0 74.1 58.8 55.4 

0.2 % 102.9 75.0 59.9 55.7 

0.4 % 102.2 75.6 60.8 57.4 

0.5 % 101.8 76.2 61.2 57.8 

1 % 100.9 75.4 62.2 58.8 

2 % 99.3 75.6 64.0 60.8 

2.5 % 99.0 75.1 64.6 61.2 

5 % 96.6 75.6 67.5 63.2 
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�� ��



 
90 

��



 
91 

��
 ��

 
��

��

��
Notes 

Run Name: Min / Max Internal Loads_Min Internal Loads 

��
Energy and Carbon Results US EPA Energy Star Water 
Usage 

Photovoltaic  
Analysis LEED Daylight 3D VRML 
View 

Export and Download 
Data Files 

Design 
Alternatives 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

 

 
   

Project Template Applied: revit  
work 6-03-2020.0008_default    

Building Type: SchoolOrUniversity 
Floor Area: 1,158 m² 

Electric Cost: $0.08 / kWh  
Fuel Cost: $0.01 / MJ 

Utility Data Used: Project Default 
Utility Rates 

         

Location: Gudlavalleru, Ap  
 
 
 
 

  Carbon Footprint 
 
 
 
 

  

Alternate Run Carbon Neutral Potential Annual 

CO2 Emissions 

  Base Run N/A  

 
 

 
  Base Run 

 
 

 

Energy, Carbon and Cost Summary 

Annual Energy Cost $11,966 

Lifecycle Cost $162,976 

 

  
 

 
 

 

 
    Design Alternative 

 
 

  
Estimated Energy & Cost Summary 

 Annual Energy Cost $8,585 

 Lifecycle Cost $116,923 
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LEED, Wind Energy, and Natural Ventilation Potential 

 
 

 
  

 
LEED Water Efficiency (more details) 

  L / yr $ / yr 

Indoor: 1,409,829 $2,022 

Outdoor: 696,701 $479 

LEED Daylight (more details) 

    

  Percentage of building area with glazing  
factor over 2%:Error! Error!  

 
Note: Details shown below are for the Alternate Run Min / Max Internal Loads_Min Internal Loads  

  Alternate Run N/A  

Onsite Renewable Potential N/A  

Natural Ventilation  
Potential 

N/A  

Onsite Biofuel Use N/A  

  

Net CO2 Emissions N/A  

Net Large SUV Equivalent: N/A 
 
Assumptions  

Electric Power Plant Sources in Your Region 

Fossil N/A  

Nuclear N/A  

Hydroelectric N/A  

Renewable N/A  

Other N/A  

Assumptions  

Annual CO2 Emissions 

  Electric 0.0 Mg 

  Onsite Fuel 3.2 Mg 

Large SUV Equivalent 0.3 SUVs / Year 

Annual Energy 

Energy Use Intensity (EUI) 371 MJ / m² / year 

  Electric 101,306 kWh 

  Fuel 64,629 MJ 

Annual Peak Demand 47.4 kW 

Lifecycle Energy 

  Electric 3,039,189 kW 

  Fuel 1,938,875 MJ 

Assumptions  
 
 

 
 

 

 

Annual CO2 Emissions 

  Electric 0.0 Mg 

  Onsite Fuel 3.2 Mg 

Large SUV Equivalent 0.3 SUVs / Year 

Annual Energy 

Energy Use Intensity (EUI) 371 MJ / m² / year 

  Electric 143,572 kWh 

  Fuel 64,629 MJ 

Annual Peak Demand 60.8 kW 

Lifecycle Energy 

  Electric 4,307,172 kW 

  Fuel 1,938,875 MJ 

Assumptions  
 
 

 
 

 

 

Wind Energy Potential 

 Annual Electric 
Generation: 

804 kWh 

Assumptions  
 
 

 
 

 

 

Natural Ventilation Potential  

Total Hours 
Mechanical Cooling  

Required: 

 
2,845 Hours 

Possible Natural 
Ventilation Hours: 

 
108 Hours 

Possible Annual 
Electric Energy  

Savings: 

 

2,434 kWh 

Possible Annual 
Electric Cost  

 
$195 
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Building Summary - Quick Stats 

Number of People: 251 people   

Average Lighting Power  
Density: 

 
2.75 W /  

 

 
Note: Details shown below are for the Alternate Run Min / Max Internal Loads_Min Internal Loads  

532 m² 
R15 over Roof Deck - Cool Roof  

U-Value: 0.36  

Roofs 

Alternate Run Construction 

 

 
 

 

Energy End Use Charts 

 
 

Annual Electric End Use   
 

 
Basic View | Detailed View 

  Annual Fuel End Use   
 

 
Basic View | Detailed View 

 
 

Building Details and Assumptions 
 

 

Updating your building assumptions  

 

 
Note: Details shown below are for the Alternate Run Min / Max Internal Loads_Min Internal Loads  

  Savings:  

Net Hours 
Mechanical Cooling  

Required: 

 

2,737 Hours 

Assumptions  
 

 
 

 

 

 

    

Total 2,106,530 $2,500 
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Exterior Walls 8 in lightweight concrete block  

U-Value: N/A  
865 m² 

R13 Metal Frame Wall  

U-Value: 0.88  
366 m² 

Interior Walls Uninsulated Interior Wall  

U-Value: 2.35  
111 m² 

Interior Floors Interior 4in Slab Floor  

U-Value: 4.18  
763 m² 

Slabs On Grade 

Underground Walls 8 in lightweight concrete block  

U-Value: N/A  
0 m² 

Nonsliding Doors 

Air Openings North Facing Windows: Unglazed opening (7  
doors)  
U-Value: 0.00 W / (m²-K), SHGC: 1.00 , Vlt:  1.00 

145 m² 

Non-North Facing Windows: Unglazed opening  
(1 doors)  
U-Value: 0.00 W / (m²-K), SHGC: 1.00 , Vlt:  1.00 

0 m² 

Operable Windows 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

North Facing Windows: Large double-glazed  
windows (reflective coating) - industry (124 windows)  
U-Value: 2.92 W / (m²-K), SHGC: 0.13 , Vlt: 0.07 

 
 

142 m² 

Non-North Facing Windows: Large  
double-glazed windows (reflective coating) - industry (103 
windows)  
U-Value: 2.92 W / (m²-K), SHGC: 0.13 , Vlt: 0.07 

 
 
 

121 m² 

 
m²     

 
Average Equipment Power  

Density: 

 

6.46 W / m²   

 
Specific Fan Flow: 3.8 LPerSec / m²   

 
Specific Fan Power: -67,986.128 W /  

LPerSec     

 
 

Specific Cooling: 0 m² / 

kW     
 
 

Specific Heating: 0 m² / 

kW     
 

Total Fan Flow: 
 

4,412 LPerSec 

Total Cooling Capacity: -87,812 kW 

Total Heating Capacity: 87,920 kW 

  

  higher than typical value  
 

  lower than typical value 

 

 

Un-insulated solid  

U-Value: N/A  

 
395 m² 

 

R2 Default Door (32 doors)  

U-Value: 2.39  

 
97 m² 
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Alternate Run Hydronic  Equipment Note: this information should not be used for sizing purposes. 

  Hot Water 

  Secondary Chilled Water 

  Primary Chilled Water 

  Condenser Water 
Pump 
Flow 

5 LPerSec 

Cooling Tower  
Capacity ( Approach:2.8 ) 

433,719 

  Domestic Hot Water 

Alternate Run Air Equipment  Note: this information should not be used for sizing purposes. 

  Variable Air Volume 

  Variable Air Volume 
Supply Fan Flow 1,506 LPerSec 

Annual Supply Fan Run Time 2,845 Hours 

Cooling Capacity -29,270 

Heating Capacity 29,307 

  Variable Air Volume 

 
 
 
 
 
 

Boiler Capacity 403,523 

Pump Flow 1 LPerSec 
 

Pump Flow 5 LPerSec 

 

Electric Chiller Capacity 377,512 

Pump Flow 5 LPerSec 
 
 
 
 
 
 
 
 
 

Average Demand 26,964 

 
 
 
 
 

Supply Fan Flow 1,506 LPerSec 

Annual Supply Fan Run Time 2,845 Hours 

Cooling Capacity -29,270 

Heating Capacity 29,307 
 
 
 
 
 
 
 
 
 
 
 
 

Supply Fan Flow 1,401 LPerSec 

Annual Supply Fan Run Time 2,845 Hours 

Cooling Capacity -29,272 

> 3D VRML View 



 
 

96 

My Projects > revit work 6-03-2020.0008 

 

Heating Capacity 29,307 
 
 
 
 

�x��
�x��
�x��
�x��
�x��
�x��
�x��

��
��
��

��
Energy and Carbon Results US EPA Energy Star Water 
Usage 

Photovoltaic  
Analysis LEED Daylight 3D VRML 
View 

Export and Download 
Data Files 

Design 
Alternatives 

                 

 
  LEED® Water Efficiency Help 

Water Usage and Costs   General Information  

Total: 2,106,363 L / yr  $2,508 / yr  Project Title: revit work 6-03-2020.0008 

Indoor: 1,409,662 L / yr $2,027 / yr Run Title: Min / Max Internal Loads_Min Internal Loads 

Outdoor: 696,701 L / yr $481 / yr Building Type: SchoolOrUniversity 

Net Utility: 2,106,363 L / yr  $2,508 / yr Floor Area: 1,158 m² 

 

 

 
Source: AWWA Research Foundation 2000 Residential / Commercial and Institutional End Uses of Water. 

 
 
Water Usage Estimator  
Change inputs and click "Estimate" to update Water Usage and Costs. 

    
Unit Water Prices  

Run Name: Min / Max Internal Loads_Min Internal Loads 

Notes 
Weather Station 
Utility Information 
Project Members 
Project Details 
Project Defaults 
Run Charts 
Run List 
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 Water: $ / m³ Sewer: $ / m³ 

 
 
 
 
 
 
Indoor Water Factors  

 
 
 
 
 
 

Outdoor Water Factors  

 
 
 

Number of People: 251 

(Typical people for this building type/size: 312) 

 
 
 

Irrigated Area* (m²): 

 

 

 

 

*Irrigated area is a placeholder. Site data from Building Information Model is not incorporated. 

Percent of Time Occupied (%): 15 Timed Sprinklers: 
 

  
 
 

Pool: 

 

  
 
 
 
 

Other Equipment/Fixtures: 

 
 
 
 
 

Usage: L / day 
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Building  Summary  Efficiency  Savings  
 
 
 
 

 
 

Total  Male 
Employee  

Percent of Indoor Usage (%) Gallons per Year Annual Cost Savings ($) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Include cooling tower blowdown in sewer costs Total  Efficiency  Savings:  0% 0 $0 

 
Source: 2000 Uniform Plumbing Code of the IAPMO, Tables 4-1 and 4-3. 

 
 

 
Net-Zero Measures     Net-Zero Savings   

 Annual 
Rainfall 

 
Catchment 

  

 (mm)* Area (m²) Surface Type Liters per Year Annual Cost Savings ($) 

Rainwater Harvesting:    0 0 

Native Vegetation 
Landscaping: 

   0 0 

Greywater Reclamation:    0 0 

Site Potable Water Sources: Yield:  L / day 0 0 

*Source: National Climactic Data Center, #CLIM81.   Total Net -Zero Savings:  0 $0 

 Female Only 
Efficiency  

Toilets:   0 0 0 

Urinals:   0 0 0 

Sinks:   0 0 0 

Showers:   0 0 0 

Clothes 
Washers: 

  0 0 0 

Dishwashers:   0 0 0 

Cooling Towers: 1  0 0 0 
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CHAPTER 9 

CONCLUSION 

Modelling wan done for the comercial school building using the Revit software and 
navisworks, various components of the structure were observed by walkthrough wife is an 
option of Revit software. The Revit software provides realistic environment of comercial 
building which will be beneficial to the user. 

In this project enorgy analysis I carried out for an school building which Located at 
Gudlavalleru, AP, India by Using a BIM, energy consumption and performance of a 
conventional building at desired location. By using various insulation materials in Revit, 
decide the soluble material which is maintain efficient room temperature. 

Estimation of quantities of different building components also done by software 
calculations. It was observed that this calculations are very useful for the purpose of 
modelling of buildings along with estimation was not more than based on the above point it 
has found that the software will be very useful for the purpose of modeling of buildings along 
with estimation. 

Finally by using a BIM software such as Rivet we reduce the cost of the project up to 
$3381 in Indian currency it is up to Rs 2,58,435 per every year. And also know the energy 
performance of the building before its construction. 
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EXTERNAL EXAMINER  



PROGRAM OUTCOMES  
 

Engineering Graduates will be able to: 
1. Engineering knowledge: Apply the knowledge of mathematics, science, 
engineering fundamentals, and an engineering specialization to the solution of 
complex engineering problems. 
 

2. Problem analysis: Identify, formulate, review research literature, and analyze 
complex engineering problems reaching substantiated conclusions using first 
principles of mathematics, natural sciences, and engineering sciences. 
 

3. Design/development of solutions: Design solutions for complex engineering 
problems and design system components or processes that meet the specified needs 
with appropriate consideration for the public health and safety, and the cultural, 
societal, and environmental considerations. 
 

4. Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, 
and synthesis of the information to provide valid conclusions. 
 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, 
and modern engineering and IT tools including prediction and modeling to complex 
engineering activities with an understanding of the limitations. 
 

6. The engineer and society: Apply reasoning informed by the contextual knowledge 
to assess societal, health, safety, legal and cultural issues and the consequent 
responsibilities relevant to the professional engineering practice. 
 

7. Environment and sustainability: Understand the impact of the professional 
engineering solutions in societal and environmental contexts, and demonstrate the 
knowledge of, and need for sustainable development. 
 

8. Ethics: Apply ethical principles and commit to professional ethics and 
responsibilities and norms of the engineering practice. 
 

9. Individ ual and team work: Function effectively as an individual, and as a member 
or leader in   diverse teams, and in multidisciplinary settings. 
 

10. Communication: Communicate effectively on complex engineering activities 
with the engineering community and with society at large, such as, being able to 
comprehend and write effective reports and design documentation, make effective 
presentations, and give and receive clear instructions. 
 

11. Project management and finance: Demonstrate knowledge and understanding of 
�W�K�H���H�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���P�D�Q�D�J�H�P�H�Q�W���S�U�L�Q�F�L�S�O�H�V���D�Q�G���D�S�S�O�\���W�K�H�V�H���W�R���R�Q�H�¶�V���R�Z�Q���Z�R�U�N�����D�V���D��
member and leader in a team, to manage projects and in multidisciplinary 
environments. 
 

12. Life-long learning: Recognize the need for, and have the preparation and ability 
to engage in independent and life-long learning in the broadest context of 
technological change. 



PROGRAMME SPECIFIC OUTCOMES (PSOs) 
Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway 
alignments and conduct geotechnical and geological investigations of the 
project. 

2. Test, analyze and design various substructures and superstructures by 
considering the environmental and societal issues. 

3. Organize various construction projects considering modern construction 
techniques, equipment and management issues. 

 

 
 
 

PROJECT MAPPING  
Note: Tick Appropriate category.  

Classification 
 of  

Project 

Application Product Research Review 

  �9   

Student will be able to 
Course Outcomes 

CO1 Work in a team and select the broad statement of problem for project work 

CO 2 Review and evaluate the available literature on the chosen problem 

CO 3 
Formulate the methodology to solve the identified problem by satisfying the ethical and 
societal conditions 

CO 4 
Take up the breakdown of project work to be carried out in different phases, tasks and 
other related activities 

CO 5 Analyze the data collected and apply it in developing new resources. 

CO 6 Validate the obtained data with standard norms and prepare the report 
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ABSTRACT  

Stability analysis of slope is one of the most sought after problem 

in civil engineering. The stability of natural slopes like hilly terrain, river 

beds .etc. and manmade slopes like dams, embankments of highways and 

railways is analyzed to avoid disasters. Slope failures are major natural 

hazards occurring both globally and locally. They are referred to as the 

down slope movement of rock debris and soil in response to gravitational 

stresses. Slope failures are generally classified according to the type of 

down slope movement namely falls, slides, and slows. Unfortunately, 

slope failure is a geo hazard that impacts a wide range of landscapes and 

also many types of infrastructures. Major reasons for the failure of slopes 

in pavements are Erosion, Rainfall, External loads, Earth quakes, 

Construction activities, Rapid dropdown, Geological features. The 

common slope stability analysis is incapable of accurately forecasting 

shallow slides where suction pressures play a critical role. This 

realization is used for elaborate stability analyses including the 

parameters such as soil suction to better predict. The Stability of Slope 

can be increased by soil stabilization, soil reinforcement using geo 

synthetics, providing sheet piles, grouting, soil nails and providing 

appropriate drainage. The materials generally used for stabilization 

purpose are mostly wastes generated during the process of manufacturing 

various products. Different techniques of slope stabilization can be 

effectively used to meet the challenge of society. In this study, slope 

stability analysis is performed to determine the factor of safety for 

different conditions of failure. For this purpose, finite element method is 

considered for the numerical analysis. The probabilistic analysis of slopes 

is done by SLIDE and numerical analysis is done by PLAXIS 2D. The 

difference in FOS found from the LE and FE analyses may have a little 
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interest, if there is a large uncertainty in the input parameters. Therefore, 

priority should be given to investigate the shear strength parameters and 

precise mapping of the slope geometry before selecting an appropriate 

analysis method. Most preferably, a slope should be analyzed by FE 

methods, else otherwise by LE based GPS method with investigated input 

parameters. 
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CHAPTER-1 

INTRODUCTION  

1.1 GENERAL  

 Slopes either occur naturally or are engineered by humans. Slope stability 

problems have been faced throughout history whenever the delicate balance of nature 

has been disturbed by any kind of internal or external forces. The forces with in nature 

like heavy rainfall leading to erosion and landslides constitute an important example of 

internal disruptive forces while the external forces mainly human activities such as 

excavation and filling of slopes have also caused the slide. The scope of this study is to 

analyze the slope stability problems for varying cut slope angles. Unexpected landslides 

in thickly populates areas can cause huge losses to life and property. For already 

existing slopes, the factor of safety will be calculated and thus the stability check for 

the slope is done. Also, the potential failure surface under assumed conditions of 

loading can be found out. If the slope is found to be unstable under varying amounts of 

precipitation or loading conditions, suitable remedial measures like natural vegetation 

cover, use of geogrids, anchoring etc can be suggested. In the case of failed slopes, the 

exact reason for failure could be identified by studying various properties of the soil. 

Suggestion of remedial measures to prevent further erosion could be done using the 

software plaxis. 

 Slide 6.0 is the most comprehensive slope stability analysis software available, 

complete with finite element groundwater seepage analysis, rapid drawdown, 

sensitivity and probabilistic analysis and support design. 

1.2 OBJECTIVE OF WORK  

Two main problems with the optimize function have been observed, and can be 

summarizedas following: 

�™ Finding proper simulation methods in Plaxis to achieve revisiting with 

singlevariation. 

�™ Setup symmetrical tests with single variation in Plaxis. 

�™ Analyses and comparison the results between Janbu stability chart method 

andFEM Plaxis 
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�™ Propose the suggestion on in which aspects that FEM results can modified 

theJanbu stability chart theory. 

�™ Stability check for the existing slopes was carried out and was found stable with 

slight deformations under gravity loading.  

 In the case of failed slopes, presence of fines could be a potential reason for the failure.  

 The water table was assumed to be below the boundary considered for finite element 

analysis in line with the observations made at field. Any change of rise of water table, 

would result in a reduced factor of safety.  

 Finite element analysis using Plaxis 2D with 15 nodded element was found to capture 

the insitu stability condition. 

It can be predicted that the slopes near the failed slopes are prone to failure because of 

similar soil properties.  Methods like geogrids, anchoring, stone columnsetc could be 

adopted to avoid failure of the existing slopes near the failed slopes. Slide 6.0 is the 

only slope stability software with built-in finite element groundwater seepage analysis 

for steady state or transient conditions. Flows, pressures and gradients are calculated 

based on user defined hydraulic boundary conditions. Seepage analysis is fully 

integrated with the slope stability analysis or can be used as a standalone module. 

1.3 SCOPE OF WORK 

The total displacement profile and factor of safety are obtained from software analysis. 

Finite element models may be either Plane strain or Axis symmetric. The slope is 

analyzed as a plane strain model. Displacements and strains in z �±direction are assumed 

to be zero. However, normal stresses in z-direction are fully taken into account.15 �±

node triangular elements are selected for modeling soil layers and volume clusters. The 

15-node triangle is a very accurate and can produce high quality stress results for 

difficult problems. The units for length, force and time used are m, KN and day 

respectively. The first step in every analysis is to set the basic parameters of the finite 

element model. This is done in the General settings window. These settings include the 

description of the problem, the type of analysis, the basic type of elements, the basic 

units and the size of the draw area. The standard fixities is used to define the boundary 

conditions or this is considered as the default boundary condition in new PLAXIS 

version. 
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In PLAXIS, soil properties are stored in the material data set. Mohr-Columb model was 

selected as the material model and the soil properties obtained from the tests were given 

�D�V���L�Q�S�X�W���S�D�U�D�P�H�W�H�U�V�����3�R�L�V�V�R�Q�¶�V���U�D�W�L�R���R�I�����������Z�D�V���F�R�Q�V�L�G�H�U�H�G�����7�K�H���L�Q�L�W�L�D�O���S�K�D�V�H���L�V���G�H�I�L�Q�H�G��

with the excavated slope geometry. Initial stresses are generated in this phase using the 

gravity loading. Safety analysis was done in the next phase. Medium coarseness was 

chosen for mesh generation.  

Slide 6.0 has extensive probabilistic analysis capabilities - you may assign statistical 

distributions to almost any input parameters, including material properties, support 

properties, loads, and water table location.  

1.4 TYPES OF SLOPE FAILURES 

Slopes in soils androcks are ubiquitous in nature and man-made structures. Highways, 

dams, levees, canals, and stockpiles are constructed by sloping the lateral faces of the 

soil because building slopes are generally less expensive than constructing walls. 

Natural forces (wind, water, snow, etc.) change the topography of Earth and other 

planets, often creating unstable slopes. 

Failures of natural slopes (landslides) and man-made slopes have resulted in much 

death and destruction, economic losses, and environmental damage. 

Some failures are sudden and catastrophic; others are insidious.Some failures are 

widespread; others are localized. 

Geotechnical engineers have to pay particular attention to geology, surface drainage, 

groundwater, and the shear strength of soils in assessing the slope stability. 

However, we are handicapped by the geological variability of soils and methods for 

obtaining reliable values of shear strength. 

The analyses of slope stability are based on simplifying assumptions, and the design of 

a stable slope relies heavily on experience and careful site investigation. 

Soil slope failures are generally of four types: 

1. Translational Failure 

2. Rotational Failure 

3. Wedge Failure 
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4. Compound Failure 

1.4.1. Translational Failure 

�x Translation failure occurs in the case of infinite slopes and here the failure 

surface is parallel to the slope surface. 

�x A slope is said to be Infinite, when the slope has no definite boundaries and soil 

under the free surface contains the same properties up to identical depths along 

the slope. 

�x As said above, when the soil along the slope has similar properties up to a certain 

depth and soil below this layer is strong or hard stratum, the week topsoil will 

form a parallel slip surface when failed. 

�x This type of failure can be observed in slopes of layered materials or natural 

slope formations. 

 

Fig.1.1. Translational Failure 
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1.4.2. Rotational Failure 

�x In the case of rotational failure, the failure occurs by rotation along a slip surface 

and the shape thus obtained in slip surface is curved. Failed surface moves 

outwards and downwards. 

�x In homogeneous soils, the shape is circular while in case of non-homogeneous 

soils it is non-circular. 

�x Rotational failure may occur in three different ways :  

1. Face failure or slope failure 

2. Toe failure 

3. Base failure 

i. Base Failure. 

A soft soil layer resting on a stiff layer of soil is prone to base failure (Figure 16.2b). 

ii. Toe Failure. 

The second type of rotational failure is the toe slide, whereby the failure surface passes 

through the toe of the slope (Figure 16.2c). 

iii. Slope Failure. 

The third type of rotational failure is the slope slide, whereby the failure surface passes 

through the slope. 

 

Fig.1.2. Types of Rotational Failures 
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�x Face failure occurs when soil above the toe contains weak stratum. In this case 

the failure plane intersects the slope above toe. 

�x Toe failure is the most common failure in which failure plane passes through 

toe of slope. 

�x Base failure occurs when there is a weak soil strata under the toe and failure 

plane passes through base of slope. 

�x Rotational failure can be seen in finite slopes such as earthen dams, 

embankments, man-made slopes etc. 

 

Fig.1.3. Rotational Failure 

1.4.3. Wedge Failure 
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�x Wedge failure, also known as block failure or plane failure, generates a failure 

plane that is inclined. 

�x This type of failure occurs when there are fissures, joints, or weak soil layers in 

slope, or when a slope is made of two different materials. 

�x It is more similar to translational failure but the difference is that translational 

failure only occurs in case of infinite slopes but wedge failure can occur in both 

infinite and finite slopes. 

 

Fig.1.4.Wedge Failure 

1.4.4. Compound Failure 

�x A Compound failure is a combination of translational slide and rotational slide. 

�x In this case, the slip surface is curved at two ends like rotational slip surface and 

flat at central portion like in translational failure. 

�x The slip surface becomes flat whenever there is a hard soil layer at a 

considerable depth from toe. 



8 
 

 

Fig.1.5 Compound Failure 

 

1.5 CAUSES OF SLOPE FAILURES 

Slope failures are caused, in general, by natural forces, human misjudgment and 

activities, and burrowing animals. We will describe below some of the main factors 

that provoke slope failures. 

 

1. Erosion. 

Water and wind continuously erode natural and man-made slopes. Erosion 

changes the geometry of the slope (Fig.1.6), ultimately resulting in slope failure or, 

more aptly, a landslide. Rivers and streams continuously scour their banks, 

undermining their natural or man-made slopes (Fig.1.6). 

 

2. Rainfall. 

Long periods of rainfall saturate, soften, and erode soils. Water enters into 

existing cracks and may weaken underlying soil layers, leading to slope failure, for 

example, mud slides (Fig.1.6). 

 

3. Earthquakes. 

Earthquakes induce dynamic forces (Fig.1.6), especially dynamic shear forces 

that reduce the shear strength and stiffness of the soil. Pore water pressures in saturated 
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coarse-grained soils could rise to a value equal to the total mean stress, and cause these 

soils to behave like viscous fluids�² a phenomenon known as dynamic liquefaction. 

Structures founded on these soils would collapse; structures buried within them would 

rise. The quickness (a few seconds) with which the dynamic forces are induced prevents 

even coarse-grained soils from draining the excess pore water pressures. Thus, slope 

failure in a seismic event often occurs under undrained condition. 

 

4. Geological Features. 

Many failures commonly result from unidentified geological features. A thin 

seam of silt (a few millimeters thick) under a thick deposit of stiff clay can easily be 

overlooked in drilling operations, or one may be careless in assessing borehole logs 

only to find later that the presence of the silt caused a catastrophic failure. Sloping, 

stratified soils are prone to translational slide along weak layers (Fig.1.6). You must 

pay particular attention to geological features in assessing slope stability. 

 

5. External Loading. 

Loads placed on the crest of a slope (the top of the slope) add to the gravitational load 

and may cause slope failure (Fig.1.6).A load placed at the toe, called a berm, will 

increase the stability of the slope. Berms are often used to re-mediate problem slopes. 

 

Fig.1.6. Different Loading conditions 
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6. Construction Activities. 

Construction activities near the toe of an existing slope can cause failure because lateral 

resistance is removed. We can conveniently divide slope failures due to construction 

activities into two cases. The first case is the excavated slope and the second case is fill 

slope. 

 

 

7. Rapid Drawdown. 

Reservoirs can be subjected to rapid drawdown. I n this case, the lateral force 

provided by the water is removed, and the excess pore water pressure does not have 

enough time to dissipate. The net effect is that the slope can fail under un-drained 

condition. If the water level in the reservoir remains at low levels and failure did not 

occur under the un-drained condition, seepage of groundwater would occur, and the 

additional seepage forces could provoke failure (Fig.1.7). 

 

Fig.1.7.some causes of Failure 

1.6 SUPPORTS FOR SLOPE 

1.6.1. Soil Nailing and Surface Geo synthetic Effects 

The concept of this in situ stabilization method is shown in Fig.1.8 wherein the 

original focus was on soil nails and the surface geo synthetic. Each item will be 



11 
 

described separately along with the more recent ground anchors and the subsequent 

system that is created. Numeric examples using both the SBM and COE methods 

insofar as increasing FS-values will also be given. 

 

Fig.1.8. Supports for Slopes 

Concept of nailed geosynthetic covering system, Koerner. 

a. General configuration of complete system. 

b. Free-body diagram of netting.  

c. Free-body diagram of anchor.  

d. Free-body diagram of contained soil 

Soil Nailing 

Soil nailing was developed in the 1970s by many contractors in North America 

and Europe to provide temporary support systems for construction of underground 

excavations, FHWA. Using steel nails of 12�±25 mm diameter, they are driven into the 

soil beyond the potential failure plane and resist pullout by their circumferential 

friction. The ground surface is usually covered with reinforced concrete with a lock-off 

plate and nut embedded in the concrete layers along with its welded wire cage or mesh. 

The nails are installed by impact driving, jetting, explosives or compressed air. They 

can also be screwed into the soil. While the technique was developed by ground 
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modification contractors (and included several now-elapsed patents), the theoretical 

basis was provided by Shen et al. The technique is shown in Fig. 1.9a, b. 

Hausmannextended their work so as to envision that the nails would bend as the shear 

plane was mobilized, thereby providing a shear force and resisting moments as shown 

in Fig. 1.9c, d. That said, the latter mechanism probably only functions for small 

diameter non-grouted nails as used herein. 

 

Fig.1.9. Soil Nailing 

Ground Anchors 

More recently introduced are low capacity ground anchors which are well suited 

for the type of in situ slope stabilization envisioned herein, see Fig.1.20a. They consist 

of a collapsed anchor with a steel cable pushed or driven into the soil by a temporarily 

attached steel rod. At the desired depth, the steel rod is pulled out of the ground leaving 

the anchor and its attached cable leading to the surface. The cable is then tensioned at 

the ground surface thereby rotating the anchor 90° so as to have its maximum surface 

area bearing against the soil at the desired depth. As the cable is tensioned from the 

�J�U�R�X�Q�G���V�X�U�I�D�F�H�����W�K�H���V�R�L�O�¶�V���U�H�V�L�V�W�D�Q�F�H���D�W���G�H�S�W�K���L�V���E�H�L�Q�J���H�Q�J�D�J�H�G���L�Q���D���J�U�D�G�X�D�O�O�\���L�Q�F�U�H�D�V�L�Q�J��

passive earth pressure state. The limit is when the soil reaches its full passive 

equilibrium state. At this point the soil has entered a failure state which is not desirable. 
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The process is nicely shown in Fig.1.20b. These anchors are available in many 

variations (Duckbill, Platipus, Manta Ray, Batwing, Stingray, etc.) and are fully 

illustrated and described on the internet. They are regularly used for all types of walls 

and slopes (both new and remediation), as well as for stabilizing utility poles, signage, 

trees, etc. It should be noted that high capacity structural foundation anchors are not 

necessary since their anchorage resistance is far greater than can be mobilized at the 

ground surface by geosynthetics and their connections. 

 
Fig.1.20 Ground Anchors 
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1.6.2. Surface Geosynthetic Covering 

The entire ground surface must be covered with an appropriate geosynthetic or 

other suitable flexible material. Flexibility is critical and hard surfaces like concrete are 

not acceptable. Even further, the surface geosynthetic must be made to accommodate 

the nails (or anchors) which protrude through them and then suitably attached. There 

�D�U�H�� �P�D�Q�\�� �W�\�S�H�V�� �R�I�� �³�O�R�F�N-�R�I�I�´�� �D�V�V�H�P�E�O�L�H�V�� �D�Y�D�L�O�D�E�O�H�� �L�Q�� �W�K�L�V�� �U�H�J�D�U�G���� �2�Q�F�H�� �W�K�H�� �V�X�U�I�D�F�H��

geosynthetic is attached to the nails or anchors they are driven further so as to tension 

the geosynthetic and fully engage the encapsulated soil thereby compacting or 

consolidating it for strength enhancement; recall Fig. 2d in this regard. These 

attachment locations are the highest stressed regions of the systems as indicated in the 

laboratory testing of a knit geotextile shown in Fig. 5. It is important to recognize that 

the nails (or anchors), their surface covering attachments, and their spacing are a 

�³�V�\�V�W�H�P�´�� �D�Q�G�� �D�U�H�� �Post economical when they are a matched system insofar as their 

strength capabilities are concerned. As will be seen later, current methods use geogrids, 

erosion control materials, composite geosynthetics and even welded wire mesh on the 

�V�R�L�O�¶�V���V�X�U�I�D�F�H�� 

Implementation of Nailed Geosynthetics 

The original development of nailed geosynthetics was implemented using the following 

field procedure: 

�x Rough grade the slope by removing low areas preferably having a slightly 

mounded (upward concave) ground surface. 

�x Unroll the geosynthetic from top of slope. 

�x Fix the geosynthetic at top and edges using long nails or U-shaped pins. 

�x Position nails down and across slope using sledge hammer. 

�x Return and drive nails by impact hammer (or other), to intersect the failure plane 

and beyond as far as possible. 

�x Fix the washer or lock-off assembly to the top of the nails. 

�x Continue driving thereby stressing the geosynthetic covering into the soil and 

in so doing compact and/or consolidation the encapsulated soil. 

�x Proceed down and across slope. 

�x Vegetate the slope as desired. 

�x Revisit the site for re-driving nails as necessary. 
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1.7 Literature Review: 

[1] Slope stability evolutions carried out by commonly used limit 

equilibrium (LE) and finite element (FE) methods. The study utilizes two LE 

based software (SLOPE/W and SLIDE) and one FE based software (PLAXIS). 

The principal difference between these two analyses approaches is that the LE 

methods are based on the static of equilibrium whereas FE methods utilise the 

�V�W�U�H�V�V�(�V�W�U�D�L�Q�� �U�H�O�D�W�L�R�Q�V�K�L�S�� �Rr constitutive law. To fulfill one of the aims of the 

study, the LE based methods are compared based on the factor of safety (FOS) 

obtained for various load combinations. The comparison is mainly based on 

simplified slope geometry and assumed input parameters. Among the LE 

methods, the Bishop simplified (BS), Janbu simplified (JS) and Janbu GPS 

�P�H�W�K�R�G�V���D�U�H���F�R�P�S�D�U�H�G�� �Z�L�W�K���W�K�H���0�R�U�J�H�Q�V�W�H�U�Q�(�3�U�L�F�H���P�H�W�K�R�G�����0�(�3�0������ �7�K�H���W�Z�R��

�O�D�W�W�H�U���P�H�W�K�R�G�V���V�D�W�L�V�I�\���E�R�W�K���I�R�U�F�H���D�Q�G���P�R�P�H�Q�W���H�T�X�L�O�L�E�U�L�X�P�V�����,�Q���D�G�G�L�W�L�R�Q�����0�(�3�0��

allows a variable interslice force function. These LE methods are well 

established for many years, and thus some of them are still commonly used in 

practice for stability analysis. Simplicity and relatively good results are the 

advantages of these methods.     

 

The comparative study among the LE methods shows that BSM is as 

�J�R�R�G�� �D�V�� �0�(�3�0�� �I�R�U�� �Q�R�U�P�D�O�� �F�R�Q�G�L�W�L�R�Q�� �L�Q�� �F�L�U�F�X�O�D�U�� �V�K�H�D�U�� �V�X�U�I�D�F�H�� ���6�6���� �D�Q�D�O�\�V�L�V����

�6�L�P�L�O�D�U�O�\�����-�6�0���L�V���D�V���J�R�R�G���D�V���0�(�3�0���I�R�U���S�O�D�Q�H���6�6���D�Q�D�O�\�V�L�V�����0�R�U�H�R�Y�H�U�����W�K�H���V�W�X�G�\��

shows that BSM is insensitive to interslice forces in circular SS analysis, 

whereas JSM is insensitive to interslice forces in plane SS analysis.  This is true 

for the analyses without any external forces acting in slopes. With some external 

forces, both methods may be sensitive to the interslice force function, and thus 

�W�K�H���D�Q�D�O�\�V�H�V���P�D�\���U�H�V�X�O�W���L�Q���H�L�W�K�H�U���K�L�J�K�H�U���R�U���O�R�Z�H�U���)�2�6���F�R�P�S�D�U�H�G���Z�L�W�K���0�(�3�0����

�(�Y�H�Q���L�I���W�K�H���0�(�3�0���D�V�V�X�P�H�V���D�Q���L�Q�W�H�U�V�O�L�F�H���I�R�U�F�H���I�X�Q�F�W�L�R�Q���L�Q���D�Q�D�O�\�V�L�V�����W�K�H���P�H�W�K�R�G��

is found suitable, because the method satisfies both force and moment 

equilibrium condit�L�R�Q�V�����7�K�H���F�R�P�S�D�U�L�V�R�Q���E�H�W�Z�H�H�Q���-�D�Q�E�X�¶�V���*�3�6���P�H�W�K�R�G���D�Q�G���W�K�H��

�0�(�3�0���V�K�R�Z�V���D���Y�H�U�\���J�R�R�G���D�J�U�H�H�P�H�Q�W���Z�L�W�K���Q�R�P�L�Q�D�O���G�L�I�I�H�U�H�Q�F�H���������������L�Q���W�K�H���)�2�6����

�0�R�U�H�R�Y�H�U���� �W�K�H�� �0�(�3�0�� �K�D�V�� �E�H�H�Q�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �U�H�V�X�O�W�V�� �I�U�R�P�� �W�K�H�� �)�(�� �D�Q�D�O�\�V�H�V����

�&�R�P�S�D�U�H�G�� �Z�L�W�K�� �W�K�H�� �)�(�� ���3�/�$�;�,�6���� �D�Q�D�O�\�V�H�V���� �W�K�H�� �/�(�� ���0�(�3�0�� analyses may 

estimate 5 �± 14% higher FOS, depending on the conditions of a dry slope and a 

fully saturated slope with hydrostatic pore pressure distributions.  For fully 
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saturated conditions in the slope, inaccurate computation of stresses in LE 

methods may have resulted in larger difference in the computed FOS. Since, the 

�)�(�� �V�R�I�W�Z�D�U�H�� �L�V�� �E�D�V�H�G�� �R�Q�� �V�W�U�H�V�V�(�V�W�U�D�L�Q�� �U�H�O�D�W�L�R�Q�V�K�L�S���� �V�W�U�H�V�V�� �U�H�G�L�V�W�U�L�E�X�W�L�R�Q�V�� �D�U�H��

surely better computed even for a complicated problem. This has been found 

one of the advantages in FE simulations. A parameter study shows that the 

application of a positive dilatancy angle in FE analysis can significantly 

�L�P�S�U�R�Y�H���W�K�H���)�2�6���������(���������������2�Q���F�R�Q�W�U�D�V�W�����W�K�H���V�K�H�D�U���V�X�U�I�D�F�H���R�S�W�L�P�L�]�D�W�L�R�Q���L�Q���/�(��

���0�(�3�0���L�Q���6�/�2�3�(���:�����D�Q�D�O�\�V�L�V���U�H�V�X�O�W�V���L�Q���O�R�Z�H�U���)�2�6�����D�Q�G���W�K�X�V���P�L�Q�Lmizing the 

difference in FOS compared with FE analysis. Thus, the optimisation of the 

circular SS in LE analyses and application of dilatancy angle in FE analyses 

may provide very good agreement in FOS keeping the variations less than 5%. 

 

  Slope stability analysis using limit equilibrium and strength reduction. 

Several slopes, taken either from geotechnical practice or literature review, are 

considered. [2] The influence of tension, distributed load, finite element size 

and model parameters is analyzed in relation to the location, shape of the critical 

failure surface and the corresponding value of the factor of safety. Both methods 

provide similar results if they are correctly applied using appropriate software 

programs.  

 

[3] Study of slope failures or investigation of recent landslides will be 

conducted, and the causes of failure and remedial measures which could have 

been taken will be suggested. Similarly, stability check for existing slopes will 

be done and then factor of safety and failure slip circle will be computed using 

PLAXIS (2D). 

 

[4] Different kinds of slopes are analyzed using limit equilibrium 

methods and the causes for the failure of slopes are determined. Various 

methods are suggested to stabilize the slope. 

 

Landslide of the embankments often occur in the region where has a 

diverse topography contours, one of them in Indonesia. The instability of slope 

can triggered a variety of problems that need to be investigated further. The 

stability of slopes recently is a major concern in the field of Geotechnical 
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engineering especially in areas that have diverse topography. There are two 

methods commonly used in the analysis of the stability of embankments. The 

limit equilibrium method (LEM) is widely used by researchers and engineers 

conducting slope stability analysis. Slope stability analysis using the finite 

element method (FEM) also has been widely accepted in the literature for many 

years. Each of these methods also has differences in the results of the Safety 

Factor. Several previous studies on the comparison of the difference in value of 

Safety Factor of the two methods have been done. The results obtained from the 

comparison of LEM and FEM methods are still very varied according to the 

location of a review of each research that have not shown definitive results and 

in accordance with the soil conditions in Indonesia. [5] Aims to analyze the 

stability of embankments to perform comparisons on various conditions that 

have varied contour of embankments and various types of soil in accordance 

with the most soil type in Indonesia by using the LEM and FEM. Limit 

equilibrium method is done by comparing the previously developed methods: 

Ordinary / Fellenius, simplified Bishop method, Janbu simplified method, 

Spencer Method, Morgenstern-Prince method, Lowe-Karafiath Method. Both 

LEM and FEM analysis are performed using computer program. Comparison 

of the results of the Safety factor of the methods mentioned above will then be 

compared again with the real landslide case on the field. Expected outcomes of 

[5] are: a) Obtain tolerance Safety Factor difference value with the above 

methods on various conditions of sliding, b) Obtain the method that are suitable 

with the conditions of sliding. 

 

[6] Based on the minimal inter-slice action (MIA) hypothesis, which 

results in a new slice model without including artificially adjustable parameters. 

It has been realized that the new slice model predicts the minimum value of the 

safety factor, while all other slice models available always overestimate the 

value of the safety factor. Moreover, the gravity moment of each slice is found 

to be opposite to the overturning moment, which is different from the existing 

knowledge. In particular, the new slice model overcomes the situation where 

different assumptions of the inter-slice force function will give different safety 

factors to the same slope. The related numerical examples indicate that the new 



18 
 

slice model can serve as a reliable tool for investigating geotechnical slope 

stability. 

 

[7] Designing of a stable overburden disposal slope is vital in large 

opencast coal mines. Spoil generated during extraction of coal which is dumped 

externally requires larger land to remain stable and also poses problems to 

surrounding environment due to limited land availability. This has lead to the 

preference of internal dumping in which the waste is dumped in de-coaled 

region which is beneficial during extraction and reclamation of mine. Internal 

dumping is also the most economical and environment friendly method of waste 

disposal and is being adopted everywhere. It has certain limitations and inherent 

dangers of failures posing operational and safety threats. In this paper, a 

numerical study for stability of 80 m high internal dump slopes from an opencast 

coal mine of Wardha Valley Coal Field, Maharashtra, India has been carried out 

using Finite Element Method (FEM). Different scenarios as per the dump 

heights have been accounted and simulated using Plaxis2D-8 to understand the 

failure mechanism and the changes in factor of safety with variation in bench 

height and the number of benches. 

 

The stability of earthworks (cuttings, embankments, dikes) and natural 

slopes is a problem that is of concern to geotechnicians, both practitioners and 

researchers. The disorders generated by breaking the slopes are usually 

spectacular, often destructive and sometimes murderers. Many methods of 

calculating stability have been proposed. These are differentiated by the 

assumptions accepted by their authors (methods of calculation in equilibrium 

limit, methods of calculation at break, deformation calculation methods) and the 

ease of their implementation (calculations using charts, automatic calculations 

using software), but they all agree to define an overall factor of safety according 

to which the stability of the studied slope is considered to be insured or 

compromised, or by safety factor spartial effects on the one hand, applied 

stresses and, on the other hand, the mechanical properties soil. Various 

embankment strengthening techniques have been developed. They are 

differentiated by the process of their realization, their cost and their durability. 

The main objective of [8] is to present the problems of both natural and artificial 
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slope stability on construction projects. In this regard, special emphasis is given 

to the sensitivity of the calculation model input parameters (soil, load), which 

should contribute to raising awareness about this issue, as a prerequisite to make 

the right decisions and optimal technical solutions in this area. 

 

[9] presents results of check and back-analysis of high wall slopes and 

footwall instabilities in coal bearing sedimentary strata. The primary aim is 

being to address the issue of rock mass strength at the footwall toe. An issue 

highlighted previously by one of the authors is the often incomplete knowledge 

in a footwall scenario to enable analytically based design. Experience gained at 

coal mining operations in moderate to steeply dipping strata coupled with 

studies to resolve the unknowns has resulted in an understanding of the critical 

mechanism, shear strength on bedding defects, groundwater conditions and an 

approach to assessing the rock mass strength at the toe. [9] focuses on the latter 

aspect of toe rock mass strength. The results question the applicability of studies 

suggesting the use of the disturbance factor associated with unloading of slopes 

to sedimentary strata. The methodology proposed by the authors for the footwall 

toe rock mass strength to account for anisotropy is to accept a disturbance factor 

of zero and down rate the Geological Strength Index (GSI) value. Furthermore, 

the authors caution against the use of the GSI fissile molasse chart for coal 

bearing strata unless there is significant tectonic deformation of the rock mass 

evident at the small-scale.     

 

 Limit -equilibrium method (LEM) and finite element method (FEM) 

with shear strength reduction (SSR) technique are the most widely used analysis 

tools in slope stability assessment. Recently, researchers have reported that both 

factor of safety (FOS) values and failure surfaces obtained from LEM and FEM 

are generally in good agreement except in some particular cases. On the other 

hand, the consistency between two methods has not been adequately discussed 

for heavily fractured rock mass models by employing Generalized Hoek�±Brown 

Criterion (GHBC). [10] The FOS values and failure surfaces derived from LEM 

and FE-SSR based on GHBC were compared concerning static and pseudo-

static conditions, various overall slope angles, geological strength index (GSI) 

values, and various water table levels. [10] Three homogeneous, highly 
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fractured rock slope models with irregular geometry and different slope heights 

were generated by two-dimensional Slide and Phase2 software. Limit-

equilibrium (LE) analyses were performed by Bishop, Fellenius, Morgenstern�±

Price, and Spencer techniques. The comparisons of global minimum FOS values 

for 431 cases and the effects of variables on two methods were investigated by 

statistical analyses. Consequently, it was determined that the difference between 

the FOS values is statistically significant. However, if the seismic coefficient is 

higher than 0.1 g, slope angle is higher than 34°, and the slope is assumed to be 

fully saturated, Morgenstern�±Price is the well-matched technique with FE-SSR 

than the others. For the same cases, the failure surfaces detected by Fellenius 

are more similar to the ones detected by FE-SSR.  

  

 Factors of safety are the primary design criteria used in most slope 

stability analyses. Traditional limit equilibrium based methods are still widely 

used in practice while at the same time more and more attention has been paid 

to finite element based evaluations of slope stability. Shear strength reduction 

technique is one of the popular methods to compute factor of safety utilizing 

finite element analysis. Another approach is to calculate the factor of safety 

using the finite element computed normal and shear stresses along the potential 

slip surface. [11] presents a case study that used Spencer method, shear strength 

reduction and directly finite element computed stresses to evaluate the slope 

stability factor of safety. Spencer method is one of the limit equilibrium based 

methods that can satisfy all the static equilibrium conditions. Finite element 

based methods included both shear strength reduction method (SSR) and finite 

element computed stresses based method (FES). A new shear strength reduction 

procedure is proposed to determine the factor of safety by examining the yield 

elements in the finite element results. It is found that the method that directly 

uses the finite element computed stresses can capture well the relatively deep 

slip surface. The effect of in-situ stress state on finite element based methods is 

also briefly discussed. 

 

 [12] demonstrates a finite element approach to analyze the response of 

slopes of homogeneous and layered soil with shear strength reduction (SSR) 

technique. Slope failure may occur owing to a reduction of shear strength with 
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increasing plastic strains induced by loading. The present approach allows this 

failure process and analysis is carried out using Mohr-Coulomb and Drucker-

Prager yield criteria in which the shear strength parameters are reduced. The 

effect of mesh on the factor of safety of slope is investigated. To assess the 

reliability of the numerical result for slope stability analysis by the finite 

element SSR technique, its comparison with the well known conventional 

methods namely Bishop Method (1955), Fellenius Method (1936) and Spencer 

Method (1967) is shown for homogeneous and layered soil. Good agreement is 

found between the conventional limit equilibrium methods (LEM) and finite 

element method (FEM). It is noted that FEM gives a bit higher factor of safety 

than LEM. Besides, Drucker-Prager model gives higher factor of safety than 

that of Mohr-Coulomb model regardless of the position of surcharge and slope 

angles for both the slopes of homogeneous and layered soil. The factor of safety 

increases when the distance of surcharge increases from the crest of the slope 

up to a certain level and beyond that, the effect of surcharge remains constant 

for slopes of homogeneous and layered soil. The failure surfaces for both LEM 

and FEM have also been assessed. 

 [13] deals with the slope stability engineering. The stability of slopes is 

traditionally estimated using 2D limit equilibrium methods (LEM). However 

these methods have several disadvantages and may neglect some important 

factors. Due to the rapid development of computing efficiency, several 

numerical methods are gaining increasing popularity in slope stability 

engineering. The most popular numerical method of slope stability estimation 

is shear strength reduction technique (SSR). After performing several 

calculations it turned out that for a simple slopes factor of safety (FS) obtained 

from numerical methods is usually the same as FS obtained from LEM. 

However for complex geometry slopes considerable differences between FS 

values may be expected. Application of SSR for complex geology slopes is 

�X�V�X�D�O�O�\���U�H�V�W�U�L�F�W�H�G���W�R���W�K�H���Z�H�D�N�H�V�W���³�O�L�Q�N�´���H�V�Wimation �± part of slope with the lowest 

FS. Finite Difference Method code FLAC gives the opportunity to analyze 

several slip surfaces by using modified SSR technique. The method is based on 

reducing shear properties of soils after identification of first slip surface. The 

modified shear strength reduction technique (MSSR) allows performing 

complete estimation of stability for any type of slope. 
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CHAPTER-2 

METHODOLOGY  

 

2.1 NUMERICAL ANALYSIS OF FINITE ELEMENT METHOD  

Finite element methods are founded on two basic concepts, first a continuum 

isformed by a specific number of smaller, simpler elements joined at nodes and with 

alimited number of degrees of freedom (DOFs), determined by the number of nodes 

perelement and the number of degrees of freedom per node. Second, the 

differentialequations are solved by the application of numerical integral methods 

(Ashcroft andMubashar, 2011). These differential equations in a simpler form can be 

solved throughmatrix methods. Ashcroft and Mubashar, (2011) indicates that FEM is 

still a techniqueto simulate reality, and therefore some errors can be encountered.In 

Geomechanics, the application of FEM is done similarly as to structural mechanics,by 

means of the displacement method. This method refers to the study ofdisplacements of 

the nodes due to applied forces or loads to a structural body or (inthis case) a soil 

(Nordal, 2011). 

An approximate solution of the entire soil volume is obtained by adding together 

the behavior of each element. The performance of every element is analyzed by means 

ofshape functions, often denoted by N, these are usually in simple polynomial form 

(ofdifferent orders) and it is required as many shape functionsas number of nodes 

thereare in an element (Karstunen, 2014b).In the analysis of slope stability, non-linear 

FE methods offer great advantages overconventional methods as indicated by Griffiths 

and Lane, (1999). It is not only moreaccurate and graphical friendly for routine 

calculations, but also reduces the possibilityof misleading results by the use of 

�F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �³�V�O�L�S�� �F�L�U�F�O�H�´�� �F�D�O�F�X�O�D�W�L�R�Q�V���,�Q�� �F�R�P�S�D�U�L�V�R�Q�� �Z�L�W�K�� �/�(�0���� �X�V�L�Q�J�� �)�(�0�� �Q�R��

assumptions regarding shape and location offailure surface is required (Griffiths and 

Lane, 1999), as well as no further studies onslides side forces are needed. Among the 

FEM out-puts, deformation at working stress21levels is available and progressive 

failure can be monitored, including shear failure(Griffiths and Lane, 1999). 

 

Modeling can be done in one, two or three dimensions, depending on 

therequirements of the analysis. Two dimensional (2D) simulations can be considered 

�D�V�³�S�O�D�L�Q���V�W�U�D�L�Q�´���R�U���³�D�[�Ls �V�\�P�P�H�W�U�L�F�´���� �Z�L�W�K���R�Q�O�\�� �W�Z�R���W�U�D�Q�V�O�D�W�L�R�Q�D�O���G�H�J�U�H�H�V�� �R�I���I�U�H�H�G�R�P��
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pernode. The first model assumes a relative uniform cross section where 

displacementsand strains in the perpendicular direction are much smaller (can be 

disregarded) andnormal stresses are taken into account. The second model is usually 

used forstructures with uniform radial cross section and loading occurs through the 

centralaxis, where deformations and strains are assumed to be equal in any radial 

direction(Brinkgreve et al., 2014a).The FEM consists of three stages pre-processing, 

processing and post processing asindicated by Ashcroft and Mubashar, (2011). In the 

pre-processing stage, the model iscreated with all the input data available. At this stage 

geometry is defined as well asmaterial properties, type of analysis, loads, boundary 

conditions and mesh elementtype and size; it is necessary to have a clear understanding 

of what is required fromthe analysis and what input is needed to complete it (Ashcroft 

and Mubashar, 2011). 

The mesh generation has become more commonly set by default by 

commercialsoftware. Nonetheless, this can be defined by the users as long as a 

properunderstanding of the mesh density and change in specific direction, geometric 

types ofelements, number of nodes per element and the elements connectivity (DOFs 

ofcommon nodes), is accomplished. The generation of the mesh and later refinementare 

relevant for the efficiency and reliability of the analysis (Ashcroft and Mubashar,2011). 

The following two stages, processing and post processing refer to the actual 

solvingand later analysis of results. For users, the most relevant stage is the post 

processingwhere errors can be detected and fixed, refinement of mesh can be decided, 

andanswers to the initial questions can be provided in a further analysis of results 

(Ashcroft and Mubashar, 2011). 

 

2.2 SLOPE STABILITY ANALYSIS WITH LEM  

Limit equilibrium method idealizes a sliding soil mass as divided into several 

sliceswhere each slice is analyzed (supporting and reacting forces) as a single unit and 

lateradded together with the rest of slices, see Fig.2.1. Various assumptions, mainly 

onthe slip surface and inter-slice forces, are then essential to be made toinitially 

calculate the slope safety. In the present study, a number of numerical analyses have 

been performed by the software GEO5 (2014). Bishop method (1955), Fellenius 

method (1936) and Spencer method (1967) are used for limit equilibrium analysis. For 

LEM, the geometric model is incorporated in the GEO5 (2014) software and the 

properties of soil are assigned for the specified interface.  
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In the analysis stage, a slip surface is added. The slip surface may be circular or 

polygonal. In this paper, circular slip surface is used. After assigning all properties and 

slip circle, optimization method is selected as analysis type. Finally, a surcharge is 

added on the terrain of slope and analysis is carried out. For the stability analysis of 

slopes using FEM, the first step is to set the project parameters. Plane strain project type 

is selected. Later, analysis type is set. The geometric model is incorporated in the GEO5 

(2014) same as LEM. After incorporating the model, the properties of soil are assigned 

for the specified interface. For FEM analysis, meshes are generated and a strip 

surcharge is added on the terrain of slope. Finally, analysis is performed using the SSR 

technique (Griffiths and Lane 1999).  

 

Fig.2.1. Non Circular Slip Surface and Forces on slice 
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CHAPTER-3 

SLIDE SOFTWARE  

3.1 INTRODUCTION:  

Slide 6.0 is the most comprehensive slope stability analysis software available, 

complete with finite element groundwater seepage analysis, rapid drawdown, 

sensitivity and probabilistic analysis and support design. All types of soil and rock 

slopes, embankments, earth dams and retaining walls can be analyzed. State of the art 

CAD capabilities allow you to create and edit complex models very easily.Slide 6.0 is 

the only slope stability software with built-in finite element groundwater seepage 

analysis for steady state or transient conditions. Flows, pressures and gradients are 

calculated based on user defined hydraulic boundary conditions. Seepage analysis is 

fully integrated with the slope stability analysis or can be used as a standalone module. 

Slide 6.0 has extensive probabilistic analysis capabilities - you may assign statistical 

distributions to almost any input parameters, including material properties, support 

properties, loads, and water table location. The probability of failure/reliability index is 

calculated, and provides an objective measure of the risk of failure associated with a 

slope design. Sensitivity analysis allows you to determine the effect of individual 

variables on the safety factor of the slope. Slide offers no less than 17 different material 

strength models for rock and soil including Mohr-Coulomb, Anisotropic and 

Generalized Hoek-Brown. Support types include tie back, end anchored, soil nail, micro 

pile and geo textile. Back analysis allows you to determine the required support force 

for a given safety factor. Advanced search algorithms simplify the task of finding the 

critical slip surface with the lowest safety factor. 

 

3.2 SLIDE ANALYSIS PROCEDURE:  

Slide 6.0 software is installed and is used in the analysis of the slope stability under 

heavy traffic loads. 

Step-1: The Fig.3.1. shows the first look of slide 6.0 software when the software is 

opened for the analysis of slope stability. 
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Fig.3.1. First look of Slide 6.0 

The unit measurements and failure direction are selected based on the data given in the 

problem and click on ok and the below Fig.3.2 appears. 

Select all the required methods in which the given slope is to be analyzed and enter 

number of slides, click on OK 

 

Fig.3.2. Dialogue box for methods 

Step-2: Entering Boundaries 
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The first boundary that must be defined for every SLIDE model, is the EXTERNAL 

BOUNDARY.  The External Boundary in SLIDE is a closed polyline encompassing 

the soil region you wish to analyze. In general:  

�‡���7�K�H���X�S�S�H�U���V�H�J�P�Hnts of the External Boundary represent the slope surface you 

are analyzing. 

 �‡���7�K�H���O�H�I�W�����U�L�J�K�W���D�Q�G���O�R�Z�H�U���H�[�W�H�Q�W�V���R�I���W�K�H���(�[�W�H�U�Q�D�O���%�R�X�Q�G�D�U�\���D�U�H���D�U�E�L�W�U�D�U�\�����D�Q�G��

can be extended as far out as the user deems necessary for a complete analysis of the 

problem. 

 To add the External Boundary, select Add External Boundary from the toolbar or the 

Boundaries menu. 

 

Fig.3.3. External boundary 

After entering the boundaries of the given slope the screen should look like this. 
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Fig.3.4. External boundary is created 

Step-3: Assigning Material properties, Water table and Loads 

When the slope contains more than one type of soil then the material boundary should 

be created to insert various types of soil properties. 

To insert boundary line Click on Boundaries in Main menu and select Material 

Boundary. 

 

Fig.3.5. Material boundary  
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After adding material boundary, add material properties considering the values given 

in the problem. 

To add material properties, Click on Properties in Main menu and Click on Material 

properties. A dialogue box shown in Fig.3.6 appears. 

 

Fig.3.6. Material properties 

For identification of different layers we can assign different colours. If there are water 

table and surcharge loads in the given problem we can add those. 

To insert water table, Click on Boundaries in Main menu and select add water 

table. Draw the water table using cursor. 

 To insert surcharge load, Click on Loading in Main menu and select distribution 

load. Enter the load value and click on ok. 

The following figure Fig.3.7 shows the process of adding water table and surcharge to 

the given slope. 
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Fig.3.7. Water table and Surcharge load 

 

Step-4: Auto Grid  

Slip center grids can be user-defined (Add Grid option) or automatically created by 

SLIDE (Auto Grid option). For this tutorial we will use the Auto Grid option.  

�6�H�O�H�F�W�����6�X�U�I�D�F�H�V���:���$�X�W�R���*�U�L�G 

You will see the Grid Spacing dialog. We will use the default number of intervals (20 

x 20), so just select OK, and the grid will be created. 

 

Fig.3.8. Auto grid dialogue box 
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By default, the actual locations of the slip centers within the grid are not displayed. You 

can turn them on in the Display Options dialog. Right click the mouse and select display 

options from the popup menu. Check the grid points option, and select close. Your 

screen should look as follows. 

 

Fig.3.9. Auto grid  

We are now finished with the modeling, and can proceed to run the analysis and 

interpret the results.  

Step-5: Compute  

Before you analyze the model, save it as a file called filename.sli. (SLIDE model files 

have a .SLI filename extension).  

�6�H�O�H�F�W�����)�L�O�H���:���6�D�Y�H 

 Use the Save As dialog to save the file. You are now ready to run the analysis.  
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�6�H�O�H�F�W�����$�Q�D�O�\�V�L�V���:���&�R�P�S�X�W�H 

The SLIDE COMPUTE engine will proceed in running the analysis. This should only 

take a few seconds. When completed, you are ready to view the results in INTERPRET. 

To view the results of the analysis: 

�6�H�O�H�F�W�����$�Q�D�O�\�V�L�V���:���,�Q�W�H�U�S�U�H�W 

This will start the SLIDE INTERPRET program. You should see the following figure: 

 

Fig.3.10. Interpreted slope 
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CHAPTER-4 

PLAXIS 2D SOFTWARE 

4.1 INTRODUCTION:  

Plaxis 2D perform two-dimensional analysis of deformation and stability in 

geotechnical engineering and rock mechanics. Engineering companies and institutions 

in the civil and geotechnical engineering industry count on PLAXIS for a variety of 

projects. From excavations, embankments, and foundations to tunneling, mining, and 

reservoir geo mechanics, engineers rely on PLAXIS as their go-to finite element 

analysis application. Use predefined structural elements and loading types in a CAD-

like environment for fast and efficient model creation, allowing you more time to 

interpret the results. 

CAPABILITIES:  

�x Create finite element models 

�x Assess stresses and displacements 

�x Analyze results with post-processing 

 

4.2 PLAXIS 2D ANALYSIS PROCEDURE: 

Plaxis 2D version 8.2 is installed and it is used in the analysis of factor of safety for the 

stepped slope. 

Step-1: The Fig.4.1 shows the first look of plaxis 2D software .When the software is 

opened for the analysis of factor of safety of stepped slope. 

 

Fig.4.1. First look of Plaxis 2D  
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In this we have to click on the New Project and then click on OK. The Fig 4.2 will be 

appear.In that we have General Settings included with project and dimensions. In that 

project the required title name and other required data should be given which is based 

on the problem. After giving all the data click on OK. 

 

 

Fig.4.2. General Settings 

 

 

Step-2:Entering Units 

In this Fig.4.3we have to give the required units in terms of metres for locating 

the points on the geometry line for the formation of the stepped slope.The cursor 
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position indicator gives the current position of the mouse cursor both in physical unit 

and screen pixels.  

 

Fig.4.3. Main window of the input program 

 

Fig.4.4. Model created 
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Step-3: Assigning materials  

This stepped slope is divided into three different layers. After this we will assign 

standard fixities for the stepped slope. Now click on the MATERIALS which is in the 

MAIN MENU. In that materials select the soil and interfaces.In this the material set 

dialogue box will be opened.There will be set type option. In that select the soil and 

interfaces. And then click on NEXT.Then mohr coulomb dialogue box will be opened. 

In that we have Parameters and interfaces. The required values should be given in that. 

Then click on OK.  

 

 

Fig.4.5. Material sets Dialogue box 
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Fig.4.6.defining material boundaries 

 

 

Fig.4.7.assigning material boundaries 

Now assign the materials of layer, layer2, layer3 to the slope as shown in the Fig.4.8 
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Fig.4.8.assigning materials 

Step-4: Generating Mesh 

�x Select the MESH in the main menu, in that select global coarseness. 

�x In that the mesh generation setup box will opened. In that select the element 

distribution as medium.  

�x Then click on OK. 

�x Select the Generate mesh option in the tool bar. And then click on update.We 

can see the mesh generation in the new window. 

 
Fig.4.9. Generate Mesh 
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Step-5: Initial conditions  

�x Once the mesh has been generated, finite element model is completed. 

�x Click on the initial conditions button on the toolbar. It has two different modes. 

�x After that the water table is also given by using water conditions modein toolbar 

as shown in Fig.4.10. 

 
Fig.4.10. Dialogue box for water weight 

 
Fig.4.11.after assigning water table 

 

Step-6: Assigning Boundaries 

In the tool bar there are two boundaries which are closed flow boundary and closed 

consolidation boundary should be applied for the slope. 
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Fig.4.12. Assign Boundaries Dialogue box 

 
Fig.4.13. Active Pore Pressures 

Click the Generate water pressures button (blue crosses) on the tool bar. Now water 

pressure generation window appears. 



41 
 

From that select phreatic level ratio button in the Generate box and click the OK button. 

Then it looks as below figure. 

Fig.4.14. Phreatic level ratio 

Step-7: Generating initial stresses 
�x Click on the initial conditions button on the toolbar. It has two different modes. 

The water pressure mode and geometry configuration mode. 

�x After that the water table is also given by using water table option in toolbar. 

�x Since the current project does not involves water pressure. So click the right 

hand side swith. A phreatic level is automatically placed at the bottom of the 

geometry. 

�x Click the Generate initial stresses button (red crosses). 

�x The orientation of line indicates the principal directions as shown in Fig.4.15 

Click the update button to return to the input program geometry configuration 

mode. 
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Fig.4.15. Initial stresses 

 
Step-8: Performing calculations 

�x After clicking the Calculate button and saving the input data, and the 

calculations program is started. 

�x The tab sheets (General, Parameters and Multipliers) are used to define a 

calculation phase. 

�x In that additional steps it have default value of 250. 

�x And also the required data should be given and create the different phases as 

shown in the Fig.4.16. 

 
Fig.4.16 Types of Phases 
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Step-9: Plane strain curve 

�x After defining the phases, select the first phase and then click on Calculate and 

then figure of mesh will be formed, then the points should be selected as shown 

in the Fig.4.17. 

�x Click on update and calculate options, Then there will be formation of Plane 

Strain figure. 

�x Likewise each phase should be selected for the formation of plane strain figures 

as shown in the Fig.4.18. 

 

 
Fig.4.17. Selection of points 

 

 
Fig.4.18. Plane Strain analysis 
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Step-10: Stresses and Deformation 
�x After the analysis of plane strains click on the output option and click on stresses 

in the main menu. In that select the Cartesian effective stresses as shown in 

Fig.4.19. 

�x Then after click on deformations, in that select the total displacement option as 

shown in Fig 4.20. 

 

 
Fig.4.19. Formation of Stresses 
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Fig.4.20. Total Displacement 
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CHAPTER-5 

RESULTS ANS DISCUSSION 

5.1 RESULTS 

 The given slope is analyzed by using �V�R�I�W�Z�D�U�H�¶�V SLIDE and PLAXIS 2D, the 

results obtained are plotted below 

Table 5.1. Results of Plaxis 2D for sample-1 and 2 

Properties 

Sample-1 Sample-2 

layer 1 layer2 layer3 
clay 
soil 

sandy 
soil silt 

Msf 1 1 

Deformed mess X 10-3 87.77 27.57 

Total displacements X 10-3 87.77 27.57 

Horizontal displacements X 10-3 72.17 24.9 

Vertical displacements X 10-3 87.77 14.38 

Total incremental X 10-3 5.27 1.57 

Horizontal incremental X 10-3 4.11 1.25 

Vertical incremental X 10-3 5.27 1.09 

Total strains X 10-3 676.1 3.81 

Cartesian strains % 
0.671 0.67 1.32 3.34 3.34 2.33 

x-x axis y-y axis x-y axis 

Incremental strains X10-3 61.58 433.47 

Total velocities  0 0 

Total accelerations 0 0 

Effective stresses kN/m2 38.46 1.03 

Total stresses kN/m2 661.48 1.13 

Cartesian effective stresses  kN/m2 26.22 27.9 11.05 471.59 1.03 469.92 

Cartesian total stresses kN/m2 653.3 658 652.5 862.36 1.13 54.26 

Active pore pressure kN/m2 651.44 657.92 

Excess pore pressure kN/m2 69.03 131.59 

Active ground water head m 68.02 59.19 

Degree of saturation % 100 100 
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Table 5.2. Results of Plaxis 2D for sample-3 and 4 

Properties 

Sample-3 Sample-4 
sandy 
soil gravel silt gravel 

clay 
soil 

sandy 
soil 

Msf 1.67 2.64 

Deformed mess X 10-3 21.31 29.62 

Total displacements X 10-3 21.31 29.62 

Horizontal displacements X 10-3 16.36 23..57 

Vertical displacements X 10-3 9.43 16.98 

Total incremental X 10-3 1.38 1.62 

Horizontal incremental X 10-3 1.19 1.33 

Vertical incremental X 10-3 0.95 1.16 

Total strains X 10-3 2.56 4.01 

Cartesian strains % 
2.09 2.18 1.96 3.81 3.96 2.12 

x-x axis y-y axis x-y axis 

Incremental strains X10-3 561.75 601.39 

Total velocities  0 0 

Total accelerations 0 0 

Effective stresses kN/m2 0.98 1.16 

Total stresses kN/m2 1.19 1.25 

Cartesian effective stresses  kN/m2 531.62 1.16 473.36 583.21 1.63 498.12 

Cartesian total stresses kN/m2 722.36 1.21 61.01 746.29 1.53 80.11 

Active pore pressure kN/m2 643.32 661.41 

Excess pore pressure kN/m2 91.39 149.67 

Active ground water head m 42.08 63.08 

Degree of saturation % 100 100 
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Table 5.3. Results of Plaxis 2D for sample-5 and 6 

Properties 

Sample-5 Sample-6 

gravel silt 
clay 
soil loam 

clayey 
silt 

sandy 
soil 

Msf 2.33 1.99 

Deformed mess X 10-3 35.72 62.43 

Total displacements X 10-3 35.72 62.43 

Horizontal displacements X 10-3 31.69 57.17 

Vertical displacements X 10-3 22.64 39.69 

Total incremental X 10-3 6.48 18.92 

Horizontal incremental X 10-3 5.37 11.85 

Vertical incremental X 10-3 3.61 5.73 

Total strains X 10-3 7.96 15.38 

Cartesian strains % 
4.94% 5.41% 3.26% 4.38% 4.87% 2.46% 

x-x axis y-y axis x-y axis 

Incremental strains X10-3 476.17 539.82 

Total velocities  0 0 

Total accelerations 0 0 

Effective stresses kN/m2 2.81 2.06 

Total stresses kN/m2 2.91 2.16 

Cartesian effective stresses  kN/m2 520.84 2.81 534.17 548.37 2.06 573.28 

Cartesian total stresses kN/m2 901.58 2.91 92.69 942.31 2.16 112.84 

Active pore pressure kN/m2 729.56 783.71 

Excess pore pressure kN/m2 169.39 239.45 

Active ground water head m 104.6 154.94 

Degree of saturation % 100 100 
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Table 5.4. Results of Plaxis 2D for sample-7 and 8 

Properties 

Sample-7 Sample-8 

silt(wt)  
clayey 

silt gravel 
sandy 

soil(wt) loam 
clayey 

sand(wt) 

Msf 2.14 1.48 

Deformed mess X 10-3 45.28 95.42 

Total displacements X 10-3 45.28 95.42 

Horizontal displacements X 10-3 34.76 83.91 

Vertical displacements X 10-3 21.64 61.49 

Total incremental X 10-3 16.31 42.91 

Horizontal incremental X 10-3 10.58 34.72 

Vertical incremental X 10-3 4.26 21.34 

Total strains X 10-3 11.94 25.19 

Cartesian strains % 
3.01 3.43 1.67 4.83 5.26 3.18 

x-x axis y-y axis x-y axis 

Incremental strains X10-3 428.37 584.16 

Total velocities  0 0 

Total accelerations 0 0 

Effective stresses kN/m2 2.15 1.83 

Total stresses kN/m2 2.25 1.93 

Cartesian effective stresses  kN/m2 495.49 2.15 527.16 587.97 1.83   

Cartesian total stresses kN/m2 896.34 2.25 146.29 973.46 1.93 148.03 

Active pore pressure kN/m2 743.98 824.13 

Excess pore pressure kN/m2 206.06 279.61 

Active ground water head m 96.61 195.06 

Degree of saturation % 100 100 
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Table 5.5. Results of Slide 6.0 of Sample- 1 to 4 

Material  Sample-1 Sample-2 Sample-3 Sample-4 
soil type  clay soil sandy soil Silt 
fos (bishop) 2.562 2.496 1.085 2.096 
fos (janbu) 2.67 2.602 1.03 2.011 
 unit wt (kN/m 3) 19 15 15 18 
strength type MC MC MC MC 
cohesion (kpa) 65 50 1 22 
friction angle 0 0 40 33 
type of failure SF SF SF SF 
no.of slices 25 25 25 25 

Surchage 
(along slope) 

fos(bishop) 3.334 3.44 3.278 3.604 
TOF CF CF CF CF 
fos(janbu) 4.558 5.25 3.977 4.523 
TOF CF CF CF CF 

Surchage 
(on surface) 

fos(bishop) 1.749 1.579 0.954 1.673 
TOF SF SF SF SF 
fos(janbu) 1.689 1.499 0.861 1.527 
TOF SF SF SF SF 

Water table fos 1.25 2.41 1.085 2.047 
 

Table 5.5. Results of Slide 6.0 of Sample- 5 to 8 

Material  Sample-5 Sample-6 Sample-7 Sample-8 
soil type Clayey Silt Loam Clayey sands gravel 
fos (bishop) 1.216 4.449 1.229 0.73 
fos (janbu) 1.158 4.411 1.15 0.727 
 unit wt (kN/m 3) 16 19 18.5 20 
strength type MC MC MC MC 
cohesion (kpa) 9 80 5 0 
friction angle 25 32 35 36 
type of failure TF SF SF SF 
no.of slices 25 25 25 25 

Surchage 
(along slope) 

fos(bishop) 2.347 6.349 2.773 2.49 
TOF CF CF CF CF 
fos(janbu) 2.907 8.347 3.259 2.832 
TOF CF CF CF CF 

Surchage 
(on surface) 

fos(bishop) 1.187 3.308 1.068 0.675 
TOF SF SF SF SF 
fos(janbu) 1.121 3.083 0.976 0.645 
TOF SF SF SF SF 

Water table fos 1.216 3.438 1.229 0.73 
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The factor of safety values obtained by analyzing the stepped slope in software�¶�V 

SLIDE 6.0 and PLAXIS 2D are compared and values are graphically represented. 

 

 

Fig.5.1. Samples Vs FoS Graph 

 

5.2 DISCUSSION: 

The two approaches of stability analyses, one based on limit equilibrium (LE) 

formulations and the other based on finite element (FE) principles are widely used in 

�S�U�D�F�W�L�F�H�����7�K�H���E�D�V�L�F���S�K�\�V�L�F�V���R�I���V�W�U�H�V�V�(�V�W�U�D�L�Q���U�H�O�D�W�L�R�Q�V�K�L�S�����Z�K�L�F�K���L�V���O�D�F�N�L�Q�J���L�Q���/�(���P�H�W�Kods, 

has been well covered by the FE methods. As a result, complicated geotechnical 

computations can easily be performed. In addition, FE analysis can simulate stress 

concentrated problems and deformation compatibility, which have been experienced 

problematic in LE analysis.  This has been one of the advantages of FE calculations. 

�2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����/�(���P�H�W�K�R�G�V���K�D�Y�H���E�H�H�Q���D�S�S�O�L�H�G���I�R�U���P�D�Q�\���\�H�D�U�V�����+�H�Q�F�H�����W�K�H�\���D�U�H���Z�H�O�O�(

�H�V�W�D�E�O�L�V�K�H�G���D�Q�G���F�R�P�P�R�Q���L�Q���S�U�D�F�W�L�F�H�����8�V�H�U�(�I�U�L�H�Q�G�O�L�Q�H�V�V�����V�L�P�S�O�L�F�L�W�\���D�Q�G���U�H�O�D�W�L�Y�H�O�\���J�R�R�G��

FOS for a particular case are the advantages of the LE methods. The scope of this study 

was to compare various stability evaluation methods. Accordingly, most common LE 

�D�S�S�U�R�D�F�K�H�V�� �Z�H�U�H�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �W�K�H�� �D�G�Y�D�Q�F�H�G�� �/�(�� ���0�(�3���� �P�H�W�K�R�G���� �6�L�P�L�O�D�U�O�\���� �W�K�H��

differences in FOS computed from LE and FE analyses were compared based on a 

simple slope considering various load cases. In addition, two real slopes in a case study 

�Z�H�U�H���D�Q�D�O�\�V�H�G���I�R�U���W�K�H���U�H�F�R�U�G�H�G���P�L�Q�L�P�X�P�(�P�D�[�L�P�X�P���*�:�7�����S�V�H�X�G�R�(�V�W�D�W�L�F���D�Q�G���G�\�Q�D�P�L�F��

conditions. Moreover, the stability evaluations of these slopes were based on both LE 

���0�(�3���� �D�Q�G�� �)�(�� ���3�/�$�;�,�6���� �F�D�O�F�X�O�D�W�L�R�Q�� �D�S�S�U�R�D�F�K�H�V���� �Z�K�L�F�K�� �E�R�W�K�� �X�W�L�O�L�V�H�G�� �V�K�H�D�U�� �V�W�U�H�Q�J�W�K��

�S�D�U�D�P�H�W�H�U�V���I�U�R�P���D�G�Y�D�Q�F�H�G���W�U�L�D�[�L�D�O���W�H�V�W�V�����6�L�P�L�O�D�U�O�\�����0�R�K�U�(�&�R�X�O�R�P�E���P�R�G�H�O���Z�D�V���D�S�S�O�L�H�G��

in both approaches. 
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CHAPTER-6 

CONCLUSION 

The limit equilibrium methods commonly used to assess the safety of soil slopes 

were briefly discussed. The requirements of an effective computer program for soil 

slope stability analysis are that it should offer a number of limit equilibrium methods 

for analyzing circular and non-circular slip surfaces, be flexible and easy to use, allow 

input data validation, have the facilities to model soil, water, loading and boundary 

conditions, and have good supportive literature. The computer programs reviewed in 

this paper were SLIDE 6.0 and PLAXIS 2D. These were shown to have all the 

requirements of an effective computer program for soil slope stability but at varying 

degrees of effectiveness. The main finding of these model tests have shown that  the 

majority of results produced by the program were consistent with published data, and 

where inconsistencies or differences were found these have been highlighted. The 

degree of inaccuracy produced by using fewer slices is relatively insignificant when 

viewed in terms of uncertainties associated with slope model and design parameters. 
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EXTERNAL EXAMINER  

 
 



PROGRAM OUTCOMES 

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, 
engineering fundamentals, and an engineering specialization to the solution of 
complex engineering problems. 

2. Problem analysis: Identify, formulate, review research literature, and 
analyze complex engineering problems reaching substantiated conclusions 
using first principles of mathematics, natural sciences, and engineering 
sciences. 

3. Design/development of solutions: Design solutions for complex 
engineering problems and design system components or processes that meet 
the specified needs with appropriate consideration for the public health and 
safety, and the cultural, societal, and environmental considerations. 

4. Conduct investigations of complex problems: Use research-based 
knowledge and research methods including design of experiments, analysis 
and interpretation of data, and synthesis of the information to provide valid 
conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, 
resources, and modern engineering and IT tools including prediction and 
modeling to complex engineering activities with an understanding of the 
limitations. 

6. The engineer and society: Apply reasoning informed by the contextual 
knowledge to assess societal, health, safety, legal and cultural issues and the 
consequent responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the 
professional engineering solutions in societal and environmental contexts, and 
demonstrate the knowledge of, and  need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics  and  
responsibilities and norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a 
member or leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering 
activities with the engineering community and with society at large, such as, 
being able to comprehend and write effective reports and design 
documentation, make  effective  presentations, and give  and receive clear 
instructions. 

11. Project management and finance: Demonstrate understanding of the 
�H�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���P�D�Q�D�J�H�P�H�Q�W���S�U�L�Q�F�L�S�O�H�V���D�Q�G���D�S�S�O�\�� �W�K�H�V�H�����W�R���R�Q�H�¶�V���R�Z�Q���Z�R�U�N����
as a member  and leader in a team, to manage projects and in 
multidisciplinary environments. 



12. Life-long learning: Recognize the need for, and have the preparation and 
ability to engage in independent and life-long learning in the broadest context  
of  technological change. 

13. knowledge and PROGRAMME SPECIFIC OUTCOMES (PSOs) 
Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and 
highway alignments and conduct geotechnical and geological 
investigations  of  the  project. 

2. Test, analyze and design various substructures and superstructures  
by  considering the environmental and societal issues. 

3. Organize various construction projects considering modern 
construction techniques, equipment and management issues. 

 
 

PROJECT 
MAPPING 

 

CO-PO 
Mapping 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 
based on level of mapping as follows:1-Slightly (Low) mapped 2-Moderately 
(Medium) mapped 3-Substantially (High) mapped.  
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ABSTRACT 
 

      Analysis of a structure deals with the determination of behaviour of structures 
in order to predict the responses of real structures such as buildings, bridges, 
trusses etc. Under the influences of expected loading and external loading during 
the service life of a structure. The results of the analysis are then used for structural 
health monitoring. 

               Computer software are also used for the calculation of forces, bending 
moments for a complex structural system. The principle objective of this study is 
the analysis and design of G+ 6 residential building using STAAD PRO software 
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CHAPTER -1  

INTRODUCTION 

1.1GENERAL        
              �7�K�H���Z�R�U�O�G�¶�V���X�U�E�D�Q���S�R�S�X�O�D�W�L�R�Q���L�V���J�U�R�Z�L�Q�J���D�W���Y�H�U�\���I�D�V�W�H�U���U�D�W�H�����&�X�U�U�H�Q�W�O�\�����D�E�R�X�W���K�D�O�I���R�I���W�K�H��

�Z�R�U�O�G�¶�V���S�R�S�X�O�D�W�L�R�Q���L�V���O�L�Y�L�Q�J���L�Q���X�U�E�D�Q���D�U�H�D�V�����,�Q���W�K�H���F�R�P�L�Q�J���G�H�F�D�G�H�V�����X�U�E�D�Q���G�Z�H�O�O�H�U�V���Z�L�O�O���P�D�N�H���X�S��

roughly 60 �W�R���������S�H�U�F�H�Q�W���R�I���W�K�H���Z�R�U�O�G�¶�V���S�R�S�X�O�D�W�L�R�Q�����7�K�R�X�J�K���W�K�H���X�U�E�D�Q���S�R�S�X�O�D�W�L�R�Q���L�V���J�U�R�Z�L�Q�J���D�W��

an alarming rate, the land available for construction is limited. Increasing population coupled 

with urbanization has made the construction of multi-storey buildings a necessity to house the 

millions. Housing the millions is possible only by constructing multi-storey buildings. As the 

height of building increases, the behavior of the structure becomes more complex, these are 

more sensitive to wind and earthquake loads and hence, we need to be very careful to design 

them. Reinforced concrete is the best suited for multi-storey buildings. It has occupied a special 

place in the modern construction due to its several advantages. Owing to its flexibility in form 

and superiority in performance, it has replaced the earlier materials like stone, timber and steel. 

It has helped the engineers and architects to build pleasing structures. However, its role in 

several straight line structural forms like, multi-storey building and bridges etc. is enormous. 
 

1.2 TYPES OF THE BUILDING:- 
1. Based on occupancy 

 
2. Based on type of construction 

1.2.1 Based On Occupancy:                  
  

Residential buildings: -  
The building in which sleeping accommodation is provided for normal 

residential purposes are called residential buildings. 

Educational / institutional buildings: -  
The building used for school, college or day care purposes are called 

education / institutional building. 

 
                Assembly Buildings: - 
 

The buildings which are constructed for the purposes to gathering of the 

people for their respective purposes i.e. social, religious, civil, political is called 

assembly buildings. 
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Business Buildings: - 
 

The buildings used for transaction of business, for the keeping of 

accounts and records and other similar purposes called business buildings. 

Mercantile Buildings: - 
 

The buildings used for display of merchandise, either wholesale or retail 

are called Mercantile Buildings. 

Industrial buildings: - 
 

The buildings in which products or materials of all kinds and properties 

are fabricated, assembled or processed are called industrial buildings. 

Storage buildings: - 
 

The buildings used primary for the storage, handling or shattering of 

goods and wares or merchandise, vehicles and animals are called storage 

buildings. Hazardous buildings: - 
 

The buildings used for storage, handling manufacturing or processing of 

highly combustible or explosive material are called Hazardous buildings. Our 

hospital building will come under institutional building. 
 

CLASSIFICATION BASED ON TYPE OF CONSTRUCTION:  
 

Building with type 1 construction: - 
 

In these building the design and material used const. are such that all 

structural components have about 4 hours fire resistance. 

Buildings with type 2 construction: - 
 

In these building the design any type of material used in their 

construction are such that all structural components have 3 hours fire resistance 

Buildings with type 3 construction: - 
 

In these building the design and types of the materials used in their 

construction are such that all structural components have 3 hours fire resistance. 

Buildings with type 4 construction: - 
 

In these buildings the design and the type of material used in their 

construction are such that all structural components have 4 hours fire resistance. 
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1.3 PARTS OF A BUILDING 
 

A building can be divided into two parts: - 
 

��
��
�x    Sub structure��

��
�x ������Super structure��

��

1.3.1 Sub structure: -��
��
           The part of a building constructed beneath the ground level is known as Sub 

structure.��

1.3.2 Super structure : -��
  
                The part of the building constructed above ground level is known as super 

structure. It is second part of a building. All the activities of the building construction take 

place after the making of sub-structure. Flooring, wall roofing are the example of super 

structure of a building.��
��
1.4 COMPONENTS OF A BUILDING: 
 
1.4.1 Foundation : - 
 
           It is the lowest part of a structure below the ground level which is direct contact with 

ground and transmitted all the dead, live and other loads to the soil on which the structure 

rests. 
 
1.4.2 Plinth : - 
 
           The portion of a building and the top of the floor immediately above the ground is 

known as plinth. The level of the surrounding ground is known as formation level of the 

ground floor of the building is known as plinth level. 
 
1.4.3 Walls : - 
 
           Walls are provided to enclose or divide the floor space desired pattern in addition 

wall provided privacy security and give protection against sun, rain, cold and other 

undesired effect of the weather. 
 
1.4.4 Column : - 
 
           A column may be defined as an isolated load bearing member, the width of which is 

neither less than its thickness. It carries the axially compressive load. 
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1.4.5 Floors : - 
 
            Floors are flat supporting elements of a building. They divided a building into 

different levels. There by creating more accommodation on a given plot of land. The basic 

purpose of a floor is to provide a firm and other items like stores, furniture, equipment etc. 

1.4.6 Doors, Windows and Ventilators : - 
                A door may be defined as a barrier secured in an opening left in a wall to provide 

usual means of access to a building, room or passage. Windows and ventilators are provided for 

sun light, fresh air and ventilation purposes. 
 
1.4.7 Roof: - 
 
                 It is the uppermost component of a building and its function is to cover the space 

below it of a room and protect it from rain, snow, sun, wind etc. 

1.4.8 Buildings Finishes : - 
 
                A building is considered incomplete till such time the surface of its components is 

given appropriate treatment. 

1.5 GENERAL CONSIDERATIONS: 
 

�¾ The structure consists of 5 stories (cellar +ground+3 floors) which are intended to 

cater the needs of all people. 
�¾ The floor diaphragms are assumed to be rigid. 

 
�¾ Preliminary sizes of structural components are calculated for gravity loads only. 

Ground vibrates in all directions during earthquakes. The horizontal component of 

the ground motion is generally more predominant than that of vertical components 

during strong earthquakes. Hence, for analysis purpose, at any one time, it is 

assumed that only one horizontal component acts in any one direction. 

 
�¾ Seismic loads are considered to be acting in the horizontal direction along one of 

the two principal directions and not along the vertical direction. 

�¾ In actual practice, in RC multi-storied buildings, part of the slab constitutes the 

beam portion. This beam portion possesses considerable rigidity when compared 

with the columns. For practical purposes, the displacement due to wind or 

earthquake, the joints rotate very little and this rotation can be neglected. The 

displacement is purely translational. Such an arrangement can be considered as 

springs in parallel. 

 
�¾ For all structural elements, M20grade concrete is used. 
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�¾ Steel is considered to be of Fe415 grade. 
 

�¾ All dimensions are in mm, unless specified. 

 

 

1.6 MISCELLANEOUS DATA: 
 
            Various details required for carrying out the analysis have been summarized as below 
 

 

   Required assumed data 
 

parameters values 

Unit weight of concrete 25 kN/m2 

Unit weight of brick 19.2kN/m2 

Live load 4kN/m2 

Floor finish 1.5m2 
Zone factor 0.16 

  
Location Vijayawada(zone-3) 

  
Earthquake load As per IS-1893 

  
Response reduction factor 5.0 

  
Important factor 1.0 

  
Floor height 3.2 for all floors 

  
Number of floors G+6 

  

 
 

 Size of Structural Elements 
 

Member Dimensions in meters 
  

Walls 0.23*0.23 
  

Beams 0.23*0.5 
  

Columns 
0.3*0.6 
0.4*0.6 

  
Slabs 0.15 
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CHAPTER-2  

PLANNING 
 
                      Building planning is mostly done by architects. But even Engineers some time 

have to perform this job. Hence knowledge of building planning in its board prospective is 

essential for all the civil engineers also. There may be two conditions of planning for a 

architect or engineer. 
 

�¾ When site plan is given��
��

�¾ When site plan is yet to be decided in the latter case, architect can show 

his full competence by suitably selecting the site, orientation, planning 

and��designing the building.��
 

2.1 PRINCIPLES OF PLANNING OF BUILDING:- 

                These principles are not rigid as laws of nature. The principles of planning are as 

follows: 
 

1. Aspect 2. Prospect 3. Furniture    

4. Roominess 5. Grouping 6. Circulation 

7. Privacy          8. Sanitation          9. Elegance 

10. Economy 11. Flexibility   
 1.Aspect:- 

                    Aspect means the peculiarity of the arrangement of doors and windows in the 

external walls of the building, particularly in residential buildings, which allow the 

occupants to enjoy the natural gifts such as sunshine, breeze, scenery etc., 
 

Bed rooms west or south �± West Aspect 
 

Kitchen Eastern Aspect 
 

Living Rooms Northern Aspect 
 2. Prospect:- 
                      Prospect of building demands the disposition of doors and windows like 

aspect, in the external of particular places and in particular way. 

   3. Roominess:- 

                      It is deriving the maximum benefit from minimum dimensions of the room 

with cramping the plan. 

  4. Grouping:- 
 
       It means setting different rooms of a building according to their inter relationship
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5. Circulation: - 
 
         Access or internal through fares between rooms of the same floor or between different 

floors is known as circulation. 

6. Privacy:- 

         Privacy may be from one part to another of the same building of may be privacy 

as a whole from neighboring buildings, public streets or by-ways. 
 
7. Sanitation:- 
 
         All the parts of the building should be well ventilated and lighted so as to maintain 

hygienic in the building. 

8. Elegance:- 
 
         The overall effect produced by elevation, general layout of plan is known as Elegance. 

9. Economy:- 
 
          Economy may not be principle of planning but definitely factor affecting it. 
 
10. Flexibility: - 
 
          Flexibility means planning the rooms in such as way which though originally designed 

for a specific purpose, may be used for other purposes also as and when desired. 
 
2.2 REGULATIONS AND BYE LAWS OF THE SANCTIONING AUTHORITY:- 
 

�¾ Layout plans, site plan, width of roads and open spaces.��
��

�¾ Building-up area and FAR (Floor Area Ratio).��
��

�¾ Marginal distance around building open space.��
��

�¾ Height of the building.��
��

�¾ Maximum number of stories.��
��

�¾ Room areas i.e., minimum room dimensions.��
��

�¾ Ventilation i.e., minimum area of window opening.��
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FLOOR PLAN  
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BEAM AND COLUMN LAYOUT  
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CHAPTER-3 

LOAD CALCULATIONS 

  3.1 NATIONAL BUILDING CODE 
 
                      This Standard provides minimum design load requirements during construction for 

buildings and other structures. It addresses partially completed structures and temporary 

structures used during construction. The loads specified are suitable for use either with strength 

design (such as USD and LRFD) or with allowable stress design (ASD) criteria. The loads are 

equally applicable to all conventional construction methods. Topics include loads and load 

combinations, dead and live loads, construction loads, lateral earth pressures, environmental 

loads, and performance and safety criteria. The basics of loads are probabilistic analysis, 

observation of construction practices, and expert opinions. Maximum, as well as arbitrary point-

in-time values of loads are given. 
 
                      Code of practice design loads (other than for earthquake) for buildings and 

structures part 2 imposed loads (second revision) for This Indian Standard (Part 2) ( Second 

Revision ) was adopted by the Bureau of Indian Standards on 31 August 1987. After the draft 

finalized by the Structural Safety, Sectional Committee had been approved by the Building 

Division Council. 
 
                        A building has to perform many functions satisfactorily. Amongst these functions 

are the utility of the building for the intended use and occupancy, structural safety, fire safety 

and compliance with hygienic, sanitation, ventilation and day light standards. The design of the 

building is dependent upon the minimum requirements prescribed for each of the above 

functions. The minimum requirements pertaining to the structural safety of buildings are being 

covered in this Code by way of laying down minimum design loads which have to be assumed 

for dead loads, imposed loads, snow loads and other external loads, the structure would be 

required to bear. Strict conformity to loading standards recommended in this Code, it is hoped, 

will not only ensure the structural safety of the buildings which are being designed and 

constructed in the country and thereby reduce the hazards to life and property caused by unsafe 

structures, but also eliminate the wastage caused by assuming unnecessarily heavy loadings. 
 
                         This Code was first published in 1957 for the guidance of civil engineers, 

designers and architects associated with the planning and design of buildings. 

                             It included the provisions for the basic design loads (dead loads, live loads, 

wind loads and seismic loads) to be assumed in the design of buildings. In its first revision in 

1964, the wind pressure provisions were modified on the basis of studies of wind phenomenon 

and its effects on structures, undertaken by the special committee in consultation with the Indian 



11 
 

Meteorological Department. In addition to this, new clauses on wind loads for butterfly type 

structures were included; wind, pressure coefficients for sheeted roofs, both curved and sloping, 

were modified; seismic load provisions were deleted (separate code having been prepared) and 

metric system of weights and measurements was adopted. 

                                With the increased adoption of the Code, a number of comments were 
received on  the  provisions  on  live  load  values  adopted  for  different  occupancies. 
Simultaneously live load surveys have been carried out in America and Canada to arrive at 
realistic live loads based on actual determination of loading (movable and immovable) in 
different occupancies. Keep actual determination of loading (movable and immovable) in 
different occupancies. Keeping this in view and other developments in the field of wind 
engineering, the Sectional Committee responsible for the preparation of the Code has decided to 
prepare the second revision of IS: 875 in the following five parts: 
 

Part 1 Dead loads 
 

Part 2 Imposed loads 
 

Part 3 Wind loads 
 

Part 4 Snow loads 
 

Part 5 Special loads and load combinations 
 

Earthquake load is covered in a separate standard, namely IS: 1893-2002 which 

should be considered along with above loads. 
 
              This Code (Part 2) deals with imposed loads on buildings produced by the intended 

Occupancy or use. In this revision, the following important changes have been made: 
 
               �7�K�H�� �X�V�H�� �R�I�� �W�K�H�� �W�H�U�P�� �µ�O�L�Y�H�� �O�R�D�G�¶�� �K�D�V�� �E�H�H�Q�� �P�R�G�L�I�L�H�G�� �W�R�� �µ�L�P�S�R�V�H�G�� �O�R�D�G�¶�� �W�R�� �F�R�Y�H�U�� �Q�R�W��

only the physical contribution due to persons but also due to nature of occupancy, the 

�I�X�U�Q�L�W�X�U�H���D�Q�G���R�W�K�H�U���H�T�X�L�S�P�H�Q�W�¶�V���Z�K�L�F�K���D�U�H���D���S�D�U�W���R�I���W�K�H���F�K�D�U�D�F�W�H�U���R�I���W�K�H���R�F�F�X�S�D�Q�F�\�� 

                The imposed loads on floors and roofs have been rationalized based on the 

codified data available in large number of latest foreign national standards, and other 

literature. Further, these values have been spelt out for the major occupancies as classified in 

the National Building Code of India as well as the various service areas appended to the 

major occupancies. 
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3.1.1 Criteria for Earthquake Resistant Design of Structures : 
 
               The reduction of imposed loads for design of vertical supporting members in 

multi-storied buildings has been further increased from 40 to 50 percent. 

                    Provision has been included for sign posting of loads on floors in view of the 

different loadings specified for different occupancies and to avoid possible misuse in 

view of conversion of occupancies. 
 
               The buildings and structural systems shall provide such structural integrity that 

the hazards associated with progressive collapse such as that due to local failure caused 

by severe overloads or abnormal loads not specifically covered there in are reduced to a 

level consistent with good engineering practice. 
 
                Whenever buildings are designed for future additions of floor at a later date, 

the number of stories for which columns/walls, foundations, etc have been structurally 

designed may be posted in a conspicuous place similar to posting of floor capacities and 

both could be placed together. 
 
               The Sectional Committee responsible for the preparation of this Code has taken 

into account 
 

Table 3.1 Live Loads 
 

Institutional building rooms  U.D.L(kN/m
2
) 

Bed rooms, wards, dressing rooms, dormitories 2.0 

and lounges  
  

Kitchens, laundries and laboratories 3.0 
  

Store rooms 5.0 
  

Toilets and bathrooms 2.0 
  

Corridors, passages, staircases 3.0 
  

Dining rooms, restaurants 4.0 
  

Balconies 4.0 
  

Office rooms 2.5 
  

Rooms for indoor games 3.0 
  

Dead load : consider as per design 

Floor finish : 1kN/m
2
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3.2 LOAD CALCULATIONS 
                  The load calculation on beams and columns can be based on the load 

distribution which is taken on the principle of 45 degrees principle. Based on this the 

load distribution can be mainly in two ways. They are 
 

�ƒ Trapezoidal loading��
��

�ƒ Triangular loading��

                                             Table 3.2 Load Distribution of Beams 
 

TYPE OF LOAD  SHEAR FORCE BENDING MOMENT  

 CRITERIA  CRITERIA  

   

TRIANGULAR LOAD    

   
TRAPEZOIDAL LOAD ] ] 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 3.2 Load calculation on to beams 

 
 
 

Long side= ly 
 

Short side=lx 
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 ROOF LOAD:  
 Self  Weight  Of  Slab = 0.15*25 = 3.75 KN\M^2  
Total Load (W)= 6.75 KN\M^2 
 
Live Load = 1.5 KN\M^2 
Floor Finish = 1.5 KN\^2 
OTHER FLOORS:  
Self Weight Of Slab = 0.158*25 = 3.75 KN\M^2 
Live Load = 3 KN\M^2 
Floor Finish = 1 KN\M^2 
Total Load = 7.75 Kn\M^2 
Self  Weight Of Beams = 0.23*(0.5-0.15)*25 
                          = 2.0125 KN\M 
Self  Weight Of Walls = 0.115*(3.2-0.5)*19.2 
                         =5.96 KN\M 
 
PLINTH BEAM  
Cross Section Of Plinth Beam = 0.23*0.45 
Self  Weight Of Plinth Beam = 0.23*0.45*25= 2.59 KN\M 
Self  Weight Of Brick Wall = 0.23*0.75*19.2 = 3.312 KN\M 
 Total Load = 5.902 KN\M 
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FOR COLUMN A2: 
     FROM BEAMS 
           A1-A2, A2-A3, A2-B2 
FROM BEAM  
   A2 �± B2:  
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 FOR ROOF:    
 BM consideration 
 = WLX/3 +WLX/3 + self weight of beam 
 = 2*6.75*3/3+2.0125 
   = 29.0125KN/M 
     SF consideration 

= WLX/4+ WLX/4+ self weight of beam 
= 2* 6.75*6/4 + 2.0125  
= 22.2625 KN\M 

FOR OTHER FLOORS 
    BM consideration 

=WLX/3 + WLX/3+ self weight of beam + self weight of wall 
= 2*7.75*6/3 + 2.0215+11.92 
=44.9325KN\M 

     SF consideration 
           = WLX/4++self weight of beam +self weight of wall 
           = 7.75*6/4+2.0125+11.92 
          = 37.1825KN\M 
FOR BEAMS A1 �±A2 & A2 �±A3: 
FOR ROOF  
        BM consideration 
             = WLX/3+ self weight of beam 

 =6.75*6/3+2.0125 
 =15.5125 KN\M 

   SF consideration  
= WLX/4++self weight of beam  
= 6.75*6+2.0125 
=12.1375 KN/M 

FOR OTHER FLOORS 
    BM consideration  
            =WLX/3+ self weight of beam + self weight of wall 

=7.75*6/3 +2.0125+5.96 
=23.47KN\M 

    SF consideration  
=WLX/4+ + self weight of beam + self weight of wall 
= 7.75*6/3+2.0125+5.96 
=19.5975 KN\M 

LOAD COMING FROM BEAM TO COLUMN A2:  
   FROM BEAM A2- B2   
         from roof = 22.2625*6/2 =66.78KN 
         from other floors =37.1825*6/2 =111.5475KN 
    FROM BEAMS A1- A2 & A2 �± A3 
        from roof = 12.13*6/2 =36.41KN 
        from other floors =25.5575*6/2 =76.6725KN 
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FOR COLUMN C2: 
  FROM BEAMS 
        C2-C1, C2-D2, C2-B2, C2-C3 
   FROM BEAM  
       C2-C1&C2-C3: 

 
 
 FOR ROOF: 
      BM consideration 
 = WLX1/3 + (WLX2/2) (1-(LY2^2/3LX2^2)) + self weight of beam 
 = 2*6.75*3/3+(6.75*3/2)(1-(3^2/3*6^2))+2.0125 
   = 24.79375KN/M 
     SF consideration 

LOAD ON COLUMN A2 

ELEVATION A2-A1 A2-B2 A2-A3 
SELF WT OF 

COLUMN(KN) 
TOTAL 

LOAD(KN) 
CUMMULATIVE 

LOAD(KN) 
22.4 36.4125 66.7875 36.4125 14.4 154.0125   
19.2 76.6725 111.5475 76.6725 14.4 279.2925 433.305 
16 76.6725 111.5475 76.6725 14.4 279.2925 712.5975 

12.8 76.6725 111.5475 76.6725 14.4 279.2925 991.89 
9.6 76.6725 111.5475 76.6725 14.4 279.2925 1271.1825 
6.4 76.6725 111.5475 76.6725 14.4 279.2925 1550.475 
3.2 76.6725 111.5475 76.6725 14.4 279.2925 1829.7675 
0 17.07 17.07 17.07   53.118 1882.8855 

TOTAL LOAD ON COLUMN A2 1882.8855 
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= WLx1/4+ (WLX2/2) (1-(LY2/2LX2)) +self weight of beam 
= 2* 6.75*6/4 +(6.75*3/2)(1-(3/2*6)) + 2.0125 
= 22.2625 KN\M 

FOR OTHER FLOORS 
    BM consideration 

= WLX1/3 + WLX1/3 +(WLX2/2) (1-(LY2^2/3LX2^2)) + self weight of beam + self 
weight                                                                    

of wall 
= 2*7.75*6/3 +(6.75*3/2)(1-(3^2/3*6^2))+ 2.0215+11.92 
=40.08875KN\M 

     SF consideration 
           = WLX1/4+(WLx2/2) (1-(LY2/2LX2)) +self weight of beam +self weight of wall                                 
           = 7.75*6/4+(6.75*3/2)(1-(3/2*6)) + 2.0125+11.92 
          = 34.27625KN\M 
FOR BEAMS C2-D2: 
 FOR ROOF  
        BM consideration 
             = WLX/3 + WLX/3+ self weight of beam 

 =2*6.75*3/3+2.0125 
 =15.5125 KN\M 

        SF consideration  
 = WLX/4+ WLX/4+ self weight of beam  
 = 2*6.75*3+2.0125 
 =12.1375 KN/M 

FOR OTHER FLOORS 
    BM consideration  
            =WLX/3 + WLX/3+self weight of beam  

=2*7.75*3/3 +2.0125 
=17.5125KN\M 

    SF consideration  
= WLX/4+ WLX/4 +self weight of beam  
= 2*7.75*3/3+2.0125 
=13.6375KN\M 

FROM BEAM 
   C2 �� B2: 
  FOR ROOF: 
      BM consideration 
 = WLX/3 + WLX/3+ self weight of beam 
 = 2*6.75*3/3+2.0125 
   = 29.0125KN/M 
       SF consideration 

= WLX/4+ WLX/4+ self weight of beam 
= 2* 6.75*6/4 + 2.0125 
= 22.2625 KN\M 

FOR OTHER FLOORS 
    BM consideration 

= WLX/3+WLX/3+ self weight of beam + self weight of wall 
= 2*7.75*6/3 + 2.0215+11.92  
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=44.9325KN\M 
      
SF consideration 
            = WLX/4+WLX/4+self weight of beam +self weight of wall 
            = 7.75*6/4+2.0125+11.92 
            = 37.1825KN\M 
 
LOAD COMING FROM BEAM TO  COLUMN C2:  
  FROM BEAM C2-B2   
         from roof = 22.2625*6/2 =66.78KN 
         from other floors = 37.1825*6/2 =11.5475KN 
   FROM BEAMS C2-C1&C2-C3 
         from roof = 19.73125*6/2 =59.19375KN 
         from other floors =34.27625*6/2 =102.82875KN 
   FROM BEAM C2-B2   
         from roof =12.1375 *3/2 =18.20625KN 
         from other floors = 31.22*3/2 =20.45625KN 

ELEVATION C2-C1 C2-D2 C2-B2 C2-C3 
SELF WT OF 

COLUMN(KN) 
TOTAL 

LOAD(KN) 

CUMMULATIVE 
LOAD(KN) 

22.4 59.19375 18.2063 66.7875 59.194 14.4 217.78   
19.2 102.82875 20.4525 111.5475 102.83 14.4 337.66 555.44 
16 102.82875 20.4525 111.5475 102.83 14.4 337.66 893.1 

12.8 102.82875 20.4525 111.5475 102.83 14.4 337.66 1230.76 
9.6 102.82875 20.4525 111.5475 102.83 14.4 337.66 1568.42 
6.4 102.82875 20.4525 111.5475 102.83 14.4 337.66 1903.08 
3.2 102.82875 20.4525 111.5475 102.83 14.4 337.66 2240.74 
0 17.706 8.853 17.706 17.706   61.971 2302.711 

TOTAL LOAD ON COLUMN C2 2302.711 
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                                                            CHAPTER-4 

ANALYSIS OF STRUCTURE  
 

4.1 GENERAL 
 
A structure refers to a load. It is an assemblage of two or more basic components connected 
to each other that they serve the term carry the loads developing due to the self and super- 
imposed loads safely without causing any serviceability failure. One a preliminary design of a 
structure is fixed, the structure then be analyzed to make sure that it has its require strength 
and rigidity. To analyze a structure a structure correctly. System of two or more connected 
parts se support a certain idealizations are to be made as to how the embers are supported and 
connected together. The loadings are supposed to be taken from respective design codes and 
local specifications, if any. The forces in the members and the displacements of the joints are 
found using the theory of structural analysis. 
 

The whole structural system and its loading conditions might be of complex nature so 
to make the analysis simpler, we certain simplifying to the quality of material, member 
geometry, nature of applied loads, their distribution, the type of connections at the joints and 
the support con . This shall help making the process of structural analysis simpler to quite an 
extent. 
 

Structural analysis deals with the behavior of structure in the given loading 
conditions. Structures currying static loading can be classified as statically determinate and 
statically indeterminate structure. If all reactions and internal forces in a structure can be 
found using the equilibrium conditions along that is, 
 
Then the structure is statically determinate, if not it in statically indeterminate of redundant 
various methods popularly used for analysis includes 
 
1.Moment distribution method 
 
2. Kani's method 
 
3. Substitute frame method 
 
4. Slope deflection method 
 
5. Matrix methods 

 

4.2 Kani's Method of Frame Analysis  
 
This method was developed by Dr. Gasper Kani of Germany in 1947. The method is named 
after him. This is an indirect extension of slope deflection method .this is an efficient method 
due to simplicity of moment distribution. This method offers an iterative scheme for applying 
slope deflection method. It is also known as Rotation Contribution Method. This is a good 
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iterative procedure avoiding the mistakes during the execution of the process e error is self-
eliminative. All this effort can be cut short very considerably by using this method. 
 

�x Frame analysis is carried out by solving the slope-deflection equations by successive 
approximations Useful in case of side sway as well. 

 

�x Operation is easy, as it is carried out in a specific direction. If some error is occurred 
it will be eliminated in subsequent cycles if the restraining moments and distribution 
factors have been determined correctly. That is why in this project Kani's method is 
used for the analysis of structure for gravity loads. 

 

 4.2.1Rules for Calculating Rotation Contributions  
 
Case-1: Without side sway 
 
Definition: "Restrained moment at a joint is the algebraic sum of FEM's of different members 
meeting at that joint." 
 

1. Sum of the restrained moment of a joint and all rotation contributions of the far ends 
of members meeting at that joint is multiplied by respective rotation factors to get the 
required near end rotation contribution. For the first cycle when far end contributions 
are not known, they may be taken as Zero (Its approximation). 

2. By repeated application of this calculation procedure and proceeding from joint to joint in 
an arbitrary sequence hat in a specific direction, all rotation contributions are known. The 
process is  usually stopped when end time values converge. 
 
Case 2: With side sway  (joint translations) 

In this case in addition to rotation contribution, linear displacement contributions 
(Sway contribution of columns of a particular storey are calculated after every cycle as 
follows: For the first cycle. 
 
(A) Linear displacement contribution (LDC) of a column = LDF of a particular column of an 
of a column storey x (storey moment + contributions at the end of columns of that storey) 
 
Linear displacement factor (LDF) for columns of a storey = -3/2 
Linear displacement factor of a column = -3/21 ) 
Where k stiffness of the column being considered and 
Ek = sum of stiffness of all columns of that storey 
 
(B) Storey moment = Storey heat storey height/3 
 
sign conversion of slope deflection method, storey shear is +ve or vice versa." 
 
(C) Storey Shear : t is considered as reaction of column horizontal beam / Slab levels due to 
lateral load by considering the columns of each storey as simply supported beams in vertical 
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direction. "If applied load gives + R value (according to sign conversion of  slope deflection 
�P�H�W�K�R�G�������V�W�R�U�H�\���V�K�H�D�U���L�V�����Y�H���R�U���Y�L�F�H���Y�H�U�V�D���´ 
 
(D) Near end contribution of various = Rotation contribution factor x members meeting at 
that joint (Restrained moment + far end contributions) 
 
Linear displacement contributions are calculated after the end of each cycle for the columns 
only. 
 
For second and subsequent cycles, 
(E) Near el contributions of various Rotation contribution factor x members meeting at a joint 
Restrained moment + far end contributions to Linear displacement contribution of columns of 
�G�L�I�I�H�U�H�Q�W���V�W�R�U�H�\�¶�V���P�H�H�W�L�Q�J���D�W���W�K�D�W���M�R�L�Q�W�� 
 
(F) For beams. End moment = FEM + 2 near end contribution + Far end contributions. 
(G) For columns End moment FEB + 2 near end contribution For end contribution linear 
displacement contribution of that column for the last cycle. 
 

4.2.2 Advantages of Kani's Method  
 

�x All the computations are carried out in a single line diagram of the structure. 
�x The effects of joint rotations and sway are considered in each cycle of iteration. 

Hence forth, no need to derive and solve the simultaneous equations. This method 
thus becomes very effective and easy to use especially in case of multi storey building 
frames. 

�x The method is well correcting that is, the error, if any, in a cycle is corrected 
automatically in the subsequent cycles. The checking is easier as only the last cycle is 
required to be checked. 

�x The convergence is generally fast. It leads to the solutions in just a few cycles of 
iterations. 
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4.3 Analysis of Frame by Kani's Method  
Critical frame is chosen for analysis of frame for column and beam moments and the frame is 
shown in figure 6.1. 
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Fixed End Moments Induced:  
    MAB = -WL2/12= (-29.0125*6^2)/12=-87.0375KN-M 
    MBA= WL2/12= (29.0125*6^2)/12=87.0375KN-M 
    MBC=(-15.51*3^2)/12=-11.63KN-M 
    MCB=(15.51*3^2)/12=-11.63KN-M  
    MDE=MGH=MJK=MMN=MPQ=MST=(-44.9325*6^2)/12=-134.7975KN-M 
    MED=MHG=MKJ=MNM=MQP=MTS=(44.9325*6^2)/12=134.7975KN-M  
    MEF=MHI=MKL=MNO=MQR=MTU=(-17.51*3^2)/12=-13.13KN-M 
    MFE=MIH=MLK=MON=MRQ=MUT=(17.51*3^2)/12=13.13KN-M 
 

ROTATION FACTORS: 
 
 

JOINT MEMBERS 
RELATIVE 
STIFFNESS 

TOTAL 
STIFFNESS 

ROTATION FACTOR 

A 
AB 0.67EI 

1.92EI 
-0.17 

AD 1.25EI -0.32 

B 
BA 0.67EI 

3.25EI 
-0.1 

BE 1.25EI -0.2 
BC 1.33EI -0.2 

C 
CB 1.33EI 

2.58EI 
-0.25 

CF 1.25EI -0.25 

D 
DA 1.25EI 

3.17EI 
-0.19 

DE 0.667EI -0.1 
DG 1.25EI -0.19 

E 

ED 0.67EI 

4.5EI 

-0.07 
EB 1.25EI -0.14 
EF 1.33EI -0.14 
EH 1.25EI -0.14 

F 
FE 1.33EI 

3.83EI 
-0.17 

FC 1.25EI -0.16 
FI 1.25EI -0.16 

G 
GD 1.25EI 

3.17EI 
-0.19 

GH 0.667EI -0.1 
GJ 1.25EI -0.19 

H 

HG 0.67EI 

4.5EI 

-0.07 
HE 1.25EI -0.14 
HI 1.33EI -0.14 
HK 1.25EI -0.14 

I 
IH 1.33EI 

3.83EI 
-0.17 

IF 1.25EI -0.16 
IL 1.25EI -0.16 

J 
JG 1.25EI 

3.17EI 
-0.19 

JK 0.667EI -0.1 
JM 1.25EI -0.19 
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K 

KJ 0.67EI 

4.5EI 

-0.07 
KH 1.25EI -0.14 
KL 1.33EI -0.14 
KN 1.25EI -0.14 

L 
LK 1.33EI 

3.83EI 
-0.17 

LI 1.25EI -0.16 
LO 1.25EI -0.16 

M 
MJ 1.25EI 

3.17EI 
-0.19 

MN 0.667EI -0.1 
MP 1.25EI -0.19 

N 

NM 0.67EI 

4.5EI 

-0.07 
NK 1.25EI -0.14 
NO 1.33EI -0.14 
NQ 1.25EI -0.14 

O 
ON 1.33EI 

3.83EI 
-0.17 

OL 1.25EI -0.16 
OR 1.25EI -0.16 

P 
PM 1.25EI 

3.17EI 
-0.19 

PQ 0.667EI -0.1 
PS 1.25EI -0.19 

Q 

QP 0.67EI 

4.5EI 

-0.07 
QN 1.25EI -0.14 
QR 1.33EI -0.14 
QT 1.25EI -0.14 

R 
RQ 1.33EI 

3.83EI 
-0.17 

RO 1.25EI -0.16 
RU 1.25EI -0.16 

S 
SP 1.25EI 

3.17EI 
-0.19 

ST 0.667EI -0.1 
SV 1.25EI -0.19 

T 

TS 0.67EI 

4.5EI 

-0.07 
TQ 1.25EI -0.14 
TU 1.33EI -0.14 
TW 1.25EI -0.14 

U 
UT 1.33EI 

3.83EI 
-0.17 

UR 1.25EI -0.16 
UX 1.25EI -0.16 
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DISPLACEMENT FACTORS: 
 
 

STOREY MEMBERS 
RELATIVE 
STIFFNESS 

TOTAL STIFFNESS 
DISPLACEMENT 

FACTOR 

GROUND 
SV 1.25EI 

3.75EI 
-0.5 

TW 1.25EI -0.5 
UX 1.25EI -0.5 

FIRST 
PS 1.25EI 

3.75EI 
-0.5 

QT 1.25EI -0.5 
RU 1.25EI -0.5 

SECOND 
MP 1.25EI 

3.75EI 
-0.5 

NQ 1.25EI -0.5 
OR 1.25EI -0.5 

THIRD 
JM 1.25EI 

3.75EI 
-0.5 

KN 1.25EI -0.5 
LO 1.25EI -0.5 

FOURTH 
GJ 1.25EI 

3.75EI 
-0.5 

HK 1.25EI -0.5 
IL 1.25EI -0.5 

FIFTH 
DG 1.25EI 

3.75EI 
-0.5 

EH 1.25EI -0.5 
FI 1.25EI -0.5 

SIXTH 
AD 1.25EI 

3.75EI 
-0.5 

BE 1.25EI -0.5 
CF 1.25EI -0.5 
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FINAL MOMENTS: 
 
 

HORIZONTAL MEMBERS 
FINAL MOMENTS END MOMENTS VALUES 

Mab -64.56 
Mba 88.17 
Mbc -35.35 
Mcb 4.57 
Mde -118.03 
Med 134.23 
Mef -34.4 
Mfe 6.38 
Mgh -117.83 
Mhg 133.55 
Mhi -36.7 
Mih 4.87 
Mjk -117.79 
Mkj 133.84 
Mkl -35.85 
Mlk 5.49 

Mmn -117.7 
Mnm 133.78 
Mno -36.03 
Mon 5.55 
Mpq -118.04 
Mqp 134.099 
Mqr -34.79 
Mrq 6.02 
Mst -115.2 
Mts 133.08 
Mtu -41.27 
Mut 2.9 

VERTICAL MOMENTS 
FINAL MOMENTS END MOMENTS VALUES 

Mad 61.89 
Mda 56 
Mbe -53.51 
Meb -51.98 
Mcf -5.82 
Mfc -6.58 
Mdg 53.64 
Mgd 54.31 
Meh -48.62 
Mhe -49.59 
Mfi -4.71 
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Mif -4.94 
Mgj 54.97 
Mjg 54.84 
Mhk -50.2 
Mkh -49.84 
Mil -4.93 
Mli -4.81 

Mjm 54.64 
Mmj 54.71 
Mkn -49.86 
Mnk -50 
Mlo -4.83 
Mol -4.73 

Mmp 54.29 
Mpm 53.63 
Mnq -49.6 
Mqn -48.88 
Mor -4.75 
Mro -4.84 
Mps 56.74 
Msp 60.99 
Mqt -51.92 
Mtq -55.2 
Mru -5.34 
Mur -9.95 
Msv 45.35 
Mtw -37.17 
Mvx -1.92 
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CHAPTER 5 

BASE SHEAR ANALYSIS 

 

5.1 INTRODUCTION 
For the determination of seismic responses it is necessary to carry out seismic analysis of the 
structure. The analysis can be performed in the basis of external action, the behavior of the 
structural materials, structure and the type of structural model selected. Based on the type of 
external action and behavior of structure, the analysis can be further classified as: 
 

(1) linear Static Analysis 
(2)Nonlinear San Analysis 
 
(3) Linear Dynamic Analysis 
 
(4)Nonlinear Dynamic Analysis 

 

5.2 Linear Static Analysis  
 
This method is also known equivalent static Analysis method. This procedure does not 
require dynamic analysis however, it account for dynamics of building in an approximate 
manner. The static method in the simplest one among all the analysis pressure the code of 
practice, first, the design base shear is exempted for the entire building and it is then 
distributed along the height of the building. The lateral forces at each floor levels thus 
obtained are distributed to individual lateral lead resisting elements. 
The equivalent static analysis procedure involves the following steps: 

�x Calculation of the Design Seismic Base Shear, V 
�x Vertical distribution of base shear along the height of the structure 

 

5.2.1 Calculation of the Design Base Shear, V 
The total design lateral force or design seismic chase shear, Va as per close 7.5.3, IS 1893 
(part 1)-2002, along any principle direction shall be determined by VB=Ah Where, W is the 
seismic weight of the building A is the horizontal seismic coefficient. 
HORIZONTAL SEISMIC COEFFICIENT, A h 

 The horizontal seismic coefficient, Ah depends on several factors and can be written 
different manner according to the seismic codes. In all cases the controlling parameters are 
the same. As per clause 6.4.2, IS 1893 (Part 1) �± 2002. 
Provided that for any structure with T<0.1 s, the value of Ah Will not be taken less than Z/2 
whatever be the value of I/R 
Where, 
Z-Zone factor 
I-important 
S/g -Average response acceleration coefficient 
T-damped Natural period of the structure 
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R- Response Reduction factor 

5.2.3 Zone Factor (Z) 
It is a factor to obtain the design spectrum depending up the maximum seismic risk 

characterized by Maximum considered earthquake (MCE) in the one in which the structure is 
located. The basic me factors included in Table 2, IS 1893 (Part -1)2002 are reasonable 
estimate of effective peak ground acceleration. 

5.2.4 Average response acceleration coefficient (S/g)  
The design ground motion is one of the important factors used to determine the 

required seismic resistance strength of structures and supported non-structural components. 
An average response acceleration coefficient depends on the type of rock or soil sites and are 
the natural period and damping of the structure. It is a factor denoting the acceleration 
response spectrum of the structure subjected to earthquake ground vibrations. Average 
response acceleration coefficient for rock and roll sites can be determined from figure 2 of IS 
1893 (Part 1) 2002. 

 

5.2.5 Important Factor (1)  
The importance class or factor of a building depends on the occupancy category of the 
building. Hence, essential facilities such as hospitals, police stations, schools are designed for 
seismic forces greater than normal. The minimum values of important factor are given in 
Table 6 of IS 1893(Part 11-2002) 

 

5.2.6 Site Class (Ground Conditions)  
To consider the site effect on the estimation of the existential static force, the concept 

of site class is used to categorize common soil conditions into board classes to which typical 
ground motion effects are assigned. Site class is determined the average properties of the soil 
within a certain depth (30) from the ground face. 

 

5.2.7 Response Reduction Factor(R)  
The behavior factor or the reduction factor R, which is determined by the type of 

�O�D�W�H�U�D�O���O�R�D�G���U�H�V�L�V�W�L�Q�J���V�\�V�W�H�P���X�V�H�G�����L�V���D���P�H�D�V�X�U�H���R�I���W�K�H���V�\�V�W�H�P�¶�V���D�E�L�O�L�W�\���W�R���D�F�F�R�P�P�R�G�D�W�H����
earthquake loads and absorb energy without collapse the values of t, are prescribed in table 7 
of IS 1893(Part 1)2002 for different types of building systems.  

 

5.2.8 Fundamental Period (T)  
The fundamental period, T of the structure is used to determine the design ground 

acceleration and in some codes to establish the distribution of the height of the structure. The 
fundamental time period for buildings are given in 7.6 IS 1893(Part 1)-2002. 
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5.2.9 Vertical Distribution of Base Shear to Different Floors  
After the total base shear is known, it is used to determine the forces on the various 

building elements. The sum of the lots at each level equals the total base shear. Since the 
greatest force is at the top the shear increase from Zero at the top, the to its maximum at the 
base of the building.  

Each floor shear is successively added to the sum from above.  As pet IS 1893 (part 
1)-2002,M1-2002, Clause 7.7.1. the lateral force induced from the following equition: 
 
Where, 
 
Qi - Design lateral force at floor i 
Wi - Seismic Weight of floor 
 
n- Number of storey s in the building is the number of levels at which the masses are located. 
hi : height of floor i measured from base. 

 

5.3 CALCULATION OF BASE SHEAR ANALYSIS: 
 
             Storey height=3.2m 
             Location of building=Vijayawada 
   Assuming Medium soil site (or) Hard soil site  
             Self  weight of slab=0.15*25=3.75KN/m^2 
             Roof finish=1.5 KN/m^2 
             Floor finish=1 KN/m^2 
             Live load @ roof =1.5 
                @ floor=3 
   Weight of exterior walls=0.23*19.2=4.416KN/m^2 
SEISMIC WEIGHT OF THE BUILDING (W): 
 Effective weight of each floor  
             =3.756+1.0+(3*0.5)=6.25KN/m^2 
Effective weight of roof level  
            =3.75+1.5+(1.5*0.25)=5.625KN/m^2 
Weight of beams at each floor level & roof level  
    ON X-DIRECTION 
           =0.23*(0.5-0.15)*4*(6*6)*25 
           =289.8KN 
    ON Y-DIRECTION 
           =0.23*(0.5-0.15)*((5*6)+(5*6)+(3*5)+(5*6)+(5*6)) 
           =271.68KN 
Weight of column=0.3*0.6*3.05*24*25 
                             =329.4KN 
                             =0.4*0.6*3.05*6*25 
                             =109.8KN 
            Total column load=439.2KN 
Weight of column at roof level=439.2/2=219.6KN 
Plan area of building =24*27=648m^2 
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Equivalent load at roof level  
                  =5.625*648+219.6+271.68+289.8  
                  =4426.08KN 
                  =4430KN 
Equivalent load at floor  
                  =6.25*648+439.2+271.68+289.8+4.416*712.8 
                  =8198.40KN 
                  =8200KN 
          Total seismic weight(W)=53630KN 
CALCULATION OF TIME PERIOD: 
                 T=(0.09*h)/sqrt(d) 
      h=height of building in m, 
      d=base dimensions of the building at the plinth level in m. 
                      T=(0.09*22.4)/sqrt(27) 
                               T=0.38 
ZONE FACTOR(Z)=0.16 
IMPORTANCE FACTOR(I)=1.0 
RESPONSE REDUCTION FACTOR(R)=5.0 
SPECTIAL ACCELERATION CO-EFFICIENT(Sa/g)=2.5 
       
                Ah=(Z/2)*(I/R)*(Sa/g) 
                        Ah=(0.16/2)*(1/5)*(2.5) 
                         Ah=0.04 
BASE SHEAR(VB)=Ah*W 
                           VB=0.04*53630 
                                =2145.2KN      
 

CALCULCULATIONS OF BASE SHEAR 

STOREY NO hi 
SIESMIC 
WEIGHT wihi^2 k=wihi^2/sum of(wi*hi^2) Qi=Vb*k 

6 22.4 4430 2222796 0.225 461.2 
5 19.2 8200 3022848 0.306 656.43 
4 16 8200 2099200 0.212 454.78 
3 12.8 8200 1343488 0.136 291.74 
2 9.6 8200 755712 0.076 163.03 
1 6.4 8200 335872 0.034 72.93 

GF 3.2 8200 83968 0.008 17.16 
TOTAL BASE SHEAR 2117.27 
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CHAPTER 6 

DESIGN OF SLABS 

6.1. INTRODUCTION 
                  Slabs are designed for the live loads and dead loads acting on the slabs. Loads 

from the slabs are considered on the beams as per trapezoidal and triangular distributions. On 

beams and columns .earthquake loads will be acting along with the other loads, where 

staircase is designed for the live load and dead load acting on it. And foundation is designed 

for the whole load acting on it from all the structural members above it. A slab is a flat two 

dimensional planar structural element having thickness small compared to its other two 

dimensions. Slabs are plate elements forming floors and roofs of buildings and carrying 

distributed loads primarily by flexure. Slab may be supported by beams or walls and may be 

used as the flange of a T or L-beam. Moreover, a slab may be simply supported or continuous 

over one or more supports and is classified according to the manner of support.  

�x One-way slabs  

�x Two-way slabs  

6.2 Two-way slabs: 

Two-way slabs are those slabs that are supported continuously on all four sides and are of 
such dimensions that the loads are carried to the supports along both directions. In two-way 
slabs the ratio of longer span shorter span length is less than two.  
�Å�ä
�Å�ã

 < 2 
Flat slabs and flat plates are those multi span slabs which directly rest on columns without 
beams. 

6.2.1 DESIGN PROCEDURE OF TWO-WAY SLABS 
 Step1: Spans  

Determine short span Lx, long span Ly, check that 
�Å�ä
�Å�ã

 < 2 

Step 2: Trail depth (D)  
It will be decided by deflection criteria based on short span Lx and total depth D .The 

allowable��
�Å

�½
 ratio for two-way slab with short span up to 3.5m and for loading class up to 3 

K�0/�I 2. This is calculated from IS 456-2000 clause 23.2.1 and clause 24.1 21  

Assuming the �2t% between 0.2% to 0.3% and modification factor 1.3 to 1.5 and proceeding,  

Step 3: Loads  

Calculate load for one meter width strip of slab. �9 u = 1.5(25�& + �(�( + �.�.) KN/�I   
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Step 4: Design bending moments 

Obtain the bending moments by using the relation  

�/ x=�ß�ë wl2x   -------- Eq. (3.7)  

�/ y=�ß�ì �S�H2x      -------- Eq. (3.8)  

Where,x ,�Ùy = Coefficients given in IS 456 Table 26  

W = Total design load per unit area,  

�/ x   , �/ y= Moments on strips of unit width spanning �Hx   and �Hy. 

�Hx    , �Hy = Length of the shorter span and longer span  

Step 5: 

As the depth selected is usually greater than the minimum depth d, the tension steel required 

will be less than the balanced amount for the tension. Determine the main 22  

Steel area along shorter span and longer span corresponding to moments �/ x and �/ y by using 

formulas 

�/�H�Y�H�U���D�U�P���=��� �������í������������
�ë

�×
) 

In shorter span effective depth d is as follows 

�@=�&�í
��

�6
�í�?�H�A�=�N �?�K�R�A�N 

In longer span effective depth d is as follows  

�@=�&�í
��

�6
�í�?�H�A�=�N �?�K�R�A�N�í�î  

Where, �î  = diameter of the bar  

For slabs clear cover is generally taken as 15 mm  

Calculated moment �/ u=0.87 �By�#�O�P�<-------- Eq. (3.9)  

Where,  

Mu = calculated moment  

�By = characteristic strength of steel   

�#�O�P= tensile steel area 

From the above equation we are calculating �#�O�P along the shorter span and longer span by 

using �P�R�P�H�Q�W�¶�V �/ x and �/ y.  

After calculating steel area, check minimum area of steel, as follows 

�#�Ot�I �E�J = 0.15% × �> ×  �& (for �By =250) 

= 0.12% × �> ×  �& (for �By =415 �K�N 500) 

Assume the steel bar diameter (8mm or 10mm for steel grade Fe415, and 10mm or 12mm for 

Fe250).  
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Required spacing (�5) =
�5�4�4�Ô�Þ�ß

�º�Þ�ß
where �=�O�P is area of one bar.  

Maximum spacing (�5max) < (3�@ �K�N 300�I �I ) whichever is less 

Step 6: Check for deflection 

Calculate required �2t% (maximum value at mid-span of continuous slab or simply supported 

slab).  

(�2t)�=�O�O�Q�I �A�@ < (�2t) �N�A�M�Q�E�N�A�@  

Calculate steel stress of service load (�Bs):  

�Bs=0.58fyH�:
�º�å�Ø�Ô���â�Ù���æ�ç�Ø�Ø�ß���å�Ø�ä�è�Ü�å�Ø�×

�º�å�Ø�Ô���â�Ù���æ�ç�Ø�Ø�ß���ã�å�â�é�Ü�×�Ø�×
�; 

�2�E�W�D�L�Q���P�R�G�L�I�L�F�D�W�L�R�Q���I�D�F�W�R�U�����.�����I�U�R�P��IS 456: 2000 figure 4 corresponding to �2t and �Bs 

Allowable 
�ß

�×
 = (�>�=�O�E�?  

�ß

�×
  × �I �K�@�E�B�E�?�=�P�E�K�J �B�=�?�P�K�N) 

If �2�N�K�R�E�@�A�@ (
�ß

�×
) �N�=�P�E�K < �=�H�H�K�S�=�>�H�A 

�ß

�×
ratio then it is safe in deflection. 

Step 7: Torsion steel  

At corners where slab is discontinuous over both edges, �#t =���:
�7

�8
�; H�#�O�P   

At corners where slab is discontinuous over only one edge, = �:
�7

�<
�;  H�#�æ�ç   

At corners where slab is continuous over both the edges, At =0.  

Step 8: Check for shear & development  

Check for shear and development length are generally satisfied in case of slab and hence they 

are not checked. 

6.3. DESIGN OF TWO WAY SLAB 
Let us take a Slab panel of dimensions 6*3m 
Ly = 6, Lx=3 
Ly /Lx=6/3 =2 
Hence it is a two way slab 
CHECK FOR DEPTH: 
Lx=3000mm 
Assume depth =span/30 
 =3000/30 
             =  100mm 
So, Take it as d = 120 mm 
Overall  depth  (D) =150mm 
Cover = 30mm 
Calculation of effective spans  
Effective spans  
 Lx =Lx+D=300+120 
=3120 



38 
 

=3.12m 
Ly = 600+120=6120 
=6.12m  
Calculation of loads: 
A) self weight of slab =0.15*1*25=3.75KN/m^2 
B) live laod = 3kN/m^2 
     Floor finish =1kN/m^2 

     Total load = 7.753kN/m^2 
         Factored load = 1.5*7.75 
         W= 11.653kN/m^2 
DESIGN OF MOMENTS  
Mx=  �ß�ë*  W*L x^2 
My = �ß�ì *W*L x^2 
 
 1.75  0.113 
1.96                        �ß�ë 
2.00  0.118 
  X = 0.1172 
Mx = 0.1172*11.625*3.12^2 
Mx = 13.26 kN/m 
 1.75  0.037 
 1.96    �ß�ì  

2.00  0.029 
Y = 0.030 
MY = 0.030*11.625*3.12^2 
MY = 3.39 KN-M 
Among Mx & M y which is maximum that value is taken as moment 
 M = 3.26 KN-M 

CHECK FOR DEPTH:  
 Mulim = 0.36 (Xumax (d) {1-0.42(Xumax/d)} (bd^2 fck) 
For M25 & Fe415 

      Xumax/d = 0.48 
   13.26*106 = 0.36*0.48*[1-0.42*0.48]100*25*d^2 
         d=62mm<120 mm 
      Hence safe 

 
CALCULATION OF TORSIONAL REINFORCEMENT: 
      Along x- direction 

   Mux =0.87*Fy *A st *d [1-Ast *Fy/b*d *Fck] 
   13.2*106 = 0.87*415*Ast*120[1-Ast*415/1000*120*25] 
          Ast = 320.22mm^2 

                        Astmin = 0.12% gross area 
                                  = (0.12*10^3 *120)/100 
                      =144mm^2 
                                    Ast > Astmin  
       Along y �± direction  
            Muy = 0.87 *Fy *A sty *d [1-Ast *Fy/b*d* Fck] 
             3.39*106 =0.87+415*Asty*120 [1-Ast*415/1000*120*25] 
                        Asty= 79.10mm^2 
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                         Asty < Astmin 
So provide minimum reinforcement in y Direction 
Spacing of bars 
 Along x- direction 
Provide 12mm dia bars 
Spacing(S) =(Ast/Astx )*10^3 
             =(113.09/320.22) *103 

         1. S=353.18mm 
         2. 3d=3*120=360mm 
         3. 300mm 
Provide 12mm dia bars @300mm c/c  
 
Along y-direction 
      Provide 8mm dia bars 
Spacing=Ast/ Asty *103 
             =348.61mm 
           1. 348.61mm 
           2. 3(d-dia)=3*108 
                            = 324mm 
            3. 300mm 
Provide 8mm dia bars @ 300mm c/c   
CALCULATION OF EDGE STRIP REINFORCEMENT: 
           ast =50.26mm^2 
           Ast =0.12% gross area 
                 =(0.12*10^2*120)/100 
            Ast =144mm^2 
Spacing of bars  
   Spacing(S)=ast/Ast *100 
                    =50.20/144 *100 
                    =348.61mm 
        1. S=348.61mm 
        2. 5d=5*120=600mm 
        3. 450mm 
 Provide 8mm dia bars @350mm c/c spacing in the edge strips. 
CHECK FOR DEFLECTION: 
      L/d=20 
      (Ast/(b*d))*100=0.26 
      Vfs=0.58*Fy 

           =240.7KN 
modification factor=1.3 
 
      L/d=1.3*20 
       =26 
       (L/d)prov=3120/150 
                     =20.8<26 
             Hence the slab is safe in deflection 
CHECK FOR SHEAR: 
Shear force =W*Lx/2 
                     =18.135KN 
     Tv =Vu/(b*d) 
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         =0.15 N/mm^2 
 Pt =(ast/(S*d))*100 
      =0.32% 
         Pt                                   Tc 

        0.256              0.3 
        0.32                  Tc  
         0.58                 0.4 
    Tc  = 0.39N/mm^2 
   T=K* T c=0.511N/mm^2 
   Tcmax=2.8N/mm^2 
    Tv < Tc , Tv < Tcmax   
Hence the slab is safe in shear. 
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CHAPTER 7 

DESIGN OF BEAMS 
7.1 GENERAL: 

Beams are the horizontal members of a structure, which resists transverse loads and 

generally carries vertical gravitational loads from floor slabs and roof slabs. Beams can also 

be used to carry horizontal loads such as earthquake and wind loads. Beam is a structural  

element that capable of withstand the loads mainly by resisting bending and it adds rigidity to 

the structure. Due to the external loads, self-weight and external reactions, bending force 

induces in the material of the beam, called bending moment. Beam is subjected to bending 

moments and shear. Owing to the vertical loads, bending causes compression in the top fibers 

and tension in the bottom fibers of the beam. The stresses near the top and bottom fibers will 

be more and less towards neutral axis. The loads carried by beam are transferred to columns, 

which then transfer the force to adjacent structural compression members.  

 

7.2 CLASSIFICATION OF BEAMS  
Beams are classified into several types based on the different supporting conditions. They are  

�x SIMPLY SUPPORTED BEAM is a beam supported freely at the two ends on walls 

or columns.  

�x FIXED BEAM is a beam in which both ends of the beam are rigidly fixed into the 

supports.  

�x CANTILEVER BEAM is fixed in a wall or column at one end and the other end is 

free. It has tension zone in the top side and compression zone in the bottom side.  

�x CONTINUOUS BEAM is supported on more than two supports.  

�x OVERHANGING BEAM is a beam in which one end extends beyond the column 

support. Overhanging of the beam is the unsupported portion of the beam.  

 

7.3 DESIGN PROCEDURE FOR BEAMS 
 
IS: 456-2000 code provision for design of Beam  

A slab which is assumed to act as a compression flange of a T-beam or L-beam shall satisfy 

the following:  
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a) The slab shall be cast integrally with the web, or the web and the slab shall be effectively 

bonded together in any other manner; and   

b) If the main reinforcement of the slab is parallel to the beam, transverse reinforcement shall 

be provided as in Fig. 3; such reinforcement shall not be less than 60 percent of the main  

reinforcement at mid span of the slab.   

Tension reinforcement:  

     �‡��Minim um reinforcement-The minimum area of tension reinforcement shall be not 

less than-that given by the following:   

              As =  
�:�4�ä�<�9�Û���Õ�â���Û���×�;

�Ù�ä
 

 Where     As = minimum area of tension reinforcement  

                b = breadth of beam or the breadth of the web of T-beam  

                d = effective depth, and  

                �B�ì  = characteristic strength of reinforcement in N/mm2  

  

      �‡��Maximum reinforcement: The maximum area of tension reinforcement shall not                                    

exceed 0.04 bD.   

Transverse reinforcement in beams for shear and Torsion:  

       �‡���7�K�H���W�U�D�Q�V�Y�H�U�V�H���U�H�L�Q�I�R�U�F�H�P�H�Q�W���L�Q���E�H�D�P�V���V�K�D�O�O���E�H���W�D�N�H�Q���D�U�R�X�Q�G���W�K�H���R�X�W�H�U-most tension and 

compression bars.  

       �‡���,�Q���7-beams and I-beams, such reinforcement shall pass around longitudinal bars located 

close to the outer face of the flange.  

Maximum spacing of shear reinforcement:   

The maximum spacing of shear reinforcement measured along the a × is of the member shall 

not ex�F�H�H�G�������������G���I�R�U���Y�H�U�W�L�F�D�O���V�W�L�U�U�X�S�V���D�Q�G���G���I�R�U���L�Q�F�O�L�Q�H�G���V�W�L�U�U�X�S�V���D�W�������Å�����Z�K�H�U�H���G���L�V���W�K�H��

effective depth of the section under consideration. In no case shall the spacing exceed 300 

mm.  

Minimum shear reinforcement  

 Minimum shear reinforcement in the form of stirrups shall be provided such that:  

                                          
�º�Þ�á

�Õ�Ì�á
�• 

�4�ä�8�9

�4�ä�<�;�Ù�ä
 

 Where, 

           ASV = total cross-sectional area of stirrup legs effective in shear,  
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          �����5�é= stirrup spacing along the length of the member,  

            b = breadth of the beam or breadth of the web of flanged beam, and   

�������������������������B�ì = characteristic strength of the stirrup reinforcement in N/mm2 which   

                       Shall not be taken greater than 415 N/mm2                                     

7.4 DESIGN OF RECTANGULAR BEAM:      

        Effective cover                       = 50 mm 

        Effective depth                               = 450 mm 

        Cross section dimensions                        = 230 * 500 mm 

         Fck                                                                                        = 25 N/mm^2 

        Fy                                                             =415N/mm^2 

       LIMITING MOMENT OF RESISTING: 

            �/ �è�ß�Ü�à��= 0.138 * fck * b * d^2 

                                  =0.138 * 25* 230 * 450^2  

                                  =160.68 KN-m 

              �/ �è   =231.32 KN-m 

 �������������������������������/ �è   >�/ �è�ß�Ü�à 

              It should be designed as a doubly reinforced beam 

CALCULATION OF TENSION REINFORCEMENT 

                0.87*Fy*A st1=0.36Fck*X umax*b 

                          Ast1=1238.38mm^2 

CALCULATION OF COMPRESSION REINFORCEMENT(ASC): 

                 Mu2= Fsc*A sc*(d-�G�¶�� 

                  Mu2=Mu-Mulim 

                         =231.32-160.68 

                          =70.64KN-m 

                  �G�¶���G� ������������ 

                  �G�¶���G� ������ 

From code book  

       Fsc� ���������I�R�U���G�¶���G� ������ 

    70.64*10^6=353*Asc*(450-50) 

            Asc=500.28mm^2 

Additional Tension steel (Ast2) 

     0.87*Fy*A st2=Fsc*A sc 
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Ast2=(353*500.28)/(0.87*415) 

      =489.125mm^2 

Ast=Ast1+Ast2 

     =1238.38+489.12 

      =1727.5mm^2 

Let us provide 20mm diameter bars as reinforcement 

So, Provide 6 no of 20mm Diameter bars in tension zone  

And also Provide 2 no of 20mm Diameter bars in compression zone 

 

 

 

7.5 DESIGN OF T �� BEAM: 
   Super imposed load =3KN/m^2 

   Width of web (bw) =230mm 

   Overall depth(D)=500mm 

   Effective depth(d)=450mm 

   �(�I�I�H�F�W�L�Y�H���&�R�Y�H�U���G�¶��� �����P�P 

   Depth of flange (Df) =150mm 

   Length of span=6m 

   Use M25 anf Fe415 

  Calculating the effective width of flange  
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  Bf = (L/6) + bw +6Df 

  (6000/6)+250+ 6*150 

         Bf = 2150mm 

 

CALCULATION OF LOADS 

 Loads from slab 

    Self  weight of slab =0.15*25 

                                    =3.75KN/m^2 

    Weight of wall on the beam =11.92KN/m 

         Assume spacing of beam =6m 

     Load on beam from slab=8.71KN/m^2 

     Self  weight of rib=0.35*0.023*25 

                                  =2.0125KN/m 

      Plasting of rib=0.05KN/m 

    Total load on beam 

      Factored load =1.5(11.92+8.71+0.5+2.0125) 

                             =34.71KN/m 

       Factored Bending Moment = (34.71*6^2)/8 

                                              Mu =156.64KN-m 

Factored Shear Force =(34.71*6)/2 

                               Vu =104.13KN 

Assuming Xu Lies with in flange 

      Xu =(0.87*Fy*A st)/(0.36*Fck*bf) 

            =(0.87*415*Ast)/(0.36*25*2150) 

        Xu=0.018Ast 

   Mu =0.87*Fy*A st*(d-0.42*Xu) 

   156.64*10^6=0.87*415*Ast*(450-0.42*0.018*Ast) 

                  Ast =980.186mm^2 

         Xu =0.018*980.186 

              =17.64mm 

          Xu<Df 

Hence our assumption is correct 

Let us provide diameter of bars as 16mm 



47 
 

So, Provide 5 no of 16mm diameter bars 

Area of steel provided: 

        Astp =5*area of one bar 

               =1005.30mm^2 

   

 

DESIGN OF SHEAR REINFORCEMENT: 

          Tv =Vu /(b*d) 

         =104.13*10^3/(230*450) 

         =1.06KN/mm^2 

As we known that  

Pt =(1005.30*100)/(230*450) 

       Pt =1% 

As per code IS 456-2000 

 Pt                     Tc 

1%                   0.62 

Tc =0.62N/mm^2 

For M25 Grade Tcmax =2.8N/mm^2 

          Tc>Tcmax 

Hence design the shear reinforcement 

           Vus  = Vu -(Tc*b*d)  

                  =104.13*10^3-(0.62*230*450) 

                  =39.960KN 

Assuming 2-Legged 8mm dia stirrups 

       Asv =100.543mm^2 

Spacing of bars 

1. Sv =(0.87*Fy*Asv*d)/Vus 

= 408.74mm 

2. Sv =(0.87*Fy*Asv)/0.4*b 

=394.52mm 

3. 0.75D=0.75*450 

=337.5mm 

4. 300mm 
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Provide whichever is less 

Hence provide 2-Legged 8mm dia stirrups @ 300mm c/c 

CHECK FOR DEFLECTION : 

 Actual (L/d) Ratio =12 

          Fs = 0.58*Fy*(Area of steel required / Area of steel  provided) 

               = 0.58*415*(980.16/1005.30) 

      Fs=234.6 

100*Ast/(b*d)=0.75 

Permissible (L/d)=20*1.1 

=22 

Actual (L/d)< Permissible(L/d) 

Hence it is safe 
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 CHAPTER 8 

DESIGN OF COLUMNS 
8.1 GENERAL: 

Column is a structural member designed to carry compressive loads. It transmits the 

load from slab and beam, including its self-weight to the foundation. The columns are the 

most critical part of the building because the failure of a column, especially a column lower 

in the building, could result in the failure of a large portion or all of the building. Columns are 

viewed as more important in the design of building than the beams or slabs because if a beam 

or slab collapses, the damage may be contained to a much smaller area than if a column fails.  

The compression members are considered as short when both the slenderness ratios 

�ß�Ð�ã

�½
��and 

�ß�Ð�ä

�Õ
 are less than 12, where lex and ley are the effective lengths with respect to the 

major axis. In the short reinforced concrete columns, the lateral deflections are not 

significant. The columns and the compression members are treated as slender when the 

slenderness ration is more than 12. However, the slenderness ratio of columns should not 

exceed 60. In the slender reinforced columns, the lateral deflections have an importance on 

the strength of the columns.  

  The concrete columns are reinforced by longitudinal and transverse reinforcement is 

generally in the form of lateral ties or closely spaced spirals.  

  In limit state design, a structural member is usually designed for the ultimate limit 

load and checked for the serviceability limit states of cracking and excessive deflection. For 

the particular case of short braced columns (that is columns which are restrained in position 

at both the ends), it is generally not necessary to check deflections and crack widths in 

design. 

8.2 CLASSIFICATION OF COLUMNS  
 

Depending upon the slenderness ratio effects, columns may be classified into two 

types:  

Short columns: If the slenderness ratios with respect to the major principal axis  
�ß�Ð�ã

�½
����as well 

as the minor principal axis 
�ß�Ð�ä

�Õ
  are both less than 12, then it is considered as Short column.  

Slender (or long) columns: If the slenderness ratios are more than 12, then it is considered 

as slender column. Column is structural element used primarily to support axial compressive 
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loads. A compression member subjected to pure axial load rarely occurs in practice because 

of eccentricity effects.  

Depending upon the type of loading, columns may be classified into three types:  

1. Columns with axial loading (applied concentrically)  

2. Columns with uniaxial eccentric loading  

3. Columns with biaxial eccentric loading  

 

8.3 DESIGN PROCEDURE 
IS: 456-2000 Code provisions for design of Column: 

             a) The cross-sectional area of longitudinal reinforcement shall not be less than 0.8% 

of the gross cross-sectional area of column & shall not be greater than 4% of the gross cross-

sectional area of column. 

            b) In any column that had a larger cross-sectional area than that required to support 

the load, the minimum percentage of steel shall be based on the area of concrete required to 

resist the direct stress and not on the actual area.  

          c) The minimum number of longitudinal bars provided shall be four in rectangular 

columns and six in circular columns. 

          d) The diameter of the bars shall not be less than 12mm. 

           e) Pitch and diameter of lateral ties:    

                           Pitch-The pitch of transverse reinforcement shall be not more than the least 

of the following distances: 

  i) The least lateral dimension of the compression members; 

  ii) Sixteen times the smallest diameter of the longitudinal reinforcement bar to be tied; and 

 iii) 300 m Diameter- The diameter of the polygonal links or lateral ties shall be not less    

than one fourth of the diameter of the largest longitudinal bar, and in no    case less than 16 

mm. 

 

8.4 DESIGN OF COLUMN  
   Column size=300*600mm  
   Load on the floor column = 205KN 
   Factored load=307.5KN 
   Length (L)=3200mm 
   Effective length (Leff) =0.65*3200 
                                       =2080mm 
Assuming 1% of steel  
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       Asc=0.01Ag 

       Ac=0.99Ag 
From the IS code book  
       Pu=0.4*Fck*A c+0.67*Fy*A sc 
       307.5*10^3=0.4*25*0.99*Ag+0.67*415*0.01Ag 
                Ag =24249.83mm^2 
CHECK FOR SLENDERNESS RATIO: 
       Leff/d=2080/6 
                =3.4<12 
             So,it is a short column 
Minimum eccentricity=L/500+least lateral dimension/30 
                          emin=16.4mm 
                          emin /D=16.4/600 
                                    =0.027<0.05 
                  Hence design a axially loaded short column 
LONGITUDINAL REINFORCEMENT: 
                               Asc=0.01Ag 

                               Asc=0.01*24249.783 
                                    =242.49mm^2 
         Let us provide 20mm dia bars 
                    So Provide 4 no of 20mm dia bars 
                              Ascprov=1256.63mm^2 
LATERAL TIES: 

1. Dia/4=20/4 
         =5mm 

2. 6mm 
Hence provide 6mm dia ties 

PITCH OF TIES: 
1. D=600mm 
2. 16*dia=16*20 

           =320mm 
3. 300mm 

 Whichever is less 
Hence provide 6mm dia bars with 300mm c/c spacing lateral ties. 
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CHAPTER 9 
COMPARSION OF RESULTS WITH STAAD-PRO 

9.1DESIGN OF BEAM WORKED OUT BY STAAD-PRO 
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9.2 DESIGN OF RECTANGULAR COLUMN WORKED OUT BY STAAD-PRO 
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9.3 COMPARISION OF RESULTS 
 
TABLE 11.1 COMPARISION OF MANUAL RESULTS WITH STAAD PRO  
 
STRUCTURAL 
ELEMENT 

AREA OF STEEL 
 (MANUAL) mm2 

AREA OF STEEL 
(STAAD Pro)  mm2 

% VARIATION 

BEAM 2227.78 1981.58 1.12% 
Rectangular column 1256.63 904.72 1.38% 

 
             
 
It can be observed that the maximum percentage of variation is 3%. 
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                                                  Loading Diagram 
Dead load 
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Live load 
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  Bending moment diagrams
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CHAPTER 10 

CONCLUSION 
 
            10.1 TWO WAY SLAB  
 
 Overall Depth  =  150 mm 
 Reinforcement 8 mm Dia @ 300 mm c/c along shorter span 
 Reinforcement 12 mm Dia @ 300mm c/c along longer span 
          
            10.2 DESIGN OF BEAM 
 
 Dimensions of the beam =  230 * 500 mm 
 Reinforcement 2 no. 20 mm Dia  in compression zone 
 Reinforcement 5 no. 20 mm Dia  in tension zone 
 
 10.3 RECTANGULAR COLUMN  
 
 Dimensions of the column = 300 * 600mm 
 Reinforcement 4 no. 20mm Dia 
      

 
��

��
��
��

�ƒ �D���v�µ���o�����v���o�Ç�•�]�•���µ�•�]�v�P���l���v�]�[�•  method has been done and 

compared these results with results obtained from the 

software of STAAD Pro.��

��
�ƒ It was observed that the bending moment values obtained from 

manual calculation is differ maximum of  2%  percent of the 

bending moment values obtained from STAAD Pro.��

��
�ƒ It was observed that the Area of steel obtained from manual 

calculation is differ maximum of  3%  percent of the Area of 

steel obtained from STAAD Pro.��

��

 

 
  



61 
 

11. REFERENCES  
 
1. Indian Standard PLAIN AND REINFORCED CONCRETE - CODE OF PRACTICE 

(Fourth Revision) IS: 456 -2000. 

2. To study irregularities in structures analyze and design of G+5 storied structure as per 

CODE  

     IS: 1893-2002 provision 

3. IS-875(PART-1) : 1987 Indian Standard CODE OF PRACTICE FOR DESIGN LOADS 

(OTHER THAN EARTHQUAKE) FOR BUILDINGS AND STRUCTURES PART 1 DEAD 

LOADS �²  UNIT WEIGHTS OF BUILDING MATERIALS AND STORED MATERIALS.  

 

4. IS-875(PART-2): 1987 Indian Standard CODE OF PRACTICE FOR DESIGN LOADS 

(OTHER THAN EARTHQUAKE) FOR BUILDINGS AND STRUCTURES PART 2 

IMPOSED LOADS 

  

5. IS-875(PART-3): 1987 Indian Standard CODE OF PRACTICE FOR DESIGN LOADS 

(OTHER THAN EARTHQUAKE) FOR BUILDINGS AND STRUCTURES PART 3 for 

wind loads 

6.Theory of Structures by RAMAMRUTHAM for li �W�H�U�D�W�X�U�H���U�H�Y�L�H�Z���R�Q���.�$�1�,�¶�6���0�(�$�7�+�2�' 

 

7. SP-16: DESIGN AIDS FOR REINFORCED CONCRETE TO IS: 456-l 978  

 

8. R.C.C. DESIGNS (reinforced concrete structures) by Dr.B.C.PUNMIA, ASHOK KUMAR 

JAIN, ARUN KUMAR JAIN (Tenth edition), LAX MI PUBLICATIONS (P) LTD.  

 

9. Building planning and drawing by Dr. N.Kumaraswamy and A. Kameswararao (fourth 

revised and enlarged edition: 2010), Charotar publishing house Pvt. Ltd.  

 

10. AUTOCAD-2017. 

 

11. STAAD Pro software. 

  



62 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   



 
 
 
 
 
 

AN EXPERIMENTAL STUDY ON FINE AGGREGATE 
BY REPLACEMENT OF SOLID PLASTIC WASTE  

A project report 
Submitted to 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA  

In partial fulfillment of the requirements for the award of the degree of 
 

BACHELOR OF TECHNOLOGY 

IN 

CIVIL ENGINEERING  

Submitted By 

 
             G.PAVAN KUMAR    S.MUNESH BABU 

      (164810A0149) (15481A01C9) 

G.NAGARJUNA B.GOWTHAM  

      (16481A0141) (16481A0122) 

Under the Guidance of 

MR.A.ANURAG 
M.TECH Structural Engineering 

Assistant professor 
 
 
 
 
 
 
 
 
 
 

DEPARTMENT OF CIVIL ENGINEERING 
GUDLAVALLERU ENGINEERING COLLEGE  

(An Autonomous Institute Permanently Affiliated to JNTUK, Kakinada) 
Seshadhri Rao Knowledge Village 

Gudlavalleru-521356 
2016- 2020 

A-8 



DEPARTMENT OF CIVIL ENGINEERING 
GUDLAVALLERU ENGINEERING COLLEGE  

(An Autonomous Institute Permanently Affiliated to JNTUK, Kakinada) 
Seshadhri Rao Knowledge Village 

Gudlavalleru-521356 
 

 
CERTIFICATE  

 

This is to certify that work entitled �³AN EXPERIMENTAL STUDY ON FINE 

AGGREGATE BY  REPLACEMENT OF SOLID PLASTIC WASTE  is the bonafied 

work done submitted by G.PAVANKUMAR (16481A0149), S.MUNESH BABU 

(15481A01C9), G.NAGARJUNA (16481A0141), B.GOWTHAM ( 16481A0122) 

 in partial fulfillment of requirements for the award of the degree of BACHELOR OF 

TECHNOLOGY in CIVIL ENGINEERING of JAWAHARLAL NEHRU 

TECHNOLOGICAL UNIVERSITY KAKINADA, KAKINADA . 

 
 
 

 
MR.A.ANURAG PROF.P.KODANADA RAMARAO  

(PROJECT GUIDE) (HEAD OF THE  DEPARTMENT)  
 
 
 

EXTERNAL EXAMINER



PROGRAM OUTCOMES 

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 
engineering problems reaching substantiated conclusions using first principles of mathematics, 
natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 
design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety, and the cultural, societal, and environmental 
considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research 
methods including design of experiments, analysis and interpretation of data, and synthesis of the 
information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 
engineering and IT tools including prediction and modeling to complex engineering activities 
with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to 
the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 
for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or leader 
in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and write 
effective reports and design documentation, make effective presentations, and give and receive 
clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 
�H�Q�J�L�Q�H�H�U�L�Q�J�� �D�Q�G�� �P�D�Q�D�J�H�P�H�Q�W�� �S�U�L�Q�F�L�S�O�H�V�� �D�Q�G�� �D�S�S�O�\�� �W�K�H�V�H�� �W�R�� �R�Q�H�¶�V�� �R�Z�Q�� �Z�R�U�N���� �D�V�� �D�� �P�H�P�E�H�U�� �D�Q�G��
leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in 
independent and life-long learning in the broadest context of technological change. 



PROGRAMME SPECIFIC OUTCOMES (PSOs) 
Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway alignments 
and conduct geotechnical and geological investigations of the project. 

2. Test, analyze and design various substructures and superstructures by considering the 
environmental and societal issues. 

3. Organize various construction projects considering modern construction techniques, 
equipment and management issues. 
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Course Outcomes for Project Work 
 

EXPERIMENTAL TYPE PROJECTS 
 

After completion of this course, student will be able to 

�‡ Work in a team and select the broad statement of problem for project work 

�‡ Review and evaluate the available literature on the chosen problem 

�‡ Formulate the methodology to solve the identified problem 

�‡ Gain knowledge on selecting suitable materials and their properties 

�‡ Conduct experimental investigations on various combinations of materials by 
using various standard procedures 

 
�‡ Draw inferences and conclusions from the experimental results and prepare the 

report 



Student will be able to  
 

EXPERIMENTAL 
TYPE PROJECTS 

Statement (Students will be able to:) 

CO1 Work in a team and select the broad statement of problem for project 
work 

CO2 Review and evaluate the available literature on the chosen problem 

CO3 Formulate the methodology to solve the identified problem by 
satisfying the ethical and societal conditions 

CO4 Gain knowledge on selecting suitable materials and their properties 

CO5 Conduct experimental investigations on various combinations of 
materials by using various standard procedures 

CO6 Draw inferences and conclusions from the experimental results and 
prepare the report 
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JUSTIFICATION FOR MAPPING  
 

My Project e�Q�W�L�W�O�H�G�� �³�´�� �K�D�G�� �V�D�W�L�V�I�L�H�G all AN EXPERIMENTAL STUDY ON 

FINE AGGREGATE BY REPLACEMENT OF SOLID PLASTIC WASTE  in  

the NBA outcome requirements as the work carried out as a team work by equally distributing 

the work , sharing the knowledge among ourselves ,in our project we collected the literature 

from various standard books, journals, and analyzed critically and collected the data from 

standard code books, developed the plan and methodology and applied for chosen problem and 

analyzed the strength characteristics by conducting various experiments using modern  

equipment , our project is mainly aimed to suggest suitable material following the professional 

ethics in keeping view the safety of the public and society, recommended the environment 

sustainable materials for construction, our project can future extend in considering different 

combinations of materials, site con�G�L�W�L�R�Q�V�� �V�R�� �W�K�D�W�� �L�W�¶�V�� �D�� �O�L�I�H�O�R�Q�J�� �O�H�D�U�Q�L�Q�J�� �R�I�� �D�� �Q�H�Z things.
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                                          ABSTRACT 
 

�¾ Concrete is a materials which widely used in construction industries. The generation of 

plastic wastages is increasing day by day causing serious problem to the environment. In 

this research, the solid plastic waste particles are used in the concrete of partial 

replacement of fine aggregate in concrete. The main purpose of this study to investigate 

the properties of concrete such as compressive, tensile as well as flexural strength in the 

partial replacement. The result of indicate that the use of waste solid plastic particles in the 

concrete result the formations of light weight concrete. The disposal problem can be 

overcome by recovery, recycling and reuse. In order to have deep knowledge about the 

solid plastic waste. Plastic are durable and degrade very slowly. In this project partial 

replacement of fine aggregate by solid plastic waste of about 0%, 10%, 20%, 30% and 

40% for mix design of M40. The strength properties for this concrete mix at 7 days and 28 

days have been tested.



CHAPTER  1 

 INTRODUCTION   

GENERAL  
 

Environment means surroundings which includes atmosphere, lithosphere and 

biosphere. Biosphere comprises of living and non- living organisms. The biosphere is 

affected by different types of pollution. Mainly pollution is due to release of 

contaminated water into the water bodies, emission of effluents into the air and disposal 

of solid waste. In present days, disposal of solid waste is major problem that create 

nuisance to the environment. There are two types of solid wastes they are bio- degradable 

and non bio-degradable wastes. The waste being degradable is known to be organic 

waste. If the wastes produced are non bio- degradable then they are called as inorganic 

�Z�D�V�W�H�V���� �7�K�H�� �W�H�U�P�� �³�Q�R�Q�� �E�L�R-�G�H�J�U�D�G�D�E�O�H�´�� �L�Q�G�L�F�D�W�H�V�� �W�K�D�W��the wastes mixed with the soil 

remain un-disintegrated for many years. This non bio-degradable nature of inorganic 

wastes, pose environmental engineers a big challenge for the safe disposal of inorganic 

wastes. 

 
Dealing with the inorganic wastes, the major problem is disposal of Plastic Solid 

waste. From the past few years, plastic has become one of the regular needy items in our 

daily li fe.  One can�¶t avoid  using  plastic,  so  it  is responsible  to  take  care  of  its 

disposal difficulties. The disposal problems can be overcome by recovery, recycling 

&reuse. In order to have efficient recycling techniques, one must have deep knowledge 

about the plastics. 

 
 THEORY OFPLASTICS  

A material that contains one or more organic polymers of large molecular weight, 

solid in its finished state and at some state while manufacturing or processing into finished 

articles, can be shaped by its flow, is called as Plastic�Æ .Plastics are durable and degrade very 

slowly. The chemical bond that makes plastic so durable, make it equally resistant to natural 

processes of degradation. Plastic are classified into two major categories such as, Thermo 

sets and Thermoplastics. They are useful for their durability and strength, therefore used 

primarily in automobiles and construction applications. 

1 



These plastics are polyethylene, polypropylene, polyamide, polyoxymethylene, 

polytetrafluorethylene, and polyethyleneterephthalate. A Thermoplastic softens when exposed 

to heat and returns to original condition at room temperature. Thermoplastics can easily be 

shaped and molded into products such as milk jugs, floor coverings, credit cards, and carpet 

fibers. These plastic types are known as phenolic, melamine, unsaturated polyester, epoxy 

resin, silicone, and polyurethane. According to recent studies, plastics can stay unchanged for 

as long as 4500 years on earth with increase in the global population and the rising demand 

for food and other essentials, there has been a rise in the amount of waste being generated 

daily by each household. Plastic in different forms is found to be almost 5% in municipal 

solid waste, which is toxic in nature. It is a common sight in both urban and rural areas to find 

empty plastic bags and other type of plastic packing material littering the roads as well as 

drains. Due to its non biodegradability it creates stagnation of water and associated hygiene 

problems. In order to solve this problem experiments have been carried out whether this 

waste plastic can be reused productively. The experimentation at several institutes indicated 

that the waste plastic, when added to hot aggregate will form a fine coat of plastic over the 

aggregate and such aggregate, when mixed with the binder is  found  to give higher strength, 

higher resistance to water and better  performance  over  a period  of time (Khan and 

Gundaliya, 2012). Waste plastic such as carry bags, disposable cups and laminated pouches 

like chips, pan masala, aluminum foil and packaging material used for biscuits, chocolates and 

milk and grocery items can be used for surfacing roads. 

The disposal problems include littering of waste plastic, deposition of the waste on 

open landfills. Commonly littered plastic wastes include; polythene carry bags, plastic 

wrappings, thermo coal packing, plastic plates, cups, spoons, glass, melamine crockery and 

other non-recyclable plastics waste such as gutkha pouches, multilayer packaging, laminated 

packaging etc. 
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Estimated quantity of plastic waste is 5-10% of total Municipal Solid Waste 

(1.2lakh tons per day) generation i.e. 6000 TPD. It has been observed that in the present 

rules, there are no provisions for the disposal of post consumer plastics waste. As a result, 

plastic waste is littered on roads. The waste often chokes open drains as well as makes the 

land infertile. Considering the ill effects and seriousness on the issue, following strategies are 

suggested to tackle the menace. 

 

BACKGROUND  

 
Safe disposal of plastic waste is a part of Integrated Solid Waste Management 

(ISWM) Program. One of them is reusing of recycled plastic waste from the inorganic 

fraction of solid waste. In the past solid waste is considered as unwanted or useless solid 

materials, generated from residential, industrial, commercial and other human activities in a 

given area. It may be categorized according toits constituents (organic material, glass, metal, 

plastic, paper etc) or according to hazard potential (toxic, non-toxic, flammable, radioactive, 

infections etc). There are many effects due to improper handling of solid waste. 

 CAUSES OF INCREASE IN SOLID PLASTIC WASTE 
 

Modernization, technological advancement and increase in global population, 

consumerism created rise in demand for food and other essentials and non essential 

substances or materials. This has resulted to rise in the amount of waste being generated daily 

by each household. The consumerism, attitude, living system, demand for luxuries resulted 

increase in industrial manufacturing. It resulted in increase of the solid waste. 

       IMPACTS  OF SOLID PLASTIC WASTE 
 

Improper solid waste disposal and management causes air, water and soil pollution. 

Indiscriminate dumping of solid waste contaminates surface and ground water supplies. In 

urban areas, MSW clogs drains creating stagnant water for insect breeding and floods during 

rainy seasons. Uncontrolled burning of Solid Waste and improper incineration contributes 

significantly to urban air pollution. Toxic gases are liberated due to uncontrolled burning of 

inorganic wastes in landfills and untreated leach ate pollutes surrounding soil and water 

bodies. 



 

Health and safety issues also arise from improper Solid Waste Management 

(SWM).The U.S. Public Health Service identified about 22 human diseases that are attributed 

to improper SWM. Waste worker and rap pickers in developing countries are seldom 

protected from direct contact and injury, and the co-disposal of hazardous and medical 

wastes with solid waste poses serious health threat. Exhaust fumes from waste collection 

vehicles, dust stemming from disposal practices and the open burning of solid waste also 

contribute to overall health problems. People know that poor sanitation affects their health, 

especially in developing and low- income countries, where the people are the most willing to 

pay for environmental improvements. 

There are potential risks to environment and health from improper handling of 

solid wastes. Direct health risks concern mainly the workers in this field, who need to be 

protected, as far as possible, from contact with wastes. There are also specific risks in 

handling wastes from hospitals and clinics. For the general public, the main risks to health 

are indirect and arise from the breeding of disease vectors, primarily from flies and rats. 

Uncontrolled hazardous wastes from industries mixing up with municipal wastes create 

potential risks to human health. Traffic accidents can result from toxic spilled wastes. There  

is specific danger of concentration of heavy metals in the food chain, a problem that 

illustrates the relationship between municipal solid wastes and liquid industrial effluents 

containing heavy metals discharged to a drainage/sewerage system and open dumping sites 

of municipal solid wastes and the wastes. In view of such adverse impacts on the people and 

environment, it is essential to manage the generated solid waste properly. The basic objective 

of any integrated waste management program will be the reduction of the waste that should 

be sent for ultimate disposal and prevent or control or reduce the adverse impacts on the 

environment and health 

Proper segregation of waste has to be done and it should be ensured that all 

organic matter is kept aside for alternative treatment options. Generation of waste should be 

decreased promoting the production of goods which minimize waste generation. Legislation 

and its implementation in the waste sector should be improved. Collection of hazardous waste 

at collection points shall be safe, secure and performed in an environmentally sound manner. 
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Proper solid waste management have to be undertaken to ensure that it does not affect the 

environment and not cause health hazards to the people living there. Preventive steps may 

be taken for the prevention of impact instead of controlling or mitigating the impacts. The 

prevention or reduction of adverse impacts on environment involves education, public 

participation, capacities building at the institutional or administration sector, outreach 

legislations and enforcement. These are all part of ISWM and are presented in brief. 

 INTEGRATED SOLID WASTE MANAGEMENT  (ISWM)  
 

The solid waste management is planned channeling of solid wastes from generating 

point or source to ultimate disposal either for an end use or no use (Mc Dowel, 1986) of the 

entire process. The ISWM should focus on planning and effective implementation at all the 

functional elements of SWM program. The ISWM involves the functional elements and their 

interrelationship are shown in figure 1.1 (Peavy H.S et al, 1985).The ISWM involves the 

application of suitable policies, techniques and technologies and management programs 

covering all types of solid waste from all sources to achieve specific waste management 

objective. 

 

 
Fig.1.1: Interrelationship of functional elements comprising a solid waste management 

system (Peavey. H.S, et.al 1985) 



 
6  

The ISWM include generation, quantification and characterization of the waste generated, 

on-site handling and storage, collection, transfer and transportation processing, recovery and 

disposal. The recent advancements in tapping the non- conventional energy resources are 

becoming more attractive and acceptable to the people. In fact India started the program 

early in the 1970s, but later it became a history because of several reasons. But now it is 

being revisited, revised and becoming more popular in the scenario of new challenge posed 

by the solid waste generated in enormous quantities not only in India but also across the 

globe. The processing and recycling is an important functional element which deals with the 

actual treatment of the waste that wil l be sent for ultimate disposal. Current treatment 

strategies are directed towards reducing the amount of solid waste that needs to be land 

filled, as well as recycling and utilizing the materials present in the discarded wastes as a 

resource to the largest possible extent. Different methods are used for treatment of solid 

waste and the choice of proper method depends upon refuse characteristics, land area 

available and disposal cost. The MSW, 2000 rules also recommend that the land fill should 

not receive more than10% of waste after implementing all management principleles, 

technology and techniques adopted in the ISWM program. 

Management of Solid Waste reduces or eliminates adverse impacts on the 

environment and human health and support economic development and improved quality of 

life. Plastics are sold to the factories that reuse them or may even used to convert them in to 

fuel through poly cracking (Disha G, et.al 2013) the large scale landfill of waste is no longer 

an option. The residual waste left after prevention, re- uses and recycling needs alternative 

management methods. At the end of implementation of ISWM the solid waste tobe placed 

in landfill or for alternative disposal should not be more than10%. 
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For arriving at an appropriate solution for better management of solid waste, 

assessment of nature of waste generated is also essential. The following problems are 

generally encountered in cities and towns while dealing with the solid waste: 

 
1. There are no specific disposal sites for dumping the waste outcome. 

2. Mostly, industries generating solid waste in city and town limits are of small scale nature 

and even do not seek consents of SPCBs/PCCs. 

3.  If the industries are located in non-conforming areas and as a result they cause they 

Water and air pollution problems besides disposing plastic solid waste. 

4 .Some of the firms located in city limits do not have adequate facilities so that they 

can organize their collection, treatment and disposal of liquid and plastic solid waste.. 

5. There is no regular interaction between urban local bodies and SPCBs/PCCs to deal such 

issues relating to treatment and disposal of waste and issuance of licenses in non- conforming 

 
It is possible to cut down waste generation at source by simple, inexpensive 

measures, modifying production processes, through changes in raw materials/product design 

and by employing recovery/recycling and reuse techniques. To avoid treatment through 

utilization of waste, it is important from the environmental pollution view point as well as for 

the benefit of entrepreneurs to recycle and reuse the wastes generated by adoption of certain 

process change or by use of low/no-waste generation technology. 



 

 

 FACTORS TO BE CONSIDERED IN SOLID WASTE        
MANAGEMENT  

 
A.HEALTH HAZARDS  

 

Manual handling of industrial waste is the usual practice in developing 

countries. There are very few mechanical aids for waste management. The people 

undertaking salvaging do mainly by hand- picking out useful items, usually n o t  even 

wearing gloves. Although there may not be a health risk in handling clean waste paper, but 

people handling or salvaging waste without protective clothing are at risk when waste is 

mixed with binders. Apart from the livelihood of cuts caused by broken glass or sharp 

metals, sorting through waste contaminated with hazardous binder materials co uld cause 

skin burns, excessive lacrimation, or even loss of consciousness; chronic hazards include 

respiratory problems from dust inhalation, and potential carcinogenicity from toxic binders 

present in discarded containers or surface deposits in other waste. Personnel handling waste 

from tanneries or hide processors may also be exposed to such diseases as anthrax. 

 
 

B.STORAGE & TRANSPORTATION  

 
The storage of industrial solid waste is often one of the most neglected areas of 

operation of a firm. Very little attention is paid to proper storage and heaps of mixed wastes 

piled against a wall or on open ground are a common sight in many factories. The wastes are 

not covered during transportation. 

 
 
 
 
 
 
 
 
 
 
 
 

8 



 

 
 

 CURRENT STATUS OF SOLID WASTE MANAGEMENT IN  INDIA  
 

Management of Solid Wastes is of growing concern to the general public at large, 

local authorities and business communities in cities across India. The problem in urban 

areas due to rapid strides in population growth coupled by an economic boom that 

encourages the consumption of goods and hence wastes generation. As per Census 2001, 

the urban population accounts for 28-percent of the total Indian population. The Local 

Governing Bodies (LGBs) are responsible for providing solid waste management services 

in the urban areas. In most of the urban areas, insufficient funds, use of obsolete and/or 

inefficient technologies, lack of public awareness/ training, and improper  infrastructure 

have resulted in a poor state of plastic solid waste management. 

 
AVERAGE COMPOSITION OF MSW:  

MSW primarily comprises of 30-35% of organic fraction, 3-6% of recyclables (paper and 

plastic), 40-45% of inert material, and less than 1% glass and metal (National Environmental 

Engineering Research Institute [NEERI]). 

 
AVERAGE RATE OF MSW:  

MSW generated is small, medium, large cities in India is about 0.1kg,  0.3-0.4kg,  0.5kg per 

capita per day respectively (Central pollution control board[CPCB]) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9 
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CHAPTER  2 
 

THEORY & LITERATURE REVIEW  
 

GENERAL  
 

Environmental protection and conservation of natural resources are important for sustainable 

development. Efforts should be made for controlling pollution arising out of the disposal of 

wastes in to the environment. There are many types of wastes produced in the environment 

which effects to the surroundings. Among all, Solid Waste is an important one that is posing 

challenge to the most developed and developing countries. Conversion of the unwanted 

wastes into utilizable raw materials for various beneficial uses will be one of the most 

appropriate options in waste management. The basis of modern waste management is to 

maximize environmentally sound waste minimization that lead to reduction of the quantity of 

wastes produced including municipal solid waste and associated/compatible waste streams. 

The minimization strategies may include reduction of quantity of waste produced through 

diversion of waste material to beneficial reuse, recycling, composting or energy production. 

 CHALLENGES OF SOLID PLASTIC WASTE 

 
Waste can be regarded as a human concept, as there appears to be no such thing as waste in 

nature. The waste products created by a natural process or organism quickly becomes the  

raw material used by other processes and organisms. Recycling is predominant in nature, 

therefore production and decomposition are well balanced and nutrient cycles continuously 

support the next cycles of production. This so-called circle of life which is a strategy clearly 

related to ensuring stability and sustainability in natural systems. On the other hand there are 

man-made systems which emphasize the economic value of materials and energy. The 

production and utilization/consumption became the dominant economic activities. Such 

systems tend to  be highly destructive to the environment as they require massive 

consumption of natural capital and energy, in return they give byproducts to the environment 

in a form that may damages the environment. It require more natural capital be consumed in 

order to feed the system, this is ultimately not sustainable as resources and space are 
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finite on the planet.  This reduces the earth�¶s capacity to supply new raw materials in the 

future. The capacity of the natural environment to absorb and process these materials is also 

under stress. The wastes produced during the process are disposed off into the environment. 

Typical example for dumping of waste into the environment is shown in the figure 2.1. In 

addition, valuable resources in the form of matter and energy are lost due to the solid waste 

disposal. Hence, it is necessary to plan for appropriate management of solid waste. 

 
Most contemporary solid waste management efforts in India are focused at 

local government level and based on solid waste disposal through methods such as dumping, 

burning and sometimes incineration. However, these methods are becoming increasingly 

expensive and energy inefficient. The financial costs of managing the long-term 

environmental impacts of solid waste disposal through such means are more than what is 

actually charged for this service. The financial costs include environmental costs such as 

negative effects on habitat, wildlife and biodiversity. 

 

 
Fig :1 A Typical Solid Plastic waste dump in the urban areas of India 

 
Hence it is necessary to adopt ISWM replacing the existing practices. The 

ISWM planning basically depends on the waste quantities, characteristics and the 
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resources availability. In the municipal solid waste management it is necessary to know not 

only the quantities of commenced waste, but also the quantification of various components 

such as garbage, rubbish, hazardous and so on. The garbage mostly consists of organic 

fraction of the municipal solid waste. The organic fractions of municipal solid waste 

generated in the urban areas ranges from 21% and 40% (by weight). In order to prevent 

potential health and environmental problems, as of now in most of the municipalities and 

towns garbage is generally taken to landfills and buried or simply dumped. Considering the 

investment that went into creating the organic waste and the nutrients and energy contained in 

it is considered as valuable resource not to simply throw away. In solid waste management 

practices, it is apt to reduce or prevent green house gas emissions, reduce the release of 

pollutants, converse resources, save energy and reduce the demand for waste landfill space. 

Therefore, an appropriate and sustainable approach to the organic fraction of solid  waste is  

to be adopted. Sustainable management needs ISWM with the emphasizes toward a system 

that is local, community based making use of low tech/low energy systems and is focused on 

solid waste minimization strategies, methods of waste reduction, waste reuse, energy 

recovery, recycling are some of the preferred options when managing waste. 

 
Solid waste minimization is an approach that aims to reduce the production of 

solid waste through education and the adoption of improved production process. Solid waste 

reduction, reuse, recycling etc involves separation of certain usable  materials  within  the 

solid waste stream and reprocessing them. The recycling of many materials may not be 

financially viable. In addition to separation, solid waste processing is another important 

aspect covering the treatment and recovery of materials or energy from the generated solid 

waste through thermal, chemical, or biological means. 

 
The ultimate goal of waste management efforts should be waste minimization. 

However, waste processing and waste recycling play an important role in improving 

production process and in dealing with solid waste in a manner that is more environmentally 

and economically beneficial. Flows of material and energy from produced consumers to 

processers/recyclers must be encouraged as happens in natural ecosystems, and the elements 

of the system should be located in close proximity to one another. 
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This approach has actually been implemented on a very large scale in urban areas. 

Here a web of exchanges in materials and energy exist between companies, effectively creating 

'industrial ecosystems'. The same industrial ecosystems concept be adopted for 

urban/municipal waste management initially right from household level through recycling, 

energy efficiency and environmentally beneficial technologies.  Biogas generation is one such 

technological alternative which deals with energy recovery from degradable organic fraction of 

solid waste. Organic waste  can also  be easily  processed at domestic  and  medium to large 

industrial establishments  and  the  bi-products  will  also  become  increasingly important 

resources. The biogas generation and energy recovery depends on the type of organic fraction of 

the committed solid waste and its aggregation. 

 
  SOLID PLASTIC  WASTE 

 
Today availability of plastic waste is enormous. The use of plastic materials such as 

carry bags, cups, etc is constantly increasing. Nearly 50% to 60% of total plastic are consumed for 

packing. Once used, plastic packing materials are thrown outside and they remain as waste.  Plastic 

wastes are durable and non- biodegradable.  The improper disposal of plastic may cause breast 

cancer, reproductive problems in humans and animals, genital abnormalities and much more.  

These  plastic  wastes get  mixed  with  water,  disintegrate,  and take the forms of small pallets 

which cause the  death  of fishes  and  other  aquatic  life  who mistake them as food material. 

Sometimes they are either land filled or incinerated.  Plastic wastes get mixed with the municipal 

solid waste or thrown over a land area. All the above processes are not eco- friendly as they 

pollute the land, air and water.  Under these circumstances, an alternative use of this plastic waste 

is required.  So any method that causes this plastic waste for purpose of construction is always 

taken into consideration. 

As a result of rapid industrial growth in various fields together with population 

growth, an obvious increase in waste generation rates for various types of waste materials is 

observed. Many of the wastes produced today are non- biodegradable such as blast furnace 

slag, fly ash, steel slag, scrap tyres, plastics, etc. that will remain in the environment for 

hundreds of years leading to waste disposal crisis as well as various environmental concerns. 
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Plastics industry have many major developments in the last two decades, which 

resulted from the increased utilization of plastics in  various sectors e.g. packaging, 

protecting, buildings, agriculture, high-tech, and water management etc. Plastics now are 

everywhere and have innumerable uses. Use of this non-biodegradable product is growing 

rapidly, in the same time plastic wastes is also  growing day by day and the problem is  how 

to deal with these wastes (Jain et al., 2011). One of the most common used plastics is the thin 

plastic bags which used usually for packaging. However the disposal of the waste plastic 

bags in large quantities constitutes a real environmental problem, due toothier chemical 

inertness. Hence, there is a real need to find useful applications for these growing quantities of 

wastes. Recycling waste into useful products is considered one of the most sustainable 

solutions to this crisis so that research into new and innovative uses of waste materials is 

continually advancing (Justo &Veeraragavan, 2002). 

 LITERATURE  REVIEW  
 

Several researchers studied the characteristics of plastic reinforced concrete. 

These studies provide greater insights into the macro and micro details that may be used for 

enhancing the effectiveness of various research works on polymer, some of the studies 

pertaining to the present research are presented in the following sections. 

 
 

USE OF PLASTIC IN A CONCRETE TO IMPROVE ITS PROPERTIES in  

International Journal of Advanced Engineering Research and Studies by Raghatate 

Atul  

�ƒ The proposed concrete which is made up by adding plastic in concrete may help 

toreusetheplasticbagasoneoftheconstituent�¶smaterialofconcrete,toimprovethe certain 

properties of concrete. 

�ƒ The properties of concrete containing varying percentages of plastic were tested for 

compressive strength and split tensile strength and results showed that an 

appreciable improvement in tensile strength of concrete can be achieved by 

introducing cut pieces of plastic bags. 

�ƒ Compressive strength, split tensile strength of concrete is affected by addition of 

plastic pieces and it goes on decreasing as the percentage of plastic increases addition 

of 1 % of plastic in concrete causes 20% reduction in strength after 28days. 
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USE OF RECYCLED PLASTIC BAG WASTE IN THE CONCRETE Research Unit on 

M aterials, Processes and Environment in University Mohamed Bougar a of Boumerdes. 

Algeria by Youcef Ghernouti, Bahai Rabehi, Brahim Safi and RabahChai. 

�‡ The aim of this study is to explore the possibility of re-cycling a plastic bag waste material 

that is now produced in large quantities in the formulation of concrete as fine aggregate by 

substitution of a variable percentage of sand (10, 20, 30 and 40%). 

�‡ The  bulk  density   has  decreased  considerably  for  all concrete�¶s  with the  content  of 

replacement of sand by plastic waste that also becomes than lighter with 40% of plastic 

waste. 

�‡ A reduction in the mechanical resistance according to the increase in  percentage of plastic 

bag waste, which remains always close to the reference concrete, when we recorded a fall of 

compressivestrength at28 daysabout10 and24%ortheconcrete�Æscontaining 10and 20% of 

wasterespectively. 

GREEN CONCRETE USING PLASTIC WASTE in International Journal of Engineering 

Trends and Technology (IJETT) �± Volume 19 Number 4�±Jan 2015BY Vikram Kathe, 

Akshay Gangurde , Abhijit  Pawar. 

�‡ This experimental study presents the use of major plastic wastes as fine  aggregates  in concrete 

as an effective way to deal with the scarcity of sand and disposal of plastic waste. 

�‡  Overall using these ingredients to replace sand will  give new dimension in concrete mix design 

and if applied universally would transform the construction, by reducing the cost and enable us to 

conserve natural resources. 
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PROPERTIES OF CONCRETE BY THE ADDITION OF PLASTIC SOLID 
WASTE in 

International journal of science and research BY M.Muzafar Ahmed ,Dr.S.Siddi 
Raju. 

 
�x In this study, the recycled plastic are used in the concrete by partial replacement 

of coarse aggregate in concrete. 

�x The main purpose of this study is to investigate the properties of concrete such 

as workability, compressive as well as tensile strengths in the partial replacement of 

aggregate 

�x The results indicate that the use of plastic waste  in the concrete results  in the  

formations of light weight concrete 

 
REPLACEMENT OF FINE AGGREGATE WITH  PLASTIC IN CONCRETE  in 
Int ernational journal of advance research,ideas and innovations in 
technology.Tazeem shaikh 

�x To identify that plastic waste can be disposed of  by  using  them as constructions 

materials.  

�x In this study, have been limit the number of toxic substance in the certain 

plastic product. 

�x To determine  the compressive strength of concrete contain a plastic aggregate 

�x To reduce the overall weight of the structure 

EXPERIMENTAL INVESTIGATION ON PARTIAL REPLACEMENT OF 
WASTE PLASTIC IN CONCRETE WITH  ARTIFICAL  In International Journal of 
Science and Researchby technology, Arivalagan.S 

�x As percentage of plastic increases workability also increases because the plastic 

which is used as aggregate is smooth. As well as water absorptions capacity of plastic 

is also very low. 

�x The modified concrete mix with addition of plastic aggregate replacing conventional 

aggregate up to certain 10% give strength with in permissible limit. 
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CHAPTER 3 
 

 MATERIALS AND EXPERIMENTATION   
 

INTRODUCTION  
 

The main objective of this study is to evaluate the properties and behavior of 

plastic reinforced concrete. The procedure and experimentation of this study will be 

explained in detail. 

This chapter deals with two topics. First is to describe the properties of raw materials 

and plastics. Second is to describe how experimental work has been done to achieve study 

objectives. 

 
 CEMENT  

Cement is a material that has cohesive and adhesive properties in the presence of 

water. Such cements are called hydraulic cements. These consist primarily silicates and 

aluminates of lime obtained from limestone and clay. Ordinary Portland cement, 53 grade 

shall be manufactured by intimately mixing together calcareous and argillaceous and/or 

other silica, alumina or iron oxide Bearing materials, burning them at a clinkering 

temperature and grinding the resultant clinker so as to produce cement capable of co 

implying with this standard. No material shall be added after burning, other than gypsum, 

water, performance improver(s), and not more than a total of 1.0percent. 

TABLE.1CHEMICAL COMPOSITION OF CEMENT  
 

SILICA (SIO2) 17 to 25% 

ALUMINA (AL 2O3) 3 to 8% 

IRON OXIDE (Fe2O3) 0.5 to 6% 

MAGNESIA (MGO) 0.1 to 4% 

SULPHUR TRIOXIDE (SO3) 1 to 3% 

SODA AND/OR POTASH (NA2O+k2O) 0.5 to 1.3% 
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 ADVANTAGES OFO.P.C 

�x Gives more flexibility to architects and engineers to design sleeker and economical 

sections. 

�x Develops high early strength so that form work of slabs and beams can be removed 

much earlier resulting in faster speed of construction and saving in centering cost. 

�x Produces highly durable and sound concrete due to very low percentage of alkalis, 

Chlorides, magnesia and free lime in its composition. 

�x Almost a negligible chloride results in restraining corrosion of concrete structure in 

hostile environment. 

 
 USES OFO.P.C 

It is used for general construction purposes where special properties are not required. 

It is normally used for the reinforced concrete buildings, bridges, pavements, and where soil 

conditions are normal. It is also used for most of concrete masonry units and for all uses 

where the concrete is not subject to special sulfate hazard or where the heat generated by the 

hydration of cement is not objectionable. It has great resistance to  cracking and shrinkage 

but has less resistance to chemical attacks. 

 

 AGGREGATES 

Aggregate properties greatly influence the behavior of concrete,  since  they occupy about 80% 

of the total volume of concrete. The aggregates are classifieds 

i) Fine aggregate 

ii) Coarse aggregate 

Fine aggregate is material passing through an IS sieve that is less than 4.75mm  gauge 

beyond which they are known as coarse aggregate. Coarse aggregate form the main matrix of 

the concrete, whereas fine aggregate form the filler matrix between the coarse aggregate. The 

most important function of the fine aggregate is to provide workability and uniformity in the 

mixture. 
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The fine aggregate also helps the cement paste to hold the coarse aggregate particle in 

suspension. According to IS 383:1970 the fine aggregate is being classified in to four different 

zones that is zone-I, zone-II, zone-III, and zone-IV. 

 
 

TABLE.2 SIZES OF COARSE AGGREGATE ACCORDING TO IS 383:1970 
 
 

class and size IS sieve designation percentage passing 

very large, 150 to 80mm 
160mm 

80mm 

90 to 100 

0 to 10 

large, 80 to 40mm 
80mm 

40mm 

90 to 100 

0 to 10 

medium ,40 to 20mm 
40mm 

20mm 

90 to 100 

0 to 10 

small, 20 to 4.75mm 
20mm 

4.75mm 

2.36mm 

90 to 100 

0 to 10 

0 to 2 
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TABLE 3.SIZES OF FINE AGGREGATE ACCORDING TO IS 383:1970 
 
 

IS Sieve 

Designation 

 
 

Percentage Passing For 

 Grading zone- 

I 

Grading zone- 

II  

Grading 

zone-III  

Grading 

zone-IV 

10mm 100 100 100 100 

4.75mm 90-100 90-100 90-100 95-100 

2.36mm 60-95 75-100 85-100 95-100 

1.18mm 30-70 55-90 75-100 90-100 

600 micron 15-34 35-59 60-79 80-100 

300 micron 5-20 8-30 12-40 15-50 

150 micron 0-10 0-10 0-10 0-15 
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Note 1 

For crushed stone sands, the permissible limit on 150-micron is sieve is increased to 

20 percent. This does not affect the 5 percent allowance permitted in 4.3 applying to other 

sieve sizes. 

 
Note 2 

Fine aggregate complying with the requirements of any grading zone in this table is 

Suitable for concrete but the quality of concrete produced will depend upon a number of 

factors including proportions. 

 
Note 3 

Where concrete of high strength and good durability is required, fine aggregate 

Conforming to any one of the four grading zones may be used, but the concrete mix should 

be properly designed. As the fine aggregate grading becomes progressively finer, that is, 

from grading zones I to IV, the ratio of fine aggregate to coarse aggregate should be 

progressively reduced. 

The most suitable fine to coarse ratio to be used for any particular mix will, however, 

depend upon the actual grading, particle shape and surface texture of both fine and coarse 

aggregates. 

 
Note 4 

It is recommended that fine aggregate conforming to Grading Zone IV should not be 

used in reinforced concrete unless tests have been made to ascertain the suitability of 

proposed mix proportions. 

 
 

 PLASTIC  POLYMERS 
 

Plastics are mainly organic polymers of high molecular mass. The raw materials for 

plastics production are natural products such as cellulose, coal, natural gas, salt and crude oil. 

Different plastics have different polymer chain structures which determine many of their 

physical characteristics. The vast majority of these polymers are based on chains of carbon 

atoms alone or with oxygen, sulphur, or nitrogen as well (Giriftinoglu, 2007). 
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 TYPES OF PLASTIC  POLYMERS&ITS  SOURCES 
 

The Society of the Plastics Industry (SPI) established a special numbered coding 

system in 1988 to allow consumers and recyclers to properly identify the type of resin that 

was used in manufacturing a product. Manufacturers follow a coding system and place an 

SPI code, or number, on each plastic product, which is usually molded into the bottom. 

The categories of plastics are listed below and the following Table illustrates the 

most common types of plastics used, their applications with SPI code (Giriftinoglu, 2007). 

Categories of Plastics 
 

The main categories of Plastics include; 
 

a. Recyclable Plastics (Thermoplastics): PET, HDPE, LDPE, PP, PVC, PS, etc. 
 

b. Non Recyclable Plastics (Thermosets &others): Multilayer &Laminated Plastics, PUF, 

Bakelite, Polycarbonate, Melamine, Nylon, etc. 
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Fig: 2 Categories of Plastics 
 
PLASTIC  POWDER AND PROCESS 
 
        Ethane and propane are the used to make the hydro carbon ethylene and propylene in a heating  
process known as cracking or catalytic cracking  after the materials is cracked, a catalyst is added in are 
actor ,which creates a powder materials called as polymers.                                                                                                                                                                                           
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FIG NO 3:PLASTIC POWDER   

     
PLASTIC POWDER PROCESS 
     
                                              TABLE 4. PLATIC POWDER   PRPPERTIES                              
PROPERTIES PLASTIC POWDER 
DIAMETER 1.5 
APPARENT DENSIT(KG/M3) 350 
BULK DENSITY(KG/M3) 450 
FINENESS 2.8 
YOUNG MODULUS(MPA) 1900 
TENSILE STRENGTH(MPA) 45 
MELTING POINT(C) 135 
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CHAPTER-4 

TESTS ON MATERIALS  

 Tests on Cement 
 

Normal Consistency of Cement: 
 

Prepare a paste of weighed quantity of cement with 300ml of H2O, taking care that 

time of mixing is between 3-5min & shall be counted from the time of adding H2O to dry 

cement until the commencement of filling mould. Fill the vicat mould with the  paste,  the 

mould is resisting on a non-porous plate & then smooth off the surface of the paste making it 

level with the top of the mould. Paste the test block in the mould to gether with non-porous 

rested plate under the load bearing the plunger,  lower the plunger  gently to touch the surface 

of test block quickly release, allowing it to be submerged into the paste. The process shall be 

carried out immediately after filling the mould at room temperature. Prepare trail paste with 

varying percentage of water &test as described above &measure the penetration of plunger. 

This test is to be carried out until the specified penetration is obtained from the test we get the 

value of normal consistency of cement is31%. 

 Initial and Final Setting Times of Cement: 

Initial setting time is the time elapsed between the moment water is added to the cement to 
the time at which paste starts losing its plasticity. 

Final setting time is the time elapsed between the moment water is added to the cement to 
the time at which paste completely losing its plasticity. 
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Fig  no:  4 Vicat Apparatus 
 
 

PROCEDURE 

(A) TEST BLOCKPREPARATION 
 

1. Before commencing setting time test, do the consistencies test to obtain the water 
required to give the paste normal consistency (P). 

2. Take 400 g of cement and prepare a neat cement paste with 0.85P of water by weight of 
cement. 

3. Gauge time is kept between 3 to 5 minutes. Start the stop watch at the instant when the 
water is added to the cement. Record this time (t1). 

4. Fill the Vicat mould, resting on a glass plate, with the cement paste gauged as above.  Fill 
the mould completely and smooth off the surface of the paste making it level with  the top 
of the mould. The cement block thus prepared is called test block. 

 
(B) INITIAL SETTINGTIME 

 
1. Place the test block confined in the mould and resting on the non-porous plate, under the 

rod bearing the needle. 
2. Lower the needle gently until it comes in contact with the surface of test  block  and 

quick release, allowing it to penetrate into the test block. 
3. In the beginning the needle completely pierces the test block. Repeat this procedure i.e. 

quickly releasing the needle after every 2 minutes till the needle fails to pierce the block 
for about 5 mm measured from the bottom of the mould. Note this time (t2). 

 
(C) FINAL SETTINGTIME 

 
1. For determining the final setting time, replace the need left the Vicat�Æ apparatus by the 

needle with an annular attachment. 
2. The cement is considered finally set when upon applying the final setting needle gently 

to the surface of the test block; the needle makes an impression there on, while the 
attachment fails to do so. Record this time (t3). 
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CALCULATION  

Initial setting time=t2-

t1Final setting time=t3-t1, 

Where, 

t1=Time at which water is first added to cement 

t2=Time when needle fails to penetrate 5 mm to 7 mm from bottom of the mould 

t3=Time when the needle makes an impression but the attachment fails to do so. 

PRECAUTIONS 

�ƒ Release the initial and final setting time needles gently. 
�ƒ The experiment should be performed away from vibration and other disturbances. 
�ƒ Needle should be cleaned every time it issued. 
�ƒ Position of the mould should be shifted slightly after each penetration to avoid 

penetration at the someplace. 
�ƒ Test should be performed at the specified environmental conditions 

 
Initial setting time of cement is 45 minutes. 

Final setting time of cement is 8 hours 57 minutes. 

 
Compressive Strength of Cement: 

 
Preparation of test specimen for each cube is done by taking the quantities of materials (1:3) 

as follows: 

Cement = 185gm 

Standard sand =555gm 

Water = (P/4 + 3.0) percent of combined weight of cement and sand. 

Mix the cement and sand with towel on non-porous plate for one minute. Then add water to 

the mixture of cement, sand and mix until the mixture of uniform colour is obtained. The time 

of gauging shall be in any case not be less than 3 minutes and not  more  than 5  minutes, 

gauging time is time lapped between the water added to the mix and casting of cubes. 

Apply thin layer of oil to the interior faces of mould. Place it on the table of vibration 

machine, and firmly hold in position by means of clamps. Place the entire quantity of mortar in 

the hopper of the cube mould and compact the same by vibrations for period of about 2 

minutes. At the end of vibration, remove the mould together with base plate from the machine 

and finish the top surface of cube in the mould by smoothing the surface with the sharp edge of 

trowel. Engrave identification mark in cubes. Keep the filled moulds in the atmosphere of at 

least 90% relative humidity chamber, after completion of vibration. Also maintain 
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Temperature at 27+ 20c. At end of this period, remove cubes from moulds and immediately 

submerge in clean fresh water and place there until taken out just prior to breaking.  After 

taking out and until they are broken, the cubes shall not allow becoming dry. 

Testing: 

Place the test cube on the platform of compression testing machine without any 

packing, between cube and steel plates of the testing machine. Apply the load on smooth 

surface on the cube steadily & uniform starting from zero at a rate of 35 N/mm2/ minute till 

cubes fails. Test three such cubes at the end of three days of curing. Three cubes at end of 

seven days of curing and if needed three cubes after 28 days of curing. Record the crushing 

load. Calculate the compressive load by strength of each cube by dividing crushing load by 

crushing area of cube. The compressive strength is  taken as average strength of three cubes 

for each period of curing. 

As per IS: 69, IS: 8112, IS: 12269 the average compressive strength of cement shall be as 

follows 
 
 
 

Table 5: BIS Requirements 
 

S.No Grade of cement 3 days curing N/mm2 7 days curing N/mm2 28 days curing N/mm2 

1 33 Grade 16 22 33 

2 43 Grade 23 33 43 

3 53 Grade 27 37 53 

 
The average compressive strength of cement sample is found as: 

1. At the end of 7days of curing = (26.3 + 27.8 +27.5)/3= 27.20 

2. At the end of 14 days of curing = (37.4 + 39.2+38.5)/3= 38.36 

3. At the end of 28 days of curing = (53.6+ 54.1+55.7)/3= 54.46 
 
 
 
 
 

 Specific Gravity of Cement: 
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Weigh a clean, dry, Lechatlier flask or specific gravity bottle with stopper (W1). Place 

sample of cement up to half of flask about 500gms and weigh with its stopper (W2). Add 

kerosene (polar liquid)  to cement in flask till it �¶s about half full mix carefully with glass rod to 

remove entrapped air continue strings & add more kerosene, till its flush with graduated mark. 

Now weigh the bottle (W3). Now remove the cement and kerosene and clean it thoroughly. 

Fill the bottle with kerosene and weight it (W4). 

Weight of empty flask W1       :  17gm. 

Weight of empty flask +cement W2 : 40 gm. 

Weight  of empty  flask   +cement +kerosene W3 : 88 gm. 

Weight  of empty  flask +kerosene W4       :  71gm. 

Specific   gravity of kerosene Gk:0.7 
 
 

Specific   Gravity   of cement=  
()()  

 

From the test the specific gravity of cement is 3.1 
 
 

 Fineness of Cement: 
 

Accurately weigh 100 gm of cement sample and place it over the test sieve. Gently breakdown 

the air set lumps if any with fingers. Hold the sieves with pan in both hands and sieve with 

gentle wrist motion, in circular and vertical motion for a period of 3 to 4 minutes without any 

spilling of cement. Place the cover on the sieve and remove the pan. Now tap the other side of 

the sieve with the handle of bristle brush and clean the outer side of the sieve. Empty the pan 

and fix it below the sieve and continue sieving as mentioned in the steps 2 and 3. Totally sieve 

for 15 minutes and weigh the residue (Left over the sieve). 

Weight of cement taken =100 gm. 

Weight of cement retained after sieving= 2 gm. 

Fineness of the given sample is 2% 



30  

 

 
Specific Gravity of Fine and Coarse Aggregates: 

 
 

The pycnometer is used for aggregate less than 10mm size. Dry the pycnometer 

thoroughly & weigh it with cap (W1). Pycnometer is filled with aggregate to about 1/3rd and 

weigh again. Add sufficient water till top & allow the entrapped air into escape. After air 

bubbles on cap and then gently tight the cap to avoid the leakage of water. Fill the pycnometer 

with water slowly up to top of cap without spilling (W3) through pipe. Clean the pycnometer 

by washing with water thoroughly. Fill the pycnometer with only water as alone &weigh 

it(W4). Repeat the test twice as more and take the average for better results. 

 
Weight  of empty Pycnometer W1 : 420gm. 

Weight of empty Pycnometer   +dry aggregate W 2 : 785gm. 

Weight  of empty  Pycnometer   + dry aggregate+water W3 : 1375gm. 

Weight  of empty  Pycnometer +water W4 : 1150gm. 

Specific Gravity of coarse aggregate (SC) :2.60                                  

Weight of empty Pycnometer W1     :    625gm. 

Weight of empty Pycnometer   +dry aggregate  W2 : 952gm. 

Weight  of empty  Pycnometer   + dry aggregate +water W3 : 1722gm. 

Weight  of empty  Pycnometer +water W4      :   1520gm 

Specific Gravity of fine aggregate (Sc) :2.61 
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Table: 6 Physical Properties of Materials 

 

Physical Properties of Materials Results 

Normal consistency of cement 32% 

Setting times of cement 

Initial 

Final 

 
45 minutes 

360 minutes 

Compressive Strength of cement 

3days 

7days 

28 days 

 
27.2 

38.36 

54.46 

Specific Gravity of cement 3.12 

Fineness of cement 2% 

Specific Gravity of aggregates 

Coarse aggregate 

Fine aggregate 

 
2.60 

2.61 
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CHAPTER-5 

EXPERIMENTAL PROGRAM  

General 
 

This experimental program consists of the following steps: 
 

�x Collection of Materials 
 

�x Casting 
 

�x Curing 
 

�x Testing 
 

 Collection of Materials 
 

The materials required for our experimental program are collected according to requirements. 
 

�x Cement 
 

�x Fine aggregate 
 

�x Coarse aggregate 
 

�x Plastic powder 
 

 Mix  Design 
 

(INDIAN STANDARAD METHOD OFDESIGN) 

Bureau of Indian standards, recommended a set of procedure for design of concrete mix 

mainly based on the work done in national laboratories. 

 
 

�x Grade of concrete :M 40 

�x Method used :IS code method(10262-2009) 

�x Water cement ratio :0.40 

�x Compaction factor :0.9 
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 �x�� Maximum size of aggregate : 20 mm 

�x��

�x��

Specific gravity of cement(Sc) 

Specific gravity of fine aggregate(Sfa) 

:3.12 

:2.60 

�x�� Specific gravity of coarse aggregate(Sca) :2.61 

�x�� Water content : 160 kg / m3 

�x��

�x��

 Sand percentage of total aggregate 

Sand percentage of total aggregate after 

:50% 

�x�� Adjustments : 35�± 4.5 = 31.5 % 

�x�� From water cement ratio : 0.40 

�x��

�x��

 Cement content 

Fine aggregate content 

: 160/ 0.40 = 400 kg/m3 

: 679.10 kg/m3 

�x�� Coarse aggregate content : 1196.3 kg/m3 

�x�� Mix proportion is =400 : 679.10 :1196.3 

�x�� Mix proportion is =1 : 1.69 :2.99 
 
 

 
 

 Types ofMixes: 
 

An experimental study is conducted to find out compressive strength, split tensile strength, 

flexural strength and weight reduction tests. The mix proportions for M40 grade concrete are 

selected in following ratios: 

f.a= Fine Aggregate 

c.a = Coarse Aggregate 

p.f=plastic powder 

 
 

�¾ Cement  +  f.a+ c.a -V 

�¾ Cement   +f.a+c.a+p.f(10%) -V1 

�¾ Cement+f.a+c.a+p.f(20%) -V2 

�¾ Cement  +f.a+c.a +p.f(30%) -V3 

�¾ Cement+f.a+c.a+p.f(40%) -V4 
 

 Planning and Execution 
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M 40 GRADE CONCRETE 

Total  number of cubes :30 

Total  number of Beams     : 10 

Total number of Cylinders  :30 

 

Table: 7 Planning and Execution of Mix Proportions 
 
 

S.No Mix  Date of Casting 7days 28days 

1 V 25/12/19 1/01/20 23/01/20 

2 V1 28/12/19 4/01/20 25/02/20 

3 V2 03/01/20 10/01/20 30/01/20 

4 V3 20/01/20 27/01/20 17/02/20 

5 V4 11/02/20 17/02/20 07/03/20 

TABLE NO: 7 M 40 GRADE CONCRETE
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Casting of Concrete Cubes, Cylinders and Beams 
 

The moulds should be kept ready before preparing the mix. Tight the bolts of the 

moulds carefully because if we did not tight them properly the slurry will comes out from the 

moulds when the vibration takes place. After that the moulds are kept cleaned, apply oil on all 

contact surfaces of the moulds. The constituent materials which are required for concrete mix 

are weighed and dry mixing was carried out for cement, sand and coarse aggregates. This was 

thoroughly mixed by hand to get uniform colour of mix. The mixing duration was 2-5 minutes 

and then the water was added as per the mix design. The mixing was carried out for 3-5 

minutes duration. Then the mix is poured into the moulds and then compacted with tamping 

rods. The concrete is filled into moulds and the top surface of the concrete is struck off level 

with at rowel. 
 

 
 
 

Fig no:  5 Casting of Specimens 
 

 Curing 
 

The cubes should be remolded after 24 hours of casting and after that keep the 

specimens in required solutions for curing at room temperatures with a relative humidity of 

85%. In general the specimens are taken out from curing after 7 days, 28 days for testing. 

Curing is a process to harden the concrete under conditions of humidity and 

temperature and to create proper setting of concrete to attain the concrete strength. Curing has 
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great impact on the properties of hardened concrete such as durability, strength, water 

tightness, wear resistance, volume stability and resistance to freezing and thawing. 

The concrete which has been casted perfectly can fail when improperly or 

inadequately cured. Curing is the main step in making of a structure by concrete. For the 

present investigation water curing is done for 28days. 

 

        

                                                Fig no 6:Water curing 

5.6.1 Effect of Curing: 
 

The purpose of curing is to ensure that the concrete is not getting dry out prematurely, 

but retains moisture. So that it will gain its strength and durability and resistance to wear. 

�x Increases strength 

�x Increases water tightness 

�x Increases Abrasion resistance 

�x Increases Freeze-Thaw resistance 

�x Increases Volume stability 

�x Decreases permeability 
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 Tests on Specimens 
 

 Compressive Strength Test: 
 

The compressive strength of the cubes are calculated by using compressive testing 

machine (CTM) having the capacity of 2000 KN. In this test the strength is obtained in tone. 

The compressive strength of the specimen is obtained by dividing the maximum load  applied 

to the cube during the test by the cross sectional area calculated from mean dimensions of the 

section and should be expressed to the nearest N/mm2. Out of many tests applied to the 

concrete, this is most important which gives an idea about all the properties of the concrete. 

For this compressive strength test of cubes two types of specimens either cubes of 

15cm*15cm* 15cm or 10cm* 10cm* 10cm depending upon the size of aggregate used. 

Almost in all the works we use the specimens of sizes 15cm* 15cm* 15cm.  In our work we 

test these specimens for 7 days and 28 days strength. In this test the load should be applied 

slowly at the rate of 140 kg/cm2per minute till the specimen fails. Load at the  failure divide by 

area of the specimen will gives the value of compressive strength of concrete. 

Calculations: 
 

Compressive strength = Compressive strength Maximum Load/ Area=P/A 
 
                                                     
                                                          Fig no: 7testing of cube 
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 Split Tensile Strength Test 
 

We already know that concrete is weak in tension. Tensile strength is one of the main 

properties of the concrete. The concrete cannot resist the direct tension because of its low 

tensile strength and brittle nature. However, the determination of tensile strength of concrete is 

essential to determine the load at which the concrete specimens may crack. The crack which 

appears on the specimen will gives the indication for tension failure. In general we use the 

cylinders for the split tensile strength test in the laboratory for obtaining the tensile strength. 

Some standards have been prepared to know the testing procedure for this type of test for 

tensile strength of concrete. The load at which the splitting of specimen takes place shall be 

noted. The compressive testing machine (CTM) having capacity of 150 tonne was used for the 

splitting tensile strength of the concrete cylinders. 

Calculations: 
 
 
The split tensile strength of the specimen calculated from the following formula 
 

�7�V�S��� �������3�������Œ�G�/����
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Where 
 

P = maximum load in  tone 

L = Length of the specimen 

D = diameter of width of the specimen 
 

Final values are obtained from using standard deviation. 
 
 
 
 

 
Fig  no: 8 Testing of cylinder 

 
 Flexural Strength Test: 

 
The Flexural Strength Test is done for beams. The specimens are of size 100mm x 

100mm x 500mm. The word flexural strength is nothing but modulus of rupture, bend strength 

or fracture strength. Flexural strength is a mechanical parameter for brittle material, which is 

defined as a materials ability to resist deformation under load. The transverse bending test is 

most commonly employed, in which a rod specimen having either a circular or rectangular 

cross-section is bent until fracture by using a three point load of flexural test technique. The 
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flexural strength represents the highest stress obtained within the material at its moment of 

rupture. The beam tests are found to be dependable to measure flexural strength. The modulus 

of rupture value depends on the dimensions of the beam and manner of loading. In this work, 

to find the flexural strength by using three point loading.  In symmetrical two  points loading 

the critical crack may appear at any section but it is not strong enough to resist the stress with 

in the middle third, where the bending moment is maximum. Flexural value is about 10 to20 

percent of compressive strength depending on the type, size and volume of coarse aggregate 

used. 

Calculations: 

Fb = PL/ bd2 

Where 

b= width in cm of specimen 

d= depth in cm of specimen at point of failure 

L= length in cm of specimen on which specimen was supported 

P= maximum load in kg applied to specimen 

Final values are adopted using standard deviations. 
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Fig no: 9 testing of beams 

PRACTICAL APPLICATION OF SOLID PLASTIC  

WASTE 

Uses of waste plastic in flexible pavement construction for various studies 
are being carried out to improve the quality of bitumen used in bituminous road construction.  
One of the results of such studies is to use polymer-modified bitumen. 

Use of disposed plastic waste (specially plastic bags) is the need of the hour.  The  studies  on the 
thermal behavior and binding property of the molten plastics promoted a study on the 
preparation of plastic waste-bitumen blend  and  its  properties  to  find  the  suitability  of the 
blend for road construction. 

Thermal study 
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�x A study of the thermal behavior of the polymers namely polyethylene, polypropylene, 
polystyrene shows that these polymers get softened easily without any evolution of gas 
around 130-1400C, this has been scientifically verified. 

�x At around 3500C, they get decomposed releasing gases like methane, ethane etc. and 
above 7000C, they undergo combustion producing gases like CO andCO2. 

 
Binding property  

�x The molten plastic waste in hibits good binding property.  Following experiments were 
carried out to study the binding property. The aggregate was heated to around 1700C 
and the shredded plastic waste (size between 2.36mm and 4.75 mm) was added. 

�x Plastics got softened and coated over the aggregate. The mix of aggregate and plastic 
was compacted and cooled. The block was very hard and showed compressive 
strength not less than 130 Mpa and binding strength of 500 kg/cm2. This shows that the 
binding strength of the polymer is good. 

 
�x The polymer coated aggregate was soaked in water for 72 hours. There was no 

stripping at all. This shows that the coated plastic material sticks well with the 
surface of the aggregate. 

 
Use of solid plastic waste in concrete 

�x The purpose  of this  experimental  study  was  to  investigate  the  possibility  of using 
PET waste in asphalt concrete  mixes  as aggregate  replacement  (Plastiphalt)  to reduce 
the environmental effects of PET disposal. 

�x Concrete is the most widely used man made construction material in the w and its 
second only to water as the most utilized substance in the planet 

�x Seeking aggregates for concrete and to dispose of the waste from various 
commodities is the present concern. 

�x Today sustainability has got top priority in construction industry.  In the  present  study the 
recycled plastics were used to prepare the coarse aggregates thereby providing a 
sustainable option to deal with the plastic waste 

�x There are many  recycling  plants  across the  world,  but  as plastics  are recycled  they 
lose their strength with  the  number  of recycling.  So these plastics will  end up as earth fill.  

�x In this circumstance instead of recycling it repeatedly, if it is utilized to prepare 
aggregates for concrete, it will be a boon to the construction industry. 

�x Most of the failures in concrete structures occur due to the failure of concrete by 
crushing of aggregates. 

�x Plastic aggregate which have low crushing values will not be crushed as easily as the stone 
aggregates. 

�x These aggregates are also lighter in weight compared to stone aggregates. Since a 
complete substitution for Conventional Aggregate was not found feasible, a partial 
substitution with various percentage of plastic aggregate was done. 

�x Both volumetric and grade substitution was employed in this investigation. 
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ADVANTAGES OF SOLID PLASTIC WASTE  

 
�x Use of solid plastic waste n concrete to increase the split tensile strength, compressive 

strength, flexural strength. 

�x Reusing waste plastic as and substitution aggregate in concrete gives a god approach to 

reduce the cost of materials and save some of the solid waste problems posed by plastic. 

�x To reduce the micro cracks by introducing waste plastic in concrete.Use of 

waste plastic in flexible pavement to improve its thermal and binding properties. It 

increases the Marshall Stability value in pavements. 

�x Better resistance towards rain water and water stagnation  no stripping,   no path holes. 

�x No effect of radiation like UV rays, strength of road increased by 100%, cost of 

construction is also decreases. 

�x Maintenance of cost of road is nil 
 
 

DISADVANTAGES OF SOLID PLASTIC  WASTE 
 

�x Increase the solid plastic waste in concrete to decrease the its strength like compressive 

strength, split tensile strength, flexural strength. 

�x During the road lying process in the presence of chlorine will release noxious HCL gas. 

�x After lying the road, it is opined that the first rain will  trigger leaching .As the plastic will 

merely form a sticky layer. 
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                            CHAPTER 6 

                               RESULT 

f.a = Fine Aggregate 

c.a = Coarse Aggregate 

p.f = plastic fibres 
 
 

For M 25 Grade 
 

�¾ Conventional Concrete -V 

�¾ Cement  + f.a+c.a+p.p(10%) - V1 

�¾ Cement+f.a+c.a+p.p(20%) - V2 

�¾ Cement  +f.a+c.a+p.p(30%) -V3 

�¾ Cement+f.a+c.a+p.p(40%) -V4 
 

TABLE NO: 8  values of different tests for M40 Grade 

 

Mix Proportion 
M40 grade 

Com       compressive  
                      strength 
                           (Mpa)            

(Mpa) 

Split Tensile 
 

Strength 
(Mpa) 

Split 
Strength 
(Mpa) 
28 days 

Flexural 
strength(Mpa) 
28 days 

7days 28day
s 

7 
days 

conventional 31.48 47.30 2.2 3.5 4.16 

10% 33.46 48.23 2.5 3.70 5.46 

      20% 35.22 50.12 3.6 5.00 7.67 

      30% 34.59 49.25 3.01 3.5 10.17 

      40% 32.23 48.56 2.56 3.02 8.41 
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                                                                              Plastic powder 
 

Graphno:1 Variation of Compressive strength with different % of plastic forM40 
 
 
 

 
                                                                    Plastic powder 
 

Graph no: 2 Variation of Split Tensile strength with different % of plastic for M40 
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                                                                    Plastic powder 
 

Graph no:3 Variation of Flexural strength with different % of plastic for M40 
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CHAPTER -7 

CONCLUSIONS 

GENERAL  
 

In this study, we have conducted tests on modified concrete and conventional 

concrete. Modified concrete is prepared by addition of raw materials. . The details of the 

project are specified in the respective sections. 

 

CONCLUSIONS 

Based on the Experimental Investigations, the following conclusions were drawn. 

�x From the above experimental study , the specimens concrete cubes were casted and tested for its 

compressive strength  

�x The compressive strength, split tensile strength increases with addition of waste plastic 

powder content up to 20% when compared with conventional concrete. 

�x The workability of concrete has been found to decrease with increase in plastic powder 

content. 

�x The effect of water cement ratio on strength development is not predominant in case of solid 

plastic waste concrete. 

�x It is concluded that the additions of solid plastic waste in our regular concrete work will not affect 

largely on strength and behavior of the concrete. 

�x Moreover, the addition of the solid plastic waste may improve, some of the properties of the 

concrete.   

FURTHER SCOPE 

�x  The study can be carried out with varying percentage addition with varying materials for 

specific low cost housing applications. 

�x The engineering properties like water absorption, reduction in weights for a long period and 

study on economic aspects can be carried out. 



2
0 
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EXTERNAL EXAMINER  



 PROGRAM OUTCOMES  (POs) 

Engineering Graduates will be able to: 

1. Engineering Knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals and an engineering specialization to the solution of 

complex engineering problems. 

2. Problem analysis: Identify, formulate, review research literature and 

analyze complex engineering problems reaching substantial conclusions using 

first principles of mathematics, natural sciences and engineering sciences. 

3. Design/Development of solutions: Design solutions for complex 

engineering problems and design system components or processes that meet 

the specified needs with appropriate consideration for the public health and 

safety, aid the cultural, societal and environmental considerations. 

4. Conduct investigation of complex problems: Use research-based 

knowledge and research methods including design of experiments, analysis 

and interpretation of data and synthesis of the information to provide valid 

conclusions. 

5. Modern tool usage: Create, select and apply appropriate techniques, 

resources and modern engineering and IT tools including prediction and 

modeling to complex engineering activities with an understanding of the 

limitations. 

6. The engineer and society: Apply reasoning informed by the contextual 

knowledge to assess societal, health, safety, legal and cultural issues and the 

consequent responsibilities relevant to the professional engineering properties. 

7. Environment and sustainability: Understand the impact of the 

professional engineering solutions in societal and environmental contexts and 

demonstrate the knowledge of and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of  the engineering practice. 

9. Individual and team work: Function effectively as an individual and as a 



member or leader in  diverse teams and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering 

activities with the engineering community and with society at large, such as, 

being able to comprehend and write effective reports and design 

documentation, make effective presentations and give and receive clear 

instructions. 

11. Project management and finance: Demonstrate knowledge and 

understanding of the engineering and management principles and apply these 

�W�R���R�Q�H�¶�V���R�Z�Q���Z�R�U�N�����D�V���D���P�H�P�E�H�U���D�Q�G���O�H�D�G�H�U���L�Q���D���W�H�D�P�����W�R���P�D�Q�D�J�H���S�U�R�M�H�F�W�V���D�Q�G��

in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation 

and ability to engage in independent and life-long learning in the broadest 

context of technological change. 

PROGRAM SPECIFIC OUTCOMES (PSOs) 

  Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and 

highway alignments and conduct geotechnical and geological 

investigations of the project. 

2. Test, analyze and design various substructures and superstructures by 

considering the environmental and societal issues. 

3. Organize various construction projects considering modern 

construction techniques, equipment and management issues. 

PROJECT MAPPING  

Note: Tick Appropriate category. 

Classificatio

n of 

project 

Application Product Research Review 

    

 

Student will be able to 



Course Outcomes 

Outcome 1 Identify and solve challenging civil engineering 

problems. 

Outcome 2 Analyze and design Civil engineering structures 

Outcome 3 Conduct experimental studies on various specialized areas of 

civil engineering 

Outcome 4 Present project reports 

CO-PO Mapping 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 

based on level of mapping as follows: 

1. Slightly (Low) mapped 

2. Moderately (Medium) mapped 

3. Substantially(High) mapped 
 
�0�\���S�U�R�M�H�F�W���H�Q�W�L�W�O�H�G���³Effect of Alkaline Activator Solution Ratio and NAOH Molarity 
on the synthesis of GGBS- based Geopolymer concrete�´�� �K�D�G�� �V�D�W�L�V�I�L�H�G�� �D�O�O�� �W�K�H NBA 
outcome requirements as the work carried out as a team work by equally distributing 
the work, sharing the knowledge among ourselves, in our project we collected the 
literature from various standard books, journals and analyzed critically and collected 
the data from standard code books, developed the plan and methodology and applied 
for chosen problem and analyzed the strength characteristics by conducting various 
experiments using modern equipment, our project is mainly aimed to suggest suitable 
material following the professional ethics in keeping view the safety of the public and 
society, recommended the environment sustainable materials for construction, our 
project can future extend in considering different combinations of materials, site 
�F�R�Q�G�L�W�L�R�Q�V���V�R���W�K�D�W���L�W�¶�V���D���O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���R�I���D���Q�H�Z���W�K�L�Q�J�V�� 

 

Course 

Outcomes 

                    PROGRAM OUTCOMES     PSOs 

 

PO1 

 

PO2 

 

PO3 

 

PO4 

 

PO5 

 

PO6 

 

PO7 

 

PO8 

 

PO9 

 

PO10 

 

PO11 

 

PO12 

 

PSO1 

 

PSO2 

 

PSO3 

Outcome 1 2              2 

Outcome 2  3           1   

Outcome 3 3             1  

Outcome 4       3        3 
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ABSTRACT 

Concrete is the second most material used in the world next to water. Ordinary 

Portland Cement (OPC) is used as primary binder to produce concrete. During 

manufacturing process of OPC, high emissions of greenhouse gases such as carbon 

dioxide (CO2) produced which results in polluting the surrounding environment. 

Geopolymer concrete reduces the cement usage and increases the usage of 

industrial by-products like fly ash, ground granulated blast furnace slag (GGBS), rice 

husk ash, silica fume in concrete. Geopolymer is a material resulting from the reaction 

of a source material that is rich in silica and alumina with alkaline solution. 

In this project cement is fully replaced with ground granulated blast furnace 

slag (GGBS), which is rich in silica and alumina. And alkaline activator solution used 

i.e., the combination of sodium hydroxide (NaOH) and sodium silicate (Na2sio3) with 

ratios 1.5, 2, 2.5. And the variation of molarities like 10M, 12M, 14M of alkaline 

solution are taken. The compressive strength and split tensile strength of GGBS based 

geopolymer concrete for various mixes at ambient curing are compared. 

Keywords: Geopolymer concrete, Ground granulated blast furnace slag (GGBS), 

alkaline activator solution (NaOH/ Na2sio3), Molarity 
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CHAPTER 1 

INTRODUCTION  

1.1Genaral 

 Cement is the most commonly used binding material used in concrete all over 

the world. The production and consumption of cement in concrete is directly 

proportional to environmental pollution leading to hazardous greenhouse gases .This 

cement usage by the construction industry is accountable for 5-7% of total man-made 

carbon dioxide emissions globally.  

 Hence there is lot of demand for housing and infrastructure development 

greater than ever before, the utilization of cementitious materials as a replacement of 

cement in concrete mixes decreases the amount of CO2 into the atmosphere. 

 The incorporation of mineral admixtures like fly ash, ground granulated blast 

furnace slag (GGBS), metakaolin, rice husk ash and other waste materials reduce the 

huge percentage of local landfill space and hence leading to pollution problems.  

 In order to reduce the pollution problems originating from industrial by 

products, it is the need of the hour to develop profitable building materials out of 

these wastes this point led to research on usage of materials gives greater strength 

compared with the Portland cement without compromising the durability properties. 

�7�K�H�� �D�G�Y�D�Q�F�H�P�H�Q�W�� �R�I�� �W�K�H�V�H�� �V�W�X�G�L�H�V�� �K�D�V�� �O�H�G�� �W�R�� �³�Q�R�� �F�H�P�H�Q�W�� �F�R�Q�F�U�H�W�H�´�� �Z�K�L�F�K�� �L�V�� �H�F�R-

friendly and hence sustainability can be achieved.  

 Geo-�3�R�O�\�P�H�U�� �F�R�Q�F�U�H�W�H�� ���*�3�&���� �L�V�� �W�K�H�� �J�U�H�D�W�H�V�W�� �D�G�Y�D�Q�F�H�P�H�Q�W�� �R�I�� �³�Q�R�� �F�H�P�H�Q�W��

�F�R�Q�F�U�H�W�H�´�� �D�Q�G�� �³�Q�R�� �Z�D�W�H�U�� �F�R�Q�F�U�H�W�H�´�� �Z�K�L�F�K�� �L�V�� �J�R�L�Q�J���R�Q���� �D�O�O�� �R�Y�H�U���W�K�H�� �Z�R�U�O�G���� �'�D�Y�L�G�R�Y�L�W�V��

was the first person to prepare alternative to cement from waste materials such as fly 

ash and GGBS.  

 Researchers study GPC by varying parameters such as strength, durability, 

workability and results are evident that the performance is very promising and can be 

established as an altern�D�W�L�Y�H���W�R���³�Q�R���F�H�P�H�Q�W���F�R�Q�F�U�H�W�H�´���� 

1.2 GEOPOLYMER CONCRETE (GPC)  

Many researchers have performed studies on alkali activated slags Geopolymer is 

formed by the reaction of aluminosilicate materials (such as fly ash, GGBS etc.) with 

alkali activators. The most common alkali activators used areSodium hydroxide and 
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Sodium silicate to prepare GPC with good strength and durability properties. GPC is 

contributing for the reduction of the carbon emissions. 

 

Figure 1:1 Geopolymer process 

The process involved in the formation of GPC is commonly known as 

geopolymerization. The geopolymer binder is an inorganic material based on the 

polymerization of aluminosilicate materials and a concentrated alkaline solution .The 

polymerization process includes two stages In Stage I, Si and Al atoms from the 

source material react with hydroxide ions to form geopolymer precursor ions 

(monomers). In Stage II, the precursor ions (monomers) polymerize to form the 3-D 

geopolymer structure. 

 

Figure 1:2 Geopolymerization 
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1.2.1History of GPC: 

�7�K�H�� �W�H�U�P�� �µ�J�H�R�S�R�O�\�P�H�U�¶�� �Z�D�V�� �F�R�L�Q�H�G�� �L�Q�� �W�K�H�� ���������V�� �E�\�� �W�K�H�� �)�U�H�Q�F�K�� �V�F�L�H�Q�W�L�V�W���D�Q�G�H�Q�J�L�Q�H�H�U��

Prof. Joseph Davidovits, and applied to a class of solid materials synthesized by the 

reaction of an aluminosilicate powder with an alkaline  solution (Davidovits 1982a, 

1991, 2008). 

 

Fig1:3 Joseph davidovits 
 These materials were originallydeveloped as a fire-resistant alternative to organic 

thermosetting polymers following a series of fires in Europe, and products based on 

this initial workhave since found application as coatings for fire protection for cruise 

ships(Talling 2002), as a resin in high-temperature carbon-fibre composites (Lyonet 

al. 1997), in thermal protection of wooden structures (Giancaspro et al.2006), as a 

heat-resistant adhesive (Bell et al. 2005, Krivenko and Kovalchuk 2007), as a 

monolithic refractory (Comrie and Kriven 2003, Kriven et al.2004), and in various 

other niche applications.  

The primary application for geopolymer binders has since shifted to uses in 

construction. This is primarily due to the observation, first published by Wastiels et 

al. (1993), that it is possible to generate reliable, high-performance geopolymers by 

alkaline activation of fly ash, a by-product of coal combustion. The synthesis of 

construction materials by alkaline activation of solid, non-Portland cement precursors 

(usually high-calcium metallurgical slags) was first demonstrated by Purdon (1940).  

Detailed lists of key historical references and milestones in the development of 

alkali-activated binders have been presented in various review papers (Malone et al. 

1985, Krivenko 1994, Roy 1999, Krivenko 2002); the majorities of these relates to the 
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alkaline activation of blast furnace slags, and so arebeyond the scope of the current 

discussion.  

A very extensive review focused predominantly on alkali activation of 

metallurgical slags has recently been published (Shi et al. 2006. The key distinction to 

be made here is that the alkaline activation of slags produces a fundamentally calcium 

silicate hydrate-based gel (Richardson et al. 1994, Wang and Scrivener 1995, Shi et 

al. 2006), with silicon present mainly in one dimensional chains and some substitution 

of Al for Si and Mg for Ca, whereas the geopolymer gel is a three-dimensional alkali 

aluminosilicate framework structure (Duxson et al. 2007b).  

1.3 How Is GPC Different from OPC: 

Inorganic polymer concrete(geopolymer) is an emerging class of cementitious 

materials that utilize industrial byproducts like fly ash, slag etc., as a substitute for 

Portland cement,the most widely produced man made material on earth. 

Portland cement production is a major contributor to Co2 emissions as an estimated 5-

8% of all human generated atmospheric Co2 worldwide comes from the concrete 

industry. Production of Portland cement is currently toping 2.6 billion tons per year 

worldwide and growing at 5% annually. 

Geopolymer concrete has the potential to substantially curb Co2 emissions, produce a 

�P�R�U�H���G�X�U�D�E�O�H�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H���F�D�S�D�E�O�H���R�I���G�H�V�L�J�Q�� �O�L�I�H���P�H�D�V�X�U�H�G�� �L�Q���������¶�V���R�I�� �\�H�D�U�V�� �L�Q�V�W�H�D�G��

�R�I�� �����¶�V�� ���� �F�R�Q�V�H�U�Y�H�� �������¶�V�� �R�I�� ���������¶�V�� �R�I�� �D�F�U�H�V�� �F�X�U�U�H�Q�W�O�\�� �X�V�H�G�� �I�R�U�� �G�L�V�S�R�V�D�O�� �� �R�I�� �F�R�D�O��

combustion products, and protect aquifiers and surface bodies of fresh water via the 

elimination of industrial byproducts disposal sites. 

In comparison to ordinary Portland cement (OPC), geopolymer concrete(GPC) 

features greater corrosion resistance, substantially higher fire resistance(upto 

2400ºF),high compressive and tensile strengths, a rapid strength gain and lower 

shrinkage. 

�3�H�U�K�D�S�V�� �J�H�R�S�R�O�\�P�H�U�� �F�R�Q�F�U�H�W�H�¶�V�� �J�U�H�D�W�H�V�W�� �D�S�S�H�D�O�� �L�V�� �L�W�V�� �O�L�I�H�� �F�\�F�O�H�� �J�U�H�H�Q�K�R�X�V�H�� �J�D�V��

reduction potential;as much as 90% when compared with OPC.  

1.4 Advantages of geopolymer concrete: 

�¾ High strength: It has a high compressive strength compared to ordinary 

concrete. It also has rapid strength gain and cures very quickly, making it an 

excellent option for quick builds.Geopolymer concrete has high tensile 
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strength. It is less brittle than Portland concrete and can withstand more 

movement. It is not completely earthquake proof, but does withstand the earth 

moving better than the traditional concrete. 

�¾ Very low creep and shrinkage: shrinkage cancause severe and even 

dangerous cracks in concrete from the drying and heating of the concrete or 

even the evaporation of water from the concrete. Geopolymer concrete does 

not hydrate; it is not as permeable and will not experience significant 

shrinkage. The creep of geopolymer concrete is very low.  

�¾ Resistant to heat and cold: It has the ability to stay stable even at 

temperatures of more than 2200ºF. Excessive heat can reduce the stability of 

concrete causing it to spall or have layers break off. Geopolymer concrete 

does not experience spalling unless it reaches over 2200ºF. As for cold 

temperatures, it is resistant to freezing. The pores are very small but water can 

still enter cured concrete. When temperatures dip to below freezing that water 

freezes and then expands this will cause cracks to form. Geopolymer concrete 

will not freeze. 

�¾ Chemical resistance: It has a very strong chemical resistance. Acids, toxic 

waste and salt water will not have an effect on geopolymer concrete. 

Corrosion is not likely to occur with this concrete as it is with traditional 

Portland concrete. 

1.5 Disadvantages: 

Difficult to create:  geopolymer concrete requires special handling needs and is 

extremely difficult to create. It requires the use of chemicals, such as sodium 

hydroxide that can be harmful to humans. 

Pre-Mix only : Geopolymer concrete is sold only as a pre-cast or pre-mix material due 

to the dangers associated with creating it. 

1.6 Geopolymer applications 

The primary area of application of geopolymer technology is currently in the 

development of reduced-CO2 construction materials as an alternative to Portland-

based (calcium silicate) cements. 

Various other properties of geopolymers provide technological advantages 

over traditional construction materials, but performance in itself will not be sufficient 
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to drive a revolutionary change in construction materials technology (Duxson et al. 

2007a).  

A new material cannot be forced onto an unwilling market; the market itself 

must demand a new material, and this is beginning to be the case for geopolymers in 

construction. 

 Other applications for geopolymers include as a host matrix in waste 

encapsulation, as a low-cost ceramic (either used directly or as a precursor for 

calcination), and in fire protection of structures.  

Geopolymer cement concrete is made from utilization of waste materials such 

as fly ash and ground granulated blast furnace slag (GGBS). Fly ash is the waste 

product generated from thermal power plant and ground granulate blast furnace slag is 

generated as waste material in steel plant. 

Both fly ash and GGBS are processed by appropriate technology and used for 

concrete works in the form of geopolymer concrete. The use of this concrete helps to 

reduce the stock of wastes and also reduces carbon emission by reducing Portland 

cement demand. 

1.7 Objectives of the Work 

The continues production and consumption of cement is extremely hazardous. 

The extensive usage of cement by the construction activities is actually leading huge 

amount of greenhouse gases. There is a definite need to reduce the amount of cement 

content in concrete mixes, in order to achieve the sustainability. No cement concrete 

is the primary agenda of many researchers. We are using pozzolonic cementitious 

material i.e. GGBS instead of cement. 

The main objectives of present investigation are as listed below.  

1. Whether fully replacement of cement with GGBS can be utilized in the 

preparation of GPC mixes or not? How this replacement influences on 

strength properties? 

To accept this material along with ground granulated blast furnace slag (GGBS) in 

preparing GPC mix as structural concrete and its performance in aggressive 

environments needs to be investigated further. 
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1.8 Scope of the Work 

 The main scope of present experimental investigation is to study the 

mechanical properties of Geopolymer concrete with fully replacement of cement with 

ground granulated blast furnace slag (GGBS).  

The ultimate goal is to find the optimum mix proportion which satisfies the 

strength parameters. In present investigation cement is fully replaced with ground 

granulated blast furnace slag (GGBS)with varying binder to alkali activator solution 

ratio and different molarities of alkaline solution i.e. 10M, 12M, and 14M. Using the 

techniques implemented in the study we can reduce the environmental pollution and 

reduce landfills due to waste. 
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CHAPTER 2 

LITERATURE REVIEW  

2.1 Introduction 

This chapter deals with literature review concerning the work done by 

different authors on acceptability of pozzolonic materials as replacement of cement. 

Few of the reviews studied are mentioned below 

2.2 Literature survey 

As per Davidovits. J., [1]Slag-based geopolymer binders and cements are a real 

alternative to conventional Portland cement for use in toxic waste management as 

well as transportation infrastructure and construction. They rely on minimally 

processed natural materials and industrial by-products to significantly reduce the 

carbon footprint of cement applicationsThese cements are capable of being mixed 

with a relatively low-alkali activating solution and must cure in a reasonable time 

under ambient conditions. 

Mr. Bennet Jose Mathew, et al [2]examined the �³Strength, Economic and 

Sustainability Characteristics of Coal Ash �±GGBS Based Geopolymer Concrete�  ́

Comparison studies shows that geopolymer concrete can be prepared at comparable 

cost with that of OPC concrete while they offer huge reduction in carbon dioxide 

emissions. 

Geopolymer is an excellent alternative which transform industrial waste products like 

GGBS and fly ash into binder for concrete. 

Geopolymer concrete cured at ambient temperature can be developed using a 

combination of coal ash and GGBS. Alkali activation of GGBS results in precipitation 

of Calcium-Silicate-Hydrate(CSH) gel for geopolymer concrete at 27oC while if cured 

at 60oC a combination of calcium-silicate-hydrate(CSH) and alumino�±silicate�± 

hydrate (ASH) gel is formed. 

Deepak Ravi Kumar  et al [3]studied �³Structure and strength of NaOH activated 

concretes containing fly ash or GGBFS as the sole binder�  ́

Activation of aluminosilicate materials such as fly ash, blast furnace slag, and 

metakaolin using alkaline solutions to produce binders free of Portland cement is a 
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major advancement towards increasing the beneficial use of industrial waste products 

and reducing the adverse impacts of cement production. 

It has been reported that fly ash and ground granulated blast furnace slag (GGBFS) 

are very effective as starting materials for cement-free binder concretes because of the 

soluble silica and alumina contents in these materials that undergo dissolution, 

polymerization with the alkali, condensation on particle surfaces, and solidification 

that eventually provides strength and stability to these matrices 

Compressive strengths of geopolymer concretes were found to increase with increase 

in activator concentration and decrease in activator-to-binder ratio. The concrete made 

using GGBFS as the starting material showed higher compressive strengths compared 

to those made with fly ash because of the self-cementing property of GGBFS and 

higher binder content used. 

Sandeep L. Hake et al [4] �G�L�V�F�X�V�V�H�G���³�(�)�)�(�&�7���2�)���0�2�/�$�5�,�7�<���2�1���*�(�2�3�2�/�<�0�(�5��

�&�2�1�&�5�(�7�(�´ 

Concentration of sodium hydroxide is the most important factor for geopolymer 

synthesis. The solubility of alumino silicate increases with increase in hydroxide 

concentration. The use of higher concentration of sodium hydroxide yield higher 

compressive strength of geopolymer concrete  

Dr.P.Thamilselvi, Dr. A. Siva, Dr. Damilola Oyejobi[5] �G�L�V�F�X�V�V�H�G���³�*�(�2�3�2�/�<�0�(�5��

�&�2�1�&�5�(�7�(�����2�9�(�5�9�,�(�:�´ 

Geopolymer concrete offers environmental friendly and protects the natural resource 

by utilizing the waste/by-products from the industry which is harmful of the 

environment converted into value added construction building materials. 

Sruthi.S, Dr. A.K.  Priyadiscussed[6]�³A Review on Eco-Green Geopolymer 

Concrete�  ́

The Geopolymer Concrete will play an important role in the future which is to be 

investigated and applied to our life cycle to save and produce a green environment. 

Economically and the future study might be done by the ambient curing applied to 

heavy structures with the natural alkaline solution and prove the strength of the 

natural sources. 
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Chaitanya Srikrishna Thunuguntla and Tippabhotla Durga Gunneswara Rao, 

Ph.D.[7]discussed �³Mix Design Procedure for Alkali -Activated Slag Concrete Using 

Particle Packing Theory�  ́

sodium hydroxide concentration and alkaline solution:binder ratio are the most 

influential parameters on the compressive strength. 

An increase in NaOH concentration increases the compressive strength, whereas an 

increase in alkaline solution:binder ratio improves the compressive strength. Sodium 

hydroxide concentration, binder content, and alkaline solution:binder ratio are 

interlinked and must be used in conjunction to determine the strength. 

As per Davidovits. J., (1991)[8]Dissolution occurs immediately upon contact between 

the alkaline solution and the pozzolanic material and allows for ionic interface 

between species and the breaking of covalent bonds between silicon, aluminum and 

oxygen atoms. Similarly to PCC, this process generates rapid and intense heat and is 

directly proportional to the pH level of the activating solution. The rate of dissolution 

is relevant to the amount and composition of the ashes and the pH of the activating 

solution. 

Chaitanya Srikrishna Thunuguntla,Tippabhotla Durga Gunneswara Rao[9] 

discussed�³Appraisal on Strength Characteristics of Alkali-Activated GGBFS with 

Low Concentrations of Sodium Hydroxide�  ́

The water present in sodium silicate solution is neither considered in the preparation 

of NaOH solution nor for calculating NaOH concentration. Both Na2SiO3 and NaOH 

solutions are mixed together 1 day prior to the casting for proper mixing of solutions. 

At higher NaOH concentrations, presence of more Na+ions improved the 

geopolymerization resulting in faster setting. 

With increase in NaOH concentration in the mix, more gel is produced and thereby 

the strength is improved. Increasing NaOH concentration tends to increase formation 

of albite peaks, due to availability of sodium ions. 
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CHAPTER 3 

EXPERIMENTAL  PROGRAM 

3.1 General 

This chapter deals with the details of experimental program conducted. In this 

experimental program, the first step is selecting of the raw materials. Geopolymer 

concrete is a composition of four raw materials GGBS as binder, fine aggregate and 

coarse aggregate and water is replaced with alkaline activator solution i.e. 

combination of sodium hydroxide (NaOH) and sodium silicate solution(Na2Sio3). 

These raw materials play an important role in manufacturing of Geopolymer concrete. 

Number of conventional trails is prepared and the mix proportions are selected by 

changing different water cement ratios and water content. The experimental program 

was carried out on cubes, cylinders and beams. The details of the materials used for 

these specimens and testing procedure incorporated in the test program are presented 

in the subsequent sections. 

3.2 Description of Materials 

The materials used in the preparation of Geopolymer concrete are:-  

1. Ground granulated blast furnace slag (GGBS) 

2. Coarse aggregate  

3. Fine aggregate i.e., Natural Sand   

4. Alkali activator solution i.e. (NaOH+ Na2Sio3) 

The properties and specifications of various materials used in the preparation of test 

specimens are as follows.  

3.2.1Ground Granu lated Blast Furnace Slag (GGBS) 

Blast furnace slag (abbreviated GGB�6���� �I�R�U�� �µ�J�U�R�X�Q�G�� �J�U�D�Q�X�O�D�W�H�G�� �E�O�D�V�W�� �I�X�U�Q�D�F�H��

�V�O�D�J�¶���� �L�V mainly composed of melilite, a solid solution of gehlenite Ca2Al2SiO7 plus 

akermanite Ca2Mg (Si2O7) (Figure) and also merwinite Ca3Mg (SiO4)2. Aluminum 

is only found in gehlenite and magnesium akermanite and merwinite. From a 

geopolymeric chemistry point of view, gehlenite is the reactive molecule with 

effective potential as geopolymeric precursor. 
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Figure 3:1 Molecular structure of gehlenite and akermanite in melilite glass 
The degree of depolymerization largely controls reactivity. As slag is 

generated at high temperature as a liquid in the blast furnace during iron production 

and subsequently quenched, its composition is essentially that of an overcharge-

balanced calcium alumino silicate framework �± i.e., there is more than sufficient 

calcium available to charge-balance aluminum, with theremainder contributing to 

depolymerizing the glass network (Tsuyuki and Koizumi 1999).  

Particles above 20 mm in size react only slowly, while particles below 2 mm 

react completely within approximately 24 hrs in blended cements and in alkali-

activated systems (Wan et al. 2004, Wang et al. 2005). 

 

 
 

Figure 3:2 Ground granulated blast furnace slag (GGBS) 
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The composition of slag essentially depends on the raw materials used in the iron 

production process. 

Table 1 Chemical composition of GGBS 

 

 

 

 

 

 

 

 

 

 

3.2.2 Alkaline Activator Solution  

Alkaline activator creates a high pH environment and accelerates the 

reactions. Mainly two chemicals are used as the alkali activator in their estimated 

ratio. Sodium hydroxide (NaOH) and sodium silicate (Na2SiO3) are the alkali 

activator used in this experiment. These alkali liquids are prepared 24hr before the 

casting of concrete. The mass ratio of Na2SiO3 to NaOH was taken as 1.5, 2, 2.5 

based on available literature.  

3.2.2.1 Sodium hydroxide (NaOH) 

NaOH is the most commonly used hydroxide activator in geopolymer 

synthesis, being both the cheapest and most widely available of the alkali hydroxides.  

However, the highly corrosive nature of concentrated NaOH or any other alkali 

hydroxide means that very specialized processing equipment would be required to 

produce large volumes of hydroxide-activated geopolymers silicate activation is often 

preferred. 

Sodium hydroxide (NaOH) available forms of pellets, flakes and in powder 

forms. In the study, Commercial grade Sodium Hydroxide (NaOH) is used in the 

flakes form (97%-100% purity). These flakes are used to make the solution of 

required molarity. We procured NaOH solution from online suppliers. 

Constituent composition 

SiO2 34.06 

Al 2O3 19.65 

CaO 33.86 

Fe2O3 0.9 

MgO 7.89 
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Figure 3:3 Sodium hydroxide flakes(NaOH) 

Preparation of NaOH solution: 

�x Molarity = no. of moles of solute / 1 liter. 

�x One mole of sodium hydroxide = 40 gm. of sodium hydroxide. 

�x If we want to prepare 1M NaOH solution then we need to dissolve 40 grams 

of NaOH in one liter of water. 

�x Likewise we prepared 10M,12M,14M NaOH solutions. 

3.2.2.2 Sodium silicate solution (Na2SiO3) 

Sodium silicates are available in the solution form (98% pure). These solutions 

are used in the various ratios with sodium hydroxide to prepare required degree of 

alkali activator solution. 

 

Figure 3:4 Sodium silicate solution(Na2Sio3) 
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3.2.3Aggregates 

Generally, aggregates occupy 70% to 80% of the volume of concrete and have  

an important influence on its properties. They are granular materials, derived for the 

most part from natural rock (crushed stone, or natural gravels) and sands, although 

synthetic materials such as slag and expanded clay or shale are used to some extent, 

mostly in lightweight concretes [Mindess et al. 2003]. 

 In addition to their use as economical filler, aggregates generally provide 

concrete with better dimensional stability and wear resistance. Although aggregate 

strength can play sometimes an important role, for example in high-strength 

concretes, for most applications the strength of concrete and mix design are 

essentially independent of the composition of aggregates. However, in other 

instances, a certain kind of rock may be required to attain certain concrete properties, 

e.g., high density or low coefficient of thermal expansion [Neville 2008]. 

3.2.3.1Fine aggregate: 

Aggregates of size ranges between 0.075mm�±4.75mm are generally 

considered as fine aggregate. The sand particles are free from any clay or 

inorganicmaterials and found to be hard and durable. It was stored in open space free 

from dust and water. The fine aggregate (sand) used in the present experimental 

program is river sand confirming to zone-II as per IS 383:1970. It is clean and free 

from organic matter, silt and clay. The physical properties of sand are given in Table 

3.3.  

River Sand  

 It is also called as natural sand. In this work a good quality of natural sand was 

used. The sand is medium sand and is confirming to Zone-II as per standard 

specifications.   

3.2.3.2Coarse Aggregate: 

For this study natural coarse aggregate (NCA) are used. Aggregates of size 

more than 4.75mm are generally considered as coarse aggregate. The size of coarse 

aggregate used in this experimental work is 20 mm and 16 mm. A good quality of 

coarse aggregate is obtained from nearest crusher unit and various tests are carried out 

on coarse aggregate as per IS 2386- 1963 (part 3) and IS 383-1970. 
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3.3 Properties of Materials 

Various tests have conducted on the raw materials to obtain the physical 

properties. The detailed test results are given below.  

3.3.1 Tests on GGBS 

3.3.1.1 Specific Gravity of GGBS 

 Specific gravity is one of the most important factors in the mix design. One 

can make mix design only after knowing the specific gravities of each constituent. For 

calculating the specific gravity of ggbs, Le-�F�K�D�W�O�L�H�U�µ�V�� �I�O�D�V�N�� �P�H�W�K�R�G�� �L�V�� �X�V�H�G���� �,�Q��

this,ggbs is tested by using kerosene. The test procedure is as follows and the tested 

ggbs specific gravity is of 2.9 

1. First empty weight of flask will be noted as W1.   

2. Then the flask is filled up to one third with cement and weight is noted as W2.   

3. Then the remaining part of flask is filled with kerosene and weight is noted 

down as W3  

4. Then whole material is taken out and filled with only kerosene and weight is 

noted as W4.   

5. Now the specific gravity of cement is calculated by using formula:    

 

�:�9 �t F�9 �s�;
�:�9 �t F �9 �s�; F�:�9 �uF �9 �v�;

�Û�r�ä�y�z 

Where 0.78 is specific gravity of kerosene. 

 
Table 2 Physical properties of GGBS 

Colour Off white 

Specific gravity 2.9 

Fineness(m2 /kg) 335 
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3.3.2 Tests on Fine Aggregate  

 Tests on aggregate are confirming to IS 383 specifications. The detailed test reports 

are tabulated as follows.  

3.3.2.1 Sieve Analysis of Fine Aggregates  

The procedure adopted for conducting sieve analysis is as follows:  

1. A gradation test is performed on a sample of aggregate in a laboratory. A 

typical sieve analysis involves a nested column of sieves with wire mesh cloth 

(screen).   

2. A representative weighed sample is poured into the top sieve which has the 

largest screen openings. Each lower sieve in the column has smaller openings 

than the one above. At the base is a round pan, called the receiver.   

3. The column is typically placed in a mechanical shaker. The shaker shakes the 

column, usually for some fixed amount of time.   

4. After the shaking is complete the material on each sieve is weighed.   

5. The weight of the sample of each sieve is then divided by the total weight to 

give a percentage retained on each sieve.   

6. The size of the average particle on each sieve is then analyzed to get a cut-off 

point or specific size range, which is then captured on a screen.   

7. The results of this test are provided in graphical form to identify the type of 

gradation of the aggregate.   

Table 3.6.Grading limits of fine aggregate in sieve analysis (IS 383 �± 1970) 

 
    S.no 

Percentage passing 

Zone  I Zone II  Zone III  ZoneIV 

10mm   100 100 100 100 

4.75mm   90-100 90-100 90-100 95-100 

2.36mm   60 �± 95 75 �± 100 85 �± 100 95 �± 100 

1.18mm 30 �± 70 50 �± 90 75 �± 100 90 �± 100 

600 �� 15 �± 34 35 �± 59 60 �± 79 80 �± 100 

300 �� 5 �± 20 8 �± 30 12 �± 40 15 �± 50 

150 �� 0 �± 10 0 �± 10 0 �± 10 0 �± 15 
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Observations and Calculations:  

Table 3.7 .Sieve Analysis of Fine Aggregate 

S.no Sieve size 
Weight 
retained 

(gm) 

Cumulative 
Weight 
retained 

(gm) 

Cumulative 
%Wt 

retained 

%of 
passing 

1 4.75mm 0 0 0 100 

2 2.36mm 15 1.5 1.5 98.5 

3 1.18mm 120 12 13.5 86.5 

4 600µ 605 60.5 74.0 26.0 

5 300µ 245 24.5 98.5 1.5 

6 150 µ 15 1.5 100 0 

Total 100 287.5  

 

Fineness modulus of sand = (Total cumulative % wt retained)/100  

         = 287.5/100  

         = 2.875   

Table 3.8 Limits of Fineness Modulus of Fine Aggregate 

Fineness Modulus 

Range Sand belongs to 

2.2-2.6 Fine sand 
 

2.6-2.9 Medium sand 
 

2.9-3.2 Coarse sand 
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3.3.2.2 Specific Gravity of Fine Aggregate  

 Specific gravity is the major property of the aggregate. Specific gravity is calculated 

by the cylindrical (Pycnometer Bottle) method. This test is conducted as per IS: 383- 

1970. The procedure for finding out the specific gravity of fine aggregate is as 

follows:  

�¾ Now the specific gravity of cement is calculated by using formula:    

�:�ƒ
ÛF�ƒ
Ú�;
�:�ƒ
ÛF �ƒ
Ú�; F�:�ƒ
ÜF �ƒ
Ý�;

 

Table 3Observation table 

S.no  Observation Weight 

1 Weight of empty bottle (W1) 420 

2 Weight of bottle with aggregate (W2) 850 

3 Wt of bottle + aggregate + water (W3) 1758 

4 Wt of bottle only with water (W4) 1496 

Specific gravity of sand 2.6 

 

Summary of test results of Fine Aggregate:  

The following test are carried out on a sand as per IS 2386- 1986 (part 3) and   

IS 383 �± 1970. 

Table 3.10.Test Results on Fine Aggregate 

S.no Test Natural Sand Requirements as per 

IS codes 

1 Sieve analysis Zone II IS 383-1970 

2 Fineness modulus 2.87 IS 2386- 1986 (part 3) 

3 Specific gravity 2.81 IS 383 �± 1970 
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3.3.3 Tests on Coarse Aggregate: (As Per IS 383 �± 1970 and IS 2386 Part-3)  

 The maximum size of Coarse aggregate used in this process is 20 mm. The 

test reports are tabulated as follows  

3.3.3.1 Sieve Analysis of Coarse Aggregate (IS 2386 Part-3)  

 Sieve analysis helpful in determining the particle size distribution of the 

aggregate gradation of fine aggregate. It is confirming to IS 2386 �± 1963 part 3  

Grading limits of Coarse Aggregate (as per IS 383 �± 1970, Clause 4.1 and 4.2) 

Table 4 Grading Limits of Singe Sized Aggregate 

IS Sieve Percentage passing for Coarse aggregate (%) 

 20mm 16mm 12.5mm 10mm 

40mm 100 - -  

20mm 85-100 100 - - 

16mm - 85-100 100 - 

12.5mm - - 85-100 - 

10mm 0-20 0-30 0-45 85-100 

2.36mm - - - 0-5 

 

Table 5Sieve Analysis of Coarse aggregate 

S.no Sieve size 
Weight 
retained 

(gm) 

Cumulative 
weight 

retained 

Cumulative 
%Weight 
retained 

%of 
passing 

1 20mm 2500 50 50 50 

2 10mm 2495 49.9 50.1 99.9 

3 4.75mm 5 0.1 99.9 100 

4 2.36mm 0 0 100 100 

5 1.18mm 0 0 100 100 

6 600µ 0 0 100 100 

7 300µ 0 0 100 100 

8 150µ 0 0 100 100 
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Fineness modulus of sand = (Total cumulative % wt retained)/100                

 =657/100                

 =6.57 

3.3.3.2 Specific Gravity of Coarse Aggregate (IS 2386 Part-3)  

 Specific gravity is the major property of the Coarse aggregate. Specific gravity is 

calculated by the Cylindrical (Pycnometer Bottle) method.   

Specific gravity (G) = 
�:�ƒ
Û�?�ƒ
Ú�;

�:�ƒ
Û�?�ƒ
Ú�;�?�:�ƒ
Ü�?�ƒ 
Ý�;
 

S.no  Observation Weight 

1 Weight of empty bottle (W1) 420 

2 Weight of bottle with aggregate (W2) 740 

3 Wt of bottle + aggregate + water (W3) 1395 

4 Wt of bottle only with water (W4) 1187 

Specific gravity of coarse aggregate 2.85 

 

Summary of Test Results: 

The following test are carried out on a coarse aggregate as per IS 2386- 1986 (part 3) 

and IS 383 �± 1970 

 

Property  Result  Requirements as 
per IS codes   

Specific gravity   2.85 IS 383 �± 1970   

Fineness Modulus   6.57  IS 2386- 1986 (part 
3)    
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CHAPTER 4 

MIX DESIGN  

As geopolymer concrete may be a new material during which cement is 

completely replaced by ground granulated blast furnace slag (GGBS) and activated by 

alkaline activator solutions. Chemical composition, fineness and density of GGBS are 

totally different from cement. 

So there is no specific code for mix design of geopolymer concrete with 

reference to [7]mix proportion is calculated. 

 

Figure 4:1 Mix design procedure flowchart 

Nine different mixtures with the same content of GGBS(400 Kg/m3) were 

prepared to study the influence of sodium hydroxide concentration on strength 

parameters of geopolymer concrete.  

The details of the mix proportions are given in table. Three levels of sodium 

hydroxide concentration i.e. 10M, 12M and 14M were used. 

For each mix, the alkaline activator solution �±to- GGBS ratio was kept same 

for all mixes i.e. 0.4. 

Alkaline activator solution ratio i.e. (Na2Sio3 / NaOH) = 1.5, 2, 2.5. 
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Table 6 Mix details 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The number of specimens casted to determine the compressive strength and split 

tensile strength are as follows 

Table 7 No of Specimens 

MIXES  MOLARITY  (Na2Sio3 / NaOH) 

M1 10M 1.5 

M2 10M 2 

M3 10M 2.5 

M4 12M 1.5 

M5 12M 2 

M6 12M 2.5 

M7 14M 1.5 

M8 14M 2 

M9 14M 2.5 

MIXTYPE  
NO OF CUBES NO OF CYLINDERS 

7 DAYS 
14 

DAYS 
28 

DAYS 
7 DAYS 

14 
DAYS 

28 
DAYS 

M1 3 3 3 3 3 3 

M2 3 3 3 3 3 3 

M3 3 3 3 3 3 3 

M4 3 3 3 3 3 3 

M5 3 3 3 3 3 3 

M6 3 3 3 3 3 3 

M7 3 3 3 3 3 3 

M8 3 3 3 3 3 3 

M9 3 3 3 3 3 3 

TOTAL 27 27 27 27 27 27 
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Table 8 Mix scenario for considered mixes 

Mix type Binder 
(Kg/m3) 

AAS/Binder 
ratio 

NaOH 
(Kg/m3) 

Na2SiO3 

(Kg/m3) 

F.A 
(Kg/m3) 

C.A 
(Kg/m3) 

M1 400 0.4 64 96 933.47 1148.97 

M2 400 0.4 53.33 106.66 933.47 1148.97 

M3 400 0.4 45.71 114.28 933.47 1148.97 

M4 400 0.4 64 96 933.47 1148.97 

M5 400 0.4 53.33 106.66 933.47 1148.97 

M6 400 0.4 45.71 114.28 933.47 1148.97 

M7 400 0.4 64 96 933.47 1148.97 

M8 400 0.4 53.33 106.66 933.47 1148.97 

M9 400 0.4 45.71 114.28 933.47 1148.97 
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CHAPTER 5 

CASTING AND CURING OF SPECIMENS 

5.1 General 

After completing the mix proportioning of materials, concreting is done to represent 

the characteristics. Two types of concrete specimens are prepared in respective moulds in 

casting procedure. The types of specimens are Cubes and Cylinders. The cast iron moulds are 

cleaned and grease is applied on all sides before concrete is poured in to the moulds. The 

moulds are placed on a level platform. The well mixed concrete is filled in to the moulds. 

Excess concrete was removed with trowel and top surface is finished level and smooth as per 

IS 516-1969.   

5.2 Casting Procedure 

5.2.1 Preparation of moulds 

The moulds for casting concrete cubes & cylinders are to be prepared carefully before 

casting. All moulds should be fitted properly. Oiling is done on the surface of the moulds for 

easy removal of specimens.  

5.2.2 Calculation of materials 

The required materials are calculated for casting. The materials should be dry and 

well graded.   

5.2.3 Mixing of concrete 

The prepared materials are mixed well uniformly to cast the cubes.   .   

5.2.5 Casting Cubes 

Place the concrete into the moulds with a trowel. The concreting should be done in 

layers of 5cm each. For each layer proper compaction is required by tamping bar. After 

compacting top layer, the moulds are vibrated on the vibrating table for better mixing and 

bonding.   
5.2.6 Naming of the trials 

The casted moulds are named and set for undisturbed for 24 hrs for setting.   

5.2.7 Remoulding  

The specimens should be removed after proper setting of concrete. The specimens are 

remoulded and processed for curing.   

5.3 Casting of Cubes 

For each trail 9 cube specimens were casted for calculating 7 days, 14 days and 28 

days strengths. The dimensions of specimen for cube are of 150mm x 150mm x 150mm  
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Figure 5:1 casting of cubes 

5.4 Casting of Cylinders 

For each trail 9 cylinder specimens were casted for calculating 7 days, 14 days and 28 

days strengths. The dimensions of the cylindrical specimen are of Height = 300mm, Diameter 

= 150mm   

 

Figure 5:2 casting of cylinders 
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5.5 Curing of Specimens 

Curing is most important process in concreting. Concrete strength increases with age 

of curing. The specimens are left in the moulds undisturbed at room temperature for 

about 24hours after casting. The specimens are then removed from the moulds and 

left in room temperature for 28 days i.e. Ambient curing.The specimens are tested for 

7 days, 14 days and 28 days curing.    
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CHAPTER 6 

RESULTS AND DISCUSSIONS 

6.1 Engineering properties of concrete: 
1.Compressive Strength: 

The characteristics strength is defined as the strength of concrete below which 

not more than 5% of the test results are expected to fall. As per IS: 456 concrete mix 

always designed for the target strength computed as, 

Target strength: Characteristics strength + (1.65 x standard deviation) 

2. Tensile Strength 
Flexural strength is one measure of the Tensile strength of concrete. In 

concrete structure one set of visible cracks occur under flexure to compute load factor 

against cracking .According to IS: 456 the tensile strength of concrete can be 

computed from the compressive strength using empirical relation given by: 

           Flexural strength: fcr� �������¥�I�F�N N/mm2 

3.Modulus of Elasticity 

Modulus of elasticity of concrete which is significantly influenced by the 

following factors. 

�x Type of the aggregates used, 

�x Type of cement and 

�x Mix proportions 

This property is required for the computations of deflections of structural concrete 

members which forms an important limit state in the design of concrete members. In 

the absence of test data, the modulus of elasticity of concrete is normally related to the 

compressive strength and is computed by the empirical relation recommended by IS: 

456-2000 code and is expressed as, 

Ec� ���������¥�I�F�N 

Where Ec is the short term static modulus of elasticity of concrete expressed in 

N/mm2 

fck is the characteristic compressive strength of concrete expressed in N/mm2. 
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4. Shrinkage of Concrete 

The ingredients of concrete and environmental conditions like temperature and 

humidity influence the total shrinkage of concrete. Water content in concrete 

significantly affects the shrinkage. The IS: 456-2000 recommends the total shrinkage 

strain as 0.0003 in the absence of test data. Drying shrinkage in plain concrete may 

result in surface cracks. Shrinkage of concrete also influences the deflections of 

reinforced concrete members. 

5. Creep of Concrete 
The inelastic time dependent strain developed in a concrete member under 

sustained loading is referred to as creep of concrete. Creep of concrete is influenced 

by following factors. 

�x Cement content 

�x W/C ratio 

�x Temperature and humidity 

�x Size of structural element 

�x Type of loading and period of loading. 

In the absence of reliable experimental data, the creep coefficient is expressed as the 

ratio of ultimate creep strain/elastic strain at various ages of loading as recommended 

by IS: 456-2000 is given below. 
Table 9 Creep cofficient of loading  at different ages 

  

Age at Loading Creep Coefficient 

7 days 2.2 

28 days 1.6 

1 year 1.1 
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6.2 Test procedures 

6.2.1Compressive Strength   

Compressive strength or crushing strength is the main property observed in 

testing the cubes. The cubes of size 150*150*150mm were casted. After 24 hours, the 

specimens are removed from the moulds and subjected to curing for 7 days and 28 

days in portable water. After curing, the specimens are tested for compressive strength 

using compression testing machine of 2000 KN capacity (IS: 516 �± 1959). Cubes are 

tested to calculate compressive strength by applying gradual loading in Compression 

Testing Machine. The maximum load at failure occurs on the top of the machine.  The 

compressive strength has been calculated by the formula  

 Compressive strength = ultimate compressive load/cross sectional area                                       

 = load/area N/mm2   

The strength the concrete increases with age. Table 5.1 shows the strength of 

concrete at different ages in comparison with the strength at 28 days after casting.    

 

 

Figure 6:1 Compression testing machine 
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Figure 6:2 Testing of cube using compressive testing machine 

6.3.2 Split Tensile Strength   

The cylinder mould was made of metal, 3mm thick. Each mould was capable 

of being opened longitudinally to facilitate the removal of the specimen and was 

provided with a means of keeping it closed while in use the mean internal diameter of 

the mould was 15 cm + 0.2 mm and the height was 30+/0.1 cm. Each mould was 

provided with a metal base plate mould and base plate was coated with a thin film of 

mould oil before use, in order to prevent adhesion of concrete. The tamping bar was a 

steel bar of 16mm diameter, 60 cm long and bullet pointed at the lower end. The test 

specimen is made practicable after the concrete was filled into the mould in layers 

approximately 5 cm deep. Each layer was compacted by hand. When compacting by 

hand, the standard tamping bar was used and the stroke of the bar was distributed in a 

uniform manner. The number of strokes for each layer was not less than 30. The 

stroke was not penetrated into the underlying layer and the bottom layer was tamped 
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throughout its depth. After top layer was compacted, the surface of the concrete was 

finished level with the top of the mould, using a trowel. The test specimen was stored 

in a place at a temperature of 27o C for 24 hrs. After this period the specimen was 

marked and removed from the moulds and immediately submerged in clean 

freshwater and kept until taken out just prior to the test. These specimens were tested 

by compression testing machine after 7, 14 and 28 days curing. Load was applied 

gradually till the specimen failed. The maximum load was recorded and substituted in 

formula to get the split tensile strength of the concrete.    

 

 

 

Figure 6:3 Split tensile testing 
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6.3 Test results 

6.3.1 Compressive strength resul ts 

When AAS ratio (Alkaline activator solution ratio) is taken as 1.5, the compressive 

strength results are as follows 

 

Table 10 compressive strength results of AAS ratio 1.5 

Mix type 
7 days 

N/mm2 

14 days 

N/mm2 

28 days 

N/mm2 

M1 27.9 31.8 33.5 

M4 29.5 32.8 35.3 

M7 25.6 28.5 31.4 

 
 

 

Figure 6:4Graphycal representation of compressive strength with AAS ratio 1.5 
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When AAS ratio (Alkaline activator solution ratio) is taken as 2.0, the compressive 

strength results are as follows 

 

Table 11compressive strength results of AAS ratio 2.0 

Mix type 
7 days 

N/mm2 

14 days 

N/mm2 

28 days 

N/mm2 

M2 30.6 34.4 36.7 

M5 33.4 35.9 38.4 

M8 27.2 30.8 33.2 

 

 

 

 

Figure 6:5Graphycal representation of compressive strength with AAS ratio 2.0 
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When AAS ratio (Alkaline activator solution ratio) is taken as 2.5, the compressive 

strength results are as follows 

 

Table 12 compressive strength results of AAS ratio 2.5 

Mix type 
7 days 

N/mm2 

14 days 

N/mm2 

28 days 

N/mm2 

M3 35.4 38.2 40.6 

M6 38.6 40.4 43.7 

M9 29.8 32.6 35.7 

 

 

 

 

Figure 6:6Graphycal representation of compressive strength with AAS ratio 2.5 
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6.3.2 Split tensile strength 

When AAS ratio (Alkaline activator solution ratio) is taken as 1.5, the split tensile 

strength results are as follows 

 

Table 13split tensile strength with AAS ratio 1.5 

Mix type 
7 days 

N/mm2 

14 days 

N/mm2 

28 days 

N/mm2 

M1 2.47 2.95 3.39 

M4 3.14 3.87 4.16 

M7 2.31 2.91 3.25 

 

 

 

 

Figure 6:7Graphycal representation split tensile strength with AAS ratio 1.5 
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When AAS ratio (Alkaline activator solution ratio) is taken as 2.0, the compressive 

strength results are as follows 

 

Table 14 split tensile strength with AAS ratio 2.0 

Mix type 
7 days 

N/mm2 

14 days 

N/mm2 

28 days 

N/mm2 

M2 2.54 3.09 3.68 

M5 3.23 3.97 4.54 

M8 2.17 2.96 3.27 

 

 

 

 

 

Figure 6:8Graphical representation of split tensile strength with AAS ratio 2.0 
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When AAS ratio (Alkaline activator solution ratio) is taken as 2.5, the compressive 

strength results are as follows 

Table 15 split tensile  strength results of AAS ratio 2.5 

Mix type 
7 days 

N/mm2 

14 days 

N/mm2 

28 days 

N/mm2 

M3 2.98 3.64 4.1 

M6 3.67 4.32 4.92 

M9 2.72 3.25 3.59 

 

 

 

 

Figure 6:9 Graphical representation of split strength with AAS ratio 2.5 
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CHAPTER 7 

CONCLUSIONS 

7.1 SUMMARY  

 The need to study the role of supplementary materials like ground granulated 

blast furnace slag (GGBS) in concrete has been tested. 

 Concrete cubes and cylinders were cast, cured and tested for compressive 

strength and tensile strength with full replacement of ground granulated blast furnace 

slag (GGBS). The results have been presented in the form of tables and graphs in 

detail.  

Geopolymer concrete is more economic, user friendly and it has the potential 

to replace ordinary cement concrete in many applications such as precast units. 

Geopolymer technology does not only contribute to the reduction of greenhouse gas 

emissions but also reduces disposal costs of industrial waste. 

Geopolymer technology encourages recycling of waste and finally it will be an 

important step towards sustainability concrete industry. 

7.2 Conclusions 

1. It was observed that for a fixed value of alkaline activator solution ratio, 

Compressive strength of geopolymer concrete  increases upto 12M and then 

decreases. 

2. It was observed that Compressive strength of geopolymer concrete increases 

with increase in alkaline activator solution ratio. We obtained max 

compressive strength at AAS ratio of 2.5. 

3. It was observed that for a fixed value of alkaline activator solution ratio, split 

tensile strength increases upto 12M and then decreases. 

4. It was observed split tensile strength increases with increase in alkaline 

activator solution ratio. 

7.3 SCOPE FOR FURTHER STUDY 

 Although several studies were conducted on behavior of geopolymer concrete 

and by replacing cement with ground granulated blast furnace slag (GGBS) were 

studied earlier. Different physical and mechanical properties on geopolymer concrete 
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were also studied to find the combination of pozzolonic materials. Following few 

avenues may be studied further to understand the behavior and to deliver guidelines 

useful for design of geopolymer concrete structures. 

�x Effect of different combinations of activator solution to binder ratio to 

improve the strength of geopolymer concrete structures for best economical 

results. 

�x The study can be further investigated with 16M and other higher molarities or 

with lower concentrations of NaOH. 

�x Durability studies of  geopolymer concrete exposed to elevated temperatures  
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PROGRAM OUTCOMES  
Engineering Graduates will be able to: 
 

1. Engineering knowledge: Apply the knowledge of mathematics, science, 
engineering fundamentals, and an engineering specialization to the solution of complex 
engineering problems. 
 

2. Problem analysis: Identify, formulate, review research literature, and analyze 
complex engineering problems reaching substantiated conclusions using first principles 
of mathematics, natural sciences, and engineering sciences. 
 

3. Design/development of solutions: Design solutions for complex engineering 
problems and design system components or processes that meet the specified needs 
with appropriate consideration for the public health and safety, and the cultural, 
societal, and environmental considerations. 
 

4. Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, 
and synthesis of the information to provide valid conclusions. 
 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
modern engineering and IT tools including prediction and modeling to complex 
engineering activities with an understanding of the limitations. 
 

6. The engineer and society: Apply reasoning informed by the contextual knowledge 
to assess societal, health, safety, legal and cultural issues and the consequent 
responsibilities relevant to the professional engineering practice. 
 

7. Environment and sustainability: Understand the impact of the professional 
engineering solutions in societal and environmental contexts, and demonstrate the 
knowledge of, and need for sustainable development. 
 

8. Ethics: Apply ethical principles and commit to professional ethics and 
responsibilities and norms of the engineering practice. 
 

9. Individual and team work: Function effectively as an individual, and as a member 
or leader in   diverse teams, and in multidisciplinary settings. 
 

10. Communication: Communicate effectively on complex engineering activities with 
the engineering community and with society at large, such as, being able to comprehend 
and write effective reports and design documentation, make effective presentations, 
and give and receive clear instructions. 
 

11. Project management and finance: Demonstrate knowledge and understanding of 
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member and leader in a team, to manage projects and in multidisciplinary 
environments. 
 

12. Life-long learning: Recognize the need for, and have the preparation and ability to 
engage in independent and life-long learning in the broadest context of technological 
change. 



PROGRAMME SPECIFIC OUTCOMES (PSOs) 
Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway 

alignments and conduct geotechnical and geological investigations of the project. 

2. Test, analyze and design various substructures and superstructures by 

considering the environmental and societal issues. 

3. Organize various construction projects considering modern construction 

techniques, equipment and management issues. 
 

PROJECT MAPPING  
Note: Tick Appropriate category.  

Classification 
 of  

Project 

Application Product Research Review 

  �9   

 
Student will be able to 

Course Outcomes 

CO1 Work in a team and select the broad statement of  problem for project work 

CO 2 Review and evaluate the available literature on the chosen problem 

CO 3 
Formulate the methodology to solve the identified problem by satisfying the ethical and 
societal conditions 

CO 4 Gain knowledge on selecting suitable materials and their properties 

CO 5 
Conduct experimental investigations on various  combinations of materials by using  
various standard procedures 

CO 6 Draw inferences and  conclusions from the experimental results and prepare the report 

 CO-PO Mapping  

CO 
Programme Outcomes (POs) PSOs 

PO
1 

PO
2 

PO
3 

PO
4 

PO
5 

PO
6 

PO
7 

PO
8 

PO
9 

PO 
10 

PO 
11 

PO 
12 

PSO
1 

PSO
2 

PSO
3 

1      1   3   2   1 

2 2 3         1     

3    2  3 1 1      2  

4 1    2           

5 1  2 3     1    3   

6  3        1  1    

 
 



ACKNOWLEDGEMENT  
 

 With profound sense of gratitude we sincerely thank to Sri. PHANI 

KUMAR . V Sr. Gr. Assistant professor, for his support, suggestions, 

commitment and devotion throughout the course of work. His unconditional 

care, meticulous supervision, sparkling interpretation and cheerful wisdom have 

given us necessary inspiration. But for the personal sacrifice and selflessness of 

our guide, our work would not have been possible. We remain indebted to him 

forever for the extraordinary care and concern bestowed on us. 

We feel elated to extend our floral gratitude to Dr. P. KODANDA 

RAMA RAO head of civil engineering department, for his encouragement all 

the way during the project. His annotations and criticisms are behind the 

successful completion of project work. 

Our sincere and heartful thanks to the Dr. S. R. K. REDDY professor in 

department of civil engineering and advisor to the management, for giving his 

valuable supports and suggestions helped us a lot to extend our project to great 

extent. 

We would like to take this opportunity to express our profound sense of 

gratitude to our principal Dr. P. RAVINDRA BABU for providing us all the 

required facilities. 

Our Profound gratitude to Mrs. VADDI. DEVI CHAITANYA 

�3�U�R�S�U�L�H�W�R�U�� �R�I�� �0���6�� �³VADDI RAMA KRISHNAYYA BUILDING 

MATER IALS �´���I�R�U funding the project and allowing us to do the project with in 

the company premises.  

My sincere thanks to the Associate professor Sri. 

K.VENKATESWARA RAO,  for giving his valuable support and suggestions 

in doing experiments in concrete technology laboratory 

Finally we like to thank one and all who directly or indirectly helped us 

in making the project the reality. 

                                                                          CH.VISWANADH (16481A0129) 

                                                                        B.SAI KRISHNA ( 16481A0120) 

                                                                       CH.HARADEEP (16481A0130)  

                                                                           E.VIJAY KUMAR (16481A0137) 



i 
 

CONTENTS 

      Page No. 

CONTENTS                                     i 

LIST OF TABLES                                   iii  

LIST OF FIGURES                                                                              iv  

ABSTRACT                                            v 

CHAPTER 1 

1. INTRODUCTION                                                                                          

1.1 General                                                           01 

1.2 Foamed Concrete                                                                             01 

1.2.1 Characteristics of Foamed Concrete                                                           02 

1.2.2 Advantages of Foamed Concrete                                                                 03 

1.3 History of Foamed Concrete                                                               04 

1.4 Review of Literature                                                      05 

CHAPTER 2 

2. MATERIALS USED               

2.1  Cement                      13 

2.2 Fly ash                                    14 

2.3 Quarry dust                                                       15 

2.4 Glass Fiber                                                       16 

2.5 Water                                                                                                      17 

2.6 Foaming agent cellular lightweight concrete                                                              17 

CHAPTER 3 

3. EXPERIMENTAL INVESTIGATIONS  

3.1 Tests on Materials                                                        19 



ii  
 

3.1.1 Normal Consistency of cement                                                                          19 

3.1.2 Fineness of cement                                                                                                  21 

3.1.3 Initial and Final setting of cement                                                                    21 

3.1.4 Specific gravity of cement                                                                       23 

CHAPTER 4 

4. PROCESS OF FOAMED CONCRETE  

4.1 Manufacturing Process                                                                               25 

4.2 Manufacturing method                                                                                                            26 

CHAPTER 5 

5. MIX PROPORTION  

5.1 Mix Proportion of Foam Concrete without Mixing Glass Fiber                 28 

5.2 Calculation of Quantities for Mixes       29 

5.3 Mix Proportion of Foam Concrete with Mixing Glass Fiber                 32 

CHAPTER 6 

6. RESULTS 

6.1 Compressive Strength Test                                                                                                    34 

CHAPTER 7 

7. SUMMARY AND CONCLUSIONS  

7.1 Summary                                                                                                                                        38 

7.2 Conclusions                                                                                                                                  39 

7.3 Scope for further work                                                                                                             39 

REFERENCES           40 

 

 

 



iii  
 

LIST OF TABLES  

Table 5.1 Quantities for Cement with Fly Ash, Quarry Dust and Glass Fibers           33 

Table 6.1 Average Compressive Strength of Foamed Concrete                                35 

Table 6.2 Avg. compressive strength of foamed concrete with 0.04% glass fiber     36 

Table 6.3 Avg. compressive strength of foamed concrete with 0.06% glass fiber    37 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

LIST OF FIGURE S 

Fig.1.1 voids in foamed concrete                    01 

Fig. 2.1 Maha cement of 53 grade                                   13 

Fig. 2.2 Fly ash                                                                    14 

Fig. 2.3 Quarry dust                                                                     15 

Fig: 2.4 Glass fiber                                             16 

�)�L�J�����������Y�L�F�D�W�¶�V���D�S�S�D�U�D�W�X�V���Z�L�W�K���S�O�X�Q�J�H�U                                                                                                   19 

�)�L�J�������������9�L�F�D�W�¶�V���$�S�S�D�U�D�W�X�V���Z�L�W�K���1�H�H�G�O�H                                                                                                 22 

Fig.3.3 Lechatli�H�U�V�¶�V���)�O�D�V�N                     23 

Fig.4.1 Foamed Concrete Manufacturing Process                                         40 

Fig. 6.1 compression testing machine                                                                                                    34 

Fig.6.2 Average Compressive Strength of Foamed Concrete                                                     35 

Fig.6.3 Avg. compressive strength of foamed concrete with 0.04% glass fiber                 36 

Fig.6.4 Avg. compressive strength of foamed concrete with 0.06% glass fiber                 37 

 



v 
 

ABSTRACT 

                  Concrete is one of the most popular construction materials used for 

hundred years ago. Because of its flexibility and its usage many structures around us 

build by concrete. A green building is an environmentally conscious building, designed, 

constructed and operated to minimize the total environmental impacts. Carbon dioxide 

(CO2) is the primary greenhouse gas emitted through human activities. It is claimed that 

�������R�I���W�K�H���Z�R�U�O�G�¶�V���F�D�U�E�R�Q���G�L�R�[�L�G�H���H�P�L�V�V�L�R�Q���L�V���D�W�W�U�L�E�X�W�H�G���W�R���F�H�P�H�Q�W���L�Q�G�X�V�W�U�\�����Z�Kich is 

the vital constituent of concrete. Due to CO2 there is significant contribution to the 

environmental pollution, there is a need for finding an optimal solution along with 

satisfying the civil construction needs. Foam concrete is a new innovative technology 

for sustainable building and civil construction which fulfils the criteria of being a Green 

Material. Concludes that Foam Concrete can be an effective sustainable material for 

construction and also focuses on the cost effectiveness in using Foam Concrete as a 

building material in replacement with Clay Brick or other bricks.  

 

               Foam Concrete is a type of concrete which contain an expanding agent 

which increases the volume of the mixture while giving additional qualities such as 

flow ability and reduce the dead weight. Foam concrete is a vast majority of concrete 

containing NO large aggregates, only fine sand and with extremely light weight 

material containing cement, water and foam. Foam concrete mainly challenges the 

strength parameter, as the density of concrete is very less, hence the strength is also 

less. Focuses to increase the strength parameter of Foam concrete by using quarry dust 

and glass fibers are mixes to achieve the strength with low densities.  

 



vi 
 

Hence, in this investigation the effect of quarry dust and glass fibers on 

compressive strength of form concrete has been studied. 

 

The general introduction, some of the published works have been critically 

reviewed, is dealt in chapter I 

 

 Materials used such as cement, flyash quarry dust at and glass fiber used in the 

project work are clearly explained in chapter II 

 

The details of the experimental work carried out are given in chapter III. The 

experimental programme is broadly divided into three groups, viz., study the 

compressive strength of foam concrete with flyash and quarry dust, 0.04% glass fiber 

and 0.06% of glass fiber.  

 

The process of foamed concert is discussed in chapter IV and different Mix 

proportion is explained in chapter V. 

 

The results pertaining to compressive strength of foam concrete are presented 

in chapter VI. Focuses to develop the strength of foam concrete by trying different 

mixes of cement, fly ash, quarry dust and glass fibers. The various mix ratio of fly ash, 

cement and quarry dust is investigated here. The effect on compressive strength at 7, 

14 and 28 days have been discussed.  

 

 A brief summary of the work and the conclusions drawn are presented in the 

chapter VII . 
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CHAPTER 1 

INTRODUCTION  

1.1 General 

       One of the methods of reducing the density of concrete relies on the introduction 

of stable voids within the hardened cement paste or mortar. The voids can be 

produced by gas or by air. Because a foaming agent introduces the air, the concrete 

produced is called foam concrete. 

Foam concrete is a vast majority of concrete containing no large aggregates, 

only fine sand and with extremely lightweight materials containing cement, water 

and foam. It can be considered relatively homogeneous when compared to normal 

concrete, as it does not contain coarse aggregate phase. However, the properties of 

foamed concrete depend on the microstructure and composition, which are 

influenced by the type of binder used, methods of pre-foamation and curing The 

main advantage of foam concrete is its lightweight, which ensures economy of walls 

of the lower floors and foundations. It has several advantages and since it is porous 

in nature, it provides thermal insulation and considerable savings in the material. 

The important applications of foamed concrete include structural elements, non-

structural partitions and thermal insulating materials. Manufacturers developed 

foam concretes of different densities to suit the above requirements and these 

products were used in trench reinstatement, bridge abutment, void filling, roof 

insulation, road sub base, wall construction, tunneling etc. 

1.2 Foamed Concrete 

 
Fig.1.1 voids in foamed concrete 
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Foam concrete is a very fluid, lightweight cellular concrete fill material, 

produced by blending a cement paste (the slurry or mortar), with a separately 

manufactured, pre- formed foam. The density of foam concrete is determined by the 

ratio of foam to slurry and densities range typically between 300 and 1600 kg/m3. 

Sand, pulverized fuel ash (PFA), quarry dust or limestone dust may be used to 

further enhance the properties of foam concrete. 

Foam concrete is created by uniform distribution of air bubbles throughout the 

mass of concrete. The foam cells must have walls, which remain stable during 

mixing, transportation, pumping and placing of fresh concrete. The cells, or bubbles 

are discrete and range in size between 0.1 and1mm. Foam concrete is a free flowing 

and can be placed without compaction. 

 

1.2.1 Characteristics of Foamed Concrete 

 

  Fire Resistance 

Foam concrete is an inorganic material and therefore unlikely to catch fire. 

Tests carried out in several countries, including tests to ASTM Standards, show that 

a load bearing foam concrete slab wall, 15cm thick, has a fire resistance exceeding 

7 hour. 

     

Thermal Conductivity  

The main characteristic feature of foam concrete is its low thermal 

conductivity, which gives it better insulation properties. This is due to the great 

number of closed cavities that form the multi�±cellular structure and results in a 

50mm layer of foam concrete, with a density of 400kg/m3, having approximately 

the same excellent heat insulation value as a 25mm thickness of cork. 

 

Low coefficient of permeability 

The hydraulic conductivity of porous materials generally decreases with  an 

increasing amount of air in the pores of the material. Foam concrete is made up with 



3 
 
 

 

a matrix of non-interconnecting micro bubbles, or air voids, thus the material has a 

relatively low permeability. 

 

Low water absorption 

The solid matrix of cementitious slurry surrounding the fine cell structure of 

the foam concrete greatly reduces the capillary action of moisture through the 

material. 

 

Freeze and thaw resistance 

Foam concrete has excellent freeze thaw resistance. 

 

Energy absorbing qualities 

Due to the dense cell structure of foam concrete, as the material is 

compressed during an impact, the resistance of the foam concrete increases 

absorbing the kinetic energy. And since hardened foam concrete forms a solid 

matrix, the material is not vulnerable to seismic shock waves, thus ideal for 

bridging over soils susceptible to liquefaction. (Recommended by the U.S. Bureau 

of Reclamation in fault zones). 

 

Susceptibility to breakdown 

Unlike some synthetic lightweight fill materials, hardened foam concrete is 

not susceptible to breakdown due to hydrocarbons, bacteria, or fungi, and is insect 

and rodent proof. The protein based, foaming agent forms a durable micro bubble, 

and is not affected by hydrocarbons or other chemicals that may be present during 

placement of the foam concrete when it is in its liquid state. With some foaming 

agent there may be detrimental effects of the finished foam concrete. 

 

1.2.2 Advantages of Foamed Concrete: 

�x The foam concrete mix does not settle. Hence it does not need any compaction 

�x The dead weight is reduced as it is light weight concrete 
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�x The foamed concrete under its fresh state has freely flowing consistency. This 

property will help in completely filling the voids. 

�x The foam concrete structure has excellent load spreading and distributing 

capability 

�x Foamed Concrete Does not impose significant lateral loads 

�x The Water absorption property 

�x The foam concrete batches are easy to produce, so quality check and control are 

easily done 

�x The foam concrete has higher resistance to freezing and thawing 

�x Non-hazardous and faster work completion 

�x Cost effective, less maintenance 

 

 

1.3 History of Foamed Concrete 

 

Roman times 

      Foam concrete has a long history, the first know mix was made by the romans, they 

realized that by adding animal blood into a mix of small gravel and coarse sand with 

hot lime and water and agitating it, small air bubbles were formed making the mix more 

workable and durable. 

 

Modern times 

      However a mix made with Portland cement was patented in 1923, mainly for use as 

an insulation material. 

Around the same time another method to make Foam concrete, Cellular concrete, 

was developed and this used an chemical process to create a gas to form the voids. This 

mortar is poured in moulds to set, taken out of the moulds when set and heat treated in 

an autoclave to cure. The process is called ACC. This product is used in the building 

industry, mainly in block form. It has reasonable strength, up to 8 MPa and good 

thermal insulation. 
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Due to Foamed concrete improving in characteristics and easy of production no new 

Cellular concrete factories are being build. (2018). 

The first comprehensive review on foamed concrete was presented by Valore in 

1954 and a detailed treatment by Rudnai and Short and Kinniburgh in 1963, 

summarising the composition, and properties. 

Significant improvements over the past 20 years in production equipment and better 

quality surfactants ���I�R�D�P�L�Q�J���D�J�H�Q�W�V�����D�Q�G���W�K�H���X�V�H���R�I���µ�D�G�G�L�W�L�Y�H�V�´���K�D�V���H�Q�D�E�O�H�G���W�K�H���X�V�H���R�I��

foamed concrete on a larger scale. 

 

The present 

       The most recent discoveries to make FC a better construction are: 

1     The addition of cellulose based fibers to the mortar. 

2 The addition of nano �± carbon material / fibers to the mortar. 

3 A very large number of universities, companies and other organisations are 

investigating new mixtures, and when they found a promising mix they apply for a 

patient. 

4 Foamed Concrete is also used in the Oil industry to stabilise the oil well pipe / hole. 

For this purpose, cost is not an issue, as long it does a good job. 

 

The aim of our project is to study the compressive strength, of foamed concrete of 

different mixes with and without adding of glass fibers, with a partial replacement of 

cement with   Fly ash and fine aggregate with quarry dust with varying percentages. 

 

1.4 Review o Literature  

                Foamed concrete widely used in civil construction and building, because of 

its high fluidity and settlement. Foamed concrete as a new type of lightweight according 

to its features and uses. It is similar to aerated concrete, lightweight concrete and porous 

concrete. The term foam concrete is containing no coarse aggregates only fine 

aggregate (sand), cement, water & stable foam to perform the concrete. [1] Provides a 

review of foamed concrete constituents, fabrication techniques, and properties of 



6 
 
 

 

foamed concrete, advantages, disadvantages and application. Conclusions: Use of the 

foaming agent in concrete mix that will reduce the self-weight and generate growing 

density and absorption rate of concrete that is getting low. 

                  Foam Concrete can be defined as a type of aerated lightweight concrete; it 

�G�R�H�V�Q�¶�W�� �F�R�Q�W�D�L�Q�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�� ���J�U�D�Y�H�O���� �D�Q�G�� �F�D�Q�� �E�H�� �U�H�J�D�U�G�H�G�� �D�V�� �D�Q�� �D�H�U�D�W�H�G�� �P�R�U�W�D�U����

Foam Concrete can be produced by two methods (Inline Method and Pre-foam Method) 

where the Foam liquid is added to slurry to form the Foam. The function of Foam liquid 

is to create an air bubbles in cement�±based slurry. The Foam is generated separately by 

using Foam generator, where the Foaming agent is diluted with water to create the 

Foam. The Foam Concrete mixture becomes too stiff with lower content, causing 

bubbles to break, whereas the mixtures becomes too thin to hold the bubbles with high 

water content, leading to the separation of bubbles from the mixture, water-cement 

(w/c) ratio usually ranges from (0.4�±1.25). The Foam Concrete can be designed to have 

any density within the dry density range of (300�±1850 kg/m3). [2] Includes study on 

many applications of form concrete in construction works. 

 

                   [3] Describes an experimental study of an enhancement of pre-formed 

foamed concrete, 1300-1900 kg/m3, by utilizing two types of additives, silica fume and 

fly ash, to partially replace Portland cement and fine sand. It focuses on consistency, 

mechanical and thermal properties as well as presenting a comparison with normal 

weight, lightweight and foamed concretes from the literature. In addition to 

conventional foamed concrete mixes (FC), foamed concrete mixes with high 

flowability and strength (FCa) were also manufactured in this study. The FC mixes had 

28-day compressive strengths from 6 to 23 MPa and corresponding thermal 

conductivities in the dry state from 0.475 to 0.951 W/mK, whereas for the same density 

range, the FCa mixes gave 19-47 MPa and 0.498-0.962 W/mK, respectively. Compared 

to other studies on foamed concrete, the results from the mixes investigated in this study 

showed higher strengths (for a given density), higher tensile to compressive strength 

ratios and higher moduli of elasticity. 
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                Concrete is one of the popular and oldest materials widely used in 

construction project, therefore it has been used extensively in the field of infrastructure 

and construction since ancient days. The continuous research and development projects 

in concrete have resulted in the production of various types of concrete. Each type of 

concrete possesses their own some specific characteristics to get an optimum demand 

of organization and industrialization. One of the best types of concrete whose popularity 

increases rapidly now days are light weight foam concrete (LWFC). The synonyms of 

light weight concrete are Cellular Concrete, Foam Concrete or Aerated Concrete. [4] 

describes the nature of foam concrete, its composition, its properties and its durability 

(Cellular light weight concrete) is another light weight concrete material which are 

widely used in making infrastructure and high rise building, the main ingredients of 

making CLC is cement(OPC grade 53), Fly ash (class F),sand (passing 2mm sieve) , 

foaming agent(protein based foaming agent) used. The target density of Foam concrete 

in between 800-1600kg/m3. In [4] foam is generated through open air mechanical 

stirring without using Foam generator and by maintaining foam to water ratio 1:25 

which means 1 part of foam is added into 25 part of water. Then after, generated foam 

is now mixing into the cement slurry (cement, sand and fly ash is used in making cement 

slurry) and entrained about 30% air by volume into the foam concrete so that it attains 

a light weight concrete block when became hardening. 

 

                  Concrete is one of the most popular construction materials used for hundred 

years ago. Because of its flexibility and its usage many structures around us build by 

concrete. A green building is an environmentally conscious building, designed, 

constructed and operated to minimize the total environmental impacts. Carbon dioxide 

(CO2) is the primary greenhouse gas emitted through human activities. It is claimed 

�W�K�D�W���������R�I���W�K�H���Z�R�U�O�G�¶�V���F�D�U�E�R�Q���G�L�R�[�L�G�H���H�P�L�V�V�L�R�Q���L�V���D�W�W�U�L�E�X�W�H�G���W�R���F�H�P�Hnt industry, which 

is the vital constituent of concrete. Due to CO2 there is significant contribution to the 

environmental pollution, there is a need for finding an optimal solution along with 

satisfying the civil construction needs. Foam concrete is a new innovative technology 

for sustainable building and civil construction which fulfills the criteria of being a 
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Green Material. [5] Concludes that Foam Concrete can be an effective sustainable 

material for construction and also focuses on the cost effectiveness in using Foam 

Concrete as a building material in replacement with Clay Brick or other bricks. 

 

               Smoldered Brick is one of the imperative development materials in the nation. 

The nation is presently more on looking for natural answers for greener environment. 

Froth (foam) has great warm and acoustic properties and is additionally ice safe. 

Foamed cement is the most well-known of all low-thickness cements in creating 

nations. The utilization of Light-weight Concrete squares gives an appropriate answer 

for development industry alongside natural conservation. It is created by at first making 

slurry of Cement + Fly Ash + Water, which is further blended with the expansion of 

pre-frothed stable froth in a customary solid blender under surrounding conditions.[6] 

is endeavour to made configuration blend are readied for 4", 6", and 8" of solid piece. 

[6] Demonstrates the outcome on advancement of concrete. 

 

             The foam concrete name itself define the character of the concrete that being 

ligh�W���Z�H�L�J�K�W���F�R�Q�F�U�H�W�H���P�D�G�H���R�X�W���R�I���D���I�R�D�P�L�Q�J���D�J�H�Q�W���Z�K�L�F�K���G�R�H�V�Q�¶�W���K�D�Y�H���F�R�D�U�V�H���D�J�J�U�H�J�D�W�H��

in it as a mixture, and could also termed as aerated mortar since it having air voids in 

it. The foaming agent is added separately to the cement paste which dilutes with water 

in forming foam when it is sprayed out of pump. The mixture is having more water 

content in order to produce more bubbles with the foaming agent while the concrete 

mixture have enough strength to be in certain shape around the air voids to get stiff. 

The mixture should have enough water content added to it because of if the water 

�F�R�Q�W�H�Q�W���L�I���H�[�F�H�V�V�����W�K�H�Q���W�K�H���P�L�[�W�X�U�H���F�R�X�O�G�Q�¶�W���K�R�O�G���W�K�H���E�X�E�E�O�H�V���E�\���V�H�S�D�U�D�W�H�V���E�X�E�E�O�H�V���I�R�U�P��

mixture and if it is lower than it gets stiffens. The water-cement (w/c) ratio of foam 

concrete used will be in 0.4 �± 1.25 where as it varies according to the purpose of usage. 

Foamed concrete is designed to have any density within the dry density range of 300-

1850kg/m3. In [7] foam concrete blocks are prepared according to the designed 

proportions to attain the maximum strength of 1900kg/m3.cubes are prepared by a 
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designed mix and there by tested for their density and also compressive strength the 

results are reported. 

 

                 Foamed concrete is one of the concrete technologies applied to the building. 

The advantages of foamed concrete are light and fast material on building work. The 

use of Styrofoam and polypropylene fibers in foam concrete increases the compressive 

strength and flexural strength. In [8] the Styrofoam used in this study is 3 type in 

diameter, they are 2-3 mm, 3-4 mm, and 5-6 mm with variation of Styrofoam 

percentage in volume is 10%, 20%, and 30%. Polypropylene fibers used 0.8 kg/m3 of 

foam concrete. The use of 3-4 mm in diameter Styrofoam by 10% in volume and 0.8 

kg/m3 polypropylene fiber had the highest compressive strength in foam concrete of 

11.34 MPa. The use of 2-3 mm Styrofoam by 10% in volume and 0.8 kg/m3 

polypropylene fiber had the highest flexural strength in foam concrete of 4.46 MPa. 

 

                    [9] Presents the results of ongoing research to investigate the shear-friction 

behavior of the interface between high-strength (HS) concrete and lightweight (LW) 

concrete by conducting tests on 18 push-off specimens with a smooth interface 

condition. The primary parameters considered are the compressive strength of LW 

concrete and clamping stress through the shear interface. Together with test data from 

previous studies, the experimental results indicate that both LW concrete strength and 

clamping stress have an influence on interface shear capacity. Furthermore, an 

analytical model for predicting the ultimate resistance of the interface between HS and 

LW concrete is proposed, and the feasibility of this modified equation verified by the 

experimental results. 

 

                    When it comes to construction, one important factor considered is cost 

effectiveness and affordability. To achieve cost effectiveness new materials, must be 

brought into use. One such material that seems useful and affordable is foam concrete. 

Before, about 2000years ago, Romans found out that animal blood added to sand, hot 

lime, water and coarse aggregate, formed bubbles that lasted long, making the mix more 
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workable, long lasting. This leads to the initiation of foam concrete. Foam concrete is 

also called light weight concrete and thus when used as partition walls in high rise 

structures can reduce the dead load acting on the structure. Foam concrete is well known 

for its thermal, insulation and fire-resistant properties. But using foam concrete as a 

construction material is a major challenge due to its brittle nature. Thus in [10] various 

fibers like glass, polyester, polypropylene, rice hush ash (RHA), coconut coir ash 

(CCA) were used in proportions of .15%, 0.30%, 0.45% and their respective properties 

are analyzed. 

 

                 [11] Presents an experimental study on the effect in strength of foam concrete 

using three different filler materials such as river sand, sea sand and quarry dust with 

cement. Cement and filler mixed in proportions 1:0, 1:1, 1:2 and 1:3 in weight basis. 

The foaming agent was added with water and mixed thoroughly. Mixed cement and 

filler added slowly with this and after certain minutes this gel poured in to the mould of 

size 19 x 9 x 9 cm to get the brick specimen. The specimens were water cured for 28 

days. The compressive strength of this light weight foam concrete bricks at an age of 

28 days was obtained at normal temperature. Then the specimens after 28 days curing 

were heated to 100°C in an oven for 24 hours and tested. Also, the specimens kept at 

100°C for 24 hours were suddenly immersed in water and subjected to thermo-shock 

and tested for compressive strength. The loss of strength due to thermal and thermo 

shock effect were compared with conventional concrete (River sand as filler). From the 

results, it is found that sea sand as well as quarry dust can be used as alternate filler 

material for natural river sand in foam concrete. 

 

                 Foam concrete is a type of aerated lightweight concrete; foam concrete does 

not contain coarse aggregate and can be regarded as an aerated mortar. Foam concrete 

is produced when pre-formed foam is added to slurry, the function of foam is to create 

an air voids in cement�±based slurry. Foam is generated separately by using foam 

generator; the foaming agent is diluted with water and aerated to create the foam. The 

cement paste or slurry set around the foam bubbles and when the foam being to 
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degenerate, the paste has sufficient strength to maintain its shape around the air voids. 

The foam concrete mixture becomes too stiff with lower content, causing bubbles to 

break, whereas the mixtures becomes too thin to hold the bubbles with high water 

content, leading to the separation of bubbles from the mixture, water-cement (w/c) ratio 

usually ranges from 0.4�±1.25. Foam concrete can be designed to have any density 

within the dry density range of 300�±1850 kg/m3. In [12] two foam concrete mixtures 

are produced with and without sand and attempts have been made for selecting the 

proportions of foam concrete mix for the target plastic density of 1900 kg/m3. 18 cube 

specimens are prepared and tested for mixtures, then their physical (Density) as well as 

specific structural (Compressive Strength) properties were investigated, Specific 

Strength and Percentage Strength gain for foamed concrete is compared with normal 

weight concrete and the results are reported. 

 

            [13] Foam concrete is a vast majority of concrete containing no large 

aggregates, only fine sand and with extremely lightweight materials containing cement, 

water and foam. It can be considered relatively homogeneous when compared to normal 

concrete, as it does not contain coarse aggregate phase. However, the properties of 

foamed concrete depend on the microstructure and composition, which are influenced 

by the type of binder used, methods of pre-formation and curing the main advantage of 

foam concrete is its lightweight, which ensures economy of walls of the lower floors 

and foundations. It has several advantages and since it is porous in nature, it provides 

thermal insulation and considerable savings in the material. The important applications 

of foamed concrete include structural elements, non-structural partitions and thermal 

insulating materials. Manufacturers developed foam concretes of different densities to 

suit the above requirements and these products were used in trench reinstatement, 

bridge abutment, void filling, roof insulation, road sub base, wall construction, 

tunneling etc. 

                [14] Focuses to develop the strength of foam concrete by trying different 

mixes of cement and fly ash. If strength obtained is not enough to convert the specimen 

into a structural element, cementitious materials like GGBS are imparted into the mix. 
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The various mix ratio of fly ash and cement is investigated here. Analysis of precast 

foamed sandwich panel (PFSP) and RCC panels are done. And they tend to possess 

same cracking pattern. The ultimate load of PFSP is quite comparable to that of RCC 

panel. Also two panels, square and rectangular ones, and their cracking patterns and the 

load at which the panels fail and their stress patterns are observed. Shear connectors are 

provided so as to improve the shear resistance of the panels. This technique is highly 

desirable as sandwich panels are highly efficient. The effect on compressive strength at 

7th and 14th days have been discussed. Thus, PFSP can be used as a replacement for 

RCC slabs as they tend to possess less density and high thermal resistivity properties. 

 

               Foam Concrete is a type of concrete which contain an expanding agent which 

increases the volume of the mixture while giving additional qualities such as flow 

ability and reduce the dead weight. Foam concrete is a vast majority of concrete 

containing NO large aggregates, only fine sand and with extremely light weight 

material containing cement, water and foam. Foam concrete mainly challenges the 

strength parameter, as the density of concrete is very less; hence the strength is also 

less. [15] Focuses to increase the strength parameter of Foam concrete by using GGBS 

mixes to achieve the strength with low densities. Found that when GGBS is added along 

with CEMENT mixes the strength increases is more as compared with normal 

conventional concrete. 

 

                  Foamed concrete possesses characteristics such as high strength-to-weight 

ratio and low density. Using foamed concrete reduces dead loads on the structure and 

foundation, contributes to energy conservation, and lowers the labor cost during 

construction. It also reduces the cost of production and transportation of building 

components compared to normal concrete and has the potential of being used as a 

structural material. [16] Provides a review of foamed concrete constituents, fabrication 

techniques, and properties of foamed concrete. This literature review also aims to 

provide a comprehensive insight into possible applications of foamed concrete in the 

construction industry today. 
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CHAPTER 2 
MATERIALS USED  

 

2.1 CEMENT  

                      Cement is a material that has cohesive and adhesive properties in the 

presence of water. Such cements are called hydraulic cements. These consist primarily 

silicates and aluminates of lime obtained from limestone and clay. There are different 

types of cement, few of them are,  

 Ordinary Portland cement  

 Portland slag cement  

                 Ordinary port land cement (OPC) is the basic Portland cement and is best 

suited for use in general concrete construction. It is of three types, 33 grades, 43 grades, 

53 grades. One of the important benefits is the faster rate of development of strength. 

Portland slag cement is obtained by mixing Portland cement clinker, gypsum and 

granulated blast furnace slag in suitable proportion and grinding the mixture to get a 

thorough and intimate mixture between the constituents. This type of cement can be 

used for all purposes just like OPC. It has lower heat of evolution and is more durable 

and can be used in mass concrete production. In this project we used Maha cement of 

53 grade. 

 

Fig. 2.1 Maha cement of 53 grade 
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2.2 Fly ash 

�‡ Fly ash, also known as "pulverised fuel ash" in the United Kingdom, is one of the 

residues generated by coal combustion, and is composed of the fine particles that 

are driven out of the boiler with the flue gases.  

�‡ Fly ash used as a pozzolan to replace some of the Portland cement in concrete 

often achieves energy and cost savings and imparts specific engineering 

properties to the finished product.  

�‡ To use fly ash effectively and economically it is important to understand the 

differences      between fly-ash and Portland cement concretes.  

 

              The differences in the rate of strength development between the two 

types and the ways in which this may be influenced by methods of mix 

proportioning are of particular importance. 

�‡ Because of the environmental problems presented by the fly ash, considerable 

research has been undertaken on the subject worldwide.  

�‡ It was also found that fly ash has good potential for use in the construction 

industry.  

�‡ When properly proportionate and placed, fly-ash concrete generally shows 

improved workability, pumpabality, cohesiveness, finish, ultimate strength, and 

durability.  

 

Fig. 2.2 Fly ash 
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2.3 Quarry dust:  

The dust produced by quarrying has already been used in the construction 

industry for projects such as road building, and making materials such as bricks and 

tiles. The dust has been found to be suitable for these practises, and this makes its 

transformation into a useful cement mix replacement more likely. Quarry dust an 

alternative for sand is collected nearby quarry. The volume of waste dust produced is 

increased day by day. 

Advantages of Quarry Dust 

�y Quarry dust is used in manufacturing of hallow bricks. 

�y Voids present in quarry dust mortar were lesser as compared to that of sand. 

�y In telecommunication department the quarry dust is used to refill the excavated 

pits after laying the telephone cables.  

 

Fig. 2.3 Quarry dust 
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2.4 Glass Fiber 

 

Glass fiber also called fiberglass. It is material made from extremely fine fibers of 

glass Fiberglass is a lightweight, extremely strong, and robust material. Although 

strength properties are somewhat lower than carbon fiber and it is less stiff, the material 

is typically far less brittle, and the raw materials are much less expensive. Its bulk 

strength and weight properties are also very favourable when compared to metals, and 

it can be easily formed using moulding processes. Glass is the oldest, and most familiar, 

performance fiber. Fibers have been manufactured from glass since the 1930s. 

 

 

Fig: 2.4 Glass fiber 
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2.5 Water:  

  Water to be used in the concrete work should have following properties: 
 

�¾ It should be free from injurious amount of oil, acids, alkalis or other organic or 
inorganic impurities.  

 
�x It should be free from iron, vegetable matter or other any type of substances, 

which likely to have adverse effect on concrete or reinforcement.  

 
It should be quite satisfactory for drinking purpose which is used in mixing of 

concrete. 
 

 
2.6 Foaming agent cellular lightweight concrete 

Foaming agent is such chemical which are highly used in the field of 

construction for making bricks which are simply made up with proper amount of 

cement, fly ash and foaming agent finely mix with water in particular compressed air. 

What makes these bricks which are made with foaming agents different from other 

bricks due to some specific qualities such as it is very eco-friendly have very light 

weight so due to this it is easy for transporting it also have sound proof quality which 

make it different from other bricks. This agent produces almost no fumes of toxic or 

any emission over lifetime. Foaming Agent 

 

Concrete Foaming Agent Usage of chemicals becomes common in the field of 

construction and foaming agents have an important and major role in this industry. With 

expertise foaming agent solutions it become useful for all kind of concrete products. 

Concrete foaming agent is excellent for the manufacturing of light weighted concrete 

blocks or bricks. The chemical is completely based of protein and also it has synthetic 

agents of foaming. The product has some very effective results such as: it is such kind 

of material which is highly mobile, it reduces the density, it entrains up to 30 �± 35 % of 

air and it increases the product yield under this particular category. 

 

Foaming Agent for light weighted blocks or bricks or for the foam concrete 

blocks or bricks its density is 80 �± 90 grams. Foam is generated through foaming agents 
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while it get mixed with air and water then it is directly added to the slurry of cement 

and blends it in the blender just to form fine dispersion. It is very safe for use and causes 

no effects on human. The product is suitable for use with sea water and fresh water 

both. It is compatible with air aspirating and standard proportioning. This is basically 

used for making bricks which are light weighted, panels of walls and insulation of roof 

etc. 

 

Protein Based Foaming Agent Forming agents are such chemicals which are 

highly used for making light weighted bricks popularly known as CLC bricks. When 

protein based foaming agent mixed in concrete with some active components of 

enzymatic it is developed for light weighted concrete in the sector of concrete. Making 

of foaming agent include multiple hydrolysis at different parameters which are 

completely controlled warrants with very high stability of foam which is withstand 

manifold force occurred when (pump able) conveying, casting, mixing and during the 

process of drying. This chemical causes no chemical reaction in concrete it serves 

merely in the form of wrapping material for trapped air. 

 

Synthetic Foaming Agent Cellular concrete has excellent potential for which it 

is used in structural light-weight applications but the type of foaming agent which is 

used in concrete effects in a huge way. It has been observed that type of foaming agent 

effect mechanical properties and thermal resistance of concrete. Synthetic foaming 

agent are usually used to make cellular light weight concrete which is suitable for all 

kind of concrete products and specially for concrete blocks. Synthetic foaming agents 

have some highlighted qualities such as: It is easy to mobile material, it can reduce the 

density and it entrains air approx. 30-35 %. 
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CHAPTER 3 

EXPERIMENTAL  INVESTIGATION  

In the field of construction, concrete is the main material made up of different 

types of materials. The materials used in the investigation are Cement, flyash, quarry 

dust, foam and Water were used and their properties are examined by taking help of IS 

[INDIAN STANDARD] codes. 

 

3.1 Tests on Materials:  

1. Normal consistency 

2. Fineness of cement 

3. Setting time of cement 

4. Specific gravity of Cement 

5. Specific gravity of Fly Ash 

6. Specific gravity of Quarry dust 

7.  

3.1.1 Normal Consistency of Cement: 

The normal consistency of cement paste is defined as percentage of water required 

to produce a cement paste of standard consistency by penetrating the plunger of 10mm 

diameter and 50mm length to a depth of 5 to 7mm from the bottom or 33-35mm from 

the top of themould. 

 

Fig.3.1 �Y�L�F�D�W�¶�V���D�S�S�D�U�D�W�X�V with plunger 



20 
 
 

 

Procedure: 

1.  Take about 500 gms of cement and prepare a paste with a weighed quantity 

of water 

        (Say 24 percent by weight of cement) for the first trail. The paste must 

be prepared in a standard manner and filled into the vicatmould within3-

5minutes. 

2. After completely filling the mould, shake the mould to expel air. 

3. A standard plunger is attached and brought down to touch the surface of 

the paste in the test block and quickly released allowing it to sink into 

the paste by its own weight. 

4. Take the reading by noting the depth of penetration of the plunger. 

5. Conduct a second trial (say with 25 percent of water) and find out the 

depth of penetration of the plunger. 

6.  Similarly, conduct trials with higher water/cement ratio till such time the 

plunger penetrates for a depth of 33-35mm from the top of the mould (5-

7mm from bottom of the mould). 

7.  That particular percentage of water which allows the plunger to 

penetrate only to a depth of 33-35mm from the top is known as the 

percentage of water required to produce a cement paste of standard 

consistency. 

8. Take about 500 gms of cement and prepare a paste with a weighed quantity of 

water (Say 24 percent by weight of cement) for the first trail. The paste must 

be prepared in a standard manner and filled into the vicatmould within3-

5minutes. 

9.     After completely filling the mould, shake the mould to expel air. 

10.   A standard plunger is attached and brought down to touch the surface of the 

paste in the test block and quickly released allowing it to sink into the paste by 

its own weight. 

11.  Take the reading by noting the depth of penetration of the plunger. 
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12. Conduct a second trial (say with 25 percent of water) and find out the depth of 

penetration of the plunger. 

13. Similarly, conduct trials with higher water/cement ratio tillsuch time the 

plunger penetrates for a depth of 33-35mm from the top of the mould (5-7mm 

from bottom of the mould). 

14. That particular percentage of water which allows the plunger to penetrate only 

to a depth    of 33-35mm from the top is known as the percentage of water 

required to produce a cement paste of standard consistency. 

 

3.1.2 Fineness of Cement: 

The degree of fineness of cement is a measure of the mean size of the grains. 

The finer cement has quicker action with water and gains early strength without 

change in the ultimate strength. Finer cement is susceptible to shrinkage and 

cracking. A correction factor is to be applied for fineness of cement as all sieves 

are not exactly alike. 

Procedure: 

1. Accurately weigh 100 gm of cement sample and place it over the test sieve. 

Gently breakdown the air set lumps if any with fingers. 

2. Hold the sieve with pan in both hands and sieve with gentle wrist motion, in 

circular and vertical motion for a period of 10 to 15 minutes without any spilling 

of cement. 

3. Place the cover on the sieve and remove the pan. Now tap the other side of the 

sieve with the handle of bristle brush and clean the outer side of the sieve. 

4. Empty the pan and fix it below the sieve and continue sieving as mentioned in 

the steps 2 and 3. Totally sieve for 15 minutes and weigh the residue (Left over 

the sieve. 

 

3.1.3 Initial and Final setting time of Cement: 

Initial setting time: It is the time elapsed between the moments that the water is 

added to the cement, to the time that the paste starts losing its plasticity. 
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Final setting time: It is the time elapsed between moment the water is added to 

cement and the time when the paste has completely lost its plasticity and has 

attained sufficientfirmness to resist certain definite pressure. 

 

 

Fig: 3.2 �9�L�F�D�W�¶�V���$�S�S�D�U�D�W�X�V���Z�L�W�K���1�H�H�G�O�H 
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Procedure: 

1. Take 500 gms of cement sample and gauge it with 0.85 times the water required 

to produce cement paste of standard consistency (0.85p). 

2. The paste shall be gauged and filled into the vi-cat mould in specified manner 

within 3- 5minutes. 

3. Start the stopwatch the moment water is added to the cement. 

4. The temperature of water and that of the test room, at the time of gauging shall 

be within 270c+20c. 

5. Lower the needle gently and bring it in contact with the surface of test block 

and quickly release. Allow it to penetrate into the test block. 

6. In the beginning the needle will completely pierce through the test block. But 

after sometime when the paste starts losing its plasticity, the needle may 

penetrate only to a depth of 33-35mm from the top. 

7. The time period elapsing between the time when water is added to the cement 

and the time at which the needle penetrates the test block to a depth equal to 33-

35mm from the top is taken as initial setting time. 

8. �7�R���G�H�W�H�U�P�L�Q�H���W�K�H���I�L�Q�D�O���V�H�W�W�L�Q�J���W�L�P�H�����U�H�S�O�D�F�H���W�K�H���Q�H�H�G�O�H���R�I���Y�L�F�D�W�¶�V apparatus by a 

circular attachment. The cement shall be considered as finally set when, upon, 

lowering the 

9. Attachment gently cover the surface of the test block, the centre needle makes 

an impression, while the circular cutting edge of the attachment fails to do so. 

 

3.1.4 Specific gravity of Cement: 

                       Specific gravity is the ratio of weight of substance to the equivalent 

weight of reference substance. 

 

Procedure: 

1. �:�H�L�J�K�� �D�� �F�O�H�D�Q���� �G�U�\���� �H�P�S�W�\�� �/�H�F�K�D�W�O�L�H�U�¶�V flask or specific gravity bottle with 

stopper (W1). 

2. Pour 1/3rd of the cement into flask and weighed it along with its stopper (W2). 
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3. Add kerosene (polar liquid) to that cement that taken above in flask till its flush 

meet 

4. The graduated mark of the flask. Now weigh the bottle (W3). 

5.  Now remove the cement and kerosene and clean it thoroughly. Fill the bottle only 

with kerosene and weighed with (W4) 

                                                      �)�L�J�����������/�H�F�K�D�W�O�L�H�U�V�¶�V Flask  
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CHAPTER 4 

PROCESS OF FOAMED CONCRETE  

                                                      

4.1 Manufacturing  process 

Foamed concrete typically consists of slurry of cement or fly ash and sand 

and water, although some suppliers re-commend pure cement and water with the 

foaming agent for very lightweight mixes. This slurry is further mixed with synthetic 

aerated foam in a concrete mixing plant. A foaming agent, mixed with water and air 

from a generator Created a foam . The foaming agent used must be able to produce 

air bubbles with a high level of stability, resistant to the physical and chemical 

processes of mixing, placing and hardening. 

 

 
 Fig.4.1 Foamed Concrete Manufacturing Process. 
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4.2 Manufacturing  method 

Foamed concrete is a lightweight, free flowing material which is 

manufactured by adding foam, prepared by aerating a foaming agent solution, to 

cement paste or cement mortar. Fig.4.1 shows the process of the manufacturing of 

the foamed concrete. The 3 basic methods of producing foamed concrete are: 

1. Pre-foamed Method. 

2. Inline System Wet Method. 

3. Inline System Dry Method. 

 

Pre-foamed method: This method involves half a load (normally 3m3) or less, of 

base materials being delivered to site in a ready mix wagon, with the pre-foamed foam 

(either a wet or dry system) after that foam injected directly into the back of ready mix 

wagon. The various foaming agents used are detergents, resin soap, glue resins, 

spooning, and Hydrolyses proteins. Normally, the hydrolysed protein based foaming 

agent been employed in the producers of the pre-foamed concrete. Within the 

generator, the agent is diluted with water to make a pre-foaming solution which is then 

forced at high pressure through the foaming lance. By this way uniform and stable 

foam produces which has a volume of about 20 to 25 times that of the pre-foaming 

solution. Batching of cement paste for adding the spree-foamed in to it to produce the 

foamed concrete. The three major disadvantages of this method are: 

1. The size of truck affects the manufactured volume. 

2. The quality of foamed concrete is reliant on the mixing action of the truck to blend 

the foam. 

3. When the material is out of specification then the whole is rejected. 

 

Inline system (wet method): Inline system (wet method) has been driven in the 

main part by the need for both higher product quality control and a commercial 

requirement for lower density material. This method incorporate the same type of 

foam generator and foaming chemicals as used in the pre-foam method, but differs in 

that it excepts wet base materials into an onboard hopper. The base materials used in 
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this method are generally wetter than the ones used in the pre-foam method but 

comprise of the same materials. These systems work by feeding the base material and 

the foam (dry type only) through a series of static inline mixers where the two 

components are mixed together. Mixers have the effect of blending the foam and the 

based materials together into a completely homogenized mix ensuring a completely 

repeatable mixing process along with a constant checking procedure via the continual 

on-board density monitor. As compare to ore-foam method in this method of 

production the output volume is not governed by the size of the ready-mix wagon, 

hence one 8 cubic meter delivery of base materials from a ready-mix supplier will 

produce 35 cubic meters of a 500kg/m3 density foamed concrete. This is an extremely 

effective method of working. 

 

Inline system (dry  method): These inline systems in dry method are a relatively 

new development and are in the main operated in Europe although versions are 

gradually being accepted in the UK. They operate on a similar principal to the dry 

inline method but instead of accepting wet materials from ready-mix supplier they 

have dry materials loaded in on-bo�D�U�G�� �V�L�O�R�¶�� �V�� �D�Q�G�� �D�J�J�U�H�J�D�W�H�� �E�L�Q�V���� �$�I�W�H�U�� �W�K�D�W�� �W�K�H�V�H��

materials can then be batched, weight and mixed on-site as required via on-board 

mixers. Once blended the base mix in then pumped to a mixing chamber where the 

foam is then added in a similar way to the dry method. One of major disadvantage is 

that they require large amounts of water at site (to mix the cement and aggregate 

together) they are unsuitable for congested city centre or projects.
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CHAPTER 5 

MIX PROPORTION  

         There is at present, no guidance or standard method for proportioning foamed 

concrete, because the hardened density of foamed concrete depends on the saturation 

level in its pores. Sample mix proportions of foamed concrete with and without mixing 

of glass fiber are given below. However, conclusive mix proportions by actual trials 

may be worked out with the given set of site materials for required compressive 

strength. 

 

5.1 Mix Proportion of Foam Concrete without Mixing Glass Fiber 

 We have done many proportion to better mix with respective strength and 

economic. Economic is also important aspect as the work is a live project the best mix 

will be implemented by the company which is sponsored the present work. 

 

MIX 1  �± M1 

               CEMENT : FLYASH : QUARRY DUST =   1 : 1 : 0 

  

MIX 2  �± M2 

              CEMENT : FLYASH : QUARRY DUST =  1 : 1 : 0.5 

  

 MIX 3  �± M3 

               CEMENT : FLYASH : QUARRY DUST =   1 : 1.5 : 0.5 

  

 MIX 4  �± M4 

               CEMENT : FLYASH : QUARRY DUST =   1 : 1.5 : 1 

 

  MIX 5 �± M5 

               CEMENT : FLYASH : QUARRY DUST =   1 : 2 : 0.5 

  

 MIX 6 �± M6 

                      CEMENT : FLYASH : QUARRY DUST =   1 : 2 : 1.5 



29 
 
 

 

5.2 Calculation of Quantities for Mixes  

M1 QUANTITIES: 

      REQUIRED DENSITY = CEMENT + FLY ASH + QUARRY DUST + WATER 

       Let us assume 

       c = cement 

1c = flyash  

     0.5c= water 

1000 = c+ c+0+0.5c 

1000= 2.5c 

C = 1000/2.5= 400 kg/ m3 
Flyash = 400 kg/ m3 

Water = 100 L/m3 

We have taken 9 bricks for testing having size of 10cm x 20cm x 20cm 
Total volume = 0.036m3 

For 0.036m3 c= 14.4kg 

Flyash= 14.4kg 

Water = 7.2 Lts 

 

M2 QUANTITIES: 

      REQUIRED DENSITY = CEMENT + FLY ASH + QUARRY DUST + WATER 

1000= c+ c+ 0.5c +0.5c 

1000= 3c 

C= 1000/3 = 333.34 kg/m3 

Flyash= 333.34 kg/m3 

Quarry dust= 166.67 kg/m3 

Water = 166.67 Ltr/ m3 

For 0.036 m3 

Cement = 12kg 

Flyash = 12kg 

Quarry dust = 6kg 

Water = 6Lts 
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M3 QUANTITIES: 

      REQUIRED DENSITY = CEMENT + FLY ASH + QUARRY DUST + WATER 

1000= c+ 1.5c +0.5c +0.5c 

1000= 3.5c 

C= 1000/3.5 = 285.71 kg/m3 

Flyash= 428.57 kg/m3 

Quarry dust= 142.85 kg/m3 

Water = 142.85 Ltr/ m3 

For 0.036 m3 

Cement = 10.28kg 

Flyash = 15.54kg 

Quarry dust = 5.14kg 

Water = 5.14Lts 

 

M4 QUANTITIES: 

      REQUIRED DENSITY = CEMENT + FLY ASH + QUARRY DUST + WATER 

1000= c+ 1.5c +c +0.5c 

1000= 4c 

C= 1000/4 = 250 kg/m3 

Flyash= 375 kg/m3 

Quarry dust= 250 kg/m3 

Water = 125 Ltr/ m3 

For 0.036 m3 

Cement = 9kg 

Flyash = 13.5kg 

Quarry dust = 9kg 

Water = 4.5Lts 
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M5 QUANTITIES: 

      REQUIRED DENSITY = CEMENT + FLY ASH + QUARRY DUST + WATER 

1000= c+ 2c +0.5c +0.5c 

1000= 4c 

C= 1000/4 = 250 kg/m3 

Flyash= 500 kg/m3 

Quarry dust= 125 kg/m3 

Water = 125 Ltr/ m3 

For 0.036 m3 

Cement = 9kg 

Flyash = 18kg 

Quarry dust = 4.5kg 

Water = 4.5Lts 

 

 

M6 QUANTITIES: 

      REQUIRED DENSITY = CEMENT + FLY ASH + QUARRY DUST + WATER 

1000= c+ 2c +1.5c +0.5c 

1000= 5c 

C= 1000/5 = 200 kg/m3 

Flyash= 400 kg/m3 

Quarry dust= 300 kg/m3 

Water = 100 Ltr/ m3 

For 0.036 m3 

Cement = 7.2kg 

Flyash = 14.4kg 

Quarry dust = 10.8kg 

Water = 3.6Lts 
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5.3 Mix Proportion of Foam Concrete with Mixing Glass Fiber 

We have taken two percentages of glass fibers, that is 0.06% & 0.04% of total 

volume. 

Considering 7th day and 28th day results only,  

Therefore, the total volume of samples = 10cm x 20cm x 20cm x 6 = 0.024 m3 

For 1m3 0.06% of glass fiber = 1200g 

For 0.024 m3 glass fiber = 28.8g 

For 1m3 0.04% of glass fiber = 800g 

For 0.024m3 glass fiber = 19.2g 

  

 MIX 1 �± M7 

               CEMENT : FLYASH : QUARRY DUST =   1 : 1.5 : 1 

 

  MIX 2 �± M8 

               CEMENT : FLYASH : QUARRY DUST =   1 : 2 : 0.5 

 

  MIX 3 �± M9 

               CEMENT : FLYASH : QUARRY DUST =   1 : 2 : 1.5 

 

M7 &  M10 QUANTITIES: 

Cement = 9kg 

Flyash = 18kg 

Quarry dust = 4.5kg 

Water = 4.5Lts 

 

M8 & M10 QUANTITIES: 

Cement = 9kg 

Flyash = 18kg 

Quarry dust = 4.5kg 

Water = 4.5Lts 
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M9 &  M11 QUANTITIES: 

Cement = 7.2kg 

Flyash = 14.4kg 

Quarry dust = 10.8kg 

Water = 3.6Lts 

 
Table 5.1: Quantities for Cement with Fly Ash, Quarry Dust and Glass Fibers 

Notation 
Mix 

Proportion  

Target 

Density 

Kg/m3 

Volume 

m3 

Cement 

Kg 

Flyash 

kg 

Quarry 

Dust 

kg 

Water 

Lts 

Glass 

Fibers 

gm 

M1 1:1:0 1000 0.036 14.4 14.4 0 7.2 - 

M2 1:1:0.5 1000 0.036 12 12 6 6 - 

M3 1:1.5:0.5 1000 0.036 10.28 15.54 5.14 5.14 - 

M4 1:1.5:1 1000 0.036 9 13.5 9 4.5 - 

M5 1:2:0.5 1000 0.036 9 18 4.5 4.5 - 

M6 1:2:1.5 1000 0.036 7.2 14.4 10.8 3.6 - 

M7 1 : 1.5 : 1 1000 0.024 9.0 18 4.5 4.5 19.2 

M8 1 : 2 : 0.5 1000 0.024 9.0 18 4.5 4.5 19.2 

M9 1 : 2 : 1.5 1000 0.024 7.2 14.4 10.8 3.6 19.2 

M10 1 : 1.5 : 1 1000 0.024 9.0 18 4.5 4.5 28.8 

M11 1 : 2 : 0.5 1000 0.024 9.0 18 4.5 4.5 28.8 

M12 1 : 2 : 1.5 1000 0.024 7.2 14.4 10.8 3.6 28.8 
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CHAPTER 6 

RESULTS 

6.1 Compressive Strength Test  

According to IS 516-1959 

After 28 days of curing, the cubes were taken out from curing tank, dried and 

tested using a compression testing machine. These cubes were loaded on their sides 

during compression testing such that the load was exerted perpendicularly to the 

direction of casting. The cubes were placed in the compression testing machine and the 

loads are applied gradually at a rate of 16.3 N/mm2/min. The average value of the 

compression strength of three cubes was taken as the compression strength.  

 
The compressive strength of concrete with both fly ash and quarry dust are 

given in Table 6.1. 

Compressive strength =  

Where,  P = Compressive load (kN)  

  A = Area of the brick (100 X 200 mm) 

 
Fig. 6.1 compression testing machine 
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Table 6.1 Average Compressive Strength of Foamed Concrete 

Notation Mixed proportion  
Cement : flyash : quarry dust 

Average compressive strength 
N/mm2 

7 days 14 days 28 days 

M1 1:1:0 2.30 3.57 6.14 

M2 1:1:0.5 2.26 3.31 5.42 

M3 1:1.5:0.5 1.16 1.51 3.02 

M4 1:1.5:1 1.23 1.83 3.23 

M5 1:2:0.5 0.7 0.85 1.80 

M6 1:2:1 0.9 1.1 2.01 

 

 
Fig.6.2 Average Compressive Strength of Foamed Concrete 
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Table 6.2: Average compressive strength of foamed concrete with 0.04% glass fiber 

Notation Mixed proportion  
Cement : flyash : quarry dust 

Average compressive strength 
N/mm2 

7 days 28 days 

M7 1:1.5:1 4.98 21.2 

M8 1:2:0.5 4.09 17.56 

M9 1:2:1 3.89 15.65 

 
 
 

 
Fig.6.3 Average compressive strength of foamed concrete with 0.04% glass fiber 
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Table 6.3 Average compressive strength of foamed concrete with 0.06% glass fiber 

Notation Mixed proportion  
Cement : flyash : quarry dust 

Average compressive strength 
N/mm2 

7 days 28 days 

M10 1:1.5:1 6.7 28.9 

M11 1:2:0.5 6.14 24.16 

M12 1:2:1 5.58 22.5 

 
 

 
Fig.6.4 Average compressive strength of foamed concrete with 0.06% glass fiber 
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CHAPTER 7 
SUMMARY AND CONCLUSIONS 

7.1 SUMMARY 

Focuses to develop the strength of foam concrete by trying different mixes of 

cement, fly ash, quarry dust and glass fibers. The various mix ratio of fly ash, cement 

and quarry dust is investigated here. The effect on compressive strength at 7, 14 and 28 

days have been discussed.  

Foam concrete is a vast majority of concrete containing no large aggregates, 

only fine sand and with extremely lightweight materials containing cement, water and 

foam. It can be considered relatively homogeneous when compared to normal concrete, 

as it does not contain coarse aggregate phase. However, the properties of foamed 

concrete depend on the microstructure and composition, which are influenced by the 

type of binder used, methods of pre-formation and curing the main advantage of foam 

concrete is its lightweight, which ensures economy of walls of the lower floors and 

foundations. It has several advantages and since it is porous in nature, it provides 

thermal insulation and considerable savings in the material. Manufacturers developed 

foam concretes of different densities to suit the above requirements and these products 

were used in trench reinstatement, bridge abutment, void filling, roof insulation, road 

sub base, wall construction, tunneling etc. 

Hence, in this investigation the effect of quarry dust and glass fibers on 

compressive strength of form concrete has been given due importance. 

The �Z�R�U�N�� �L�V�� �G�R�Q�H�� �D�W�� �F�R�P�S�D�Q�\�� �V�L�W�H�� �R�I�� �³�9�D�G�G�L�� �5�D�P�D�� �.�U�L�V�K�Q�D�\�\�D�� �%�X�L�O�G�L�Q�J��

�0�D�W�H�U�L�D�O�V�´�� �O�R�F�D�W�H�G�� �D�W�� �D�U�L�V�H�S�D�O�O�L�� �Y�L�O�O�D�J�H����machilipatnam mandal, Krishna dist, Andhra 

Pradesh. As the company has funded and supported the work, allowing us to do the 

work using their equipment.  

The general introduction, some of the published works have been critically reviewed, 

is dealt in chapter I 

 Materials used such as cement, flyash quarry dust and glass fiber used in the 

project work are clearly explained in chapter II 

The details of the experimental work carried out are given in chapter III. The 

experimental programme is broadly divided into three groups, viz., study the 
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compressive strength of foam concrete with flyash and quarry dust, 0.04% glass fiber 

and 0.06% of glass fiber.  

The process of foamed concert is discussed in chapter IV and different Mix 

proportion is explained in chapter V. 

The results pertaining to compressive strength of foam concrete are presented 

in chapter VI. 

As the work is funded project we need to give the conclusion considering not 

only the strength but also the economy. Based on the results reported in this thesis the 

following conclusions are drawn: 

 

7.2 CONCLUSIONS 

�¾ M1 (1:1:0) (cement: flash: quary dust) mix is giving maximum strength among 

the first six proportion.  

�¾ But taking the consideration of economy M4, M5 and M6 mixes are taken for 

study of addition of glass fibers. 

�¾  By addition of 0.04% of glass fibers in addition to the cement, flayash and 

quarry dust the compressive strength of M7 has increased by 6.5 times of M4 

mix.  

�¾ By addition of 0.04% of glass fibers in addition to the cement, flayash and 

quarry dust the compressive strength of M7 has increased by 2 times of first 

class clay brick. 

�¾ By addition of 0.06% of glass fibers in addition to the cement, flayash and 

quarry dust the compressive strength of M7 has increased by 8.9 times.   

�¾ By addition of 0.06% of glass fibers in addition to the cement, flayash and 

quarry dust the compressive strength of M7 has increased by 2.8 times of first 

class clay brick.   

�¾ Depending strength requirement of client the addition of glass fibers may vary. 

4.3 SCOPE FOR FURTHER WORK 

 In the present investigation, compressive strength is only study for two different 

percentage of glass fibers, it can be extended to other percentages also. Durability 

studies also need to be conducted. 
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PROGRAM OUTCOMES (POs) 

Engineering Graduates will be able to: 

1. Engineering Knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals and an engineering specialization to the solution of 

complex engineering problems. 

2. Problem analysis: Identify, formulate, review research literature and 

analyze complex engineering problems reaching substantial conclusions using 

first principles of mathematics, natural sciences and engineering sciences. 

3. Design/Development of solutions: Design solutions for complex 

engineering problems and design system components or processes that meet 

the specified needs with appropriate consideration for the public health and 

safety, aid the cultural, societal and environmental considerations. 

4. Conduct investigation of complex problems: Use research-based 

knowledge and research methods including design of experiments, analysis 

and interpretation of data and synthesis of the information to provide valid 

conclusions. 

5. Modern tool usage: Create, select and apply appropriate techniques, 

resources and modern engineering and IT tools including prediction and 

modeling to complex engineering activities with an understanding of the 

limitations. 

6. The engineer and society: Apply reasoning informed by the contextual 

knowledge to assess societal, health, safety, legal and cultural issues and the 

consequent responsibilities relevant to the professional engineering properties. 

7. Environment and sustainability: Understand the impact of the 

professional engineering solutions in societal and environmental contexts and 

demonstrate the knowledge of and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of  the engineering practice. 

9. Individual and team work: Function effectively as an individual and as a 

member or leader in diverse teams and in multidisciplinary settings. 

 10.Communication: Communicate effectively on complex engineering 

activities with    the engineering community and with society at large, such as,  
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being able to comprehend and write effective reports and design 

documentation, make effective presentations and give and receive clear 

instructions. 

11.Project management and finance: Demonstrate knowledge and        

understanding of  the engineering and management principles and apply these to  

�R�Q�H�¶�V�� �R�Z�Q�� �Z�R�U�N���� �D�V�� �D�� �P�H�P�E�H�U�� �D�Q�G�� �O�H�D�G�H�U�� �L�Q�� �D�� �W�H�D�P���� �W�R�� �P�D�Q�D�J�H�� �S�U�R�M�H�F�W�V�� �D�Q�G�� �L�Q��

multidisciplinary environments. 

12.Life-long learning: Recognize the need for, and have the preparation and 

ability to  engage in independent and life-long learning in the broadest context of 

technological change. 

 

PROGRAM SPECIFIC OUTCOMES (PSOs) 

  Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and 

highway alignments and conduct geotechnical and geological 

investigations of the project. 

2. Test, analyze and design various substructures and superstructures by 

considering the environmental and societal issues. 

3. Organize various construction projects considering modern 

construction techniques, equipment and management issues. 

 

 

PROJECT MAPPING 

Note: Tick Appropriate category. 

 

Classification of 

Project 

Application  Product Research Review 
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�™ EXPERIMENTAL TYPE PROJECT  

Course outcomes  

CO1: Work in a team and select the broad statement of problem for project work . 

CO2: Review and evaluate the available literature on the chosen problem. 

CO3: Formulate the methodology to solve the identified problem by satisfying the ethical 
and  societal  conditions. 

 CO4: Gain knowledge on selecting suitable materials and their properties. 

CO5: Conduct experimental investigations on various combinations of materials by using 
various standard  procedures . 

CO6: Draw inferences and conclusions from the experimental results and prepare the report. 

 

COURSE 
OUTCOMES 

PO 
1 

PO 
2 

PO 
3 

PO 
4 

PO 
5 

PO 
6 

PO 
7 

PO 
8 

PO 
9 

PO1 
0 

PO1 
1 

PO1 
2 

PSO 
1 

PSO 
2 

PSO 
3 

CO1  2 2 2     2  2     

CO2 2           1    

CO3 2 2    1  1  1    2  

CO4     2  2      2   

CO5           2   3  

CO6        1       2 

 

 

 

 

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 

based on level of mapping as follows: 

1. Slightly (Low) mapped 
2. Moderately (Medium) mapped 
3. Substantially(High) mapped 
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JUSTIFICATION  

 

 �0�\�� �S�U�R�M�H�F�W�� �H�Q�W�L�W�O�H�G�� �³��An Experimental Study on use of additive with partial 

replacement of bitumen�´�� �K�D�V�� �V�D�W�L�V�I�L�H�G�� �D�O�O�� �W�K�H�� �1�%�$�� �R�X�W�F�R�P�H�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �D�V�� �W�K�H��

work carried out as a team work by equally distributing the work, sharing the 

knowledge among ourselves, in our project we collected the literature review from 

various standard books, journals, and analyzed critically and collected the data from 

standard code books, developed the plan and methodology and applied for chosen 

problem and analyzed the strength characteristics by conducting various experiments 

using modern equipment, our project is mainly aimed to suggest suitable materials 

following the professional ethics in keeping view the safety of the public and society, 

recommended the environment sustainability materials for construction, our project 

can further extended in considering different combinations of materials, site 

�F�R�Q�G�L�W�L�R�Q�V���V�R���W�K�D�W���L�W�¶�V���D���O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���R�I���Q�H�Z���W�K�L�Q�J�V�� 
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ABSTRACT  

 

Highways are indications of country development. In developing countries like India, 
highway constructions are increasing day-by-day, which results in continuous growth 
of vehicles and also the continuous change in climate brought a challenge infront of 
highway engineers to design and construct such pavements which can withstand the 
increased wheel load and typical climatic conditions.Flexible pavements are more 
preferred in many developing countries like India.In these flexible pavements 
,Bitumen, a by-product of crude oil is used as a binding agent, because of its  low cost 
and good binding property.Increasing energy costs and the strong worldwide demand 
for petroleum has encouraged the development of alternative binders to modify or 
replace asphalt binders.The benefits of using alternative binders are that they can save 
the natural resources, reduce energy consumption,improving pavement performance. 
Research activities are continuously conducting in order to enhance the properties of 
bitumen to make advanced flexible pavements to meet the present 
challenges.Alternative for bitumen is also being in search to make the road cheaper 
and provide better serviceability. 

The aim of the study was the effects of cane molasses percentage replacement on 
bitumen along with the additive the common environmental waste 
polyethylene(LDPE)commonly known as polythene are effective substitutes of 
bitumen upto some extent.As a part of this study, an attempt was going to be made to 
assess the stabilization of the bitumen containing the waste in shredded form by 
performing basic tests such as Penetration test,Ductility test,Softening point,Viscosity 
test,Fire&Fire point tests.The additive changes the properties of original bituminous 
binders. 
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CHAPTER 1 

INTRODUCTION  

 

OVERVIEW : 

Pavement is a structure that lies above the natural soil sub-grade and consist of 

superimposed layers of processed materials. On one hand it should be able to 

withstand the applied vehicle load by distributing it to the sub grade while on the 

other hand it must ensure that the transmitted stresses due to wheel load are 

sufficiently reduced so that they will not exceed bearing capacity of the sub-grade. It 

must also possess acceptable riding quality, favorable light reflecting characteristics, 

low noise pollution and adequate skid resistance. Two types of pavements are 

generally recognized namely flexible pavements and rigid pavements, each of them 

having their own pros and cons in terms of their structure, design life, construction 

period, etc. Flexible pavements are also called asphalt pavements/bituminous 

pavements and they have low manufacturing cost as well as good riding quality. The 

transfer of load in flexible pavements is from grain-to-grain/layer-to-layer. Flexible 

pavements are generally used in construction of normal roads, highways etc. Rigid 

pavements are having good resistance against bending and the transfer of load is 

through slab action. Rigid pavements are used where there is high volume of traffic 

and where the sudden load (impact load) is high in frequency. The material used for 

the construction of flexible pavements is bitumen, aggregates and fillers. Stability, 

durability and resistance against skid depend upon the type and quality of material 

that we are going to use in our pavements. 
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SCOPE OF THIS STUDY: 

 

Bitumen pavements are flexible pavements and their stability and OBC are only 

determined by using Marshall Test. There are still various other tests and experiments 

that should be conducted to check out for the other properties that are enhanced by 

molasses as a partial replacement with bitumen like viscosity grading, penetration, 

softening point etc and also use of waste materials like molasses and low density  

polyethylene as a partial replacement in different grades of bitumen for making less 

impact on environment and making things eco-friendly. So a lot of work can be done 

in this research area and economical yet efficient infrastructures can be built 
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OBJECTIVES OF THE  STUDY: 

 

A pavement if not designed properly deteriorates fast, so some forethought is necessary 

before we embark on the project. Proper and efficient resources are chosen so that the 

lifetime of the pavement can be increased. In India, 98% of the roads are having flexible 

pavements. To reduce the cost of construction a holistic approach was required, so a lot of 

research has been made on the use of waste materials like fly ash, coal bottom ash, boiler 

slag, stone dust, egg shell, molasses etc. It has been observed that the partial or full 

replacement with these waste materials can not only reduce the cost of construction but also 

enhance the properties of bitumen mix. The objective of this study is to check the effect of 

molasses on the VG30 grade of bitumen by doing partial replacement with bitumen and to 

check what will be the effect on the penetration grade, viscosity grade and marshal stability 

of mix design. 
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CHAPTER-2 

1. REVIEW OF  LITERATURE  

 

K.Shyam Prakash et.al (2014): �³Percentage replacement of bitumen with 

sugarcane waste molasses�  ́ 

The main aim of this paper is to develop non-petroleum based asphalt bitumen substitute for 

roads. It is made from waste material derived from sugarcane waste molasses. It has taken 

more than 20 years to develop the road grade substitute. The material used for this 

investigation are bitumen, fine aggregate, coarse aggregate, molasses and stone dust. The 

grade of bitumen used is having viscosity grade 30.Molasses used is the waste obtained 

during the preparation of sugar in sugar factory. Polymer used is low density polyethylene. 

Using waste polymer as modifier is one of the several ways to cut the expanses and reduce 

the overall cost of road pavement projects. In this paper, the stability goes on increasing upto 

13% and then stability decreasing. The road can withstand heavy traffic and better 

service.This modification not only add value to molasses but will develop technology which 

is eco-friendly 

Deepak juneega et.al (2018): �³Percentage replacement of bitumen with 

sugarcane waste �P�R�O�D�V�V�H�V�´ 

    In this paper investigation were made on sugar beet molasses and molasses based born 

oxide compound is a synthetic material obtained chemically in laboratory conditions by using 

proper amount of sugar beet molasses and born oxide. Each material is used by percentage 

replacement with 50/70 grade of bitumen and they found that the performance molasses 

based born oxide compound was improved and remain same with the use of sugar beet 

molasses 
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Gemechu Yilikal mose et.al (2018): �³Investigating the effect of 

Cane Molasses on �W�K�H���3�H�U�I�R�U�P�D�Q�F�H���R�I���E�D�V�H���E�L�W�X�P�H�Q�´ 

The objective of this research is investigating the effect of cane molasses on performance of 

the base bitumen. Sugarcane molasses is a organic waste material obtained from raw sugar 

during the refining process at sugar refineries. The effects of cane molasses percentage 

replacement on bitumen were examined by means of various laboratory tests. The study 

revealed that as percentage of molasses increased from 0%,5%,10%,20%.The cost analysis 

also signifies that, the cost of base bitumen improved by 17.4%.From this study it was 

concluded as per DSR performance testing machine 20% molasses increase  the performance 

of original 

 

Gunasekaran et.al (2018) : �³Evaluation of test section with polymer 

�P�R�G�L�I�L�H�G���%�L�W�X�P�H�Q�´ 

 In the present study an attempt has been made to examine the properties of bitumen modified 

with low density polyethylene. The low density polyethylene used in the form of milk 

packets. The grade of bitumen taken is 80/100 .Various standard tests like penetration, 

softening point ,specific gravity, viscosity, marshall stability are conducted on bitumen with 

and without polymer. The results confirmed that the modified blinder have stability during 

prolonged storage at high temperature. Marshall stability tests are performed on sample 

using1%,2%,2.5%,3%&4%.The results obtained with 20% increase when compared with that 

of ordinary bitumen. 
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NUHA S.Mashaan et.al (2019): �³A Review on using waste polymer as 

�D�G�G�L�W�L�Y�H���D�V���I�D�X�O�W���P�L�[�W�X�U�H�´ 

In this paper polymers employed for modification purpose in bitumen mixtures. Plastic offers 

a strong material ergonomic, durable, light, cheap. The annual consumption of plastic has 

globally jumped from about 5 million to 100 million tons within second half of the last 

century. Using waste polymer in terms of waste plastic contributes to reduction of plastic 

waste materials in the environment. In addition, using waste polymers , as modifier is one of 

the several ways to cut the expenses and reduce the overall cost on road pavement projects. 

 

ASHWINI K.R et.  al(2016): �³A Review on use of adhesives in bituminous 

�F�R�Q�F�U�H�W�H�´ 

In this paper by adding low density polyethylene 4%,6%,8%,10% waste as replacement of 

bitumen. Results show increased stability than conventional mixes. In order to ensure 

pavement long term durability, thus minimizing maintenance measures and conserving 

resources .Basically, bituminous binders should be designed to provide optimum resistance to 

different pavement failures and to achieve great durability within a broad range of 

temperature and traffic conditions 
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                                             CHAPTER-3 

 

      3. RESEARCH METHODOLOGY & MATERIAL  

                              CHARACTERISATION  

 

                                        Selection of aggregates 

     Aggregate testing                                   aggregate preparation for mix 

design 

 

                                       Selection of bitumen 

 Bitumen testing                                        bitumen preparation for penetration 

                                                                      grading   and Marshall mix design                                                               

 

                                           

                               Selection of low density polyethylene 

          LDPE preparation for Penetration grading and Marshall mix design 

 

                                                                    

                                        

                                          Selection of molasses 

      

Molasses preparation for penetration grading and marshall mix design 
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                           Experimental setup and observations 

Penetration grading using molasses                 Penetration grading using LDPE 

 

Replacement with bitumen                                  Replacement with bitumen 

Marshall mix preparation for OBC              Marshall mix preparation for OBC 

 

Partial replacement of molasses                                partial replacement of LDPE  

            with bitumen                                                                        with bitumen 

 

                                                          

   Results and discussion   

                                                         

 

FLOW CHART-1: Methodology 
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                                            CHAPTER 4 

AGGREGATES 

For the preparation of mix design, the aggregates should have proper strength, hardness, 

toughness, durability, adhesion with bitumen binder. So there are some tests that are to be 

performed before selection of aggregates to determine their properties like flakiness and 

elongation index, crushing test, impact test, soundness test, stripping test etc. 

 

 

 

Fig -1: Aggregates 
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PROPERTIES OF AGGREGATES  

 

1. Strength: The aggregates should be strong enough to bear the stresses due to traffic 

wheel load. The aggregates which are mainly used in top layers (wearing course) should be 

capable to bear the stresses in addition to wear and tear. Therefore the aggregate should have 

proper/ enough strength and resistance towards crushing.  

 

2. Hardness: The aggregates used in the surface course are subjected to constant rubbing 

or abrasion due to moving traffic. This happens due to heavy duty vehicles with steel tires or 

the sand between the rubber tires which will lead to the deformation of the pavement course. 

Therefore, the aggregates should be hard enough to resist wear due to abrasive action of 

traffic.  

 

3. Toughness: The aggregates used in the pavements should be tough enough to bear the 

sudden impact load caused by the heavy duty vehicles especially on the WBM roads. 

Therefore, the resistance to impact or toughness is hence another desirable property of road 

aggregates.  

 

4. Durability:  The aggregate should be durable to bear the weathering conditions or we 

can say that aggregates should be sound enough to bear the weather e.g. rainfall, snow, frost 

action, acidic rain etc. 
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5. Shape of the aggregates: The size of the aggregates should be appropriate because 

size decides the strength of the aggregate. The aggregate should not be too heavy and too 

elongated because their strength is low as compare to other shapes. So too flaky and too 

elongated aggregates are not preferred for the construction of roads. The test is also 

conducted by passing aggregates from different sieves and passing from thickness and 

elongation gauge.  

 

6. Adhesion with bitumen: The aggregate should have less affinity with water when 

compared with bitumen, if it is not then the bitumen will stripped off from the aggregates 

within the presence of water. 
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TABLE -1: RECOMMENDED VALUES F OR THE PROPERTIES OF 

AGGREGATES 

 

 

Specific gravity 2.5-3.0 

Impact value test 19.88% 

Abrasion Test 35% 

Attrition test  <5% 

 

 

 

TABLE -2: Observed values for Aggregates 

 

Specific gravity 2.65 

Impact value test 19.88% 

Abrasion Test 32% 

Attrition test  4.28% 
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                                         CHAPTER-5 

                                           BITUMEN  

 

 

BITUMEN AS A BINDER:  

 

Bitumen is generally obtained by the fractional distillation of petroleum. Bitumen binder is 

used for the proper binding of aggregates with overall mix. Bitumen is basically obtained 

from the fractional distillation of petroleum. It is available in different grades on which 60/70 

is considered good for high volume traffic roads. There are some various tests done for 

bitumen binders. But as per new recommendations viscosity grading is now preferred in place 

of penetration test, it is because of some issues that we are generally facing with penetration 

test like in penetration test the temperature at which bitumen is used as a sample for testing, is 

not maintained constantly throughout the trial with the penetration needle, and when it comes 

to viscosity test there is a constant temperature of bitumen while performing the test. So 

viscosity test give more accurate values as compare to penetration grading. 
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                                                             Fig-2: Bitumen 
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TESTS FOR BITUMEN  

1. Penetration test 

2. Softening point test  

3. Flash & Fire point test 

4 .Ductility test 

5 .Viscosity test 

 

Viscosity test: This test is basically used to determine the behavior of bitumen under 

�G�L�I�I�H�U�H�Q�W���W�H�P�S�H�U�D�W�X�U�H�V���L���H�����Z�K�D�W���V�K�R�X�O�G���W�K�H���U�H�V�L�V�W�D�Q�F�H���R�I���E�L�W�X�P�H�Q���D�J�D�L�Q�V�W���I�O�R�Z�����K�R�Z���L�W�¶�V���J�R�L�Q�J��

to perform when there should be high temperature and low temperature or under different 

climatic conditions.  

Stripping test: This test is generally used to check the adhesion of bitumen with the 

aggregates under water condition. This test will be adopted after preparation of marshal 

samples and some samples will be used to test the adhesion of bitumen with aggregates while 

partial replacement with molasses and fly ash as filler.  

Penetration test:  This test is generally used to determine the consistency of the bitumen 

by using a penetration of a standard needle under specified conditions of time and 

temperature. The penetration is taken as 1/10th mm. For penetration grade of 60/70, it means 

that the penetration value lies between 60 to 70 mm 

Softening point test: The particular significance for materials to be used as joint and 

crack fillers. Higher softening point ensures that they will not flow during service. Higher 

the softening point, lesser the temperature susceptibility. Bitumen with higher softening 

point is preferred in warmer places. 
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TABLE -3: RECOMMENDED VALUES FOR PROPERTIES OF BITUMEN:  

 

 

 

 

 

 

 

TABLE -4: OBSERVED VALUES FOR BITUMEN  

 

 

 

Penetration test 39.21 

Softening point ���������Û�& 

Flash & Fire point  �������Û�&���	���������Û�& 

 

 

 

 

 

 

 

 

 

Penetration test 52.33 

Softening point ���������Û�& 

Flash & Fire point  �������Û�&���	���������Û�& 
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PROPERTIES OF FILLER IN BITUMEN MIX:  

Fillers play an important role to enhance the properties of bituminous mix. Due to heavy 

wheel load, tire pressure, high traffic volume, variation in seasonal and daily temperature the 

symptoms like raveling, undulation, rutting, cracking, bleeding, shoving and potholing of 

bitumen surfaces takes place. So if we use suitable combination of materials like modified 

binders with a proper type and good percentage of filler, it will lead to longer life of bitumen 

wearing course. 

 

It is an inert material which passes through 75 micron sieve. The main function of filler is to 

fill the voids in coarse aggregates .in the present study crushed stone dust is used as mineral 

filler.  The specific gravity of stone dust is 2.92. 

 

 

                                                        Fig-3: Filler  
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                                                        CHAPTER-6 

 

EXPERIMENTAL SETUP AND LABORATORY INVESTIGATION  

 

MARSHALL METHOD OF MIX DESIGN : 

 

Marshall Stability and flow value is the test used to determine the resistance to plastic 

deformation of cylindrical specimen of bituminous mixture and is measured when the same is 

loaded at the periphery at a rate of 5cm per minute. The test procedure is used in the design 

and evaluation of bituminous paving mixes. 

 

INSTRUMENTS REQUIRED FOR MARSHALL STABILITY TEST  

 

1. Sieving arrangement 

2. Sieved aggregates 

3. Bitumen 

4. Cylindrical mould of 7.5cm height and 10cm diameter 

5. Collar 

6. Sample extractor 

7. Compaction pedestal having size 20*20*45cm 

8. Rammer having 4.54kg weight dropped from 45.7cm height 

9. Breaking head 

10. Loading machine 
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Fig-4: Cylindrical mould 

                  

 

 

 

 

 

                                                                                  Fig-5: Compaction pedestal 
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                                                  Fig-6: Marshall apparatus 
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                                                Fig-7: Sample extractor 
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MARSHALL TEST FOR 100% BITUMEN  

 

                                   Fig-8: Marshall test for 100 % bitumen 
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MARSHALL TEST PROCEDURE : 

 

1. Select aggregate grading to be used. 

2. Determine the properties of the aggregates and bitumen. 

3.1200 grams of aggregates and filler were taken in pan and heated at 140c to160c. 

4. Bitumen is added at mixing temperature at 160c by various percentages. 

5. The materials are mixed in a heated pan with heated mixing tools. 

6. The mixture is then placed in a heated Marshall mould with a collar and base and the 

mixture is spaded around the sides of the mould. A filter paper is placed under the sample and 

on top of the sample. 

7. The mould is placed in the Marshall Compaction pedestal. 

8. The material is compacted with 75blows of the hammer and the sample is inverted and 

compacted in the other face with the same no. of blows. 

9. After compaction the mould is inverted with collar on the bottom, the base is removed and 

the sample is extracted by pushing it out the extractor. 

10. The sample is allowed to stand for ½ hour to cool. 

11.The mass of the sample in air and when submerged is used to measure the density of the 

specimen so as to allow calculation of the void properties. 

 

 

 

 

 



24  

 

 

 

TABLE -5: GRADATION TABLE  

 

 

 

             Sieve size(passing)                 Weight of aggregates 

20.0mm-16mm 48g 

16.0mm-12.5mm 72g 

12.5mm-10mm 312g 

10mm-4.75mm 84g 

4.75mm-2.36mm 204g 

2.36mm-1.18mm 35g 

1.18mm-0.6mm 25g 

<75um(Filler) 420 
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FORMULAE:  

 

Gbcm   =  

Where, 

           = weight of sample in air(g) 

           = weight of sample in water(g) 

 

 

 

 

                =  Bulk specific gravity of aggregates 

               = Percent by weight of CA,FA and Filler 

                = Bulk specific gravities of CA,FA ,Filler 

 

 

VMA=      

 

VMA = percent voids in aggregates 

         = bulk specific gravity of compacted specimen 

         =bulk specific gravity of aggregate 

         =aggregate percent by weight of total paving mixture 
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               = percent air voids in compacted mixture 

               = maximum specific gravity of compacted mixture 

               = bulk specific gravity of compacted mixture 

 

 

 

 

                 = optimum binder content 

                   =  percentage asphalt content at maximum unit weight 

                  =  percentage asphalt content at maximum stability 

                  =  percentage asphalt content at specified percent air voids in the total mix 
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CONSIDERED GRAPHS TO OBTAIN OBC 
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Calculation for OBC: 

               Optimum binder content (OBC) = (x1+x2+x3)/3 

              X1=6 (from Marshall Stability vs. bitumen content graph) 

              X2=6.6 (from unit weight vs. bitumen content graph) 

              X3=8 (from flow value vs. bitumen content graph) 

OBC = (6+6.6+8)/3 

             =6.87 
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TABLE -6: MARSHALL VALUES FOR 100% BITUMEN  

 

 

 

Bitumen 

content(%) 

Air voids 

(%)  

Voids in 

mineral 

aggregate 

(%)  

Voids filled 

with 

bitumen 

(%)  

Stability(KN)  Flow(mm) 

4 6.54 9.96 41.21 37.72 3.68 

6 6.18 12.07 52.7 45.83 4.20 

8 5.26 13.10 62.87 29.25 7.93 

10 4.88 14.69 67.84 29.22 11.26 

12 4.61 17.87 68.33 24.65 12.54 
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                                                  CHAPTER-7 

 

LOW DENSITY POLYETHYLENE  

 

The generations of waste materials are increasing day by day .Around 9205 tones plastic 

waste are generated per day in the country. Which is collected and recycled (approximately 

60% of total plastic waste) and 6137 tones remain uncollected and littered. These waste 

materials requires more land to dump and produces more toxic gases during burning process 

which causes environmental pollution. 

 

It was found that was a polypropylene content increases, stability increases and thereafter 

decreases. Several studies have proven that the use of waste plastic in bituminous mix 

improves its performance characteristics but there is no common opinion about the optimum 

dosage of the waste materials. Therefore in this study 

An attempt is made to investigate the dosage of waste plastic in the design of an optimum 

bituminous mix. 
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Fig-9: Milk packets 
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Low density polyethylene(milk packets) is collected from local source and which are washed 

in hot water ,dried and shredded into pieces of 4.75mm to 2.36mm size.Specific gravity of 

plastic is 0.915. 

 

 

 

 

 

 

                                     Fig 10:Shredded milk packets 

 

 

 



34  

 

 

TABLE -7: Penetration and softening point values of Bitumen with LDPE :  

 

Bitumen LDPE Penetration Softening point 

4% 3 52 42.6 

 5 41 43.4 

 7 38 43.9 

6% 3 45 43.4 

 5 38.5 44 

 7 34 44.4 

8% 3 38 44 

 5 31.4 45.9 

 7 27 47 

10% 3 32.5 45.4 

 5 24 46 

 7 19.8 48.6 

12% 3 25.4 50 

 5 23 51.4 

 7 21 53 
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Graphs of penetration and softening point of bitumen with LDPE  
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TABLE -8: Marshall Values of bitumen with LDPE 

 

 

BITUMEN 

CONTENT 

(%)  

LDPE 

CONTENT 

(%)  

AIR 

VOIDS  

(%)  

VOIDS IN 

MINERAL 

AGGREGATE  

(%)  

VOIDS 

FILLED 

WITH 

BITUMEN 

(%)  

STABILITY  

(KN) 

FLOW  

(mm) 

6.87 3 3.65 10.38 65.30 32.13 8.08 

6.87 5 2.01 8.60 78.45 41.69 8.56 

6.87 7 0.83 7.54 89.09 49.78 9.27 
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LDPE graphs: 

 

 

 

 

 

 

 

 

 

LDPE graphs: 
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                                                      CHAPTER-8 

                                                       MOLASSES 

 

WHAT IS MOLASSES 

 

Molasses is another waste material which is obtained from the sugar industries & nowadays 

�L�W�¶�V�����Y�H�U�\���S�R�S�X�O�D�U���G�X�H���W�R���L�W�V���J�R�R�G���S�U�R�S�H�U�W�L�H�V�����0�R�O�D�V�V�H�V�����E�O�D�F�N���W�U�H�D�F�O�H�����L�V���R�Q�H���R�I���W�K�H���E�L-product 

comes while refining of sugarcane/sugar beets into sugar. Molasses is differentiated 

according to the percentage of sugar, extraction  method& the age of the plant where we are 

doing the refining of the sugarcane. 

 

 

 

 

Fig-11: Molasses 
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BASIC CONCEPT & PROPERTIES OF MOLASSES 

 

Molasses can be differentiated according to the color range , nutrition content & sweetness. 

Molasses can be differentiated according to the color range, nutrition content and sweetness. 

Molasses is having a very high production rate in Caribbean & southern united states, 

because of very high cultivation of sugar beets & sugarcane are boiled out unless and until 

the sugar crystallized & precipitated out. The left residual is called as molasses. The 

extraction of sugar has three different cycles & with each cycle the amount of sugar decreases 

in remaining molasses . 

 

TYPES OF MOLASSES: 

 

LIGHT MOLASSES : This molasses is obtained during the first cycle of extraction of 

sugar. This molasses is having very light color and maximum amount of sugar in it. 

 

DARK MOLASSES: This type molasses is obtained during the second cycling of 

extraction. It is generally more viscous and darker as compared to light molasses, and the 

amount of sugar is also less. 

 

BLACK STRAP MOLASSES:  The final product obtained by third cycle of extraction 

is black strap molasses contain the lowest amount of sugar and highest amount of vitamins, 

minerals & also having darkest color among all .Viscous in case of texture . 

 

SULFURED AND UNSULFURED MOLASSES:  Sulfured molasses is generally 

that type of molasses which is treated with sulfur dioxide for preservation. For pre-mature 

sugarcanes this treatment is adopted, so the molasses obtained from matured molasses is 

unsulfured molasses and its lighter and having good sugar flavor. 
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USES OF MOLASSES 

 

 

Baked goods: In the United States, molasses is a common sweetener and flavouring in 

many baked goods such as ginger bread,boston bread, and shoofly pie. Molasses is also 

responsible for the classic, sweet, rich flavor of baked beans. 

 

 

Alcohol : Molasses is the sugar used to make rum. Rum is therefore common in regions of 

the world where sugarcane or sugar beets are heavily cultivated because of the abundance of 

molasses. Molasses is also sometimes used to brew dark ales like stout. 

 

Brown sugar : Molasses is responsible for the dark ,rich flavor and texture of brown sugar. 

Brown sugar is produced by combining refined white sugar with approximately 5% molasses. 

 

Tobacco : Molasses is added to some tobacco products for flavour .Tobacco flavoured with 

molasses is particularly popular in the Middle East for use in hookahs. 
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TABLE -9: Penetration and softening point of Bitumen with molasses: 

 

Bitumen Molasses Penetration  Softening point 

4% 5 49 41.9 

 10 46.4 42.3 

 15 41 43 

6% 5 40.6 42.4 

 10 36 43 

 15 33.3 43.6 

8% 5 38.4 43 

 10 35 44.5 

 15 31.9 44.9 

10% 5 34 45 

 10 32.9 45.4 

 15 29.5 46 

12% 5 31 45.6 

 10 28.4 45.9 

 15 26.5 47 
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Graphs of penetration and softening point of bitumen with molasses 
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TABLE -10: Marshall values of bitumen with molasses 

 

 

Bitumen 

content 

(%)  

Molasses 

content 

(%)  

Air 

voids 

(%)  

Voids in 

mineral 

aggregate 

(%)  

Voids 

filled with 

bitumen 

(%)  

Stability  

(KN) 

Flow 

(mm) 

6.87 5 4.86 14.35 72.5 41.67 9.52 

6.87 10 3.50 9.68 84.15 54.06 10.14 

6.87 15 2.04 5.12 90.26 65.18 12.06 
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Graphs of molasses with bitumen 
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Photos taken while doing Marshall stability test 

 

FIG-12: Sample compacting 
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                                               CHAPTER-9 

                                 CONCLUSION   

        

 Based on the laboratory tests conducted, the behavior of molasses modified bitumen 

and the addition of low density polyethylene produces favorable changes in the 

properties of bitumen and improved Marshall characteristics. 

On the basis of observation  and analysis of the results following conclusions are 

drawn: 

Using waste polymer in terms of waste plastic contributes to a reduction of waste 

materials in the environment .it can yield several advantages as follows: 

(a) Preservation of limited fossil resources during manufacture, 

(b) Reduction of energy consumption, 

(c) Reduction of disposed and discarded solid materials and reduction of co2 

emissions. 

In addition, using waste polymers, as modifiers is one of the several ways to cut the 

expenses and reduce the overall cost of road pavement projects. 

By using molasses to bituminous mix amount of release of carbon dioxide decreases 

which are harmful to human health. By spraying this molasses over the aggregates 

increases binding characteristics and reduces the void present in the mix. The road can 

withstand heavy traffic and better service. 

o The low density polyethylene and molasses are compatible with 80/100 grade 

bitumen to get a homogeneous mix. 

o The softening point value increases with increasing percentages of LDPE and 

molasses. 
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o The penetration values decreases with increasing percentages of LDPE and 

molasses content. 

o The Marshall Stability value of modified binder when compared with plain 

bitumen increases. The maximum value attained at 7% LDPE and 15% 

molasses. 

 Above saving in bitumen is not at the cost of another material, but at beneficial use of 

non-bio-degradable waste like LDPE which is most common ingredient of municipal 

wastes. 
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 ABSTRACT 
 
 The production of cement results in the formation of carbon dioxide gas which causes the 
environmental pollution. About 7% of co2 gas is evolved from cement industries into atmosphere; to 
decrease the liberation of those gases we are partially replacing cement with rice husk ash. Now days 
the scarcity of sand is the bigger problem in construction industry and fine aggregate is not readily 
available, hence there is a need to find an alternative material to replace the fine aggregate, such that 
harm to the environment is prevented. Sugar-cane bagasse is one such fibrous waste product of sugar 
refining industry which we can use as a replacement of fine aggregate. In this present investigation 
we are replacing rice husk ash by 5%, 10%, 15% weight of cement and bagasse ash by 10%, 20%, 
30% weight of fine aggregate. At optimum percentages of rice husk ash and bagasse ash we are 
going to add S glass fibers. Here cubes and cylinders are casted for M40 grade of concrete, 
compression and split tensile tests are conducted and compared with conventional concrete. 
 
 
Keywords: Rice Husk Ash, Bagasse Ash, Compressive strength, Split tensile strength. 
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CHAPTER-1 
 
 

INTRODUCTION 
  INTRODUCTION  
 Any construction activity requires several materials such as concrete, steel, brick, stone, glass, 
clay, mud, wood, and so on. However, the cement concrete remains the main construction 
material used in construction industries. For its suitability and adaptability with respect to the 
changing environment, the concrete must be such that it can conserve resources, protect the 
environment, economize and lead to proper utilization of energy. To achieve this, major 
emphasis must be laid on the use of wastes and byproducts in cement and concrete used for new 
constructions. 

                      In current worldwide markets and increasing accentuation on quality,    
requirement for concrete having high strength with affordable cost has increased numerous 
folds. Over the past decades, research on concrete has entered broad- based areas of activities 
to enhance the concrete performance. The reason behind this is not only to the vast range of 
applications that concrete offers, but also due to its great affordability, strength, durability, and 
versatility. Numerous method has been applied and different kinds of concrete has been 
introduced like, Self -Compacting Concrete (SCC) was introduced that enhances the durability 
of the concrete, high strength concrete(HSS)  was introduced that provide ultra-high strength. 
But such concrete is rarely available and high cost. The need to reduce the high cost of 
Ordinary Portland Cement with the desirable characteristics some materials has to be modified. 
From the intensified research into locally available products and reduction in cost partial 
replacement of the OPC with rice husk ash is proven to be effective fulfilling requirement. 
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Rice husk Ash is an agricultural product on which rice husk is burnt into ashes. RHA is found 
to be good material which fulfils the physical characteristics and chemical composition of mineral 
admixtures. A small amount addition of RHA (lesser than two to three by weight of the cement), 
to a given water cement ratio, is sufficient and helpful to improve the stability, durability as well 
as the workability tends to increase the compressive strength and durability of the concrete. Usage 
of the fine rice husk ash reduces the temperature as compared to the normal opc temperature. As 
per the researcher observation is was found that proper proportionate ration RHA can reduce the 
initial setting time and also it obtains its maximum strength with a few days. RHA depends 
mainly on silica content, silica crystallization phase, and size and surface area of ash particles. 
Rice husk usage benefits are briefed in many literatures, very few of them deals in their real  life. 

 

Research History on Partial Replacement of the OPC with Rice Husk Ash 
  

Research is always deliberated glancing concrete properties. It is envisioned that the minimum 
contain of the RHA as a partial replacement found to be not worthy enhancing the strength as well 
more amount of the RHA decreases its compressive strength value. P. Mehta (1992), studied that 
RHA contains silica in amorphous and highly cellular form that improves workability and 
stability, and it decreases the development and impermeability as well as durability in 
strengthening zone. Rukzon and Chidaprasirt (2000) studied that the strength of the Mortar with 
the partial replacement of RHA will gain 10 percent more after 7 days and 20 percent after 28 
days comparing with regular concrete. 
                 Mehta and Pirth (2000) investigated that the use of the rice husk ash as a replacement 
material reduces the temperature in the high strength mass concrete. Ganesan et al (2007) studied 
that the concrete with partial replacement of cement with rice husk ash and he concluded in his 
study that concrete with replacement of 15% of rice husk ash showed an almost compressive 
strength and the compressive strength is loss at increasing content of rise husk ash more than 
15%. Cordeiro et al (2009) carried out the studied of Brazilian rice husk ash and rice husk straw 
ash and explained that the grinding of these ashes increases the Pozzolanic of rice husk ash and 
the strength.  
 

Research History on Partial Replacement of The Fine Aggregate With 
Bagasse Ash 
               Sugarcane is one of the major crops grown in over 110 countries and its total 
production is over 1500 million tons. In India only, sugarcane production is over 300 
million tons/year that cause about 10 million tons of sugarcane bagasse ash as an un-
utilized and waste materia.. The SCBA contains high amounts of un-burnt matter, silicon, 
aluminum and calcium oxides. But the ashes obtained directly from the mill are not 
reactive because of these are burnt under uncontrolled conditions and at very high 
temperatures. The ash, therefore, becomes an industrial waste and posses disposal 
problems. A few studies have been carried out in the past on the utilization of bagasse ash 
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obtained directly from the industries to study pozzolanic activity and their suitability as binders 
by partially replacing cement. 
                   The present study was carried to study the use of SCBA as a partial replacement of 
fine aggregate in cement concrete since the availability of natural sand is on the cry off in the 
last decades as a result of ecological and environmental limitations. The experimental study 
examines the workability properties of fresh concrete such as slump and compaction factor and 
also 7 and 28 days compressive strength, 28 days split tensile strength and with 10%, 20%, 
30% and 40% replacement of fine aggregate with bagasse ash by volume. 
 

THE USE OF RICE HUSK ASH IN CONCRETE  
     The need to reduce the high cost of Ordinary Portland Cement in concrete has intensified 
research into the use of some locally available materials that could be used as partial 
replacement for Ordinary Portland Cement (OPC) in Civil Engineering and Building Works. 
India is a major rice producing country, and the husk generated during milling is mostly used 
as a fuel in the boilers for processing paddy, producing energy through direct combustion and / 
or by gasification. About 20 million tons of RHA is produced annually. This RHA is a great 
environment threat causing damage to the land and the surrounding area in which it is dumped. 
Lots of ways are being thought of for disposing them by making commercial use of this RHA. 
In the present investigation, Portland cement was replaced by rice husk ash at various 

percentages to study compressive and flexural strength. 
 
OBJECTIVE AND SCOPE 

The objective of this investigation is the cement is replaced with rice husk ash and fine 
aggregate is replaced with bagasse ash. We have done through this investigation to find out the 
7days and 28days strengths. In this present investigation we r placing rice husk ash by 0%,5%,10% , 
15% weight of cement and bagass ash by 10% and 20% weight of fine aggregate. Here cubes and 
cylinders are casted for M40 grade of concrete, compression and split tensile tests are conducted. In 
this investigation we are replaced the cement with rice ask ash with 0%,5% ,10% and 15%. At 15%, 
we have get maximum strength by keeping at 15% strength is optimum state and we have replaced 
the fine aggregate with bagasse ash with 10% and 20%. At 20%, we have get maximum 
strength.15% of rice ask ash and 20% rice ask ash these two percentages are kept in optimum state. 
By taking these two percentages at optimum state we added S-glass fibers to increase the strength.  
.  
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                                                     CHAPTER 2 
 
 LITERATURE REVIEW  

Alex A. casanattoet al.,(2016) studied the concrete with that  partial  replacement of fine  
aggregate with  sugarcane  bagasse  ash. They determined the workability and compressive 
strength properties of concrete. They  replaced  the  sand  with  bagasse  ash  ash  as  (0%, 5%, 
10%, 15%) by  weight  of  sand. The  test   conducted  are  compressive strength test  and  slump 
test  and  concluded  that  sand  with  bagasse  ash  increased  workability  of  fresh  concrete & 
higher   compressive  strength  than  that  parent concrete. 

N. Karthik krishnaet al.,(2016) studied the concrete  with  partial  replacement  of  
cement  by  Rice Husk Ash. They  determined  the  workability, compressive  strength, Split 
tensile an  flexural  strength  properties  of  concrete. They replaced the sand with rice husk ash 
as (5%, 10%, 15%, 20%) by weight of sand. The tests conducted are split tensile, compressive 
strength and flexural strengths. They concluded that replacement of rice husk ash in cement 
was near to 10% in terms of workability & strength. 

Prashant O Madaniet al.,(2013) investigated about  the  utilization of  bagasse  as  a  
partial  replacement  material  of  fine  aggregate.  They determined the sorptivity, compressive 
strength, split tensile strength, compaction factor and slump of concrete. In  this  way, bagasse  
ash  has  been  partially  replaced  in  the  ratio  of   0%, 10%, 20%, 30% and  40%  by  volume  
of  fine  aggregate  in  concrete. The  tests, that  are  conducted  by  them  are  compaction  
factor  test, split tensile  strength test, compressive  strength  test  slump  cone  test and  
sorptivity test. Finally, They  concluded  that  bagasse  ash  is a suitable  replacement  of  fine 
aggregate  and  its utilization  is not  only  be economical,  but  may  also  hepls to  create  a 
sustainable and pollution  free  environment 

SeyedAlirzaZareei et al.,(2016) studied rice husk  ash as  a partial  replacement  of  
cement  in  high  strength concrete  containing  microsilica.  They determined the workability 
and compressive strength properties of concrete. They replaced  the  cement  with  rice husk  
ash  by (5%, 10%, 15%,20%, 25%) by  weight  of  cement. The tests conducted are 
compressive strength, tensile, water absorption and permeability tests. They  concluded  that  
replacement  of  rice husk ash  in  cement  was  near  to  10%  in  terms  of  workability & 
strength. 

Bolla et al(2015),carried out  a research on the effect of partial replacement of cement with 
RHA on concrete . The cement has been replaced by rice husk ash according in the range 
0%,5%,10%,15%,20% by weight of cement for mix concrete mixtures were produced , tested and 
compared in terms of compressive strength with the convention concrete . Tests were carried to 
evaluate the mechanical properties for the results of 7, 28, 60 days for compressive strength. The 
cement used for this test was grade53, and cube size of 150mm, 150mm, 150mm. 

�=�D�U�H�H�L�� �H�W�� �D�O���������������´evaluated durability and mechanical properties of rice husk ash as a 
partial replacement of cement in high strength concrete containing micro silica. The research 
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presented resulted from various ratios of rice husk ash on concrete indicators through 5 mixtures 
plants with proportions of 5,10,15,20 and 25 percent RHA by weight of cement in addition to 
10% micro silica. This was compared with reference mixture with 100% Portland cement. Test 
results indicated the positive relation between 15 % replaced of RHA with increasing compressive 
strength by above 20%. The optimum level strength and durability properties generally gained 
with addition up to 20 %, beyond that is associated with slight decrease in strength parameters by 
about 4.5%. 

Ujene and achenu (2013) carried out research to determine the compressive strength of 
concrete prepared with various agricultural waste across Nigeria to ensure uniformity of the data, 
the research is restricted to percentage replacement of 10%, 20% and 30 % of cement with rice 
husk ash using design strengths of 25%MPA and 30 MPA at 7, 14, 28 days curing. From the 
result, we can see that for grade M25, partial replacement of 10% exceeded the target design 
strength. This was also same situation for grade 30 concrete. 

Obilade(2012) , i.o investigated the use of rice husk ash partial replacement of cement in 
concrete. In this research on the properties of RHA when used as partial replacement for ordinary 
Portland cement in concrete.OPC was replaced with RHA by weighted 0,5,10,15,20 and 25%. 0% 
replacement served as the control. The mix proportion was 1:2:4 by weight .Compressive strength 
test were carried out on hardened 150mm concrete cubes after 7, 14 and 28 days curing in water. 
The concrete used in this research work as made using Binder, sand and gravel. The results 
revealed that the compacting factor decreased as a percentage replacement of OPC with RHA 
increased. 
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CHAPTER - 3 

MATERIALS:  
 

CEMENT: The cement used was Ordinary Portland Cement (KCP 53 grade). The cement 

procured was tested for physical requirements in accordance with IS: 12269-1987. The 

details are given inTable3.1 

                                               Figure3.1: Cement 

 
Table 3.1: Physical properties of Cement 
 

S. 
No 

Properties Value Permissible 
limit as per 
IS: 12269- 

1987 
1 Specific Gravity 3.13 Varies from 3.1 

to 3.15 

2 Initial setting time 63min Should not be 
less than 30 

Min 

3 Final setting time 321 min Should  not be 
more than600 

Min 
4 Fineness test 1% retained <10% 
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Table3.2: Chemical properties of cement 

s.no Particu lars Proportion  
1 Lime(cao) 60 to 67% 
2 silica(sio2) 17 to 25% 
3 Alumina(Al2o3) 3 to 8% 
4 Iron oxide(Fe2o3) 0.5 to 6% 
5 Magnesia(Mgo) 0.1 to 4% 
6 Sulphur trioxide(so3) 1 to 3% 
7 Soda and potash(Na2o2+k2o) 0.5 to 1.3% 

 
 
FINE AGGREGATE:  
         The aggregate fractions from 4.75mm to 150 micron are termed as fine aggregate. The 

locally available river sand is used as a fine aggregate. The sand is free from clay, silt and 

organic impurities. The sand is tested for various properties according to IS 2386-1963.The sand 

is confirmed to Zone-II as per IS 383-1970. The physical properties and sieve analysis are given 

in table 4.6 and 4.7. 

 

Table 3.3: Physical properties of Fine Aggregate (IS 383, IS 2386 Part III & IV) 

S. No Particulars of 
test 

Test 
results 

1 Specific gravity 2.61 

2 Fineness modulus 2.5 

3 Water absorption(%) 1.8 

4 Sieve analysis Zone II 
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                                            Fig 3.2:fine aggregate 
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Table 3.4: Sieve Analysis of Fine Aggregate: 
 
 
 
 

S. N O 

 
 
 
 

IS Sieve 
Size 

 
 
 
 

Weight 
retained 

(Kg) 

 
 
 
 

Cumulative 
Weight 
retained 

(Kg) 

 
 
 
 

Cumulative 
% Weight 
retained 

 
 
 
 

Cumulative 
% 

Passing 

1 10 mm 0 0 0 100 

2 4.75 mm 22 22 2.2 97.8 

3 2.36 mm 34 56 5.6 94.4 

4 1.18 mm 131 187 18.7 81.3 

5 600 µm 216 403 40.3 59.7 

6 300 µm 384 787 78.7 21.3 

7 150 µm 202 988 98.8 1.2 

  
Total=244.3 

 

 
 
 
Fineness modulus= 2.44 
 
According to IS 383-1970 this sand confirms to Zone �± II  

 
 COARSE AGGREGATE:  
Coarse aggregates are used for making concrete. The aggregate fractions from 80mm to 4.75mm 
are termed as coarse aggregate. Machine crushed angular granite metal of 20mm passed and 
10mm retained has been used. It is free from impurities such as dust, clay particles and organic 
matter. The coarse aggregate is tested for various properties according to IS 2386-1963.The 
physical properties and sieve analysis are given in table 4.4 and table4.5. 
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                                                    Figure3.3: Coarse Aggregate  
                                                 
 Table 3.5 Physical properties of Coarse Aggregate 

 
S.N
O 

 
Properties 

 
Test 

results 
1 Specific Gravity 2.81 

2 Water Absorption 0.96 % 

3 Flakiness Index 14.15 % 

4 Elongation Index 21.30 % 

5 Crushing value 21.4 % 

6 Impact Value 15.8 % 

7 Fineness Modulus 7.25 
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Table 3.6: Sieve analysis of Coarse Aggregate: 

 
 

S.NO 

 
 

IS 
Sieve 
Size 

 
 

Weight 
retained 

(Kg) 

 
 

Cumulati
ve Weight 
retained 

(Kg) 

 
 

Cumulative 
% Weight 
retained 

 
 

Cumulative 
%passing 

1 80 mm 0.00 0 0 100 

2 40 mm 0.00 0 0 100 

3 20 mm 1.37 1.37 27.4 72.6 

4 10 mm 3.545 4.915 98.3 1.70 

5 4.75 mm 0.085 5 100 0 

6 2.36 mm 0 5 100 0 

7 1.18 mm 0 5 100 0 

8 600 µm 0 5 100 0 

9 300 µm 0 5 100 0 

10 150 µm 0 5 100 0 

   
Fineness Modulus = 7.25 

 
      
Total=7.25 
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RICE HUSK ASH: 
RHA generally referred to an agricultural by-product of burning husk under controlled 
temperature of below 800 °C. The process produces about 25% ash containing 85% to 90% 
amorphous silica plus about 5% alumina, which makes it highly pozzolanic. Some 
researchers indicated that concrete with RHA required more water for a given consistency due 
to its absorptive character of the cellular RHA particles. In an investigation rice husk 
ash obtained from Indian paddy when burnt at 650°Cfor a period of 1 h transformed itself into 
an efficient pozzolonic rich in amorphous silica content (87%) with a relatively low loss 
on ignition value (2.1%) . There are two ways to burn rice hush: controlled and uncontrolled 
methods. Initially rice husk was converted into ash by open heap village burning method at a 
temperature, ranging from 300 °C to 450°C. When the husk was converted to ash by 
uncontrolled burning below 500 °C, the ignition was not completed and considerable amount 
of unburnt carbon was found in the resulting ash. 
The ash produced under controlled burning conditions between 550 °C and 700 °C by 
incinerating temperature for 1 h possibly transforms the silica of the ash into amorphous phase. 
Burning duration varied between 15 m to 24 h, while according to various investigation the 
optimum time would be 6 h with 680°C. 
RHA possibly compensate the problem of recycling huge quantity of husk wastes to be land 
filled due to lacking of knowledge about its commercial benefits. 

Table 3.7: Physical properties of Rice husk Ash (as per supplier) 

S. NO Particulars Properties 

1 Color Gray 

2 Shape texture Irregular 

3 Minerology Non Crystalline 

4 Particle Size >45 microns 

5 Odour Odourless 

6 Specific Gravity 2.3 

7 Apperance Very fine 
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 Table 3.8: Chemical properties of  rice husk ash (as per supplier) 

S. NO Particulars Proportion 

1 Silicon dioxide 86.94% 

2 Aluminum oxide 0.2% 

3 Iron oxide 0.1% 

4 Calcium oxide 03.-2.2% 

5 Magnesium oxide 0.2-0.6% 

6 Sodium oxide 0.1-0.8% 

7 Potassium Oxide 2.15-2.30% 
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Bagasse Ash: 

 Sugarcane is one of the major crops grown in over 110 countries and its total production 

is over 1500 million tons. In India only, sugarcane production is over 300 million tons/year 

that cause about 10 million tons of sugarcane bagasse ash as an un-utilized and waste 

material. After the extraction of all economical sugar from sugarcane, about 40-45% fibrous 

residue is obtained, this is reused in the same industry as fuel in boilers for heat generation 

leaving behind 8-10% ash as waste, known as sugarcane bagasse ash. The SCBA contains 

high amounts of un-burnt matter, silicon, aluminum and calcium oxides. But the ashes 

obtained directly from the mill are not reactive because of these are burnt under uncontrolled 

conditions and at very high temperatures. 

 The ash, therefore, becomes an industrial waste and pos�V�H�¶�V disposal problems. During the 

production process of sugar and alcohol, large quantities of bagasse are used as combustible for 

boilers after the extraction of the sugar cane juice in the plants and small distilleries. Nowadays, 

the bagasse has supplied the energy necessities of the sugar/alcohol sector and it also generates an 

excess that can be commercialized by concessionaires of energy or other industrial sectors. In the 

present work was carried to study the use of SCBA as a partial replacement of fine aggregate in 

concrete since the availability of natural sand is on the cry off in the last decades as a result of 

ecological and environmental limitation. 

 
Table 3.9: Physical Properties of Bagasse Ash: 

S.No Property Value 

1 Specific gravity 2.38 

2 Liquid limit (%) 41 

        3 Plastic limit (%) None 

        4 Optimum moisture content (%) 48 

5 Maximum dry density (g/cm3) 1.27 

6 Lime reactivity (kg/cm2) 32 
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Table 3.10: chemical properties of Bagasse Ash 
S.No Particulars Proportion 

1 Silicon dioxide (SiO2) 65.27 

2 Aluminum trioxide (Al2O3) 3.11 

3 Ferrit(Fe2O3) 2.1 

4 Quick Lime (CaO) 11.16 

5 Magnesium (MgO) 1.27 

6 Loss of Ignition 2.11 

 

3.1.3 .Water: 

In this study portable water is used confirming to IS: 456-2007. The water used for the study was 

free of acids, organic matter, suspended solids, alkalis and impurities which when present may have 

adverse effect on the strength of concrete. 
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CHAPTER 4 
 

MIX DESIGN AND EXPERIMENTAL INVESTIGATIONS  
 
DEFINITION MIXDESIGN  

Mix design is the process of selecting an optimum proportion of cement, fine and 

coarse aggregate and water to produce a concrete with specified properties of workability, 

strength, and durability. The best mix involves a balance between economy and the required 

properties of concrete. 

All the methods used to design, prepare and test the concrete as per respective Indian 

standard codes which are mentioned at appropriate places in this thesis. Various tests have 

been conducted on cement; fine aggregate, coarse aggregate to check their suitability in 

making concrete. The resulting concrete is proportioned for M40 mix as per nominal mix 

design. The cement is replaced by rice husk ash 0%, 5%, 10%, 15%, 20%, 25% and fine 

aggregate is replaced by bagasse ash 0%, 10%, 20%, 30%, 40% and these specimens were 

tested for compression and split tensile strengths. 

Concrete mix proportions were designed as per IS 10262:2009 code. The resulting 

concrete is proportioned for M40 grade as per nominal mix design. The cement is replaced by 

rice husk ash 0%, 5%, 10%, 15%, 20%, 25%  and fine aggregate is replaced by bagasse ash  

0%, 10%, 20%, 30%, 40%  and these specimens were tested for compression and split 

tensile strengths.  

 
MIX DESIGN PROCEDURE  
            Indian Standard Recommended Methods of Concrete Mix Design (IS 10262-1982). 

The Bureau of Indian Standards recommended a set of procedure for design of concrete mix 

mainly based on the work done in national laboratories. The mix design procedure are in IS 

10262-82. The method given can be applied for both medium strength and high strength 

concrete. 
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Table 4.1: Mix Proportion: 
  

 
Cement  
(Kg/m3) 

Fine 
aggregate 

 
(Kg/m3) 

Coarse 
aggregate 

 
(Kg/m3) 

Water 
content 
(Kg/m3) 

425.8 814.65 1006.47 191.61 

 
 
 
Table 4.2: Replacing Cement with Rice husk ash 

S.NO Mix  Weight 
of         

Cement 
(Kg/m3) 

Weight of    
Rice Husk 

Ash 
(Kg/m3) 

Weight of 
Fine 

aggregate 
(Kg/m3) 

Weight of 
Coarse 

aggregate 
(Kg/m3) 

Volume 
of water 
(Kg/m3) 

No. of 
cubes 

No.  
of 
cylinders 

1. OPC 425.8 0 814.65 1006.4 191.61 6 6 

2. Cement
+ RHA 
(5%) 

404.51 21.29 814.65 1006.4 191.61 6 6 

3. Cement
+ RHA 
(10%) 

383.22 42.58 814.65 1006.4 191.61 6 6 

4. Cement
+ RHA 
(15%) 

361.93 63.87 814.65 1006.4 191.61 6 6 
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Table 4.3: Replacing Fine aggregate with Bagasse ash 
 

 
 
 
Table 4.4: Adding S-Glass fibers to the ideal mix 
S.NO Cement+ 

Rice husk 
ash 
(Kg/m2) 

Fine aggregate + 
Bagasse ash     (Kg/m2) 

Coarse 
aggregate 
(Kg/m2) 

% of S-
glass 
fibers 

No. of 
Cubes 

No. of  
Cylinders 

1. 383.22+42.58 570.276+244.404 1006.4 0.005 6 6 

2. 383.22+42.58 570.276+244.404 1006.4 0.015 6 6 

3. 383.22+42.58 570.276+244.404 1006.4 0.025 6 6 

 
 
 

S.NO Cement 
+Rice husk 
ash 
(Kg/m3) 

Weight of 
Fine 
aggregate 
(Kg/m3) 

Weight of 
Bagasse 
ash 
(Kg/m3) 

Weight 
of Coarse 
aggregate 
(Kg/m3) 

Volume 
of 
Water 
(Kg/m3) 

No. of 
Cubes 

No. of 
Cylinders 

1. 425.8 733.212 81.465 1006.4 191.61 6 6 

2. 425.8 651.744 162.936 1006.4 191.61 6 6 

3. 425.8 570.276 244.404 1006.4 191.61 6 6 

4. 425.8 488.808 325.872 1006.4 191.61 6 6 
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MIXING  PROCEDURE 
 

Mixing of ingredients is done in pan mixer of capacity 50 li ters. The cementations materials 

are thoroughly blended and then the aggregate is added and mixed followed by gradual addition of 

water and mixing. Wet mixing is done until a mixture of uniform color and consistency are achieved 

which is then ready for casting. Before casting the specimens, workability of the mixes was found by 

slump conetest. In this context we are using normal mixing method. 

 
CASTING SPECIMENS 
          The cast iron moulds are cleaned of dust particles with mineral oil on all sides before concrete 

is poured in to the moulds. The moulds are and applied placed on a level platform. The well mixed 

concrete is filled in to the moulds and kept on vibration table. Excess concrete was removed with 

trowel and top surface is finished level and smooth as per IS 516-1969. 

 

 
                                          Figure 4.1: Casting of specimens 
 
 
CURING OF SPECIMENS 
The specimens are left in the moulds undisturbed at room temperature for about 24 hours after 

casting. The specimens are then removed from the mould sand immediately transferred to the curing tank 

i.e. cubes are cured in freshwater. 
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Figure 4.2: Curing tank 

 
 
TESTING OF SPECIMENS 

A time schedule for testing of specimens is maintained to ensure their proper testing on the 

due date and time. The cast specimens are tested as per standard procedures, immediately after they 

are removed from curing tanks or curing tubs and wiped off the surface water, as per IS: 516-1959. A 

compressive strength testing machine of 2000KN capacity is used. 

 

 
Figure 4.3: Compression Testing Machine 
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                                  CHAPTER 5 

TESTS CONDUCTED 

   WORKABILITY:  

The property of concrete which determines the amount of useful internal work necessary to 

produce full compaction is known as workability.  It is one of the physical parameters of concrete 

which affects the strength and durability as well as the cost of labor and appearance of the finished 

product. Concrete is said to be workable when it is easily placed and compacted homogeneously i.e. 

without bleeding or Segregation. Unworkable concrete needs more work or effort to be compacted in 

place, also honeycombs or pockets may also be visible in finished concrete. The workability was 

measured using slump cone apparatus for different percentage replacement of natural coarse aggregate 

with recycled aggregate. 

The workability of fresh concrete depends mainly on the material, mix proportion and 

environmental conditions. Fresh concrete containing silica fume is more cohesive and less prone to 

segregation than concrete without silica fume. As the fly ash content is increased, the concrete may 

appear to become sticky.  

Factors affecting workability: 

1. Method and duration of transportation 
2. Quantity and characteristics of materials. 
3. Aggregate grading, shape and surface texture 
4. Quantity and characteristics of chemical admixtures 
5. Amount of water 
6. Amount of entrained air 

 
 SLUMP CONETEST: 

Slump test is the most commonly used method & measuring consistency of concrete which is 

employed either in laboratory or at site work. For the present work, slump tests were conducted as per 

IS: 1199 -1959 for all mixes. It is not suitable method for vary wet or very dry concrete. This method is 

suitable for medium slump. 

The apparatus for conducting the slump test essentially consists of a metallic Mould in the 

form of frustum of a cone having the internal dimensions as under: 

Bottom diameter: 20 cm 
Top diameter         : 10 cm 
Height                      : 30 cm 
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The thickness of the metallic sheet for the mould should not be thinner than 1.6mm. For 

tamping the concrete; a steel tamping rod is 16mm diameter 0.6m along with bullet is used. The mould 

is placed on a smooth, horizontal, rigid and non-absorbent surface. The mould is then filled in four 

layers, each approximately 1/4thof the height of the mould. Each layer is tamped 25 times by the 

tamping rod taking care to distribute the strokes evenly over the cross section. By using the tamping 

rod or a trowel strike of the excess concrete above the slump cone. The mould is removed from the 

concrete immediately by raising it slowly and carefully in a vertical direction. This allows the 

concrete to subside. This subsidence is referred as slump of concrete. The difference in the level 

between the height of the mould and that of the highest point of the subsided concrete is measured. The 

difference in height is taken as slump of concrete. 

 
 

Figure 5.1: Slump Cone apparatus 
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Figure 5.2: Dimensions of Slump Cone 

 
COMPRESSIVE STRENGTH: 

 
Compressive Strength is determined by loading properly prepared and cured cubic, cylindrical 

or prismatic specimens under compression. The compressive strength of concrete specimens is 

calculated by using the compressive testing machine (CTM) which is having capacity of 2000KN. The 

measured compressive strength of the specimen shall be calculated by dividing the maximum load 

applied during the test by the cross sectional area calculated from mean dimensions of the section and 

shall be expressed to the nearest N/mm2. Among many test applied to the concrete, this is given 

utmost important which has an idea view about all the characteristics of concrete. The test values 

obtained with this process one can predict whether the concrete is properly casted or not. 

The cubes of size 150x 150 x 150 mm were casted. After 24 hours, the specimens are 

removed from the mould sand subjected to curing for 7 days and 28 days in portable water. After 

curing, the specimens are tested for compressive strength using compression testing machine of 2000 

KN capacity (IS: 516 �± 1959). The maximum load at failure is taken. The average compressive 
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strength of concrete specimens is calculated by using the following equation. The average 

compressive strength of concrete �V�S�H�F�L�P�H�Q�¶�V���L�V calculated. 

The strength the concrete increases with age. Table 5.1 shows the strength of concrete at different 

ages in comparison with the strength at 28 days after casting. 

 
Table 5.1: Strength of concrete for different ages 

Age Percentage of strength 

1 day 16% 

3 days 40% 

7 days 65% 

14 days 90% 

28 days 99% 

 
 

Strength of Rice hush ash concrete is affected by several factors i.e., type of cement, quality 

and proportion of rice husk ash and curing temperature. The main contribution of rice husk ash to 

concrete strength development at normal curing temperature takes place between about 3 to 28 days. 

The contribution of rice husk ash to strength development after 28 days is minimal. 

SPLIT TENSILE  STRENGTH: 

It is well known that the concrete is weak in tension. Tensile strength is one of the basic 

important properties of the concrete. The tensile strength of concrete is necessary to determine the 

load at which the concrete members may crack. The cracking takes place in a form of tension failure. 

The usefulness of the splitting cube test in assessing the tensile strength of concrete is widely accepted in 

the laboratory. 

The cylinders are of size 150 mm diameter and 300mm length is casted. After 24 hours, the 

specimens are removed from the moulds and subjected to curing for 7 days and 28 days in portable 

water. After curing, the specimens are tested for split tensile strength using compression testing 

machine of 2000 KN capacity (IS: 516 �± 1959). The maximum load at failure is taken. 

The tensile strength of concrete is one of the basic and important properties. Splitting tensile strength 
test on concrete cylinder is a method to determine the tensile strength of concrete. The concrete is 
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very weak in tension due to its brittle nature and is not expected to resist the direct tension. The 
concrete develops cracks when subjected to tensile forces.  Thus, it is necessary to determine the   
tensile strength of concrete to determine the load at which the concrete members may crack. The 
ultimate load is taken and the average Split tensile Strength is calculated using the equation. 

 
The splitting tensile strength of concrete incorporating rice husk ash is similar to that observed 

in referral concrete. As the compressive strength increases, the tensile strength also increases, but at a 
gradually decreasing rate. 
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CHAPTER 6    

RESULT AND DISCUSSION  

INTRODUCTION  
 
Three Mixes of concrete cubes of size 150 x150x 150mm are prepared. These three are prepared 

with different percentage replacement of rice husk ash i.e.0%, 5%, 10%, 15%, 20%, 25%. Mix 1 

is prepared with 0.45 w/c ratio with cement replacement and Mix 2 is prepared by replacing 10%, 

20%, 30%, 40% fine aggregate with bagasse ash with 0.45 w/c ratio .S glass fibers is also added  

forth three mixes to improve the workability. For the three sets workability, compressive strength 

and split tensile strength are tested. 

 SLUMPRESULTS 

Workability of the two mixes Mix 1 and Mix 2 is gradually decreased with increase in 

percentage of rice husk ash. Workability with different % rice husk ash (in slump value) is 

shown in table6.1. 

 
                            Table 6.1: Workability for Nominal Mix 
 
S.No  Mix  Slump(mm) 

1 OPC 106 
2 C+RHA (5%) 122 
3 C+RHA (10%) 127 
4 C+RHA (15%) 134 
5 C+RHA (10%)+BAGASSE(10%) 139 
6 C+RHA (10%)+BAGASSE(20%) 143 
7 C+RHA (10%)+BAGASSE(30%) 148 
8 C+RHA(10%)+BAGASSE(20%)+0.005 151 
9 C+RHA(10%)+BAGASSE(20%)+0.015 154 
10 C+RHA(10%)+BAGASSE(20%)+0.025 156 
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                             Figure 6.1: Slump Cone Test 

 
 

COMPRESSIVE  STRENGTH  RESULTS: 
The experimental results obtained after the curing of 7 days and 28 days are 

shown in the table 6.2. Figures 6.4, 6.5, 6.6represent the compressive strength for 7&28 

days with rice husk ash and with10% ,20% and 30% bagasse ash. Figures 6.7, 6.8 

represent the combined values of compressive strength for mixes with rice husk ash and 

with 10%, 20% and 30% bagasse ash. At 28 days 10% replacement of RHA achieves 

strength of 57.48MPa where as target mean strength of M40 is 57.48MPa. 
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Figure 6.2: Compressive strength testing 
 
Table 6.2: Compressive strength for 7 and 28 days with Rice husk ash 
S.No Mix  Cement 

(kg/m3) 
Rice 
husk 
ash 

(kg/m3) 

Fine 
Aggregate 

(kg/m3) 

Coarse 
Aggregate 

(kg/m3) 

7 Days 
(MPa) 

28 Days 
(MPa) 

1. OPC 425.80 0 814.65 1006.4 42.76 53.42 

2. Cement+ 
RHA (5%) 

404.51 21.29 814.65 1006.4 45.01 55.67 

3. Cement+ 
RHA (10%) 

383.22 42.58 814.65 1006.4 47.23 57.48 

4. Cement+ 
RHA (15%) 

361.93 63.87 814.65 1006.4 41.68 51.34 
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Fig 6.3:Compressive strength for 7 days& 28 days with rice husk ash 
 

 
 
 
 
Table 6.3 Split tensile strength for 7 days and 28 days with rice husk ash 
S.No Mix  Cement 

(kg/m3) 
Rice 
husk 
ash 

(kg/m3) 

Fine 
Aggregate 

(kg/m3) 

Coarse 
Aggregate 

(kg/m3) 

7 Days 
(MPa) 

28 Days 
(MPa) 

1. OPC 425.80 0 814.65 1006.4 2.63 3.03 
2. Cement+ 

RHA (5%) 
404.51 21.29 814.65 1006.4 2.89 3.28 

3. Cement+ 
RHA 
(10%) 

383.22 42.58 814.65 1006.4 2.94 3.46 

4. Cement+ 
RHA(15%) 

361.93 63.87 814.65 1006.4 2.57 2.89 
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Fig 6.4:Split tensile strength for 7 days&28 days with rice husk ash 

 
 
Table 6.4: Compressive strength for 7 and 28 days after adding of Bagasse ash  

S.No Mix  Water 
binder 
ratio  

Cement 
    + 
RHA 
optimum 
(kg/m3) 

Fine 
Aggregate 
(kg/m3) 

Coarse 
Aggregate 
(kg/m3) 

Bagasse 
ash 
(kg/m3) 

7 days 
(MPa) 

28 days 
(MPa) 

1. C+ 
RHA+B
A 
(10%) 

0.45 425.8 733.19 1006.4 81.46 44.04 58.73 

2. C+ 
RHA+B
A 
(20%) 

0.45 425.8 651.72 1006.4 162.93 45.8 59.84 

3. C+ 
RHA+B
A 
(30%) 

0.45 425.8 570.25 1006.4 244.39 39.47 52.63 
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Fig 6.5:Compressive strength for 7 days&28 days with bagasse 

 
 
 
 
 
 
Table 6.5 Split tensile strength for 7 days with bagasse ash 
S.No Mix  Water 

bonded 
ratio  

Cement 
    + 
RHA 
optimum 
(kg/m3) 

Fine 
Aggregate 
(kg/m3) 

Coarse 
Aggregate 
(kg/m3) 

Bagasse 
ash 
(kg/m3) 

7 days 
(Mpa) 

28 days 
(Mpa) 

1. C+ 
RHA+BA 
(10%) 

0.45 425.8 733.19 1006.4 81.46 2.82 3.57 

2. C+ 
RHA+BA 
(20%) 

0.45 425.8 651.72 1006.4 162.93 2.96 3.72 

3. C+ 
RHA+BA 
(30%) 

0.45 425.8 570.25 1006.4 244.39 2.25 2.98 
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Fig 6.6:Split tensile strength for 7 days&28 days with bagasse 
 

 
 
 
SPLIT  TENSILE   STRENGTH  RESULTS 

The split tensile strength results obtained after the curing of 7 days and 28 days are 

shown in the table 6.4. The split tensile strength of the three sets is also decreased with the 

increase in percentage of recycled aggregates. The split tensile strength also shows the similar 

pattern of results as the compressive strength results. 

 
Table 6.6: compressive strength for 7 and 28 days adding of  s-glass fibres 

s.no Cement 
+RHA 
(kg/m3) 

Fine aggregate 
+baggase ash (kg/m3) 

Course 
aggregate 
(kg/m3) 

S-glass 
fibres 
(kg/m3) 

7 days 
(Mpa) 

28 days 
(Mpa) 

1 383.22+42.58 570.27+244.404 1006.4 0.005 40.38 60.57 

2 383.22+42.58 570.27+244.404 1006.4 0.015 40.39 61.03 

3 383.22+42.58 570.27+244.404 1006.4 0.020 39.96 59.94 
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Fig6.7: compressive strength for 7&28 days with s-glass fibres 
 

 
 
 
 
Table 6.7:Split tensile strength for 7 days by adding of s-glass fibres 

s.no Cement 
+RHA 
(kg/m3) 

Fine aggregate 
+baggase ash (kg/m3) 

Course 
aggregate 
(kg/m3) 

S-glass 
fibres 
(kg/m3) 

7 days 
(Mpa) 

28 
days 
(Mpa) 

1 383.22+42.58 570.27+244.404 1006.4 0.005 2.62 3.92 

2 383.22+42.58 570.27+244.404 1006.4 0.015 2.71 4.06 

3 383.22+42.58 570.27+244.404 1006.4 0.020 2.59 3.88 

 
 
 
 
 
 
 
 
 
 
 
 

 % addition of S-glass fibers 
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Fig 6.8:split tensile strength for 7 &28 days with s-glass fibres 
 

 
 
 
 
 
 

 
Figure 6.9: Split Tensile strength testing 

 
 
 
 
 
 
 
                                                

% addition of s-glass fibers 
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                                            CHAPTER 7 
 

                      CONCLUSIONS 
 

1. Workability of concrete mixes are increased with the addition of mineral admixtures 

compared to conventional mix. 

2. Remarkable development in strength is observed in concrete mix with the use of rice 

husk ash and bagaase ash of 10% and 20 % respectively as cement replacement. 

3. Increase in compressive strength of about 7.60% is observed in replacement of rice husk 

ash and 12.01% is observed in replacement of bagasse ash concrete compared to 

conventional concrete. 

4. Where as in split tensile strength it was about 14.19% in of rice husk ash and 22.77% in 

bagasse ash. 

5. By the addition of S glass fibers compressive strength is increased only by 14.24% but 

the split tensile strength showed promising results with a increase of 33.99%.  
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Engineering Graduates will be able to: 

 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering problems. 

 2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of mathematics, 

natural sciences, and engineering sciences. 

 3. Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate consideration 

for the public health and safety, and the cultural, societal, and environmental considerations. 

 4. Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis of the 

information to provide valid conclusions. 

 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 

engineering and IT tools including prediction and modeling to complex engineering activities with 

an understanding of the limitations.  

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to the 

professional engineering practice. 

 7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need for 

sustainable development.  

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms 

of the engineering practice.  

9. Individual and team work: Function effectively as an individual, and as a member or leader in 

diverse teams, and in multidisciplinary settings. 

 10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and write 

effective reports and design documentation, make effective presentations, and give and receive clear 

instructions. 

 11. Project management and finance: Demonstrate knowledge and understanding of the 



 
 

    

engineering and management principles and ap�S�O�\���W�K�H�V�H���W�R���R�Q�H�¶�V���R�Z�Q���Z�R�U�N�����D�V���D���P�H�P�E�H�U���D�Q�G���O�H�D�G�H�U��

in a team, to manage projects and in multidisciplinary environments. 

 12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in 

independent and life-long learning in the broadest context of technological change. 
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Work in a team and select the broad statement of 
problem for project work  
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     Review and evaluate the available literature on the 
chosen problem ��

Outcome 3  Formulate the methodology to solve the identified 
problem by satisfying the ethical and societal conditions  

Outcome 4  
 Take up the breakdown of project work to be carried 
out in different phases, tasks and other related 
activities ��

Outcome 5  
Analyze the data collected and apply it in developing 
new resources.  

Outcome 6  
Validate the obtained data with standard norms and 
prepare the report  
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Abstract 

������������������������Urban Heat Island (UHI) is a major urban environmental issue throughout the world.��UHI is a 
climatic phenomenon where anthropogenic modification leads to increased air temperature in urban areas 
when compared to that of the surrounding rural areas over urbanisation leads to an increase in UHI  
resulting in the decreases of human health and a healthy environment. Remote sensing plays a major role 
in mapping the UHI asn it can sense the top of the atmosphere radiances from brightness, temperature can 
�E�H���G�H�U�L�Y�H�G���X�V�L�Q�J���S�O�D�Q�F�N�¶�V���F�R�Q�V�W�D�Q�W�� 

 

               Vijayawada is one of the largest and rapid growing city which is densely populated covered with 
large extent of built-up area with less green cover and it is also a part of Andhra Pradesh capital region and 
which is also in the list of Indian smart cities. It is necessary to study the Urban Heat Island effect o�I 
Vijayawada city as it reflect the thermal comfort of living people in city .In order to study UHI it is 
necessary to study the Land Use and Land Cover patterns and changes. 

 

                LAND SAT.8 OLI and TM is used to obtain UHI index and LISS 4 MX data  merged with 
CARTO SAT ,or digital globe image higher resolution can be used to find out the Land Use and Land 
Cover pattern which can be used to analyze the impact of different land cover on UHI��  
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Chapter 1 

INTRODUCTON  

1.1 URBAN HEAT ISLAND  

                  In the last few years, cities around the world have seen significant urbanization, marked 

by the increase in building infrastructure and automobiles, which leads formation of UHI in that 

area. UHI is common phenomenon of major environmental issue throughout the world. The UHI is 

an inadvertent climate modification which causes urban areas to be warmer than surrounding rural 

areas. The intensity of heat island is spatially variable across the city, within the city core typically 

being 1-3°C warmer than the surrounding rural areas. The temperature difference is usually larger at 

night than compare with day time, especially in night the temperature varies up to 8-10°C. 

                  More and more people migrate from rural areas to cities for survival and leads to 

increase the  population day- by- day in cities  then the  land covered with vegetation (permeable 

land surface) will be replaced with impermeable layer  like concrete and asphalt (22). These surface 

exposed to day light to attain high land surface temperature. These  surface absorb and retain solar 

radiation during sunny day. Later theses surfaces transfer/releases the stored heat energy to the air 

by radiation the processes takes up to evening. UHI is most noticeable during summer and winter. 

                   The land Surface Temperature is an important indicator for quantifying UHI and SUHI. 

UHI have been regarded as the most well-documented example of anthropogenic climate 

modification within the field of urban climate. The UHI phenomenon describe the excess warmth 

of the urban atmosphere and surfaces compared to non-urbanized rural surroundings. In general, 

three types of heat island are recognized(16). They are : 

�¾ Atmospheric Urban Heat Island (AUHI) 

�x Urban  Canopy Layer (UCL) 

�x The Urban Boundary Layer (UBL) 

�¾ The Surface Urban Heat Island(SUHI) 

            The first two types are atmospheric heat island produced by urbanization. Both refer to a 

warming of the urban atmosphere. SUHI refers to the relative warmth of the urban surface 

compared to their non-urbanized surroundings. In contrast, the term surface urban cool island is 

defined as an urban area where lower surface temperature prevail compared to non-urbanized dry 

surroundings. Shown in Fig.1.1 (16,23). 



6 
 

 

                                                                      Fig.1.1 

 

1.2 Atmosphere Urban Heat Island 

                       AUHI are often weak during the late morning and throughout the day and become more 

pronounced after sunset due to the slow release of heat from urbn infrastructure. The timing of this 

peak, however, depends on the properties of urban and rural surface, the season, and prevailing 

weather condition. (26) AUHI often divided in to two types : 

1.2.1  Urban canopy layer /Canopy Layer Urban Heat Island  

              The UCL is the layer in the vertical structure of the UBL ranging from the surface to the 

building. Within the UCL, the Urban local scale climate is influenced greatly by the thermal 

properties of buildings and surface as well as local-scale flows arising from the geometry of 

building and streets. Majority of heat energy transfer the atmosphere through the UCL.(26) 

                UHI in the canopy layer is observable mainly at night and is strongest in the winter. 

Comparison of canopy layer temperature between rural and urban area shows similar trends in the 

late morning and throughout the day, but compare with evening temperature in both rural and 

urban layers, RCL shows cool at a quicker rate than the UCl (19).  

 

 

           1.2.2 Urban Boundary Layer/Boundary Layer Urban Heat Island  
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                The UBL extends from the city rooftops to points where the urban landscape no longer 

influences the atmosphere (19). The turbulent dispersion and exchange process influencing the 

microclimate and air quality of cities. This poses a challenge because UBL flows are complex flow 

system that arise from the interaction between Atmosphere Boundary Layer turbulence and varying 

arrangements of urban obstacles(24). UBL is just lies above the UCL Shown in Fig:1.2.  In that 

layer Trapped warm air, anthropogenic heat releases from automobiles and the height of boundary 

layer caller as Mixing height (26). At the edge of the city Rural Boundary Layer starts shown in 

Fig:1.2.    

        Temperature in UBL is measured in three different ways . 

1. Thermometer attached to a fixed tower can measure temperature at single location.  

2. By using airplane transvers over a city will produce a two dimensional profile of the layer 

temperature by using continuous thermometer. 

3. The UBL temperature can also be determine remotely with sonic detection and ranging 

technology from weather balloons. 

              In UBL the air temperature have different behavior. In day time the temperature is 

warmest near the surface and less in when the elevation increases. But when compare with evening 

time in UBL it seems vice versa of day time coolest at the surface and increase as elevation 

increases.      
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Fig 1.2 

�¾ In above figures both 1.1 and 1.2 shows that Mesoscale shows the combination of UCL, ��UBL, 

SUHI and RBL. 

�¾ Microscale shows the reaction takes place in between UCL and UBL. 

1.2.3 Surface Urban Heat Island (SUHI)/Surface Layer 

                 The surface Layer is the lowest layer of the urban environment where the ground surface 

is in contact with the Earth atmosphere(19). This SUHI exist at any time of the day and more 

intense near mid-day during the summer. SUHI plays an important role in the thermal 

characteristics of urban layers above the ground. The main source of night time radiant heat mainly 

comes from stored hat during the day time and anthropogenic objects. The use of remote sensing 

techniques is the most common method for the analysis of Land Surface Temperature (LST) and 

Surface Urban Heat Island (SUHI). (16,18) 



9 
 

 
Fig:1.3 

1.3 Comparison between Permeable and Impermeable Surface  

                 These surface covered with vegetation is mostly seen in rural areas in contract most of 

the urban area covered with impermeable surface like pc roads and hard scafes. Vegetative cover 

provides shade, which helps in lower in the surface temperature. They also helps to reduce the air 

temperature through a process called Evapotranspiration, in which plants release water to the 

surroundings air, dissipating ambient heat. In rural areas water cycle takes place like 

Evapotranspiration  up to 40 percent, surface runoff takes up to 10 percent, shallow infiltration 

takes up to 25 percent and deep infiltration takes up to 25 percent. Shown in Fig:1.3 

                   Coming to impermeable layer surface, urban areas are characterized by dry, impervious 

surfaces such as conventional roofs, sidewalks, roads and parking lots. The destint conversation of 

permeable layer into impermeable layer in urban areas leads to raise in temperature. The change in 

ground cover results less shade and moisture to keep urban areas cool. Built up areas evaporate less 

water, which contributes to elevated surface and air temperature. In urban areas water cycle takes 

place like Evapotranspiration takes up to 30 percent, Surface run off takes up to 55%,10 percent 

shallow infiltration and 5 percent deep infiltration  because im�S�H�U�P�H�D�E�O�H�� �O�D�\�H�U�� �G�R�H�V�Q�¶�W�� �D�O�O�R�Z�� 

infiltrate in ground and the majority of water will lead to  run off to near by streams, canals or 

rivers. Detailed  shown in Fig:1.3. 
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Descriptive  Permeable Layer Impermeable Layer 

Evapotranspiration 40% 30% 

Surface runoff 10% 55% 
Shallow infiltration 25% 10% 

Deep infiltration 25% 5% 
Table.1.1 

1.4 Geospatial Techniques 

                 It is describe the range of modern tools contributing to the geographic mapping and 

analysis of the earth. Satellite allowed images of the earth surface and human activities therein with 

certain limitations. In this different techniques for collecting, studying and analyzing spatial data. 

These techniques include both quantitative and qualitative approaches, while also stressing 

important computer-centered technologies. 

                 In geospatial techniques having important tools like  Remote Sensing (RS), Geographic 

Information System (GIS),Global Positioning System(GPS) and along with Field Methods, Spatial 

Statistics etc., have provided very powerful methods of surveying, identifying, classifying, 

mapping, monitoring, characterization, and to track changes in the composition, extent, and 

distribution of several forms of earth resources both renewable and non renewable, living and non-

living in nature. 

�¾ Remote Sensing (RS) plays a significant role in providing geo-information in a spatial format and 

also use full to enhancing and monitoring the overall capacity of the earth. Satellite observations 

of land, oceans, atmosphere etc.,  

�¾ GPS provides worldwide position accurate coordinates, useful to establish geographic location 

and define the context.  GPS is an important tool for monitoring purpose by acquiring data 

repetitively about earth features and phenomena. 

�¾ GIS helps in visualization of geospatial data, and the visualization is a convenient and effective 

way to communicate complex information. GIS also allows data generation, editing, storage, and 

analysis of spatial data important in planning and decision making.  The key point is that GIS 

provides a means to investigate problems by allowing modeling various phenomena and 

examining their relationship. 

               However, an integration of such spatial technologies with other analytical approaches is 

often desirable to produce better information thereby enhancing our understanding for better 

management of natural resources. 
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                 RS as been used to identify LST, Vegetation cover, Air pollution etc., and several other surface 

characteristics. These Land Surface Temperature is calculated in Arc GIS tool by using Landsat 8 data. 

    1.5 ArcGIS 

                It is geographical information system software that allows handling and analyzing 

geographic information by visualizing geographic statistics through layer building maps like 

climate data or trade flows. The softer creates maps that require categories organized as layers. 

Each layer is registered spatially so that when they are overlaid one on top of another, the base 

layer is almost always a geographical map, pulled out of a range of source depending upon the 

visualization needed like satellite, road map.(12) 

                     In 1969 ESRI (Environmental System Research Institute, Inc) develop privately held 

consulting firm specialized in landuse analysis projects. In 1990 first release in the name of Arc 

View, Window �±based,  GUI (Graphical User Interface) based on GIS system for desktop 

computers, still available but phasing out. And in 2000 next generation GIS software releases in the 

name of Arc GIS, in this software merging codes and routines from best of ArcInfo and placed in a 

GUI-Windows environment of Arc View, compatiable with desktop computing(27)   

1.6 Basics of Spatial Data Model 

1.6.1 Georeferencing 

                   To establish the relationship between digital map elements and real word geographic 

coordinate location systems. 

�¾ Real-World coordinates =an X,Y coordinate systm used to represent geographc locations. 

1.6.2 Vectors Models 

             Map elements composed of points, lines, and polygons; with each point located at a 

georeferenced X,Y coordinate. 

�¾ Points represent Land marks, Buildings. 

�¾ Lines represent Roads, Railway, and other 1D data. 

�¾ Polygons represent 2D data, Political information and Geographical census. 

�¾ Attributes have information attached to map elements. 

         a. Topological model �± It have  individual map elements are spatially relayed to one another. 
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         b. Spaghetti model-It have individual map elements are independent and piled on top of one 

another like plate of spaghetti. 

 

1.6.3  Raster Model 

              The model map having features like the features comprised of a matrix array of cell either 

�V�W�R�U�H�G���L�Q���W�K�H���I�R�U�P���R�I�����³�S�L�[�H�O�V�´���R�U���³�J�U�L�G���F�H�O�O�V�´���W�K�D�W���D�U�H���D�U�U�D�Q�J�H�G���L�Q���U�H�F�W�D�Q�J�O�H���E�O�R�F�N�V. 

�¾ Columns and Rows of cells. 

�¾  Cells are georeferenced to X-Y locations. 

�¾  Real-world X-�<���G�L�P�H�Q�V�L�R�Q�V���R�I���J�U�L�G���F�H�O�O�V��� ���³�U�H�V�R�O�X�W�L�R�Q�´. 

      In this study we used Arc GIS version 10.3 for calculating Land Surface Temperature by using 

Landsat 8 data. 

1.7 Landsat 8 

                           Landsat 8 (first known as the Landsat Data Continuity Mission) was launch on 

February 11, 2013 from Vandenberg Air Force Base, California on an Atlas-V rocket. The satellite 

carries the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS). 

           Landsat 8 aquires about 740 scenes a day on the Worldwide Reference System-2 (WRS-2) 

path/row system, with a swath overlap (or sidelap) varying from 7 percent at the Equator to a 

maximum of approximately 85 percent at extreme latitudes. The scene size is 185 km x 180 km 

(114 mi x 112 mi).  

Data products created from over 1.6 million Landsat 8 OLI/TIRS scenes are available to download 

from EarthExplorer, GloVis, and the LandsatLook Viewer.  

 

1.8 Landsat 8 tools 

Operational Land Imager (OLI)  -  Built by Ball Aerospace & Technologies Corporation 

Nine spectral bands, including a pan band: 
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1.9 Landsat 8- OLI & TIRS  

Band Description Wavelength (µm) Spatial Resolution (m) 

1 Coastal aerosol 0.43 - 0.45 30 

2 Blue 0.45 - 0.51 30 

3 Green 0.53 - 0.59 30 

4 Red 0.64 - 0.67 30 

5 Near Infrared (NIR) 0.85 - 0.88 30 

6 SWIR 1 1.57 - 1.65 30 

7 SWIR 2 2.11 - 2.29 30 

8 Panchromatic 0.50-0.68 30 

9 Cirrus 1.36 - 1.38 30 

Table 1.2 

Band Description Wavelength (µm) Spatial Resolution (m) 

10 TIRS1 10.60 - 11.19 100 * (30) 

11 TIRS2 11.50 - 12.51 100 * (30) 

Table 1.3 

Note : TIRS bands are acquired at 100 meter resolution, but are resampled to 30 meter in delivered data 

product. 

�¾ Band 1 senses deep blues and violets(Coastal aerosol). Blue light is hard to collect from space 

�E�H�F�D�X�V�H�� �L�W�¶�V�� �V�F�D�W�W�H�U�H�G�� �H�D�V�L�O�\�� �E�\�� �W�L�Q�\�� �E�L�W�V�� �R�I�� �G�X�V�W�� �D�Q�G�� �Z�D�W�H�U�� �L�Q�� �W�K�H�� �D�L�U���� �D�Q�G�� �H�Y�H�Q�� �E�\�� �D�L�U�� �P�R�O�H�F�X�O�H�V��

themselves. This is one reason why very distant things (like mountains on the horizon) appear 

blueish, and why the sky is blue. 

�¾ Bands 2, 3, and 4 are visible blue, green, and red. �%�X�W���Z�K�L�O�H���Z�H�¶�U�H���U�H�Y�L�V�L�W�L�Q�J���W�K�H�P�� 

�¾ Band 5 measures the Near Infrared( NIR). This part of the spectrum is especially important for 

ecology because healthy plants reflect it.  By comparing it with other bands, we get indexes like 

NDVI, which use to measure vegetation growth on earth surface. 

�¾  Bands 6 and 7 are  SWIR(shortwave infrared). They are particularly useful for identify the  wet 

earth from dry earth, and also helpful for  geology (rocks and soils) that look similar in other bands 

often have strong contrasts in SWIR. 



14 
 

�¾ Band 8 is the panchromatic  band. It works just like black and white film: instead of collecting 

visibile colors separately, it combines them into one channel. Because this sensor can see more 

�O�L�J�K�W���D�W���R�Q�F�H�����L�W�¶�V���W�K�H���V�K�D�U�S�H�V�W���R�I���D�O�O���W�K�H���E�D�Q�G�V�����Z�L�W�K���D���U�H�V�R�O�X�W�L�R�Q���R�I���������P�H�W�H�U�V�����������I�H�H�W���� 

�¾ Band 9 is one of the most interesting features of Landsat 8. It covers a very thin slice of 

wavelengths. Few space-based instruments collect this part of the spectrum, because the 

atmosphere absorbs almost all of it. In this Band the ground is barely visible and anything appears 

clearly in it must be above most of the atmosphere. 

�¾ Bands 10 and band11 are in the thermal infrared Bands they capture heat. Instead of measuring 

the temperature of the air,  they report on the ground itself, which is often much hotter. 

Note: Bands can be combined in many different ways to reveal different features in the landscape. 

�/�H�W�¶�V�� �P�D�N�H���D�Q�R�W�K�H�U���I�D�O�V�H-color image by using this TIR band for red, a SWIR band for green, and the 

natural green band for blue. 

�™ In this study we taken Band 4,5 and 10 for calculate LST. In which Band 4and 5 are the Red and 

Near-infraed bands and the Band 10 are Thermal Infrared Sensor. The entire landsat 8 data 

download from USGS (United States Geological Survey) earth explorer. 
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Chapter 2 

LITERATURE REVIEW  

 

�¾ Adam Leland Black (2013) worked on thesis Temperature Trends and Urban Heat Island Intensity 

Mapping of Las Vegas Valley. This Thesis compares ground based thermometric observation and 

satellite based remote sensing temperature observations to identify temperature trends and UHI 

areas caused by urban development. Analysis done in between 2000 and 2010 at ground level 

stations weather stations has revealed a general cooling trend in Las Vegas region. Result shows 

that spatial and temporal trends of temperature are related to the gradual change in urban 

landcover. And majorly UHI observed in Las Vegas in Airports and Industrial areas.   

�¾ Ang Kean & Owi Wei Ping (2018) proposed that the influence of land use land cover changes on 

land surface temperature  on Kuala Lumpur metropolitan city. The spectral radiance model was 

used to extract the LST from Landsat 8 OLI and Landsat 5TM. This study demonstrated that an 

increase in non-evaporating surfaces and a decrease in the vegetation area have increased the 

surface temperature and modified the temperature of the study area. 

 

�¾ Kaveh Deilami(2017) modelling the Urban Heat Island Intensities of alternate Urban Growth 

Management Policies in Brisbane. This research answers the questions through developing five 

alternate growth management scenarios for Brisbane as a case study, including a) business as usual; 

b)transit oriented development; c)infill development; d)corridor oriented development; and 

e)sprawl development. The research utilities Landsat TM images of 1991 and 2004 and OLI 

imagesfor 2013, in order to : first, identify urban growth patterns from 1991 to 2013; second, assess 

causal relationships between urban growth patterns and UHI between the periods; and third, model 

UHI effects of alternate urban growth scenarios for Brisbane in 2023. 

            Result show that a) the sub- pixel classifier produced a better classification of land cover 

classes in Brisbane b)urban areas increased by 15 percent in Brisbane between 1991 and 2013; 

c)increasing population density and reducing porous land significantly increased UHI in Brisbane.  

 

�¾ T.Susca & S.R.Gaffin(2011) proposed that positive effects of vegetation: Urban heat island and 

green roofs. They monitoring the UHI in four areas of New York City. They assessed the effects of 

surface albedo on climate through the use of a climatological model. At last they found that both 

the white and green roofs are less impactive than the black one, with the thermal resistance, the 

biological activity of plants and the surface albedo playing a crucial role. 
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�¾ Abbas Mohajerani & Jason Bakaric (2017) determine the urban heat island effects, its causes 

and mitigation, with reference to the thermal properties of asphalt concrete. They demonstrate that 

UHI mitigation techniques are best used combination with each other. As a result of the study it 

was conclude that the current mitigation measures need development to make them relevant to 

various climates and throughout the year. There are also many possible sources of future study, and 

alternative measures of mitigation have been described, thereby providing scope for future research 

and development. 

 

�¾ Abdullah F, Alqurashi & Lalit Kumar(2017) proposed an assessment of the impact of 

urbanization and land use changes in the fast growing cities of Saudi Arabia. They study changes 

quantified LULC changes and the effect of urban expansion in three Saudi Arabian cities (Riyadh, 

Jeddah, and Makkah) using land sat images of 1985, 2000, 2014. The seasonal analysis showed 

that the change of vegetation cover was not constant due to climatic conditions in these areas. The 

agricultural lands was significantly decreased between 1985 & 2014 and most of these lands 

changed to bare soil due to dwindling groundwater resources . 

 

�¾ Li Yang, Feng Qian (2016) research on urban heat island effect is a kind of heat accumulation 

phenomenon within urban areas due to urban construction and human activities. It is recognised as 

the most evident characteristics of urban climate. The increase of land surface temperature of 

caused by UHI effect will definitely influence material flow and energy flow in ecological systems, 

as well as their structure and functions, exerting a series of ecological and environmental effects on 

urban climates. Through the improvement of energy efficiency, urban landscape optimization, 

green roof construction, highly reflective material utilisation, green land cultivation, UHI effects 

could be significantly mitigated, based on remote sensing technology and numerical stimulation 

methods, research on the ecology and environmental effects of UHI has been multi-scaled 

conducted, providing theoretical reference for the improvement of urban ecological environment 

and realisation of urban sustainable development. 

 
�¾ Abdu yaro, lawal abdulrashid(2017) remote sensing and GIS based assessment of urban heat 

Island pattern in Kaduna metropolis based on landsat imageries of 1995, 2005 and 2015, whose 

special resolution is sufficient for measurement of some important environment parameters. land 

surface temperature LST) was retrieved using the mono-window algorithm with areas of UHI 
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identified in the study area. The study therefore conclude that the different land use land cover 

LULC) revealed varying temperature and identified (UHI) was apparant and more conspicious in 

the 2015 as compared to 1995 and 2005 within the Metropolis.particularly due to scarcity of 

vegetation some, hotspots are built up area, bare surface and the surface temperature which is 

slightly higher than suburbs 

 
�¾ Nawras shatnawi and Hani Abu qdais(2018) mapping urban land surface temperature using 

remote sensing techniques and artificial neural network modelling the objective of the present 

study is to monitor and predict the changes in land surface temperature LST) in the north of Jordan 

during the period of 2000 2016 Satellite images were used for providing LST, the acquired images 

represent two seasons of each year, namely summer and winter. The inputs to the model consists of 

meteorological data collected from eight stations in the study area, population, and land use and 

land cover LULC). In fact, LULC was expressed in terms of normalised difference building 

index(NDBI) and normalised difference vegetation index (NDVI) that were obtained from satellite 

images. 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

Chapter 3 

STUDY AREA 

             India has been urbanizing at a very fast rate, a trend that is expected to continue in the 

future. Rapid urbanization is resulting in dramatic land-use changes. Over the past four decades. 

Main  In India  the major cities the built-up area in Delhi increased by 30.6 percent, while 

cultivated areas decreased by 22.8 percent and dense forest by 5.3 percent. Mumbai, the financial 

capital of India, became almost entirely paved and concretized in the span of 40 years. In Kolkata, 

vegetated areas decreased from 33.6 percent of the city to 7.4 percent between 1980 and 2010. 

In Chennai, the built-up area tripled between 1991 and 2016, while vegetation decreased by 12 

percent. 

The Energy and Resources Institute, a research nonprofit based in Delhi, found in 2017 that many 

fast-growing cities in India have been undergoing the heat island phenomenon. In this study we  

selected Vijayawada city for detecting UHI rate in past six years. 

                      Vijayawada is a historical city situated at the geographical centre of Andhra 

Pradesh state in India on the banks of Krishna River with latitude 160311 N and longitude 800 

391 E, The city is situated at about 80km from Machilipatnam Head quarters of Krishna 

district, 33km from Guntur, 351km from Visakhapatnam 251km from Hyderabad and 451km 

from Madras/Chennai, it has direct road and rail connection with all those places in addition to 

the direct air links expect machilipatnam. It is also a major railway junction connecting all 

states in the country. The climate is tropical, with hot summers and moderate winters. The 

peak temperature reaches 47 °C in May-June, while the winter temperature is 20-270 C. The 

average humidity is 78% and the average annual rainfall is 103 cm. Vijayawada gets its rainfall 

from both the south- west monsoon and north-east monsoon.  

            This city has a strategic situation on the left bank (northern bank) of the Krishna 

river This is the only city in Andhra Pradesh which commands such an extensive Hunter land 

means that the land behind the coast or the bank of a river. The Krishna river in the south,  

Indrakiladri hill in West, The budameru drain in North, and the gunadal and moghalarajpuram 

hills in Northeast from the physical boundary of the city. The topography of the city is 

essentialy a plain gently sloping from north to south and also west to east in the old town 

(western part of the town) and from West to east in the new town (eastern part of the town), 
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relatively the new town is more flat than the old town making the drainage less effective. 

Vijayawada city is protected from the floods of the Krishna river by high flood bank. The 

land use pattern of Vijayawada as indicated by the proportion of land under various uses 

broadly corroborates with that of planned model city. It is a wide spread and extensive zone 

covering about 45percent of the built up area of the city or about 19 percent of the total area. 

Out of the 43 localities of the city on a few areas under residential use. Giripuram and 

Kothapet is the two localities claim the highest population densities of 556 & 540 persons per 

hectare. Although the area under commercial use in Vijayawada is hardly 5percent of the 

built-up area of the city. Out of the 43 localities about 29localities have no open space at all. 

In the built-up area only 1percent of the total area of the city is under parks and open spaces. 

                   The Vijayawada city is the commercial capital of the state of Andhra 

Pradesh. The population growth has been rapidly registering almost three fold increase in 3 

decades ending 2001 with a population account of 8.45lakhs The overall gross density as of 

2001 was 13600 per sq km. Vijayawada municipality was set up in 1888 with an area around 

30 sq.km has now spread to 61.88 sq.km and inclusive of the contiguous suburbs like 

Gollapudi, Nunna, Kanuru, Poranki, Tadigadapa, Enamalakuduru and Ramarvappadu 

commands a total development area of 87.32 sq.km. Being the third largest city in the state of 

Andhra pradesh and largest city in the Krishna district, Vijayawada has a lot of scope for 

development and urban growth. 

 

                              �7�K�H�� �F�L�W�\�¶�V�� �S�R�S�X�O�D�W�L�R�Q is expected to increase to 20 lakhs+  by 2021. With 

�H�Y�H�U�� �L�Q�F�U�H�D�V�L�Q�J�� �S�R�S�X�O�D�W�L�R�Q�� �D�Q�G�� �X�Q�S�U�H�F�H�G�H�Q�W�H�G�� �J�U�R�Z�W�K�� �R�I�� �X�U�E�D�Q�� �D�U�H�D�� �W�K�H�� �F�L�W�\�¶�V��landscape is 

undergoing unwanted changes. The increased runoff is inundating the low lying areas of the 

many parts of the city even from the normal spell of rainfall. This is mainly due the impervious 

nature imparted to the land surface because of the urbanization. Urban Heat Island is one of the 

upcoming urban climatological problems developing in the city. Build up of such excess heat in 

the urban area due to reduced vegetative cover and increased built-up surfaces with concrete, 

asphalt, etc. Because of these phenomena certain parts of the urban area of the city are 

becoming extremely hot during day time and particularly during summer seasons, causing lot of 

discomfort to the citizens as well as causing loss of lives of elder people. The city is facing 

severe land use problems like scarcity of disposal sites for garbage whose daily production is 

around 600 metric tons. Urban noise pollution is also increasing in the city due to high vehicular 
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traffic which is experimentally evaluated. With the above mentioned problems related to the 

unplanned growth of the city the study on land use and land cover as well as the urban sprawl 

analysis will  definitely throw some light in the direction of better management of the city. 

 

 
Fig 3.1 
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3.1 Built-Up Area 

                 Vijayawada has been ranked third in the world in urban population density per 

square km of urban built-up area. As per 2016 World Urban Plan said up to 31,200 people in every 

square km and totally 17.7 lakh people living  in the city having total area up to 57 square km. In city 

more than 20-30% of the people are living in  Gunadala, Moghal raj puram, Chitti nagar and 1 town  

areas these are hilly areas in city. And some major slums and densly populated areas like  Krishna 

lanka, Ranigari thota, Ramalingeswara nagar are located in the bank of the Krishna river. And singh 

nagar, kandrika, rajiv nagar  is also densily populated because majority of the working people located in 

that areas      

 Vijayawada ranked 278 among the wo�U�O�G�¶�V�� �E�X�L�O�W�� �X�S�� �Dreas. Even Hyderabad far better than 

Vijayawada  when it comes to urban density; it  has a reasonably large built-up area. Near by located 

major cities There are more than 110 slums which are densely populated, After announcing Amaravati 

as new capital of Andhra Pradesh many projects are started like, Bandar to Vijayawada  highway 

extension,  Kanaka Durga flyover, Benz Circle flyover, Small Government projects and Real estate 

projects are rapidly grown in few years in kannuru, Ganavaram, Nidamanuru, Thadigadapa  etc., are 

located near by city which leads increase of slums for providing shelter for daily workers. 
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Chapter 4 
 

Data Collection 
 

                      All Cloud Free Landsat satellite available in the past six years has been 

downloaded from USGS Earth Explorer website. All the data are preprocessed and 

projected to the Universal Transverse Mercator (UTM) projection system. The satellite 

data collected are shown in the Table.1. 

 

Table 4.1 Details of Landsat data collected from USGS 

S No Year Date of Image Time of Pic Capture Satellite Sensor 
Reference 

Sytem Path/ 
Row 

1 2014 

13-02-2014 10:28:34 AM OLI_TIRS 142/49 

18-04-2014 10:27:37 AM OLI_TIRS 142/49 

08-08-2014 10:27:44 AM OLI_TIRS 142/49 

2 2015 

16-02-2015 10:27:31 AM OLI_TIRS 142/49 

21-04-2015 10:27:04 AM OLI_TIRS 142/49 

11-08-2015 10:27:23 AM OLI_TIRS 142/49 

3 2016 

19-02-2016 10:27:36 AM OLI_TIRS 142/49 

07-04-2016 10:27:20 AM OLI_TIRS 142/49 

13-08-2016 10:27:45 AM OLI_TIRS 142/49 

4 2017 

21-02-2017 10:27:37 AM OLI_TIRS 142/49 

12-05-2017 10:27:06 AM OLI_TIRS 142/49 

16-08-2017 10:27:46 AM OLI_TIRS 142/49 

5 2018 
24-02-2018 10:27:27 AM OLI_TIRS 142/49 

13-04-2018 10:27:03 AM OLI_TIRS 142/49 
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04-09-2018 10:27:17 AM OLI_TIRS 142/49 

6 2019 

11-02-2019 10:27:28 AM OLI_TIRS 142/49 

16-04-2019 10:27:10 AM OLI_TIRS 142/49 

22-08-2019 10:27:52 AM OLI_TIRS 142/49 

Table  4.1 

 

 

Population data  and city map collected from Vijayawada Muncipal Corporation and pollutants  

that shows  major effect urban heat in city, the data  collected from Andhra Pradesh Pollution 

Control Board (APPCB) 

 

4.1 Population data 

           As per provisional reports of  2011 census India, population of Vijayawada in 2011 is 

1,049,539. The city is divided in to 3 zones east, west and central and the zone wise population data is  

clearly shown in below table. Approximate population level and growth rate of Vijayawada  from  past 6 

years is as per the survey conducted by municipal authorities. 

�x The population of  Vijayawada  in 2014 was 1,660,000,a 3.56% increases from 2013. 

�x The population of  Vijayawada  in 2015 was 1,720,000,a 3.61% increases from 2014. 

�x The population of  Vijayawada  in 2016 was 1,781,000,a 3.55% increases from 2015. 

�x The population of  Vijayawada  in 2017 was 1,845,000, a 3.59% increase from 2016. 

�x The population of  Vijayawada  in 2018 was 1,911,000, a 3.58% increases from 2017. 

�x The  population of  Vijayawada  in 2019 was 1,975,000,a 3.35% increase from 2018. 
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S.No Name of Zones No. of Divisions Extent in Sq 
KM  

Population 
Data (2011) 

1 Vijayawada-East 19 20.66 359858 

2 Vijayawada-Central 20 24.82 308222 

3 Vijayawada-West 20 16.40 381456 

 Total 59 61.88 1049536 

Table 4.2 
 

  

4.2 Andhra Pradesh Pollution Control board  

                  The State Board for Prevention and Control of Water Pollution was started  on 24-01-1976 

under the Water  Act, 1974.  After the Air  �$�F�W�������������F�D�P�H���L�Q�W�R���I�R�U�F�H�����W�K�H���%�R�D�U�G�¶�V���Q�D�P�H���Z�D�V���F�K�D�Q�J�H�G��

as Andhra Pradesh Pollution Control Board. 

                   The Head Office at Vijayawada, the Board covers the entire State through its 3 Zonal 

Offices at Visakhapatnam, Vijayawada and Kurnool headed by Joint Chief Environmental Engineer 

(JCEE) and 13 Regional Offices at Tirupathi, Kurnool, Vizaianagaram, Visakhapatnam, Kakinada, 

Eluru, Vijayawada, Guntur, Nellore, Ongole, Srikakulam, Anantapur and Kadapa each headed by 

Environmental Engineer (EE). 

                 The Board has 3 Zonal Laboratories viz. Vijayawada, Kurnool and Visakhapatnam headed 

by Senior Environmental Scientist (SES). Each Zonal Laboratory undertakes continuous monitoring 

of the quality of air and water. The Board has also 5 Laboratories at Regional Office level i.e., 

Tirupati, Nellore, Eluru, Vizianagaram and Kakinada. 

             The following pollutants releases from automobiles and from  other human activities they are 

SO2, NO, NO2, NOX, NH3, CO, O3, PM10, PM2.5 along with Benzene, Toluene, EthylBenzene, 

M,P-Oxylene, O-Xylene.  Are shown in µg/m³ in below tables . 
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2014 Environmental Sensor Data from APPCB 

 

Table 4.3 

 

 

 

 

 

  

ANDHRA PRADESH POLLUTION CONTROL BOARD  
CONTINUOUS AMBIENT AIR QUALITY 

MONITORING STATION - VIJAYAWADA (Municipal 
Guest House) 

Station: Vijayawada 
MGH 

  PM10 PM2.5 SO2 NO NO2 NOX NH3 

Date: 02/2014   µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 ug/m3 

Report 
Type: Mean                 

Time Base:  24 Hour AVG 192.00 142.00 2.70 46.20 50.10 6.10 0.60 

                    

Station: Vijayawada 
MGH   PM10 PM2.5 SO2 NO NO2 NOX NH3 

Date: 04/2014   µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 ug/m3 

Report 
Type: Mean                 

Time Base:  24 Hour AVG 75.00 38.00 11.20 25.20 17.50 42.30 5.50 

                    

Station: Vijayawada 
MGH   PM10 PM2.5 SO2 NO NO2 NOX NH3 

Date: 08/2014   µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 ug/m3 

Report 
Type: Mean                 

Time Base:  24 Hour AVG 52.00 29.00 2.50 23.80 9.50 30.00 4.40 
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2015 Environmental Sensor Data from APPCB 

 

Table 4.4 

 

 

 

 

 

 

  

ANDHRA PRADESH POLLUTION CONTROL BOARD  
CONTINUOUS AMBIENT AIR QUALITY MONITORING 

STATION - VIJAYAWADA (Municipal Guest House)  

Station: Vijayawada MGH   PM10 PM2.5 SO2 NO NO2 NOX NH3 

Date: 02/2015   µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 ug/m3 

Report 
Type: Mean                 

Time Base:  24 Hour AVG 101.00 62.00 2.20 28.90 27.50 56.40 5.60 

                    

Station: Vijayawada MGH   PM10 PM2.5 SO2 NO NO2 NOX NH3 

Date: 04/2015   µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 ug/m3 

Report 
Type: Mean                 

Time Base:  24 Hour AVG 47.00 24.00 1.70 19.40 18.60 38.00 3.00 

                    

Station: Vijayawada MGH   PM10 PM2.5 SO2 NO NO2 NOX NH3 

Date: 08/2015   µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 ug/m3 

Report 
Type: 

Mean                 

Time Base:  24 Hour AVG 49.00 26.00 6.10 33.10 25.70 58.70 5.30 
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2016 Environmental Sensor Data from APPCB 

 

ANDHRA PRADESH POLLUTION CONTROL BOARD 
CONTINUOUS AMBIENT AIR QUALITY MONITORING STATION - VIJAYAWADA (Municipal Guest House) 

Date Time PM10 PM2.5 SO2 NO NO2 NOX NH3 CO O3 Benzene Toluene 
Ethyl 

Benzene 
M,P  

O- Xylene 
O-Xylene Temperature 

    µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 ug/m3 mg/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 Deg Cel 

19-02-2016 24:00 95.00 76.00 2.60 66.20 14.20 80.30 20.40 1.70 26.20 4.39 2.82 0.00 11.82 0.77 24.60 

07-04-2016 24:00 65.00 31.00 1.30 11.70 16.90 28.60 9.10 0.70 6.30 1.47 6.89 0.00 2.68 0.00 29.60 

13-08-2016 24:00 70.00 20.00 1.70 22.20 21.60 43.70 3.40 1.12 10.50 0.00 2.65 0.00 0.19 0.00 34.60 
Table 4.5 

 

2017 Environmental Sensor Data from APPCB 

Table 4.6 

 

ANDHRA PRADESH POLLUTION CONTROL BOARD 
CONTINUOUS AMBIENT AIR QUALITY MONITORING STATION - VIJAYAWADA (Municipal Guest House) 

Date Time PM10 PM2.5 SO2 NO NO2 NOx NH3 CO O3 Benzene Toluene 
Ethyl 

Benzene 
M,P  

O-Xylene 
O-Xylene 

Temper
ature 

    µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 mg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 Deg Cel 

21-02-2017 24:00 118.6 63.8 20.5 13.2 6 18.9 13.2 0.9 60.1 4.2 15.3 0 4.7 5.1 27.5 

12-05-2017 24:00 48 21 16.4 20.7 8 28.1 7.1 0.4 5.1 NoData NoData NoData NoData NoData 31.7 

16-08-2017 24:00 68 21 22.1 13.2 21.2 34.4 9 1.1 5.5 2.9 0.2 0.3 1.8 0.2 26.4 
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2018 Environmental Sensor Data from APPCB 

  

ANDHRA PRADESH POLLUTION CONTROL BOARD 
CONTINUOUS AMBIENT AIR QUALITY MONITORING STATION - VIJAYAWADA (Municipal Guest House) 

Date Time PM10 PM2.5 SO2 NO NO2 NOx NH3 CO O3 Benzene Toluene 
Ethtyl 

Benzene 
M,P  

O-Xylene 
O-Xylene Temperature 

    µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 mg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 Deg Cel 

24-02-2018 24:00 85 48.6 13.2 10.9 40.4 51.4 21.2 1.3 9.2 2.8 9.8 1.7 6 1.4 25.1 

13-04-2018 24:00 39.7 InVld 15.2 7.3 21.9 29.2 11.1 1 30.3 12.4 2.6 19.1 20.3 19.8 33.7 

04-09-2018 24:00 57.5 21.5 10.8 8.8 9.1 17.9 7.4 0.6 30.7 1.7 1.7 4.4 2.3 3.1 31.8 

Table 4.7 

 

 

2019 Environmental Sensor Data from APPCB 

  

ANDHRA PRADESH POLLUTION CONTROL BOARD 
CONTINUOUS AMBIENT AIR QUALITY MONITORING STATION - VIJAYAWADA (Municipal Guest House) 

Date Time PM10 PM2.5 SO2 NO NO2 NOx NH3 CO O3 Benzene Toluene 
Ethyl 

Benzene 
M,P 

O-Xylene 
O-Xylene Temperature 

    µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 mg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 Deg Cel 

11-02-2019 24:00 78.3 39.6 13 12.6 13.4 26.3 9.6 0.8 36.2 0.9 1 0.3 0.8 0.8 25.6 

16-04-2019 24:00 64.7 22.4 7.5 12.7 11.4 23.6 6.6 0.9 34.3 0.7 2.1 0.2 0.8 1.7 34 

22-08-2019 24:00 44.1 14.7 5.5 4.3 1 5.3 1 0.5 5.6 0.5 0.7 0.1 1 0.8 30.2 

Table 4.8
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Chapter 5 

METHODOLOGY 
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5.1 Operational land imager 

                    The Operational Land Imager (OLI), is a sensor measures in the visible, near infrared, and 

short wave infrared portions of the spectrum. Its images have 15-meter (49 ft.) panchromatic and 30-

meter multi-spectral spatial resolutions along a 185 km (115 miles) wide swath, covering wide areas of 

�W�K�H�� �(�D�U�W�K�¶�V�� �O�D�Q�G�V�F�D�S�H�� �Z�K�L�O�H�� �S�U�R�Y�L�G�L�Q�J�� �V�X�I�I�L�F�L�H�Q�W�� �U�H�V�R�O�X�W�L�R�Q�� �W�R�� �G�L�V�W�L�Q�J�X�L�V�K�� �I�H�D�W�X�U�H�V (Land Surface 

information ) like urban centers, farms, forests and other land uses, which allows the entire globe to be 

�L�P�D�J�H�G�� �H�Y�H�U�\�� ������ �G�D�\�V���� �2�/�,�¶�V�� �V�H�Q�V�L�W�Lvity ultimately provides improved land surface information with 

fewer moving parts. 

                 OLI measures in nine spectral bands in the visible and short-wave infrared spectral regions 

shown in table.1. 

5.2 Thermal Infrared Sensor  

                        It measures land surface temperature in two thermal bands with a new technology that 

applies quantum physics to detect heat. And it uses Quantum Well Infrared photodetectors (QWIPs) to 

detect long-wavelength of light emitted by the Earth whose intensity depends on surface temperature, 

these wavelength are well beyond the range of human eye  vision and these wavelength is called 

Thermal Infrared. TIRS tool is an invaluable tool for managing water consumption. Thermal Infrared 

Sensor (TIRS), which measures two long-wave infrared channels Band 10 and 11 shown in table .1.() 

                    The QWIPs TIRS uses are sensitive to two thermal infrared wavelength bands, helping it 

�V�H�S�D�U�D�W�H���W�K�H���W�H�P�S�H�U�D�W�X�U�H���R�I���W�K�H���(�D�U�W�K�¶�V���V�X�U�I�D�F�H���I�U�R�P���W�K�D�W���Rf the atmosphere. 

5.3 Top of atmosphere 

                       Top of atmosphere (TOA) can be treated as a traveling plane wave normal to the line 

between the centers of the Earth and the Sun. The solar radiation propagating through the atmosphere 

can be partitioned into direct and diffuse radiation. 

 

5.4 Brightness temperature 

                         Brightness temperature or radiance temperature is the temperature of a black body in 

thermal equilibrium with its surroundings, in order to duplicate the observed intensity of a grey body 

�R�E�M�H�F�W���D�W���D���I�U�H�T�X�H�Q�F�\�������G�L�V�S�O�D�\�V�W�\�O�H���Q�X��. This concept is used in radio astronomy, planetary science and 

materials science. 
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5.5 Normali zed Difference Vegetation Index 

                              To measure and map the density of green vegetation across the Earth's landscapes, 

scientists use satellite sensors that observe the distinct wavelengths of visible and near-infrared sunlight 

that is absorbed and reflected by the plants. Calculating the ratio of the visible and near-infrared light 

reflected back up to the sensor yields a number from minus one (-1) to plus one (+1). The result of this 

calculation is called the Normalized Difference Vegetation Index, or NDVI. 

                        An NDVI value of zero means no green vegetation and close to +1 (0.8 - 0.9) indicates 

the highest possible density of green leaves. 

5.6 Emissivity 

                 Emissivity is defined as the ratio of the energy radiated from a material's surface to that 

radiated from a  perfect emitter, known as a blackbody, at the same temperature and wavelength and 

under the same viewing conditions. It is a dimensionless number between 0 (for a perfect reflector) and 

1 (for a perfect emitter). The emissivity of a surface depends not only on the material but also on the 

nature of the surface. 

                  However, for any particular wavelength and temperature, the amount of thermal radiation 

emitted depends on the emissivity of the object's.  It must either be measured or modified in some way, 

for example by coating the surface with high emissivity black paint, to provide a known emissivity 

value. 

5.7 Proportion of Vegetation 

                   Vegetation Fraction is defined as the percentage of vegetation occupying the ground area in 

�Y�H�U�W�L�F�D�O�� �S�U�R�M�H�F�W�L�R�Q���� �,�W�¶�V�� �D�� �F�R�P�S�U�H�K�H�Q�V�L�Y�H�� �T�X�D�Q�W�L�W�D�W�L�Y�H�� �L�Q�G�H�[�� �L�Q�� �I�R�U�H�V�W�� �P�D�Q�D�J�H�P�H�Q�W�� �D�Q�G�� �Y�H�J�H�W�D�W�L�R�Q��

�F�R�P�P�X�Q�L�W�\�� �F�R�Y�H�U�� �F�R�Q�G�L�W�L�R�Q�V���� �D�Q�G�� �L�W�¶�V�� �D�O�V�R�� �D�Q�� �L�P�S�R�U�W�D�Q�W�� �S�D�U�D�P�H�W�H�U�� �L�Q�� �P�D�Q�\�� �Uemote sensing ecological 

models. Changes in vegetation cover directly impact surface water and energy budgets through plant 

transpiration, surface albedo, emissivity, and roughness. 
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5.8 LISS �±IV  

                     The LISS-IV sensor is a multispectral high resolution camera with a spatial resolution of 

5.8 m at nadir. The payload provides multispectral imagery covering a swath of 70 Km as compared to 

23 km swath of Resourcesat-1. The LISS-IV camera has the additional feature of off-nadir viewing 

capability by tilting the camera by +/- 26 degrees using which, 5 days revisit is possible for any given 

ground area.  

                    The data is acquired in three spectral bands namely visible and near infrared (B2, B3 and 

B4). It has both MX Mode (1/3rd swath) and Mono Mode (full swath) of operation as in Resourcesat-1. 

70 Km swath coverage for MX which uses onboard SSR is also designed for Resourcesat-2. Each 

spectral band has 12K element linear CCDs, each having a pixel size of 7µm x 7µm. The Odd and Even 

pixel rows are arranged in a staggered mode separated by 35µ (equal to 5 scan lines). The system has 

10-bit quantization and covers 100% Albedo with single gain and hence no gain commands are required. 
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Chapter- 6 

WORKING PROCESS 

 

To calculate the LST, use the USGS formulas as detailed below. The process is synthesized in six steps 
below: 

6.1 Calculation of TOA (Top of Atmospheric) spectral radiance 

TOA (L) = ML * Qcal + AL 

where: 

ML = Band-specific multiplicative rescaling factor from the metadata (RADIANCE_MULT_BAND_x, 
where x is the band number). 

 

Fig.6.1 

 

Qcal = corresponds to band 10. 

AL = Band-specific additive rescaling factor from the metadata 

 (RADIANCE_ADD_BAND_x, where x is the band number). 
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Fig.6.2 

�7�2�$��� ��������������������������³�%�D�Q�G�������´������������ 

Therefore the equation must be solved using the Raster Calculator tool in ArcMap. 

 

Fig.6.3 

6.2 TOA to Brightness Temperature conversion 

BT = (K2 / (ln (K1 �����/�����������������í�������������� 

where: 
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K1 = Band-specific thermal conversion constant from the metadata (K1_CONSTANT_BAND_x, where 
x is the thermal band number) 
K2 = Band-specific thermal conversion constant from the metadata 

 (K2_CONSTANT_BAND_x, where x is the thermal band number) 

 

 

Fig.6.4 

L = TOA 

Therefore, to obtain the results in Celsius, the radiant temperature is adjusted by adding the absolute zero 
(approx. -273.15°C). 

�%�7��� �����������������������������/�Q�����������������������������³���7�2�$���´�����������������± 273.15 
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Fig.6.5 

6.3  Calculate the NDVI 

NDVI = (Band 5 �± Band 4) / (Band 5 + Band 4) 

Note that the calculation of the NDVI is important because, subsequently, the proportion of vegetation 
���3�Y������ �Z�K�L�F�K�� �L�V�� �K�L�J�K�O�\�� �U�H�O�D�W�H�G�� �W�R�� �W�K�H�� �1�'�9�,���� �D�Q�G�� �H�P�L�V�V�L�Y�L�W�\�� ���0������ �Z�K�L�F�K�� �L�V��related to the Pv, must be 
calculated. 

NDVI = Float(Band 5 �± Band 4) / Float(Band 5 + Band 4) 

 

Fig.6.6 
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6.4  Calculate the proportion of vegetation Pv 

Pv = Square ((NDVI �± NDVImin) / (NDVImax �± NDVImin)) 

Usually the minimum and maximum values of the NDVI image can be displayed directly in the image 
(both in ArcGIS, QGIS, ENVI, Erdas Imagine), otherwise you must open the properties of the raster to 
get those values. 

 

Fig.6.7 

 

Pv � ���6�T�X�D�U�H�����³�1�'�9�,�´���± 0.216901) / (0.632267 �± 0.216901)) 



38 
 

 

Fig.6.8 

 

6.5  Calculate Emissivity (�0) 

�0��� ������������������3�Y + 0.986 

Simply apply the formula in the raster calculator, the value of 0.986 corresponds to a correction value of 
the equation. 

 

Fig.6.9 
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6.6  Calculate the Land Surface Temperature 

LST = (BT /((1 + (0.00115 * BT / ��������������������/�Q���0�������� 

Finally apply the LST equation to obtain the surface temperature. 

 

Fig.6.10 
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Chapter 7 

RESULTS & DISCUSSIONS 
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LST & NDVI GRAPHS  OF 2015 
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LST & NDVI GRAPHS  OF 2016 
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LST & NDVI GRAPHS  OF 2017 
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LST & NDVI GRAPHS  OF 2018 
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Discussion 

                  This project proposed to study the LST variations in  Vijayawada city in past few years. For 

that we use Landsat 8 data from earth explorer we downloaded 3 images from 3 seasons in months of 

February, April and August from 2014 to 2019 these pictures are captured by satellite at specific time and 

it's helps to find the major hotspots which majorly under UHI due to heavy builtup area. In day time many 

locations like Benz circle, Ramvarapadu Ring, 1town, near Durga gudi, besent road, autonagar theses 

location record more LST than compare with other locations along with pandit Nehru bus stand will 

shows similar result  and we observed that the area having more built up area in less space. That's the 

reason vijayawada ranked 3 place in world. 

                We selected band 10, 4 and 5 from Landsat 8. Both bands 4&5 are OLI data and band -10 are 

TIRS data. From band -10 we get TOA&BT and from Band-4&5 we get NDVI, PV, Emmissivity. At 

finally we get LST for proposed map these steps similar for 3 seasons from 2014-2019. The entire work 

done in Arc GIS we exported the LST images and the three seasons data along with graphs shown in 

above 
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CONCLUSION 

1. Global climate change is expected to raise the occurrence of urban heat island effects.  

2. Air temperatures in cities increase disproportionately to urban areas and have a locally acute, adverse 

human health, economic, social, and environmental impact.  

3. LST that can help in land use planning, has contributed to global climate change, and has changed 

UHI intensity, mainly through the process of the study area from this project the LST values compare 

to 2014 to 2019 as we observed LST have more in 2019 then compare with 2014 that shows the  green 

cover from 2014 will be replaced either by built up area (or) industrial. 

4. These shows that the city having rapid growth of urbanization after state divided person living in 

sq.km is increasing day- by �±day.  

5. These results helps further extension of this work can be done on urban climate analysis for 

sustainable environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 
 

REFERENCES 

1. Ang Kean Hua & Owi Wei Ping (2018,october). The influence of land - use / land �± cover changes on 

land surface temperature : a case study of Kuala Lumpur metropolitan city. European journal of 

Remote sensing 51:1,1049-1069 . 

2. Abdullah F. Alqurashi & Lalit Kumar (2017, August ). An assessment of the impact of urbanization 

and land use changes in the fast �± growing cities of Saudi Arabia .Geocarto international , DOI: 

10.1080/10106049.2017.1367423 

3. �7�����6�X�V�F�D�� �	�� �6���5���*�D�I�I�L�Q�� �	�� �*���5���� �'�H�O�O�¶�2�V�V�R�� �������������0�D�U�F�K�� �����3�R�V�L�W�L�Y�H�� �L�P�S�D�F�W�V�� �R�I�� �Y�H�J�H�W�D�W�L�R�Q�� ���� �8�U�E�D�Q�� �K�H�D�W��

island and green roofs . Elsevier  

4. Partha Pratim Gogoi ,V.Vinoj ,D. Swain ,G.Roberts , J.Dash & S.Trpathy(2019 june). Land use and 

land cover effects on surface temperature over Eastern India . 

5. Abbas Mohajerani & Jason Bakaric (2017). Determine the Urban Heat Island effects , its causes , and 

mitigation , with reference to the thermal properties of asphalt concrete. 

6. Selcuk Reis . (2008 October ): Analyzing land use /land cover changes using remote sensing and gis in 

Rize , North-East Turkey .DOI: 10.3390/s8106188. 

7. Md.Nuruzzaman (2015). Urban Heat Island : Causes , Effects & Mitigation  Measures . International 

Journal of Environmental Monitoring and Analysis.DOI:10.11648/j.ijema.20150302.15 

8. Jing Jiang , Guangjin Tian (2010). Analysis of the land use /land cover changes on land surface 

temperature with Remote Sensing . 

9. Erie Ellis (2007 January).Land �±use & land �±cover changes  

10. Yonghong Hu and Gensuo Jia .(2009 july).Influence of land use changes on urban heat island derived 

from multi-sensor data .DOI:10.1002/joc.1984 

11. Kaveh Deilami , Md.Kamruzzaman(2017 February).Modelling the urban heat island effect of smart 

growth policy scenarios in Brisbane. 

12. S. Ahmed (2017 August).Assessment of urban heat island and impact of climate change on 

socioeconomic over Suez Governorate using remote sensing and GIS techniques. 

13. Li.Yang ,Feng Qian , De-Xuan Song , Ke-jia Zheng (2016).Research on urban het island effect. 

14. K.Sundara Kumar , Bontha. Amar Deepak, Arneepalli.Chaitanya Kumar , Chandrala. Mounika, 

Tekumudi. Venkata Prasad.(2015 March).Study on urban surface yemperature changes of Vijayawada 

city using Remote Sensing and GIS. 

15. Nawras Shatnawi and Hani Abu Qdais (2018 November). Mapping urban land surface temperature 

using remote sensing techniques and artificial neutal network modeling . Taylor and Francis 

DIO:10.1080/01431161.2018.1557792 



51 
 

16. Aakriti Grover and Ram Babu Singh(April, 2015):Analysis of Urban Heat Island in Relation to 

Normalized Difference Vegetation Index :A comparative Study of Delhi and Mumbai. 

17. Gordana Kaplan , Ugur Avdan and Zehra Yigit Avdan(March ,2018):Urban Heat Island Using the 

Landsat 8 Satellite Data: A case Study in Skopje , Macedonia. 

18. Sirous Haashemi , Qihao Weng , Ali Darvish and Seyed Kazem Alavipanah(April , 2016):Seasonal 

Variations of the Surface Urban Heat Island in a Semi-Arid city. 

19. Adam Leland Black (January , 2013):Temperature Trends and Urban Heat Island Intensity Mapping of 

the Las Vegas Valley. 

20. Kaveh Deilami (May , 2017): Modelling the Urban Heat Island Intensities of alternative Urban Growth 

Management Policies in Brisbane.   

21. Tomas du Chemin Holderness (October , 2012): Quantifying the spatio- temporal temperature 

dynamics of Greater London using thermal Earth observation. 

22. Report on Urban Plqnning Characteristics to Mitigate Climate Changes in context of Urban Heat 

Island Effects.  

23. Elis Dener Lima Alves (December , 2016): Seasonal and Spatial Variation of surface Urban Heat 

Island Intensity in a Small Urban Agglomerate in Brazil. 

24. Mikko Auvinen , Simone Boi , Antti Hellsten , Topi Thanhuanpaa and Leena Jarvi 

( February ,2020) :Study of Realistic Urban Boundary Layer Turbulence with High-Resolution Large �±

Eddy Simulation. 

B.U.Choudhury and Patiram: Geospatial Techniques and their Role in Natural Management 

Comparison of Urban and Rural Boundary �± Layer Height Measurement by  Ceilometer. 

25. Study on Introduction to ARCGIS software. 

26. NASA Landsat Science. 

27. Edward J.Knight and Grir Kvaran (2014)Landsat-8 Operational Land Surface Imager Design, 

Characterization and Performance. 

 

 

 



52 
 

 



Experimental Investigation on Strength Characteristics by Partial 
Replacement of Fine aggregate with Quarry dust & Cement with Fly 

Ash in Concrete 
 

Major Project Report 
Submitted to the faculty of engineering of 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA  
In partial fulfilment of the requirements for the award of the degree of 

Bachelor of Technology 

In 

Civil Engineering 

By 

J.Anitha (16481A0156) 

D.Vamsi Sai Krishna (17485A0138) 

J.Soundharya (17485A0118) 

K.B.P.S.Nikith (16481A0161) 

J.Kanchana Lakshmi (17485A0122)  

 

Under The Esteemed Guidance of 

Mr.A.H.L. Swaroop M.E(Ph.D)  

Sr.Gr.Assistant Professor 

 

 

 

Department of Civil Engineering 

GUDLAVALLERU ENGINEERING COLLEGE  

(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE 

GUDLAVALLERU -521356 

2019-2020 



 
 
 
 

GUDLAVALLERU ENGINEERING COLLEGE  
(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE 

GUDLAVALLERU -521356 

Department of Civil Engineering 
 
 
 

 

CERTIFICATE  

This is to certify that the project report entitled �³Experimental Investigation on Strength 
Characteristics by Partial Replacement of Fine Aggregate with Quarry Dust & Cement 
with Fly Ash in Concrete�´��is a bonafied record of work carried out by J.Anitha (16481A0156), 
D.Vamsi Sai Krishna (17485A0138), J.Soundarya (17485A0118), 
K.B.P.S.N  ikith (16481A0161) and J.Kanchana Lakshmi (17485A0122) in partial fulfilment of 
the award of the degree of Bachelor of Technology in Civil Engineering of Jawaharlal Nehru 
Technological University, Kakinada. 

 
 
 

Mr.A.H.L.Swaroop  M.E(Ph.D) Dr.P.KODANADARAMARAO  

Project guide Head of the department 
 
 
 

EXTERNAL EXAMINER  



 

NOTE: 1.Every CO should map atleast with one PO/PSOS 

2.All the POS& PSOS should mandatorily mapped 

3.Mapping shall be represented with 1,2,3 
 
 
 

 
ANALYSIS 
TYPE 
PROJECT
S 

 
Statement(Students 
will be able to:) 

 

PO 
1 

 

PO 
2 

 

PO 
3 

 

PO 
4 

 

PO 
5 

 

PO 
6 

 

PO 
7 

 

PO 
8 

 

PO 
9 

 

PO1 
0 

 

PO1 
1 

 

PO1 
2 

 

PSO 
1 

 

PSO 
2 

 

PSO 
3 

CO1 Work in a team and 
select the broad 
statement of the 
problem for project 
work 

               

CO2 Review and evaluate 
the available 
literature on the 
chosen problem 

               

CO3 Formulate the 
methodology to 
solve the identified 
problem by 
satisfying the ethical 
and societal 
conditions 

               

CO4 Develop a 
mathematical 
or engineering 
model 

               

CO5 Use of various 
techniques, engineering 
knowledge and skills, 
and modern engineering 
tools for analysis of 
structures. 

               

CO6 Validate the obtained 
data with standard 
norms and prepare the 
report 

               



 
 
 
 

ANALYSI                  

S& 
DESIGN 
TYPE 

Statement(Students will be able 
to:) 

PO 
1 

PO 
2 

PO 
3 

PO 
4 

PO 
5 

PO 
6 

PO 
7 

PO 
8 

PO 
9 

PO1 
0 

PO1 
1 

PO1 
2 

PSO 
1 

PSO 
2 

PSO 
3 

PROJEC                 

TS                 

 
CO1 

Work in a team and select the broad 
statement of the problem for project 
work 

               

 
CO2 

Review and evaluate the available 
literature on the chosen problem 

               

 
CO3 

Formulate the methodology to solve 
the identified problem by satisfying 
the ethical and societal conditions 

               

CO4 
Develop a mathematical or engineering 
model 

               

 
CO5 

Use of various techniques, 
engineering knowledge and skills, and 
modern engineering tools for analysis 
and design of structures. 

               

 
CO6 

Validate the obtained data with 
standard norms and prepare the report 

               



 
EXPERIMENTAL 
TYPE PROJECTS 

 
Statement(Students 

will be able to:) 

 
 
PO 
1 

 
 

PO 
2 

 
 
PO 
3 

 
 
PO 
4 

 
 
PO 
5 

 
 
PO 
6 

 
 
PO 
7 

 
 
PO 
8 

 
 
PO 
9 

 
 
PO1 

0 

 
 
PO1 

1 

 
 
PO1 

2 

 
 
PSO 

1 

 
 
PSO 

2 

 
 
PSO 

3 
 

CO1 

 
Work in a team and 

select the broad 
statement of problem 

for project work 

         
 
 

3 

      

 

CO2 

 
Review and evaluate 

the available literature 
on the chosen 

problem 

  
 
 

3 

             

 

CO3 

Formulate the 
methodology to solve 
the identified problem 

by satisfying the 
ethical and societal 

conditions 

    
 
 

2 

  
 
 

3 

 
 
 

2 

 
 
 

3 

       
 
 

2 

 

CO4 

 
Gain knowledge on 
selecting 
suitable 

material 
s and 
their 
properti 
es 

  
 
 

3 

  
 
 

3 

 
 
 

3 

          

 
 

CO5 

Conduct 
experimental 

investigations on 
various 

combinations of 
materials by using 
various standard 

procedures 

 
 
 

2 

   
 
 

3 

          
 
 

3 

 

 

CO6 

 
Draw inferences and 
conclusions 
from the experimental 

results and 
prepare the 
report 

          
 
 

3 

 
 
 

2 

 
 
 

2 

 
 
 

1 

  



 
 
 
 
 
 

EXPERIMENTA L 
& ANALYSIS 

TYPE PROJECTS 

 
Statement(Student 
s will be able to:) 

 
PO1 

 
PO2 

 
PO 
3 

 
PO 
4 

 
PO 
5 

 
PO 
6 

 
PO 
7 

 
PO 
8 

 
PO 
9 

 
PO1 
0 

 
PO1 
1 

 
PO1 
2 

 
PSO 
1 

 
PSO 
2 

 
PSO 
3 

 
CO1 

Work in a team and 
select the broad 
statement of 
problem for project 
work 

               

 
CO2 

Review and 
evaluate the 
available literature 
on the chosen 
problem 

               

 
CO3 

Formulate the 
methodology to 
solve the identified 
problem by 
satisfying the 
ethical and societal 
conditions 

               

 
 

CO4 

Conduct 
experimental 
investigations 
on various 
combinations 
of materials by 
using various 
standard 
procedures 

               

 
CO5 

Evaluate the results 
obtained from 
various numerical 
methods. 

               

 
CO6 

Validate the 
obtained  data 
with standard 
norms and 
prepare the report 

               



3 
 

DATA 

COLLECTION & 

ANALYSIS TYPE  
PROJECTS 

 
Statement(Students 

will be able to:) 

 
PO1 

 
PO2 

 
PO3 

 
PO4 

 
PO5 

 
PO6 

 
PO7 

 
PO8 

 
PO9 

 
PO10 

 
PO11 

 
PO12 

 
PSO1 

 
PSO2 

 
PSO3 

 
CO1 

Work in a team and select 
the broad statement of 
problem for project work 

               

 
CO2 

Review and 
evaluate the available 
literature on the 
chosen problem 

               

 
CO3 

Formulate the 
methodology to solve the 
identified problem by 
satisfying the 
ethical and 

societal conditions 

               

 
CO4 

Take up the breakdown 
of project work to be 

carried out in different 

phases, tasks and other 
related activities 

               

 
CO5 

Analyze the data 
collected and apply it in 
developing new 
resources. 

               

 
CO6 

Validate the obtained data 
with standard norms and 
prepare the report 

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

JUSTIFICATION  

�0�\���S�U�R�M�H�F�W���H�Q�W�L�W�O�H�G���³�H�[�S�H�U�L�P�H�Q�W�D�O��Investigation on strength characteristics by partially replacement of 
�I�L�Q�H���D�J�J�U�H�J�D�W�H���Z�L�W�K���T�X�D�U�U�\���G�X�V�W���D�Q�G���F�H�P�H�Q�W���Z�L�W�K���I�O�\�D�V�K���L�Q���F�R�Q�F�U�H�W�H�´���K�D�G���V�D�W�L�V�I�L�H�G���D�O�O���W�K�H���1�%�$���R�X�W�F�R�P�H��
requirements as the work carried out as a team work by equally distributing the work, sharing the 
knowledge among ourselves, in our project we collected the literature from various standard books, 
journals and analyzed critically and collected the data from standard code books, developed the plan 
and methodology and applied for chosen problem and analyzed the strength characteristics by 
conducting various experiments using modern equipment, our project is mainly aimed to suggest 
suitable material following the professional ethics in keeping view the safety of the public and society, 
recommended the environment sustainable materials for construction, our project can future extend in 
�F�R�Q�V�L�G�H�U�L�Q�J���G�L�I�I�H�U�H�Q�W���F�R�P�E�L�Q�D�W�L�R�Q�V���R�I���P�D�W�H�U�L�D�O�V�����V�L�W�H���F�R�Q�G�L�W�L�R�Q�V���V�R���W�K�D�W���L�W�¶�V���D���O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���R�I���D���Q�H�Z��
things. 
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ABSTRACT 
 

The utilization of fly ash in concrete as partial replacement of cement is gaining 

importance today, mainly on account of the improvement in the long-term durability 

of concrete combined with ecological beneficial. Fly ash, which is residue from coal 

fired power plants, when used as replacement of cement in concrete results in reduction 

of cement consumption and CO2 production besides enhancing strength and durability 

property. The reduction in the sources of natural sand and the requirement for reduction 

in the cost of concrete production has resulted in the increased need to identify 

substitute material to sand as fine aggregates in the production of concrete. Granite 

fines is a by-product obtained during crushing of granite rocks is called quarry dust. 

This present work is an attempt to use quarry dust as replacement of fine aggregate. 

We are going to measure and compare with 0%,5%,10%,15%,20%& 25% & 30% of 

cement replacing with fly ash & 0%,20%,40%, & 60% of fine aggregate replacing with 

quarry dust. The design mix used to execute this project is M40 grade of concrete. 

Investigations were completed on concrete at 7 days and 28 days to study the 

mechanical properties of concrete and spilt tensile strength. Mix Proportion for M40 

grade of concrete is 1:1.48:2.611. Finally from the experimental investigation we can 

conclude that 25% of fly ash and 40% of quarry dust are taken as optimum proportions. 
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CHAPTER �± 1 

INTRODUCTION  
 
 

1.1 General: 
 

From the past few years India has taken a major initiative on developing the 

infrastructures such as express highways, power projects and industrial structures etc., 

to meet the requirements of globalization, in the construction of buildings and other 

structures concrete plays the rightful role and a large quantity of concrete is being 

utilized. 

 
Many construction industries of developing countries are in stress to identify 

alternative materials to replace the demand for natural sand. On the other hand, the 

advantages of utilization of by products or aggregates obtained as waste materials are 

pronounced in the aspects of reduction in environmental load & waste management 

cost, reduction of production cost as well as augmenting the quality of concrete. 

 
Concrete is the most popular building material in the world. However, the 

production of cement has diminished the limestone reserves in the world and requires 

a great consumption of energy. River sand has been the most popular choice for the 

fine aggregate component of concrete in the past, but overuse of the material has led 

to environmental concerns, the depleting of securable river sand deposits and a 

concomitant price increase in the material. Therefore, it is desirable to obtain cheap, 

environmentally friendly substitutes for cement and river sand that are preferably by 

products. 

 

1.2 Aim of the Present Study: 
The aim of our project is to study the compressive strength ,flexural strength and split 

tensile strength of concrete mix of M40 grade, with a partial replacement of cement 

with Fly ash with 0%,5%,10%,15%,20%,25% and 30% & fine aggregate with Quarry 

dust with 0%,20%,40% and 60%. 
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1.3 Fly Ash: 
More than 2000 years ago, roman builders recognized that certain volcanic ash 

were capable of forming effective cements, when combined with lime. The Romans, 

widely exploited this pozzolanic property of volcanic ash, and many structures from 

the roman period are still intact. The modern recognition is that Fly ash is pozzolanic, 

and this has led to its use as a constituent of contemporary Portland cement concrete. 

The term Fly ash was first used in the electrical power industry in 1930. The first 

comprehensive data of its use in concrete, in North America, was reported in 1937 by 

Davis etal. The United States Bureau of reclamation of data reported the major practical 

application in 1948, with the publication on the use of Fly ash in the construction of 

Hungry Horse Dam. Worldwide acceptance of Fly ash slowly followed these early costs 

���D�Q�G�� �K�H�Q�F�H�� �F�H�P�H�Q�W�� �F�R�V�W���� �W�K�D�W�� �R�F�F�X�U�U�H�G�� �G�X�U�L�Q�J�� �W�K�H�� ���������Æ�V�� �D�Q�G�� �W�K�H�Q��a number of 

investigations were carried out both within and outside of this country on Fly ash 

concrete. Conservation of natural resource is the need of the hour throughout the world. 

Steps are to be adopted in this direction which, include minimization of production of 

energy consuming materials & bulk utilization of industrial by-products, thereby 

making a major contribution towards solving the global warming problem and also by 

bringing down the levels of environmental pollution. It is found that use of high 

volumes of Fly ash, is the most effective and economical way to improve the durability 

of concrete. Increase the workability of concrete Reduction in cement consumption, 

Decrease in permeability. 

 
1.3.1 Classification of Fly Ash: 

ASTM-C 618-93 categories natural pozzolans and Fly ash into the following 

categories. 

 

Class N Fly ash: Raw or calcined natural pozzolans such as some diatomaceous 

earths, stuffs volcanic ashes and pumice are come are come in this category. 

Calcined kaolin clay and laterite shale also fall in this category of pozzolans. 

Class F Fly ash: Fly ash normally produced from burning anthrdoete or bituminous 

coal falls in this category. This class of Fly ash exhibits pozzolanic property but rarely 

if any, self-hardening property. 
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Class C Fly ash: Fly ash normally produced from lignite or sub-bituminous coal isthe 

only material included in this category. This class of Fly ash has both pozzolanic and 

varying degree of self-cementitious properties. (Most class C Fly ashes containsmore 

than 15% CaO. But some class C Fly ash may contain as little as 10% CaO. 

 
 

 

Figure 1.1 : Fly Ash 

Table 1: Typical Composition of Fly Ash and Cement 

 
Constituents Indian fly ash Cement 

Sio2 49-67 17-25 

Al2O3 16-33 3-8 

Fe2O3 4-10 0.2-6 

MgO 0.2-2 0.5-4 

SO3 0.1-2 1-2 

Na2O 0.1-0.2 0.5 

K2O 0.1-1.0 0.5 

LOI 0.1-1.6 1-3 

 
1.3.2 : Composition of Fly Ash: 

Traditionally, the composition of fly ash is expressed in terms of oxide composition 

through the constituents are not strictly present in the form of oxides the typical 

composition of Indian fly ash is shown in tab. 
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�7�K�H���W�H�P�S�H�U�D�W�X�U�H���L�Q���D���S�X�O�Y�H�U�L�]�H�G���I�X�H�O���E�R�L�O�H�U���Z�R�X�O�G���E�H���D�U�R�X�Q�G�����������Û�&���D�Q�G���W�K�H���I�X�H�O���J�D�V��

velocity is such that to remove the ash particles rapidly out of the boiler. Due to this 

reaction with Ca(OH)2 and hence the pozzolanic activity of fly ash. 

 
Physical properties: 

Particle Morphology 

As per morphological studies, fly ash particles usually consist of clear glassy spheres 

�D�Q�G�� �V�S�R�Q�J�\�� �D�J�J�U�H�J�D�W�H�� �U�D�Q�J�L�Q�J�� �L�Q�� �G�L�D�P�H�W�H�U�� �I�U�R�P�� �����W�R�� ���������P�����W�K�H�� �P�D�M�R�U�L�W�\�� �E�H�L�Q�J�� �O�H�V�V��

�W�K�D�Q���������P���D�V���V�H�H�Q���X�Q�G�H�U-energy dispersive X-ray analysis (EDXA). 

 
Fineness 

Fineness is one of the primary characteristics of Fly ash that relates to its pozzolanic 

�D�F�W�L�Y�L�W�\�����$���O�D�U�J�H���I�U�D�F�W�L�R�Q���R�I���D�V�K���S�D�U�W�L�F�O�H�V���L�V���V�P�D�O�O�H�U���W�K�D�Q�������P�L�Q���V�L�]�H�����,�Q���E�L�W�X�P�L�Q�R�X�V���D�V�K�H�V����

the particle sizes range from less than 1 to over ���������P�����7�K�H���D�Y�H�U�D�J�H���V�L�]�H���O�L�H�V���L�Q���W�K�H���U�D�Q�J�H��

�R�I�������W�R���������P�� 

 

Specific Gravity 

The specific gravity of Fly ash is related to shape as well as chemical composition of 

particles. Specific gravity of Fly ash usually varies from 1.3 to 4.8. coal particles with 

some mineral impurities have specific gravity between 1.3 to 1.6. opaque spherical 

magnetite (ferrite spinal) and hematite particles, light brown to black in colour, when 

present in sufficient quantity in Fly ash increases the specific gravity. 

 
Mineralogical Characteristics: 

Anhydrite (Caso4) 

The specific gravity of Fly ash is related to shape as well as chemical composition of 

particles. Specific gravity of Fly ash usually varies from 1.3 to 4.8. coal particles with 

some mineral impurities have specific gravity between 1.3 to 1.6. opaque spherical 

magnetite (ferrite spinal) and hematite particles, light brown to black in colour, when 

present in sufficient quantity in Fly ash increases the specific gravity. 

Magnetite and Hematite 

There is at least a small amount from 0.1 to 1% of iron present as hematite in almost 

all types of Fly ashes. High calcium C Fly ashes have however less amount of hematite 

as well as total Fe203. 
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Tricalcium Aluminate (3cao.Al2O3) 

High calcium class C Fly ashes invariably contain tri-calcium aluminate with its 

relative content increasing with an increase of Ca0 content of ash. Sometimes 

intermediate calcium ashes with Ca0 content of 8 to 15% have also been found to 

contain this compound. 

 
1.3.3 Reaction Mechanism of Fly Ash 

Reaction mechanism for Fly ash can be basically explained as pozzolanic reaction 

mechanism Fly ash is considered to be a Pozzolana. Pozzolans are materials which, 

though not cementitious in themselves, contain certain constituents, which at ordinary 

temperatures in the presence of water, will combine with lime to form stable insoluble 

compounds with cementitious properties. 

It is a well-known fact that the reaction of Fly ash in concrete with Portland cement 

under ambien�W���F�R�Q�G�L�W�L�R�Q�V���L�V���L�Q�L�W�L�D�W�H�G���R�Q�O�\���D�I�W�H�U���R�Q�H���R�U���P�R�U�H���Z�H�H�N�V�����,�Q���W�K�L�V���³�G�R�U�P�D�Q�W�´��

period the Fly ash behaves as a more or less inert material and serves as a precipitation 

nucleus for lime for lime {Ca(OH)2}  and calcium-silicate hydrate-gel originating from 

the cement hydration. The subsequent pozzolanic reaction appears to be a slow process. 

Fly ash from bituminous coal consists of a major part of glass phase with 

crystallization inclusions, the glass being an alumina-silica-glass. The pozzolanic 

reaction starts when the glass of the Fly ash particles dissolves. The formation of CS- 

H gel takes place when the glass of the Fly ash particles has gone into the solution. The 

decomposition of the glass network appears to be strongly dependent on the alkalinity 

of pore water. 

The glass structure of the Fly ash is only decomposed substantially beyond a pH of 

about 13.2 or 13.3. In the beginning of cement hydration, the composition of the pore 

water is dominated by a saturated lime solution with gypsum. The pH of the pore 

solution is lower than 13. After about one week the pH increases. 

The lime and sulphate concentration decrease to very low level and concentration of 

hydroxyl, potassium and sodium ions increase rapidly. This may be due to the 

following reason. The Fly ash may act as nucleus for lime precipitation so that cement 

reaction is accelerated. Fly ash itself may contribute to the alkalinity. The later could 

be due to the release of sodium and potassium ions from the surface Fly ash particles. 

However, after some months of hardening, the pore water cement shows a gradual 
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decrease in the pH, which means that the reaction rate of Fly ash decreases with time. 

The deceleration of Fly ash reaction is augmented by the decreasing permeability of 

the concrete caused by the decreasing mobility of the ions during the densification of 

the pores. 

 
Various Factors Influencing the Fly Ash Reactions: 

Cement Type: 

Rapid hardening cements develop high alkalinity faster than ordinary cements. 

Consequently, Fly ash reaction starts earlier. Similarly, different cements effect 

accordingly. 

Temperature: 

Development of hydroxyl concentration appears to be much slower at 2oC. At 

400C the pH reaches a high value within one day of hydration so that the reaction of 

Fly ash can start from the first day. Temperature also affects the reactivity of Fly ash 

itself. That means at a higher temperature the reaction will be initiated at lower 

alkalinity. 

Water Cement Ratio: 

There is a strong re4lation between Fly ash activity and water/cement ratio. Higher 

the W/C ratio, lower the alkalinity and slower the reaction. 

 
1.3.4 Proportioning of Fly Ash Concretes: 

Using of Fly ash in concrete has to meet one or more of the following objectives. 

�‡ Reduction in cement content, 

�‡ Reduced heat of hydration, 

�‡ Improved workability and 

�‡ Gaining levels of strength in concrete beyond 90 days of testing 
�‡ Fly ash is introduced into concrete by one of the following methods. 

�‡ Cement containing Fly ash may be used in place of OPC. 

�‡ Fly ash is introduced as an additional component at the time of mixing. 
 

The first method is simple and problems of mixing additional materials are not there, 

there by uniform control is assured. The proportions of Fly ash and cement are 

predetermined, and mix proportion is limited. 

The second method allows for more use of Fly ash as component of concrete. Fly ash 

plays many roles such as, in freshly mixed concrete, it acts as a fine aggregate and also 
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reduces water cement ratio in hardened state, because of its pozzolanic nature, it 

becomes a part of the cementitious matrix and influences the strength and durability. 

 

The assumptions made in selecting an approach to mix proportioning 

Fly ash concrete are 

 
1. It reduces the strength of concrete at early ages. 

 
2. For same workability, concrete containing Fly ash requires less waterthan 

concrete containing ordinary Portland cement. 

 
1.3.5 Application of Fly  Ash: 

Fly ash is highly recommended for mass concrete applications, i.e. large mat 

foundations, dam etc. The Hungry Horse dam, Canyon ferry dam and the Wilson dam, 

Hart well dam and sultan dam in USA, the Lednock dam in UK and sudagindam in 

Japan are few examples abroad. LUI center in Vancouver successfully used 50% Fly 

ash for all structural elements. In India, some portions of Rihand dam in UP and some 

part of barrages in Bihar are some examples. 

Fly ash can be used for the following 
 
 

�‡ Filling of mines. 
 

�‡ Replacement of low-lying waste land and refuse dumps. 
�‡ Replacement of cement mortar. 

 
�‡ Air pollution control. 

 
�‡ Production of ready-mix Fly ash concrete. 

 
�‡ Laying of roads and construction of embankments. 

 
�‡ Stabilizing soil for road construction using lime-Fly ash mixture. 

 
�‡ Construction of rigid pavements using cement-Fly ash concrete. 

 
�‡ Production of lime-Fly ash cellular concrete. 

 
�‡ Production of precast Fly ash concrete building units, 

 
�‡ Production of sintered Fly ash light weight aggregate and concrete and 
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�‡ Making of lean-cement Fly ash concrete. 
 
 

1.4 Quarry  Dust: 
The quarry dust is the by-product which is formed in the processing of the granite 

stones which broken downs into the coarse aggregates of different sizes. Quarry dust 

has been proposed as an alternative to river sand that gives additional benefit to 

concrete. Quarry dust is known to increase the strength of concrete over concrete made 

with equal quantities of river sand, but it causes a reduction in the workability of 

concrete. 

River sand has been the most popular choice for the fine aggregate component of 

concrete in the past, but overuse of the material has led to environmental concerns, the 

depleting of securable river sand deposits and a concomitant price increase in the 

material. Therefore, it is desirable to obtain cheap, environmentally friendly substitutes 

for cement and river sand that are preferably by product. 

Quarry dust has been identified as possible replacement for sharp sand in concrete 

works. In some paper �³�8�V�H of quarry dust instead of river sand for future constructions 

is identified quartz, feldspar, biotitic mica, hornblende and hypersthene as the major 

minerals present in fresh rock which show mica percentages between 5% and 20%. 

They added that mica percentages in charnocktic gneiss and granitic gneiss are always 

less than 5%, similar to sand and therefore suitable for use in civil engineering 

construction. They reported that sand mining had been banned in some areas ofmajor 

rivers in Sri Lanka because of its negative environmental impact. Granite rock is 

abundant in Nigeria giving rise to many quarry sites with large heaps of quarry dust. 

Hence, quarry dust can be reasonably used as alternative to river sand. 

In the past, Large scale efforts are required for reducing the usage of the raw material 

that are present, so that large replacement is done using the various by-product 

materials that are available in the present day. Materials like fly ash especially Class F 

fly ash is very useful as the fine aggregates. The fly ash is obtained from the thermal 

power plants which is a by-product formed during the burning of the coal. The other 

material that can be used is quarry dust which is made while in the processing of the 

Granite stone into aggregates, this is formed as a fine dust in the crushers that process 

the coarse aggregates, which is used an earthwork filling material in the road 

formations majorly. Many studies are made with several other materials which gave 

the concrete to be a material made of recycled material but the parameters that are 
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primary for the material was not satisfied. The properties of concrete in fresh and 

hardened state are studied in the various papers that are used as a reference for this. 

Some of the properties workability and compressive strength are the major properties 

that are considered. Quarry dust specific gravity was around 2.5. Wet sieving of quarry 

dust through a 90-micron sieve was found to be 87%. 

 
Table 2: Quarry Dust Physical Properties 

s.no. Properties Results obtained 

1 Specific gravity 2.60 

2 Water absorption 0.45% 

3 Surface texture rough 

4 Particle shape Fine powder 

 
 

1.4.1 Types of Quarry Dust: 

The minerals such as quartz, feldspar, biotitic mica, hornblende and hypersthenes as 

the major minerals present in fresh rock. They are used as replacement materials for 

the sand in concrete to economical and eco-friendly purpose. Fresh rock samples from 

different quarries were collected for the laboratory tests. 

 
The assumptions made for selecting the approach to mix proportion: 

1. It increases the workability of concrete at early ages. 

2. The durability property is high. 

3. Compression strength increases up to certain percentage and then decreases. 
 
 

1.4.2 Size of Coarse Aggregate: 

Although they have a simple geometry, their influence on the properties of Quarry 

dust is complex. The inter-particle friction between quarry dust and aggregates controls 

the orientation and consequently the properties of the composite. Friction reducing 

admixtures and admixtures that improve the cohesiveness of the mix can significantly 

improve the mix. 
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1.4.3 Advantages of Quarry Dust: 

�‡ By use of crusher dust at all replacement levels, the workability of concrete 

was reduced from 1-6%. 

�‡ With the replacement of natural sand by crusher dust increases the 

compressive strength of concrete by 5-22%. 

�‡ The round shape and smooth surface texture of natural sand reduces theinter 

particle friction in the fine aggregate component so that the workability is 

higher in natural sand 

�‡ when the replacement percentage of the quarry dust is increasing gradually 

and the fly-ash is replaced in place of cement increases the workability. 

�‡ When compared to conventional concrete, Durability is10% higher. 
 

1.4.4 Applications of Quarry  Dust: 

It is found that the compressive, flexural strength and Durability Studies of concrete 

made of Quarry Rock Dust are nearly 10% more than the conventional concrete. 

�‡ For the soil stabilization, it is usually adopted with the purpose of rendering 

plastic soils coherent to the standards and requirements of engineering 

projects. 

�‡ A variety of ground improvement technique have been developed and 

successfully applied in several areas. 

�‡ Quarry dust/crusher dust is obtained as soil solid wastes during crushing of 

stones to obtain aggregates. 

�‡ Quarry dust exhibits high shear strength which is highly beneficial for its use 

as a geotechnical material. 

�‡ Quarry dusts are considered as one of the well accepted as well as cost 

effective ground improvement technique for weak soil deposits. 

�‡ Quarry dust can be used as a substitute for sand to improve the properties of 

lateritic soil. 

�‡ It provides the primary function of reinforcement and drainage, and thus 

improve the strength and deformation characteristics of weak soil deposits. 
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1.4.5 Uses of Quarry Dust in Soil Stabilization: 

 
�‡ The use of quarry dust is to ensure economic stabilization of soil and also used 

under flexible pavements to increase the load carrying capacity of the pavement 

by distributing the load through a finite thickness pavement 

�‡ The quarry dust can be used to know the compressive and tensile strength of 

the stabilized soil. 

�‡ The effect of quarry dust on the stability of soil aggregate mix used in a base 

course and summarizes that the quality of quarry dusts in a soil and aggregate 

mix has a major influence on maximum density, strength, frost resistance and 

drainage. 

�‡ Quarry dust is known to increase the strength of concrete over concrete made 

with equal quantities of river sand, but it causes a reduction in the workability 

of concrete 

�‡ The workability of the concrete is decreasing when the replacement percentage 

of the quarry dust is increasing gradually, so as to increase the workability small 

quantity of the fly-ash is replaced in place of cement to increase the workability. 

�‡ As the replacement of the sand with quarry dust increases the workability of 

the concrete is decreasing due to the absorption of the water by the quarry dust. 

�‡ Durability is10% higher than that of conventional concrete 

�‡ Water absorption is slightly higher than that of conventional concrete. 

 
Figure 1.2: Quarry Dust 
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CHAPTER -2 

LITERATURE REVIEW  

Literature Reviews from Various Journals: 

 
2.1. M.V. Rama Raju, Vol 02, Issue 04 ;(August- September2011)study of 

�S�U�R�S�H�U�W�L�H�V���R�I���6�6�&���8�V�L�Q�J���µ�4�X�D�U�U�\���'�X�V�W�¶���$�Q�G���µ���)�O�\ �$�V�K�¶ 

According to M.V. Rama Raju deals with Investigation for M-25 grade of 

concrete having mix proportion 1:1:2 with water cement ratio 0.41 to study the 

compressive strength, and split tensile strength and weight reduction of concrete 

containing of an interval of 0.5% from 15% to 25% of quarry dust were used. The 

percentage of Fly Ash by weight is to be increased by 10% from 15% to 25%. After 

curing these specimens were tested as per relevant codes of practice Bureau of 

Indian Standard. A result data obtained has been analysed and compared with a 

control specimen. A relationship between Compressive strength vs. days and split 

tensile strength vs. days represented graphically. Result data clearly shows 

percentage increase in fly ash increases 7&28 days Compressive strength for M-25 

Grade of Concrete. The reduction in the sources of natural sand and the requirement 

for reduction in the cost of concrete production has resulted in the increased need 

to identify substitute material to sand as fine aggregates in the production of 

concretes especially in Self Compacting Concrete. Quarry dust, a by-product from 

the crushing process during quarrying activities is one of such materials. Granite 

fines or rock dust is a by-product obtained during crushing of granite rocks and is 

also called quarry dust. In recent days there were also been many attempts to use 

Fly Ash, an industrial by product as partial replacement for cement to have higher 

workability, long term strength and to make the concrete more economically 

available. 

SCC or Self Compacting Concrete that is not only workable at lesser water to binder 

ratio but also cohesively flow able like a viscous fluid without yielding to 

segregation, rendering compaction by self-weight, ultimately resulting to superior 

engineering properties. Due to these characteristics, SCC is ideally suited for 
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concreting structures, which have heavily congested reinforcement or difficult 

access condition. This present work is an attempt to use Quarry Dust and Fly Ash 

as partial replacement for Sand and Cement respectively in SCC. 

2.2. P. Jagadeesh, P. Sundara Kumar  and S. S. Bhanu Prakash studied about 

the Influence of Quarry Dust on Compressive strength of concrete, Indian 

Journal of Science and Technology, volume 12, Issue 48, December 2019. 

They deal with investigation on M20, M25 and M30 grade of concrete with 

water cement ratio as 0.45. The stone dust because of its higher surface region 

devours more concrete in a contrast with sand which builds workability. The rock 

dust and rock as total in bond and concrete and found that pulverized stone dust 

could be utilize to supplant the common sand in cement. It was noticed the 

percentage of quarry dust increases, compressive strength values also increase. The 

fractional replacement of quarry dust with natural sand has a 28 days peak 

compressive strength at 40% replacement level and decreases for 50% 

replacement. 

The economic feasibility, and also the results proved that river sand replaced with 

20% of the granite fine total is endorsed for its use in making of concrete. 

As the amount of water expands the compressive quality declines when supplanted 

with quarry dust. the vital and the crucial properties of ordinary concrete as well as 

the cement made utilizing quarry dust. 

From the test results, 

The optimum strength is attained for M20 grade of concrete at 40% of sand 

replaced with Quarry Dust i.e., 40.29N/mm^2 with average load of 906.6N. 

The optimum strength is attained for M25 grade of concrete at 40% of sand 

replaced with Quarry Dust i.e., 39.70N/mm^2 with average load of 893.33N. 

The optimum strength is attained for M30 grade of concrete at 40% of sand 

replaced with Quarry Dust i.e., 40.18N/mm^2 with average load of 903.3N. 

From the trial examinations it was prompted that quarry dust can be usedas 

an option for sand (fine total). It is found that 40% substitution of fine total by 

quarry dust give most extreme result in quality than customary concrete and 

afterward diminishes for half. The outcomes demonstrated that up to 40% 

substitution of fine total by the quarry dust impelled higher compressive quality 

and the workability of solid reductions as substitution increments. As the amount 
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of water expands the compressive quality declines when supplanted with quarry 

dust. This is a result of the water retention property of quarry dust. 

 
2.3. R. D. Padhye, N. S. Deo Studied about Cement Replacement by Fly Ash 

in concrete, International Journal of Engineering Research, Volume No.5, 

Issue Special 1 pp: 60-62 8 & 9 Jan 2016. 

Drinking water from walchand college of Engineering, sangli are 

portable and of uniform quality. 

The concrete mix was designed for M30, M40 and M50 grade and the mix design 

was done as per IS 10262-1982 and the properties of constituents of concrete. 

Different mixes with the varying fly ash content percentage were produced. 

Replacing 0% (reference concrete), 10%, 20%, 30%, 40%, 50% and 60% cement 

in terms of weight. cubic specimens of 150mm size were casted for compressive 

strength test. 

The cubes were casted in stainless steel moulds and wet cured at standard 

temperature until the time of test. The cubes were cured for a time period of 7, 

28 and 45 days. 

The compressive strength of concrete mixes decreases with increase of fly 

ash. The fly ash can be replaced up to maximum of 40% and replacements above 

40% may not be safe for different concrete mixes. 

In general, with the increase of fly ash there is steep increase in strength 

from 7 to 28 days indicating that early strength of concrete is reduced with increase 

in fly ash, also the variation in early strength is more than the variation in later 

strength. Thus, fly ash has an adverse effect on early strength of concrete. 

Some times of higher strength can be economical than mix of lower 

strength which depends up on the percentage of fly ash and time of curing. 

therefore, it is observed that the M50 with 60% fly ash gives more 28-day strength 

and is economical than M30 with 40% fly ash. 
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2.4. Dr. Suji D, Krishna Kumar S, Perarasan M , Niranjani E are researched 

on Concrete Using Waste Marble Powder and Quarry Dust as Partial 

Replacement of Cement and Fine Aggregate, International Journal of Civil 

and Structural Engineering Research Vol. 4, Issue 1, pp: (141-149), Month: 

April 2016 - September 2016. 

Present day construction cost is at its height with using basic materials 

like cement, coarse aggregates, and  fine aggregates. leaving waste materials  to 

nature specifically can bring about environmental issues. Therefore, reuse of 

waste materials has been emphasized. 

In this study, marble powder has replaced sand, the whole research is 

carried out on M60grade concrete with partly replacing sand by 0%, 15%,30%, 

45%, and 60% of marble dust, with the addition of steel fibres at ratio 0.8% by 

volume so as to get greatest compressive strength, Flexural strength and further 

more split tensile strength. 

Based upon the feasibility interpretation it is observed that replacing up 

�W�R�� �������� �P�D�U�E�O�H�� �S�R�Z�G�H�U�� �D�Q�G�� �����������R�I�� �V�W�H�H�O�� �I�L�E�U�H�¶�V�� �L�Q�� �F�R�Q�F�U�H�W�H�� �L�V�� �D�S�S�U�R�S�U�L�D�W�H�� �L�Q��

conformance with the requirement. The compressive strength and the split 

tensile increased up to 15% replacement, after that they started decreasing. 

 
 

2.5. Manasseh JOEL researched on Use of crushed granite fine as replacement 

of river sand in concrete production, Leonardo Electronics Journal of Practice 

and Technologies, Issue 17, July-December 2010. 

 
According to Manasseh Joel the stability of crushed granite fine (CGF)to replace 

river sand in concrete production for use in rigid pavement was investigated. Slump, 

compressive and indirect tensile strength tests were performed on fresh and hardened 

concrete. 28 days peak compressive and indirect tensile strength  values of 

40.70 N/mm^2 and 2.30 N/mm^2 respectively was obtained, with the partial 

replacement of river sand with 20% CGF, as against values of 35.00 N/mm^2 and 

1.75   N/mm^2,  obtained  with  the use of  river  sand  as  fine  aggregate.  Based  on 
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economic analysis and results of tests, river sand replaced with 20% CGF is 

recommended for use in the production of concrete for use in rigid pavement. 

Conservation of river sand in addition to better ways of disposing wastes from the 

quarry sites are some of the merits of CGF. 

 
The following are the conclusions given by these investigations. 

1. The use of crushed granite fine to partially replace Makurdi river sand in 

concrete production will require a higher water to cement ratio, when 

compared with values obtained with the use of only Makurdi river sand. 

2. Peak compressive strength and indirect tensile values of 40.70 N/mm^2 and 

2.30 N/mm^2 of 35 grade of concrete respectively were obtained when 

Makurdi river sand was replaced with 20% CGF in concrete production. 

3. The use of CGF to completely replace river sand is recommended where CGF 

is and economic analysis of favour of its usage. 

Based on findings from the study the partial replacement of Makurdi river sand with 

20% CGF is recommended for use in concrete production for use in rigid pavement. 

Where crushed granite is in abundance and river sand is scare, the complete 

replacement river sand with CGF is recommended for use in low to moderately 

trafficked roads. 

 
2.6. Vinit Kumar Singh, Vikas Srivastava, V.C Agarwal, AlvinHarison are 

studied about Effect of Fly Ash as Partial Replacement of Cement in PPC 

Concrete, International Journal of Innovative Research in Science, Engineering 

and Technology Vol. 4, Issue 7, July 2015. 

They founded that replacements of cement by fly ash have resulted in 

considerable variation in the properties of fresh concrete. Incorporation of fly ash 

in concrete increased the cohesiveness of the mix, prevented segregation and 

resulted in reduced bleeding. Fly ash concretes have been found to be amiable to 

compaction than the control mixes. Higher percentages of fly ash can cause a 

change in colour of the mix. 

They also studied and found that fly ash in concrete can save the coal & thermal 

�L�Q�G�X�V�W�U�\���G�L�V�S�R�V�D�O���F�R�V�W�V���D�Q�G���S�U�R�G�X�F�H���D���µ�J�U�H�H�Q�H�U�¶���F�R�Q�F�U�H�W�H���I�R�U���F�R�Q�V�W�U�X�F�W�L�R�Q�����$�O�V�R�����W�K�H�L�U��

research concludes that fly ash can be innovative supplementary cementitious 

Construction Material. 
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Following conclusions can be drawn: 

(1) Use of fly ash reduces the amount of cement content. 

(2) Fly ash provides satisfactory results and can be used. 

(3) Fly ash with replacement up to 40% is showing better results. 

(4) The optimum fly ash content is observed to be 40% of cement. 

(5) Construction work with fly ash concrete becomes environmentally safe and 

also economical. 

2.7. International conference on biological, civil and environmental 

engineering by DR.M.Devi on significance of fibres in enhancing strength and 

corrosion resistance of fly ash blended quarry dust concrete. 

Significance of Fibres in Enhancing Strength and Corrosion Resistance of Fly Ash 

Blended Quarry Dust Concrete Dr. M.Devi Quarry dust which is generally 

considered as a waste material can be used as an economical alternative to the river 

sand since it has become a major construction material and also highly pricey. Fly 

ash, which is the residue from coal-fired power plants, when used as partial 

replacement of cement in concrete, results in reduction of cement consumption and 

CO2 production besides enhancing strength and durability properties. Comparing 

the performance of the fly ash blended quarry dust concrete with variable fibre 

additions it is observed that the incorporation of fibres did not show any adverse 

effects on the compressive strength and there was a marginal increase frm 3% to 

10% which is statically insignificant. It is also observed that the effect of fibres is 

more efficient on further loading after collapse. From this paper it is evident that 

0.25% addition of fibre shows 18% increase in the flexural strength, while the 

addition of 0.5% gives hike of 26% and 0.75% yields the increase in the strength 

value of about 31%. Further, addition of fibre from 1% to 3% gives 35%, 38%, and 

42% respectively. 

The fibres thus form a sort of multi-dimensional reinforcement that distributes 

tensile stresses more evenly throughout the concrete. However 4% yields a 

comparatively lower value than 3%. Because at higher percentages the toughness is 

increased this would offer very good impact resistance. It is understood that, split 

tensile strengths of fibre added fly ash blended specimens were higher than the 



29 
 

reference concrete. The splitting tensile strengths of the 0.25, 0.5% and 0.75% were 

15%, 23% and 28% higher, respectively, than that of the control concrete (C-0%) 

which show the good improvement. It can also be observed that specimens 

containing the fibre with high volume fraction 1% to 3% show the better split tensile 

strength among all concretes about 32%, 35% and 39% respectively. 

The results of water absorption tests indicate that addition of fibres has a small 

but generally positive effect in reducing water absorption. By adding the fibre to 

concrete, durability parameters of concrete were improved. It is clearly says that 

introducing fibres to the concrete decreased water absorption of concrete. 

CONCLUSION 

I. The utilization of quarry dust and fly ash as construction materials not only 

reduces the construction cost but also contribute to a very satisfactory outlet of these 

industrial by products which were earlier considered as waste materials and dumped 

on huge quantities on barren lands causing pollution problems. 

II. Incorporation of polypropylene fibres in flyash blended quarry dust concrete 

enhances the the continuity and integrity of concrete thereby increasing long-term 

tensile strength, which is beneficial to the safety and durability 

of concrete structures. 

III. The addition of a low volume fraction of polypropolyne fibres inhibits micro- 

cracking, bleeding and increase cement hydration in fresh concrete, thereby 

reducing surface permeability and reduction in formation and growth of micro 

cracks in concrete. Hence, it offers low permeability which in turn contributes to 

better durability and corrosion resistance. 

IV. Moderate volume fraction distributes localised stresses, thereby reducing 

damage from impact, flexural fatigue, cracking, spalling and delaminating in 

hardened concrete. These composites can be used in construction methods such as 

shotcrete and in structures that require energy absorption capability 

V. High volume fraction lead to strain hardening of the composites. Because of this 

improved behaviour, these composites are suggested for high-performance fiber 

reinforced composites (HPFRC). 

 
2.8. International journal of advanced engineering research and studies by 

Divikar.Y, Manjunath.S and DR.M.U.Aswath on experimental investigation 

on behaviour of concrete with the use of granite fines. 
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1. The compressive strength has increased by 22% with the use of 35% 

replacement of fine aggregates with granite fines. With increase of granite fines up 

to 50% increasing compressive strength will limit to 4% only. 

2. The split tensile strength remains same for 0%, 25% and 35%. For 5% 

replacement there is an increase of 2.4% of strength and for 15% replacement there 

is a reduction of tensile strength by 8%. However we can conclude that with the 

replacement of 35% granite fines the test results shows no decrease in strength 

compared with the conventional mix using fully sand as fine aggregates. 

3. The flexural strength of prism of 10cmx 

10cm x 50cm without reinforcement, we can conclude that, there is 5.41% increase 

in flexural strength with 5 % replacement, and there is a small decrease up to 5% in 

flexural strength at 15%, 25% and 35% replacement with granite fines and further 

reduction in strength (i.e. 6%) at 50% replacement of granite fines in comparison 

with test results of nominal concrete mix of 1:1.5:3 (M-20) lwithout granite fines. 

However there is no much change in flexural strength test conducted of all the 

variations. 

4. The flexural strength of beam of 15cm x 15cm x 70cm with reinforcement, we 

can observe that the results obtained are increasing with increase of %replacement 

of granite fines. There is a small increase (i.e. 2%) of strength for 25% replacement 

with granite fines and further large increase in strength (i.e. 32%) at 50% 

replacement of granite fines in comparison with test results of nominal concrete mix 

of 1:1.5:3 (M-20) without granite fines. Hence we can conclude that there is a 

considerable increase in flexural strength with the use of granite fines. 

5. We can observe that an overall increase in strength with 35% replacement of fine 

aggregates with granite fines. 

6. The water cement ratio has been considered for all the mixers as 0.6. We have 

arrived this ratio after conducting required slump test. With 0.55% water cement 

ratio and with 35% and 50% replacement of granite fines the concrete was not 

workable. From the lab test of granite fines we can observe that there is 

13% absorption of water. This may the reason for more water. Even with 0.6% 

water cement ratio we have got all the test results better that the regular mix. With 

this we can understand that the workability of concrete mixes decreased with the 

increase in percentage of granite fines as partial replacement of sand. 
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7. The physical and chemical properties of granite fines are satisfied the 

requirement of code provisions. The other strength and durability test conducted 

shows that the granite fines is fit to be used in concrete mixes. 

8. The dimension of the granite fine particles is compatible with the purpose of 

filing up the transition zone and capillary pores, thus acting as micro filler.  

9. The amount of fine particle present ensures effective packing and large 

dispersion of cement particles thus fomenting better hydration conditions moreover 

the dust particles completed the matrix interstices and reduce space for free water 

the combination of these phenomena results in better bonding among the concrete 

components. This may achieved by adding plasticizers for workability by reducing 

the water cement ratio. With this we can achieve more workability, compaction and 

more strength. We can produce high performance concrete. 

10. The presence of Fe2O3 is due to addition of iron grits we may have to give a 

protective coating to the concrete to avoid scattered rust appearance of thesurface. 
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CHAPTER-3 

MATERIALS  

 
 

3.1 General: 
 

The constituent materials used in this investigation were procured from local 

sources. These materials are required by conducting various tests. Due to these results 

we were define what type of materials are used. We are using cement, fly ash, quarry 

dust, coarse aggregate, fine aggregate, water, hydrochloric acid... 

3.2 Cement: 

Ordinary Portland cement of 53 grade conforming to both the requirements of IS: 

12269 and ASTM C 642-82 type-I was used. We are conducting different types of tests 

on cement, those are Compressive strength of cement, Specific Gravity and Fineness 

of cement. From the test results obtained the conventional concrete can be designed 

according to IS10262-82(INDIAN MIX DESIGN CODE). Finally, we had chosen 

M40 Grade concrete for our experimental work. 

3.2.1 Definiti on of OPC: 
 

Cement can be defined as the bonding material having cohesive & adhesive properties 

which makes it capable to unite the different construction materials and form the 

compacted assembly. 

The name Portland cement was given by Joseph Aspdin in 1824 due to its 

similarity in colour and its quality when it hardens like Portland stone. Portland stone 

is white grey limestone in island of Portland, Dorset. 

3.2.2 Composition of  OPC: 
 

The chief chemical components of ordinary Portland cement are: 
 

1) Calcium 
2) Silica 
3) Aluminium 
4) Iron 
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Calcium is usually derived from limestone, marl or chalk while silica, alumina and iron 
come from the sands, clays & iron ores. Other raw materials may include shale, shells 
and industrial by products. 

3.2.3 Basic Composition: 
 

Table 3: Basic Composition of OPC 
Contents CaO SiO2 Al2O3 Fe2O3 MgO Alkalis SO3 

% 60-67 17-25 3-8 0.5-6.0 0.5-4.0 0.3-1.2 2.0-3.5 

 
 

The chief compounds which usually form in process of mixing: 
 

�¾ Tri-Calcium Silicate (3CaO.SiO2) 

�¾ Di-Calcium Silicate (2CaO.SiO2) 

�¾ Tri-Calcium Aluminates (3CaO.Al2O3) 

�¾ Tetra-Calcium Alumina Ferrite (4CaO.Al2O3.Fe2O3) 
 

3.2.4 Uses of OPC (Ordinary Portland Cement): 
 

It is used for general construction purposes where special properties are not 

required. It is normally used for the reinforced concrete buildings, bridges, pavements, 

and where soil conditions are normal. It is also used for most of concrete masonry units 

and for all uses where the concrete is not subject to special hazard or where the heat 

generated by the hydration of cement is not objectionable. It has great resistance to 

cracking and shrinkage but has less resistance to chemical attacks. 

 

3.3 Fly ash: 

 
�7�K�H���P�R�G�H�U�Q���U�H�F�R�J�Q�L�W�L�R�Q���W�K�D�W���I�O�\���D�V�K���L�V���³�S�R�]�]�R�O�D�Q�L�F�´�����K�D�V���O�H�G���W�R���L�W�V���X�V�H���D�V���D���Y�H�U�V�D�W�L�O�H��

ingredient for improving the performance of concrete in a wide range of applications. 

Fly ash has a successful history of use around the world for over 80 years. The most 

prestigious projects of recent times have relied on fly ash concrete, including high-rise 

structures, dams, roads, nuclear power stations, bridges and tunnels. Indeed, it is hard 

to think about concrete construction without considering the use of fly ash. This has 

been based on sound engineering and economic benefits, although more recently the 
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use of fly ash for improving durability has become an increasingly important 

consideration. 

 
3.4 Quarry  Dust: 

 
The quarry dust is the by-product which is formed in the processing of the 

granite stones which broken downs into the coarse aggregates of different sizes. Quarry 

dust has been proposed as an alternative to river sand that gives additional benefit to 

concrete. Quarry dust is known to increase the strength of concrete over concrete made 

with equal quantities of river sand, but it causes a reduction in the workability of 

concrete. River sand has been the most popular choice for the fine aggregate 

component of concrete in the past, but overuse of the material has led to environmental 

concerns, the depleting of securable river sand deposits and a concomitant price 

increase in the material. 
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CHAPTER-4 

TESTS ON MATERIALS  

 

4.1 CEMENT:  
 

4.1.1 Normal Consistency of Cement: 
 

Prepare a paste of weighed quantity of cement with 100ml of H20, taking care 

that time of mixing is between 3.5min & shall be counted from the time of adding H20 

to dry cement until the commencement of filling mould. Fill the vicat mould with the 

paste, the mould is resisting on a non-porous plate & then smooth off the surface of the 

paste making it level with the top of the mould. Paste the test block in the mould 

together with non-porous resisting plate under the load bearing the plunger, lower the 

plunger gently to touch the surface of test block quickly release, allowing it to sink into 

the paste. The operation shall be carried out immediately after filling  the mould at room 

temperature. Prepare trail paste with varying percentage of water & test as described 

above & measure the penetration of plunger. This test is to be carried out until the 

specified penetration is obtained. The normal consistency of cement = 31%. 

 
4.1.2 Initial and Final Setting times of Cement: 

 
Prepare a neat cement paste with 0.85 times of water required to given standard 

consistency. Start the stopwatch at the instant of addition of water. Fill  the vicat mould 

with above paste completely and smooth off the surface. Place the test block under rod 

bearing needle lower the needle gently in contact with the surface of test block & 

quickly release allowing it to penetrate into the test block. Repeat this experiment until 

the needle brought in contact with test block fails to pierce, the block for 5 + 0.5mm 

measured from the bottom of mould, stop the stopwatch. The period elapsed since 

adding water in initial setting time. To determine the final setting time, replace the 

needle in step 3 by a needle with angular attachment make impression on the test block. 

The cement is considered finally set, in the above process when the needle makes 

impression, while the attachment fails to do so. The total time taken 24 from the instant 

water is added to the dry cement to final set stage is known as final setting time. 
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Initial setting time of cement should not be less than 30minutes. Final 

setting time of cement should not be greater than 10hours. 

 
4.1.3. Compressive Strength of Cement: 

Preparation of test specimen for each cube, take the quantities of materials 

(1:3) as follows 

Cement = 185gm 

Standard sand = 555gm 

Water = (P/4 + 3.0) percent of combined weight of cement and sand. 

Mix the cement and sand with towel on non-porous plate for one minute. Then add 

water to the mixture of cement, sand and mix until the mixture of uniform colour is 

obtained. The time of gauging shall be in any case not be less than 3 minutes and not 

more than 5 minutes, gauging time is time lapped between the water added to the mix 

and casting of cubes. 

Apply thin layer of oil to the interior faces of mould. Place it on the table of vibration 

machine, and firmly hold in position by means of clamps. Place the entire quantity of 

mortar in the hopper of the cube mould and compact the same by vibrations for period 

of about 2 minutes. At the end of vibration, remove the mould together with base plate 

from the machine and finish the top surface of cube in the mould by smoothing the 

surface with the blade of trowel. Engrave identification mark in cubes. Keep the filled 

moulds in the atmosphere of at least 90% relative humility chamber, after completion 

of vibration. Also maintain temperature at 27+ 20c. At end of this period, remove cubes 

from moulds and immediately submerge in clean fresh water and keep there until taken 

out just prior to breaking. After they are taken out and until they are broken, the cubes 

shall not allow to become dry. 

 
Procedure for testing: 

Place the test cube on the platform of compression testing machine without any 

packing. Between cube and steel plates of the testing machine apply the load on smooth 

surface on the cube steadily & uniform starting from zero at a rate of 35N/mm2 / minute 

till cubes fails. Test three such cubes at the end of three days of curing. Three cubes at 

end of seven days of curing and if needed three cubes after 28 days of curing. Rec ord 

the crushing load. Calculate the compressive load by strength of each cube 
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by dividing crushing load by crushing area of cube. The compressive strength shall be 

average of the strength of three cubes for each period of curing. 

 

 
4.1.4 Specific gravity of Cement: 

 
Weigh a clean, dry, lechatlier flask or specific gravity bottle with stopper (W1). 

Place sample of cement up to half of flask about 500gms and weigh with its stopper 

���:�������� �$�G�G�� �N�H�U�R�V�H�Q�H�� ���S�R�O�D�U�� �O�L�T�X�L�G���� �W�R�� �F�H�P�H�Q�W�� �L�Q�� �I�O�D�V�N�� �W�L�O�O�� �L�W�¶�V�� �D�E�R�X�W�� �K�D�O�I�� �I�X�O�O�� �P�L�[��

thoroughly with glass rod to remove entrapped air continue strings & add more 

kerosene, till its flush with graduated mark. Now weigh the bottle (W3). Now remove 

the cement and kerosene and clean it thoroughly. Fill the bottle with kerosene and 

weight it (W4). 

Weight of specific gravity bottle with stopper (W1) =20 gm 

Weight of specific gravity bottle with stopper + cement(W2) =42 gm 

Weight of specific gravity bottle with stopper + cement + kerosene (W3) =92.21 gm 

Weight of specific gravity bottle with stopper + kerosene (W4) = 75.4 gm 

Specific Gravity of kerosene (Gk) = 0.74 
 
 

G =      * Gk 

Specific gravity of cement = 3.14 

Similarly, for the fly ash 

Weight of specific gravity bottle with stopper (W1) =20 gm 

Weight of specific gravity bottle with stopper + fly ash(W2) =44 gm 

Weight of specific gravity bottle with stopper + fly ash + kerosene (W3) =94.1 gm 

Weight of specific gravity bottle with stopper + kerosene (W4) = 77 gm 

Specific Gravity of kerosene (Gk) = 0.74 

By substituting the W1, W2, W3 and W4 values in the above equation, 

Specific gravity of cement = 2.6 
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4.2. Specific Gravity Test on Aggregates: 
4.2.1 Coarse Aggregate: 

The pycnometer is used for aggregate less than 10mm size. Dry the pycnometer 

thoroughly & weigh it with cap (W1). Pycnometer is filled with aggregate to about 

1/3rd and weigh again (W2). Add sufficient water till top & allow the entrapped air 

into escape. Fill the pycnometer with water slowly up to top of cap without spilling 

(W3) through pipe. Clean the pycnometer by washing with water thoroughly. Fill the 

pycnometer with only water as alone & weigh it (W4). Repeat the test twice as more 

and take the average for better results. 

W1 = 420gm, W2 = 775gm, W3 = 1415gm, W4 = 1187gm 

G =  

Specific gravity of coarse aggregate = 2.8 
 

4.2.2 Fine Aggregate: 

The Pycnometer is used for aggregate less than 10mm size. Dry the Pycnometer 

thoroughly & weigh it with cap (W1). Pycnometer is filled with aggregate to about 1/3rd 

and weigh again(W2). Add sufficient water till top & allow the entrapped air into 

escape. After air bubble on the cap gently tight to avoid leakage of water. Fill the 

pycnometer with water slowly up to top of cap without spilling (W3) through pipe. 

Clean the pycnometer by washing with water thoroughly. Fill the pycnometer with 

only water as alone & weigh it (W4). Repeat the test twice as more and take the average 

for better results. 

W1 = 420gm, W2 = 850gm, W3 = 1760gm, W4 = 1496gm 

G =  

Specific gravity of fine aggregate = 2.59. 

Similarly, for the Quarry Dust 

W1 = 420gm, W2 = 835gm, W3 = 1769gm, W4 = 1513gm 

Specific gravity of Quarry Dust = 2.60. 
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4.3 Water Absorption Test on Aggregates: 
 

4.3.1 Coarse Aggregate: 

Wire basket is used to find the Water Absorption of coarse aggregate. About 2kg 
of aggregate sample is taken, washed to remove fines and then placed in the wire basket. 
The wire basket is then immersed in water, which is at a temperature of 22 degrees to 32 
degree. Immediately after immersion the entrapped air is removed from the sample by 
lifting the basket 25 mm above the base of the tank and allowing it to drop, 25 times at 
rate of about one drop per second. The basket, with aggregate are kept completely 
immersed in water for a period of 24 -+ 0.5 hour. The basket and aggregate are weighed 
while suspended in water, which is at a temperature of 22 degree to 32 degrees. The basket 
and aggregates are removed from water and dried with dry absorbent cloth. The surface 
dried aggregates are also weighed (W1). The aggregate is placed in a shallow tray and 
heated to 100 to 110 degrees in the oven for 24 +_ 0.5 hours. Later, it is cooled in an 
airtight container and weighed (W2). 

W1 =  2134gm W2 = 2111gm 

Water Absorption = ((W1-W2)/W2) * 100 = 1 
 

4.3.2 Fine Aggregate: 
 

Similarly for fine aggregate the pycnometer and filter paper are used to find 
the water absortion . After the filteration the sample is placed in oven for 24 hrs . After 
24 hrs the sample is taken out and weigh it. 

 
Water Absortion of fine aggregate = ((A-B)/ B) * 100 =0.5 

 
A = Weight of Saturated and Surface Dry Aggregate = 500gm 

B = Weig of Oven Dry Sample = 497.75gm 
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CHAPTER-5 

EXPERIMENTAL INVESTIGATION  

5.1 General: 

An Experimental study is conducted to find out the compressive, split tensile 

strength test and flexural test at 7 days and 28 days respectively 

 

5.2 Different Types of Concrete Mixes: 
Following Combinations of Cement, sand, fly ash, and quarry dust are used in the 

Project 

 
1. Conventional aggregate concrete (CCA) (M1) 

2. Concrete made by replacing 5%   with Fly Ash (M2) 

3. Concrete made by replacing 10% with Fly Ash (M3) 

4. Concrete made by replacing 15% with Fly Ash (M4) 

5. Concrete made by replacing 20% with Fly Ash (M5) 

6. Concrete made by replacing 25% with Fly Ash (M6) 

7. Concrete made by replacing 30% with Fly Ash ( M7) 

After the casting and testing of specimens of above combinations, we concluded the 
optimum percentage of Fly ash where the maximum strength is attained. Now, by 
fixing the Fly ash percentage the quarry dust proportions are changed. 

Concrete made by replacing 0% with Quarry Dust (M8) 

1. Concrete made by replacing 20% with Quarry Dust (M9) 
2. Concrete made by replacing 40% with Quarry Dust (M10) 
3. Concrete made by replacing 60% with Quarry Dust (M11) 
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5.3 Work Progress of Specimens: 
The present experimental programme includes mixing, casting and testing of 

specimens for compression, split tensile and weight reduction. Total No. of specimens 

casted are 108No.s. the detail procedure for mixing, casting and curing of the 

specimens are described below. 

 
5.3.1 Mixing:  

Manual mixing is adopted throughout the experiment work. First the materials 

cement, sand, fine aggregate, coarse aggregate replacements are weighed exactly. First the 

cement and fly ash are mixed with hand, fine aggregate, quarry dust are mixed and then 

coarse aggregate is added to this and thoroughly mixed. Water is weighed exactly and 

added to the dry mix and entire mix is thoroughly mixed till uniformity is arrivedat. 

Immediately after thoroughly mixing, the fresh concrete is tested for workability using 

compaction factor apparatus. 

 
5.3.2 Casting of Specimens: 

For casting the cube, standard C.I Metal moulds of size 150x150x150mm have been 

used. The moulds have been cleaned of dust particles and applied with mineral oil on 

all sides, before concrete is poured into the mould. Thoroughly mixed concrete is filled 

into the mould. 

 
 

Figure 5.1 : Concrete mixing 
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Figure 5.2 : Casting of Cube Specimens 

 
 
 

5.3.3 Curing Of  Specimens: 

After casting the moulded specimens are stored in the laboratory free from 

vibrations, in moist air and at room temperature for 24 hrs. After this period, the 

specimen are removed from the moulds and immediately submerged in the clean fresh 

water of curing tank. The curing water is renewed after every 5 days. The specimens 

are cured for 7 and 28 days in the present work. 

 
 

Figure 5.3: Curing of Specimens in Water 
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5.4 Testing: 
The specimens cured as explained above and tested as per standard procedure 

after removal from curing tank and allowed to dry under shade. These specimens are 

tested for 

�‡ Compressive strength test 
 

�‡ Split tensile strength 
 

�‡ Flexural strength test 

 
5.4.1 Compressive Strength Test: 

 
In compressive strength test the cube specimen was placed with the cast faces of the 

cube at right angles to that as cast in the compression testing machine. According to 

standard specifications the load on the cube was applied at standard constant rate up to 

the failure of the specimen and the ultimate load was noted. Cube compressive strength 

was tested and results were tabulated in table 4.1. 

 
 
 

 
Figure 5.4: Compressive Testing Machine 
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5.4.2 Split Tensile Strength Test: 

The test is carried out by using the cube specimens. The cylindersspecimens 

were placed with the cast faces at right angles to that as cast in the compression testing 

machines. In order to apply the magnitude of high compressive stress near the point 

of application of load, 2 narrow packing wooden sticks of 200mm long was used. So 

exactly at center of the cylinder the splitting takes place. According to standard 

specifications the load on the specimens was applied at constant rate up to thefailure 

of the specimen and the ultimate loads are noted. Split tensile strength for all the 

specimens tested and results were noted 

 
 

Fig 5.5 Spit Tensile strength testing machine 
 
 
 

5.4.3 Flexural Strength Test: 

In this test concrete beams of size 50×10×10 cm are casted and cured for 28 days and 

these beams are placed under universal testing machine. Third point loading is used 

to test the specimen. The cracks will appear on the middle third of the either side of 

the concrete specimen and the loads are noted 
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Figure 5.6: flexural strength testing machine 



46 
 

 

 

CHAPTER 6 

RESULTS 

 
6.1 Compressive Strength Studies: 

6.1.1 Variation of Compressive Strength At 7 Days & 28 Days when cement is 

partially replaced with fly ash in normal curing:  

Table 4: results of 7 Days & 28 Days in Normal curing 
 

 
S.NO 

 
M1 

 
M2 

 
M3 

 
M4 

 
M5 

 
M6 

 
M7 

7DAYS 
Compressive 
Strength 
N/mm² 

 
32.5 

 
33 

 
33.4 

 
34.5 

 
36.5 

 
38.7 

 
36.2 

28Days 
Compressive 
Strength 
N/mm² 

 
48 

 
48.2 

 
50 

 
52.1 

 
52.5 

 
52.9 

 
49.5 

 
Figure 6.1: Compressive Strength of Cube Specimens For 7 Days & 28 days 

when cement is partially replaced with fly ash In Normal Curing 

 
 

�‡ From the above compressive strength results we can conclude that the 

Optimum strength is obtained at 25% replacement of cement with fly ash. 
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6.1.2 Variation of Compressive Strength At 7 Days & 28 days With optimum ( 

25%) fly ash content and partial replacement of fine aggregate with Quarry 

dust in normal Curing:  

 
Table 5: Results Of 7 Days & 28 days in normal Curing: 

 

S.NO M8 M9 M10 M11 

7Days 
Compressive 
Strength N/mm² 

 
34.94 

 
36.27 

 
37.51 

 
36.97 

28Days 
Compressive 
Strength N/mm² 

 
49.21 

 
52.56 

 
54.36 

 
53.72 

 
 

 
 

Figure 6.12: Compressive Strength of Cube Specimen At 7 Days & 28 Days 

in normal Curing  

Compressive strength 
N/mm² 

7 
DAYS 

28 
60 

50 

40 

30 

20 

10 

0 

0
% 

20
% 

40
% 

60
% 



48 
 

 
 
 
 
 

6.2. Split Tensile Strength Studies: 
 

6.2.1. Variation of Split Tensile Strength At 7 Days & 28 days With optimum (25%) fly 

ash content and partial replacement of fine aggregate with Quarry dust in normal 

Curing:  

Table 6: Results Of 7 Days & 28 days split tensile in normal Curing 
 

S.NO M8 M9 M10 M11 

7Days Split 

Tensile 

Strength 

N/mm²  

 
4.2 

 
4.58 

 
5.15 

 
5.02 

28 Days Split 

Tensile 

Strength 

N/mm²  

 
5.15 

 
5.79 

 
6.12 

 
5.85 

 
 

Figure 6.2: Split Tensile Strength of Cylinder Specimens At 7 Days & 

28 Days in Normal Curing 
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6.3. Flexural Strength Studies: 
 

6.3.1Variation of Flexural Strength At 7 Days & 28 Days With optimum (25%) fly 

ash content and partial replacement of fine aggregate with Quarry dust in normal 

Curing:  

Table 7 : Results Of 7 Days & 28 Days for Flexural in normal Curing 
 

 
S.NO M8 M9 M10 M11 

7Days 

Flexural 

Strength 

N/mm² 

 
5.37 

 
5.42 

 
6.01 

 
5.99 

28Days 

Flexural 

Strength 

N/mm² 

 
6.71 

 
6.99 

 
7.17 

 
7.1 

 
 

 

Figure 6.3 Flexural strength of Beam specimens at 7 Days & 28 Days 

in normal curing  
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CHAPTER �± 7 

CONCLUSION 

 
�™ The optimum compressive strength is obtained at 25% partial replacement of 

cement with fly ash. 

�™ By maintaining content as constant, fine aggregate is replaced with quarry dust 

for more strength with economical conditions. 

�™ The results are evident that 20% addition of quarry dust gives 6% increase in 

compressive strength, while the addition of quarry dust causes 1.2% decrease 

in compressive strength. 

�™ The results are evident that 20% addition of quarry dust gives 15% increase in 

split tensile strength, while the addition of quarry dust causes 11% decrease in 

split tensile strength. 

�™ The results are evident that 20% addition of quarry dust gives 6.5% increase in 

split tensile strength, while the addition of quarry dust causes 5.4%decrease in 

split tensile strength. 

�™ Partial replacement of fly ash and quarry dust causes more compressive 

strength, split tensile strength, and flexural strength compared to the normal mix 

up to the certain limits. 

�™ The above maximum strengths are attained at 40% of fine aggregate with quarry 

dust. 

�™ Finally, 25% of cement replacement with fly ash & 40% of fine aggregate 

replacement with quarry dust are optimum proportions for the maximum 

strength characteristics at economical conditions. 
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research methods including design of experiments, analysis and interpretation of data, and 
synthesis of the information to provide valid conclusions. 
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6. The engineer and society: Apply reasoning informed by the contextual knowledge to 
assess societal, health, safety, legal and cultural issues and the consequent responsibilities 
relevant to the professional engineering practice. 
7. Environment and sustainability: Understand the impact of the professional 
engineering solutions in societal and environmental contexts, and demonstrate the 
knowledge of, and need for sustainable development. 
8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 
and norms of the engineering practice. 
9. Individual and team work: Function effectively as an individual, and as a member or 
leader in diverse teams, and in multidisciplinary settings. 
10. Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and 
write effective reports and design documentation, make effective presentations, and give 
and receive clear instructions. 
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and leader in a team, to manage projects and in multidisciplinary environments. 
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engage in independent and life-long learning in the broadest context of technological 
change. 
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Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway alignments 

and conduct geotechnical and geological investigations of the project. 

2. Test, analyze and design various substructures and superstructures by considering 

the environmental and societal issues. 

3. Organize various construction projects considering modern construction 

techniques, equipment and management issues. 

PROJECT MAPPING  
Note: Tick Appropriate category. 

Classification 
of 

Project 

Application  Product Research Review 

  �¥  

Student will be able to 
Course Outcomes 

CO 1 Work in a team and select the broad statement of problem for project work 

CO 2 Review and evaluate the available literature on the chosen problem 

CO 3 
Formulate the methodology to solve the identified problem by satisfying the 
ethical and societal conditions 

CO 4 Gain knowledge on selecting suitable materials and their properties 

CO 5 Conduct experimental investigations on various combinations of materials by 
using various standard procedures 

CO 6 Draw inferences and conclusions from the experimental results and prepare 
the report 

CO-PO Mapping 

Course 
Outcomes 

Programme COs (POs) PSOs 
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

CO 1      1   3   2   1 

CO 2 2 3         1     

CO 3    2  3 1 1      2  

CO 4 1    2           

CO 5 1  2 3     1    3   

CO 6  3        1  1    
 

�1�R�W�H�����0�D�S���H�D�F�K���S�U�R�M�H�F�W���&�2�¶�V���Z�L�W�K���3�2�¶�V���D�Q�G���3�6�2�¶�V���Z�L�W�K���H�L�W�K�H�U�������R�U�������R�U�������E�D�V�H�G���R�Q��

level of mapping as follows: 1-Slightly (Low) mapped 2-Moderately  (Medium)  mapped 

3-Substantially (High) mapped. 



Acknowledgement 

We express my deep sense of gratitude to our guide Sri. CH. NAGA BHARATH, 

Assistant professor, Department of Civil Engineering, Gudlavalleru Engineering College, 

Gudlavalleru, for giving inspiring guidance and valuable instructions during the course of 

the projectwork. 

We feel elated to extend our floral gratitude to Dr. P. KODANDA RAMA RAO, 

head of civil engineering department, for his encouragement during the project. His 

annotations and criticisms are behind the successful completion of project work. 

Our sincere and heartful thanks to the Dr. S. R. K. REDDY, Senior Professor in 

civil engineering for giving his valuable support and the suggestions helped us a lot to 

extend our project to great extent. 

We are sincerely thankful to Dr. P. RAVINDRA BABU, Principal of our college 

for encouraging us to do the project in a successful manner. 

Our sincere and profound thanks to Sri. A. ANANDA GOPAL , Technical staff 

geotechnical laboratory for his help during the experimental programmes. 

We express my sincere thanks to our parents, friends who are the constant source 

of inspiration and encouragement throughout thework. 

Finally, we like to thank one and all who directly or indirectly helped us in making 

the project a reality. 

 
 
 
 

K. GOPICHAND (16481A0173) 

K. B. S. NARESH (16481A0166) 

K. MAHIPAL  (16481A0172) 

N. NAGA SIVA (16481A0193) 

K. BHARADWAJ (16481A0175) 



i  

CONTENTS 
 

CONTENTS  i 

LIST OF FIGURES  iv 

LIST OF TABLES  v 

LIST OF GRAPHS  vi 

ABSTRACT  Vii  

 
1 

 
CHAPTER 1 

  

  INTRODUCTION  

 1.1 General  1 

 1.2 Objective  1 

 1.3 Importance of present study 2 

 1.4 Scope and objectives of present study 2 

 1.5 Pavements 3 

 1.6 Requirements of pavements 3 

 1.7 Types of pavements 3 

  1.7.1 Flexible pavements 4 

  1.7.2 Semi rigid pavements 4 

  1.7.3 Rigid pavements 5 

 1.8 Layers of pavements 5 

  1.8.1 Surface course 5 

  1.8.2 Base course 6 

  1.8.3 Sub-Base course 6 

  1.8.4 Sub-grade course 6 

 1.9 Importance of stabilization 7 



ii   

 

 1.10 Methods of stabilization 8 

  1.10.1 Mechanical stabilization 8 

  1.10.2 Cement stabilization 8 

  1.10.3 Lime stabilization 8 

  1.10.4 Bituminous stabilization 9 

  1.10.5 Chemical stabilization 9 

  1.10.6 Thermal stabilization 9 

  1.10.7 Electrical stabilization 10 

  1.10.8 Stabilization by grouting 10 

  1.10.9 Stabilization by geotextile & fabrics 11 

  1.10.10 Reinforced earth 11 

2 CHAPTER 2   

  REVIEW OF LITERATURE 12 

3 CHAPTER 3   

  MATERIALS USED 15 

 3.1 Introduction 15 

 3.2 Materials used 15 

  3.2.1 Red soil 15 

  3.2.2 Characteristics of red soil 15 

  3.2.3 Properties of red soil 16 

  3.2.4 Lime 16 

  3.2.5 Lime properties 18 

4 CHAPTER 4   

  TESTS CONDUCTED 20 

  4.1 Liquid limit  20 



iii   

 

 4.2 Plastic limit 21 

 4.3 Differential free swell index 21 

 4.4 Grain size analysis 22 

 4.5 Standard proctor compaction test 21 

 4.6 California bearing ration 25 

5 CHAPTER 5  

 DISCUSSION ON TEST RESULTS 27 

6 CHAPTER 6  

 SUMMARY & CONCLUSION 38 

7 CHAPTER 7  

 REFERENCES 40 



iv  

 

LIST OF FIGURES 
 
 

 Description Pg. No 

Fig 1.1 Flexible pavement 4 

Fig 1.2 Rigid pavement 5 

Fig 3.1 Red soil 15 

Fig 3.2 Lime 17 

Fig 4.1 �&�D�V�D�J�U�D�Q�G�H�¶�V��liquid limit apparatus 21 

Fig 4.2 Compaction mould 24 

Fig 4.3 Compaction test 24 

Fig 4.4 California bearing ratio test laboratory apparatus 25 

Fig 4.5 California bearing ratio 26 



v  

LIST OF TABLES  
 
 

 Description Pg. No 

Table 1.1 Particle size table 2 

Table 3.1 Properties of red soil 16 

Table 5.1 Free swell index 28 

Table 5.2 Values of MDD and OMC for Different Percentages of Lime 32 

Table 5.3 Variation of CBR Value w.r.to Change in Percentage of Lime 37 



vi  

LIST OF GRAPHS 
 
 

 
Fig Description Pg. No 

5.1 Liquid limit of soil 27 

5.2 Grain sieve analysis 29 

5.3 Compaction test 30 

5.4 Compaction with 2% lime 30 

5.5 Compaction with 4% lime 31 

5.6 Compaction with 6% lime 31 

5.7 Compaction with 8% lime 32 

5.8 Characteristics of OMC 33 

5.9 Characteristics of MDD 33 

5.10 CBR test 34 

5.11 CBR test with 2% lime 35 

5.12 CBR test with 4% lime 35 

5.13 CBR test with 6% lime 36 

5.14 CBR test with 8% lime 36 

5.15 CBR Design value 

 

 

 

 

 

3
7 

 

 

 

 



vii   

 

ABSTRACT 
 

Pavements are hard surface that's covered in concrete or asphalt, like a road or a 

driveway. Pavements generally covers the layers as Surface course (25-50mm), 

Binder coarse (50-100mm), Base coarse (100-300mm), sub-base coarse (100-

380mm), compacted sub-grade (150-300mm). In pavements, soils are used in sub-

grade layer, it is compacted to with stand the loads above it. 

Variety of soil types that can be used are gravel, moorum and naturally occurring 

soft aggregates, which can be used in pavements. Broadly, the soil types can be 

categorized as Laterite soil, moorum / red soil, Desert sands, Alluvial soil, Clay 

including Black cotton soil. 

The CBR test is one of the most commonly used methods to evaluate the strength of 

a sub grade soil, sub base, and base course material for design of thickness for 

highways and airfield pavement. The California bearing ratio test is penetration test 

meant for the evaluation of subgrade strength of roads and pavements. 

To check the performance of such soils we are conducting this experimental study 

with the soil available nearby and also check the performance when added with 

admixture like lime. 

Tests conducted are compaction and California bearing ratio (CBR). 
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1.1 GENERAL  

CHAPTER 1 

INTRODUCTION  

Soil mechanics is the branch of civil engineering that concerns the application 

of the principles of hydraulics, mechanics and chemistry to engineering problems 

related to soils. Thus soil mechanics enables a civil engineer to understand engineering 

properties and behaviour of the soils in order to provide satisfactory solution to soil 

problems when the civil engineering structures such as building, overhead tanks/silos, 

sunk/semi sunk water reservoirs, bridges, road/railway embankments, tunnels, canals or 

dams are founded on soils which ultimately supports in such a manner that the structure 

do not get excessively settled or tilted or damaged due to some kind of failure of the 

foundation soil. 

Field of soil mechanics is very vast and its thorough knowledge and clear 

understanding is a prerequisite in predicting its behaviour as regards to the safety of 

structures is concerned and characterization of underground soil conditions is a 

fundamental step for the successful des ign. Soil being very complex natural material, is 

different than other materials of construction known to man and it exhibits wide range 

of characteristics from peats to gravel. Sometimes even at the same site and from the 

same stratum, soil samples taken from two locations not too far apart, show widely 

varying properties. A perfect soil engineer is a practitioner of an art rather than science 

and in to reach engineering judgment for the solution of a specific problem he 

incorporated theory, experience and skill. 

1.2 OBJECTIVE  

Soil may be grouped under three basic types: Coarse-grained, fine grained and 

organic soils. Coarse grained soils are granular or cohesionless soils. Gravel and sands 

constitute coarse grained soils while fine grained soils which are predominantly made 

of particles not visible to naked eye include silts and clays.Silts may have little or no 

cohesion but clays possess plasticity and cohesion. 
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The particle size according to I. S. CODE 1498 shown below: 

Table 1.1 
 

1.3 IMPORTANCE OF PRESENT STUDY 

It is necessary to study the properties of soil used for construction works. Soils 

are expansive in nature is one among the problematic soils that has low strength and 

high potential for shrinking or swelling due to change of moisture content, making their 

use in construction very difficult. These soils cause more extensive damage than even 

natural disaster. These soils can be found on almost all the continents on the earth. 

Destructive results caused by this type of soils have been reported in many countries. 

In India, large tracks are covered by the expansive soils. These soils cover an area of 

about 2, 00,000 square miles and thus from 20.25% of the total area of India. 

1.4 SCOPE AND OBJECTIVES OF PRESENT STUDY 

The scope and object of the present investigation is to study some properties 

of soil for the construction by using normal water (tap water) based on the conditions 

of compaction characteristics, Liquid and Plastic limits and strength parameters of soil 

and also another the scope and objective of the present investigation is to study 

feasibility of soil for the construction of pavements based on the conditions of 

Compaction characteristics and CBR behavior of soil. 

The second objective of the present investigation is to study the possibility of 

using Lime for stabilization of soil. It is intended to obtain Optimum Lime from view 

point of compaction characteristics and CBR characteristics. 

In order to meet the objectives of present investigation soil was obtained from 

Kavutaram village, Krishna district. A series of tests were conducted on these soils by 

mixing them with varying proportions of Lime. The details of the series of tests 

conducted are presented in subsequent chapters. 
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1.5 PAVEMENTS 

Pavement is a structure consisting of superimposed layers of processed 

materials above the natural soil sub-grade, whose primary function is to distribute the 

applied vehicle loads to the sub-grade. The pavement structure should be able to provide 

a surface of acceptable riding quality, adequate skid resistance, favorable  light 

reflecting characteristics, and low noise pollution. The ultimate aim is to ensure that the 

transmitted stresses due to wheel load are sufficiently reduced, so that they will not 

exceed bearing capacity of the sub-grade. Two types of pavements are generally 

recognized as serving this purpose, namely flexible pavements and rigid pavements. 

This chapter gives an overview of pavement types, layers, and their functions, and 

pavement failures. Improper design of pavements leads to early failure of pavements 

affecting the riding quality. 

 

1.6 REQUIREMENTS OF A  PAVEMENT  

An ideal pavement should meet the following requirements: 
 

�x Sufficient thickness to distribute the wheel load stresses to a safe value on the 

sub-grade soil, 

�x Structurally strong to withstand all types of stresses imposed upon it, 

�x Adequate coefficient of friction to prevent skidding of vehicles, 

�x Smooth surface to provide comfort to road users even at high speed, 

�x Produce least noise from moving vehicles, 

�x Dust proof surface so that traffic safety is not impaired by reducing visibility,  

�x Impervious surface, so that sub-grade soil is well protected, and 

�x Long design life with low maintenance cost. 

 
1.7 TYPES OF PAVEMENTS 

 
1. Flexible Pavements 

2. Semi Rigid Pavements 

3. Rigid Pavements 
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1.7.1 Flexible Pavements 

Flexible Pavements are constructed from bituminous or unbound material and 

the stress is transmitted to the sub-grade through the lateral distribution of the applied 

load with depth. 

Flexible pavement is composed of a bituminous material surface course and 

underlying base and sub-base courses. The bituminous material is more often asphalt 

whose viscous nature allows significant plastic deformation. Most asphalt surfaces are 

built on a gravel base, although some 'full depth' asphalt surfaces are built directly on 

the sub-grade. Depending on the temperature at which it is applied, asphalt is 

categorized as hot mix asphalt (HMA), warm mix asphalt, or cold mix asphalt. Flexible 

Pavement is so named as the pavement surface reflects the total deflection of all 

subsequent layers due to the traffic load acting upon it. The flexible pavement design is 

based on the load distributing characteristics of a layered system. 

It transmits load to the sub-grade through a combination of layers. Flexible 

pavement distributes load over a relatively smaller area of the sub-grade beneath. The 

initial installation cost of a flexible pavement is quite low which is why this type of 

pavement is more commonly seen universally. A valuable advantage of flexible 

pavement is that it can be opened for traffic within 24 hrs after completion. Also the 

repair and maintenance of flexible pavement is easy and cost effective. 

 

Fig 1.1 Flexible Pavements 

1.7.2 Semi Rigid Pavements 

Semi-rigid (or in some countries called as semi-flexible) pavement is originally 

termed as Resin Modified Pavement (RMP) which was developed in France in early 

���������Æ�V�� �D�V�� �D�� �F�R�V�W-effective alternative to Portland cement concrete pavement [2]. The 

semi-rigid pavement is a composite pavement material consisting a porous asphalt 

concrete (PAC) with air voids between 25-30% (by volume of Marshall mix design) 

which is filled or flooded by a special formulated high performance polymer 
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modified cement mortar grouting material as shown in Figure 1. Based on this 

definition, the semi-rigid pavement system is the combination the characteristics of 

Porous Asphalt Concrete (PAC) and Portland cement concrete (PCC) pavement. 

1.7.3 Rigid Pavements 

Rigid pavements are named so because of the high flexural rigidity of the 

concrete slab and hence the pavement structure deflects very little under loading due to 

the high modulus of elasticity of their surface course. The concrete slab is capable of 

distributing the traffic load into a large area with small depth which minimizes the need 

for a number of layers to help reduce the stress. The most common type of rigid 

pavement consists of dowel bars and tie bars. Dowel bars are short steel bars that 

provide a mechanical connection between slabs without restricting horizontal joint 

movement. Tie bars on the other hand, are either deformed steel bars or connectors used 

to hold the faces of abutting slabs in contact. Although they may provide some minimal 

amount of load transfer, they are not designed to act as load transfer devices and are 

�V�L�P�S�O�\���X�V�H�G���W�R���Ä�W�L�H�Æ���W�K�H���W�Z�R���F�R�Q�F�U�H�W�H���V�O�D�E�V together. 
 

Fig 1.2 Rigid Pavements 

1.8 LAYERS OF PAVEMENTS 

1 Surface (or wearing) course 

2 Base course 

3 Sub-base course 

4 Subgrade soil. 

1.8.1 Surface Course 

It consists of layer of materials in an asphalt based road construction (roadway). 

The surface course layers are directly contact with the traffic loads so it contains the 

superior quality materials. 

Materials used for the surface course layers are mineral aggregates and coarse sand. 

Select the soil with less fineness and lower plasticity. Surface course is located under 
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the binder layer and it is mainly composed of crushed stones, other stabilized materials 

and slag. It consists of wearing course in addition to the binding course. 

The Surface course is constructed directly in above the binder layer and formed with 

the water bound technique (macadam). To prepare the surface as free from irregularities 

and dust, spread the coarse aggregates over the prepared surface, then dry and roll the 

surface. Sprinkle the water and roll it again, then slightly sprinkle binding materials and 

roll finally. 

The range of the typical thickness of surface course is from 25 to 50 mm and it is 

governed by underlying (fundamental) properties. It is placed by compacting the 

aggregates and coarse sand to 95% of the relative compaction. 

1.8.2 Base Course 

This is the layer directly below the PCC layer and generally consists of 

aggregate or stabilized sub-grade. 

�x It provides additional load distribution, contributes to drainage, uniform support 

to the pavement and a stable platform for construction equipment. 

�x Bases also help prevent sub grade soil movement due to slab pumping. 

1.8.3 Sub-Base Course 

Sub-base is the layer of aggregate material laid on the sub-grade, on  which  the 

base course layer is located. It may be omitted when there will be only foot traffic on 

the pavement, but it is necessary for surfaces used by vehicles. 

Sub-base is often the main load-bearing layer of the pavement. Its role is to spread the 

load evenly over the sub-grade. The materials used may be either unbound granular, or 

cement-bound. The quality of sub-base is very important for the useful life of the road 

and can outlive the life of the surface, which can be scrapped off and after checking that 

the sub-base is still in good condition, a new layer can be applied. 

1.8.4 Sub-Grade Course 

A sub-grade is made up of native soil that has been compacted to withstand the 

loads above it. It is a layer required in many structures such as pavements and slabs, 

although it needs to have certain characteristics. A sub-grade might need special 

drainage structures to let water if it is composed of impermeable soil, and it should be 

graded to within plus or minus 1.5 inches of the specified elevation. 
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There is no consistency in regards to the terms of sub-base and sub-grade, but normally 

the sub-grade is the native soil while the sub-base is the layer of soil or aggregate on 

top of the sub-grade. 

 
1.9 IMPORTANCE OF  STABILIZATION  

Soil stabilization is a general term for any physical, chemical, biological or 

combined method of changing a natural soil to meet an engineering purpose. 

Stabilization is the process of improving the properties of soil by changing its gradation. 

Improvements include increasing the weight bearing capabilities and performance of 

in-situ sub-soils, sand, and other waste materials in order to strengthen road surfaces. 

The prime objective of soil stabilization is to improve the California Bearing 

Ratio of in-situ soils by 4 to 6 times. The other prime objective of soil stabilization is 

to improve on-site materials to create a solid and strong sub-base and base courses. 

In certain regions of the world, typically developing countries and now more frequently 

in developed countries, soil stabilization is being used to construct the entire road. 

In the past, soil stabilization was done by utilizing the binding properties of 

clay soils, cement-based products such as soil cement, and/or utilizing the "rammed 

earth" technique (compaction) and lime. 

Some of the renewable technologies are enzymes, surfactants, biopolymers, 

and synthetic polymers, co-polymer based products, cross-linking styrene acrylic 

polymers, tree resins, ionic stabilizers, fiber reinforcement, calcium chloride, calcite, 

sodium chloride and magnesium chloride. Some of these new stabilizing techniques 

create hydrophobic surfaces and mass that prevent road failure from water penetration 

or heavy frosts by inhibiting the ingress of water into the treated layer. However, recent 

technology has increased the number of traditional additives used for soil stabilization 

purposes. Such non-traditional stabilizers include: Polymer based products (e.g. cross-

linking water-based styrene acrylic polymers that significantly improves the load-

bearing capacity and tensile strength of treated soils); Copolymer based Products, fiber 

reinforcement, calcium chloride and Sodium Chloride. 



8  

1.10 METHODS OF STABILIZATION  

1.10.1 Mechanical Stabilization 

It is the process of improving the properties of soil by changing its gradation. 

Two or more types of natural soils are mixed to obtain a  composite material which is 

superior to any of its components. To achieve the desired grading, sometimes the soils 

with coarse particles are added or the soils with fine particles are removed. The 

aggregates consist of strong, well graded, angular particles of sand and gravel which 

provide internal friction and incompressibility to a soil. The binders provide cohesion 

and imperviousness to a soil. These are composed of silt and clay. The quality & binder 

should be sufficient to provide plasticity to the soil, but it should not cause swelling. 

Proper blending of aggregates and binders is done in order to achieve required 

gradation of the mixed soil. The blended soil should possess both internal friction and 

cohesion. 

The material should be workable during placement when properly placed and 

compacted; the blended material becomes mechanically stable. The load carrying 

capacity is increased. The resistance against the temperature & moisture content 

changes is also improved. 

1.10.2 Cement Stabilization 

Cement stabilization is done by mixing pulverized soil and Portland cement 

with water and compaction the mix to attain a strong material obtained by mixing soil 

and cement is known as soil-cement. The soil�±cement becomes a hard and durable 

structural material as the cement hydrates and develops strength. The soil- cement is 

divided into 3 categories they are Normal soil cement, Plastic soil cement, and cement-

modified soil. 

1.10.3 Lime Stabilization 

Lime stabilization is done by adding lime to a soil. It is useful for stabilizing 

of clayey soils. When lime reacts with soil, there is exchange of cations in the absorbed 

water layer and a decrease plasticity of the soil occurs. The resulting material is more 

friable than the original clay and is therefore more suitable as sub grade. Lime is 

produced by burning of lime stone in kilns. The quality of lime obtained depends upon 

the parent material and the production process. There are 
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basically 5 types of limes they are High calcium quick lime, hydrated high calcium 

quick lime, Dolomitic lime, Normal hydrated dolomitic lime, pressure hydrated 

dolomitic lime. The amount of lime required for stabilization varies between 2 to 10% 

of the soil. However, the lime is used only to modify some of the physio-chemical 

characteristics of the soil. 

Lime stabilization is not effective for sandy soils. However, this soil can be 

stabilized in combination with clay, fly ash or other pozzolanic materials which serve 

as hydraulically reactive ingredients. The ratio of fly ash to lime generally varies 

between3 to 5. The fly ash used is about 10 to 20% of the soil weight. 

1.10.4 Bituminous Stabilization 

Bituminous are non-aqueous system of hydro carbons that are soluble in 

carbon di-sulphate. Tars are obtained by the destructive distillation of organic materials 

such as coal. Asphalts are materials in which the primary components are natural or 

refined petroleum bitumen. 

Bituminous stabilization is generally done with asphalt as binder. As asphalts normally 

to viscous to be used directly these are used as cut back with some solvent such as 

gasoline. These are also used as emulsions, but in this form, they require a longer drying 

period. 

Any organic soil which can be mixed with asphalt is suitable for bituminous 

stabilization in cohesion less soils. Asphalt binds the soil particles together and thus 

severs as a bonding and cementing agent. In cohesive soils asphalts protects the soil by 

plugging its voids and water proofing it. It helps the cohesive soil to maintained low 

moisture content and to increase the bearing capacity. 

The amount of bitumen required generally various between 4 to 7% by weight. The 

actual amount is determined by trail. 

1.10.5 Chemical Stabilization 

In chemical stabilization, soils are stabilized by adding different chemicals. 

The main advantages of chemical stabilization are setting time and curing time can be 

controlled. It is, however generally more expensive than other types of stabilization. 

The following chemicals have been successfully used of calcium chloride, sodium 

chloride, sodium silicate, polymers, and chrome lignin. 

1.10.6 Thermal Stabilization 

Thermal change causes a marked improvement in the properties of the soil. 
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Thermal stabilization is done either heating the soil or by cooling it. As the soil is 

heated, its water content decreased. 

Electric repulsion between clay particles decreased and the strength of the 

soil is increased. When the temperature is increased to more than 100°C the adsorbed 

water is driven off and the strength is further increased. When the soil is heated to 

temperature of 400°C to 600°C, some irreversible changes occur which make the soil 

non-plastic and non- expensive. This method of stabilization is quite expensive because 

of large heat input. It is rarely used in practice. 

Cooling causes a small loss of strength of clayey soils, due to an increase in inter particle 

repulsion. However, if the temperature is reduced to the freezing point, the pore water 

freezes and the soil is stabilized. Ice so formed acts as a cementing agent. This method 

is used only in some special cases. It has been successfully used in solidify soils beneath 

foundations. The method is commonly used when advancing tunnels or shafts through 

loose silt or fine sand. 

1.10.7 Electrical Stabilization 

Electrical stabilization of clayey soils is done by a process known as electro 

osmosis. As a direct current is passed through a clayey soil, pore water migrates to the 

negative electrode. It occurs because of the attraction of the positive ions that are 

present in water towards cathode. The strength of the soil is considerably increased due 

to the removal of water. 

Electro osmosis is an expensive method, and is mainly used for drainage of cohesive 

soils. Incidentally the properties of the soil are also improved. 

1.10.8 Stabilization by Grouting 

In this method of stabilization, stabilizers are introduced by injecting into the 

soil. As the grouting always done under pressure, the stabilizers with high viscosity are 

suitable only for soils with high permeability. This method is not suitable for stabilizing 

clays because of their low permeability. 

The grouting method is costlier as compared with direct blending methods. The method 

is suitable for stabilizing buried zones of relatively limited extent, such as a pervious 

stratum below a dam. 

The method is used to improve the soil that cannot be disturbed. An area close to an 

existing building can be stabilized by this method. 
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1.10.9 Stabilization by Geotextile and Fabrics 

The soil can be stabilized by introducing geotextiles and fabrics which are 

made of synthetic materials, such as polyethylene, polyester and nylon. The geotextile 

sheets are manufactured in different thickness ranging from 10 to 300 mm. The width 

of the sheet can be up to 10m. These are available in rolls of length up to 600m. 

Geotextiles are manufactured in different patterns, such as woven, non-woven, grid, 

and hybrid. 

The geotextiles are quite permeable. Their permeability is comparable to that 

of fine sand to coarse sand. These are quite strong and durable. These are not affected 

by even hostile soil environment. The use of geotextiles in geotechnical and 

construction engineering has increased considerably in the last two decades. Geotextiles 

are being increasingly used for the site improvement, soil stabilization and various other 

related works. 

1.10.10 Reinforced Earth  

The soil can be stabilized by introducing thin strips in it. In reinforced earth 

thin metal strips or strips of wire or geo synthetics are used as reinforcement to reinforce 

the soil. The essential future of the reinforced earth is that friction develops between 

the reinforcement and the soil. 

By means of friction, the soil transfers the forces built up in the earth mass to the 

reinforcement. Thus, tension develops in the reinforcement when the soil is subjected 

to shear stresses under loads. 
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CHAPTER 2 

REVIEW OF LITERATURE  

Amin Esmaeil Ramaji (2012), The soil often is weak and has no enough stability in 

heavy loading. The aim of the study was to review on stabilization of soil using low- 

cost methods. Several reinforcement methods are available for stabilizing expansive 

soils. These methods include stabilization with chemical additives, rewetting, soil 

replacement, compaction control, moisture control, surcharge loading, and thermal 

methods. All these methods may have the disadvantages of being ineffective and 

expensive. Based on literature, Portland cement, lime, fly ash and scrap tire are low- 

cost and effective to soil stabilization. 

Ankit Singh Negi, Mohammed Faizaan, Devashish Pandey Siddharth, Rehanjot 

Singh (2013) Soil stabilization can be explained as the alteration of the soil properties 

by chemical or physical means in order to enhance the engineering quality of the soil. 

The main objectives of the soil stabilization is to increase the bearing capacity of the 

soil, its resistance to weathering process and soil permeability. The long-term 

performance of any construction project depends on the soundness of the underlying 

soils. Unstable soils can create significant problems for pavements or structures, 

Therefore soil stabilization techniques are necessary to ensure the good stability of soil 

so that it can successfully sustain the load of the superstructure especially in case of soil 

which are highly active, also it saves a lot of time and millions of money when 

compared to the method of cutting out and replacing the unstable soil. This paper deals 

with the complete analysis of the improvement of soil properties and its stabilization 

using lime. 

Tarh reem & Ajanta kalita (2014), an experimental testing program was undertaken 

for evaluating the effect of a class fly ash and lime on the strength properties of locally 

available red soils.Compaction tests and unconfined compression tests were carried 

out.Fly ash and lime were mixed in different proportions ranging from 20- 80% and 2-

4% by dry weight of soil respectively. 
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Gayesh Panchal& AvinashKumar (2015), design of the various pavement layers is 

very much dependent on the strength of the sub grade soil over which they are going to 

be laid. Sub grade strength is also depending on the basic properties of the soil. 

Subgrade strength is mostly expressed in terms of CBR (California Bearing Ratio). 

Weaker sub grade essentially requires thicker layers whereas stronger sub grade goes 

well with thinner pavement layers. 

James alexander (2016), Many researchers are dealing with various types of 

admixtures to improve the mechanical and durability properties of concrete. In this 

present investigation, red soil is taken as an admixture to enhance the performance of 

concrete. An experimental investigation is carried out to study the behaviour of concrete 

by replacing the fine aggregate with locally available red soil. 

Pragyan Mishra & P Suresh Chandra Babu (2017), Red soil covers a large portion 

of land in India. These soils are found in areas with low rainfall and they are not capable 

of retaining moisture. Due to high iron content these soils are red in colour.Red soil 

possesses lower strength compared to other soils due to its porous and friable structure. 

To improve the engineering and strength properties of these soils, soil stabilization can 

be carried out by adding some additives to these soils. 

P.V.V Satyanarayana & Gopalakrishnan Vaidyanathan & P.S. Naidu(2018) North 

coastal Districts of Andhra Pradesh, India has been connected with number of industrial 

infrastructural projects.Red gravel soils are well promising geotechnical construction 

material which can be widely used in civil engineering application, especially in 

infrastructure projects. In this region Red gravel soil are prominent resource material 

on which several construction activities have been running. 

Sai Harshita M (2018), Soil stabilization is a mean to enhance the engineering 

properties of soil such as shear strength, shrink-swell property and bearing capacity of 

the soil. It can be used to treat a wide range of soil from expansive clay to granular 

materials.The present investigation is to study the specific gravity, Atterberg limits, 

shear strength, compaction behavior and bearing capacity of the soil using lime 

powder.Lime is the traditional material that had been used as a construction material. 

Ripunjoy Gogoi & Animesh Das & Partha Chakroborty  (2018), Various manual and 

automated methods are used for the measurement of rut depth of an asphalt pavement. 

It is observed that different methods of rut depth measurement give different values of 

rut depth even for the same pavement profile. It is also observed 
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that while using LTPP database, in some cases, the reported rut depths do not increase 

monotonically with time as one would typically expect. The present work explores 

possible reasons for these discrepancies. Subsequently, suggestion is made to measure 

the rut depth with reference to the original profile of the pavement. This resolves the 

issues related to the discrepancies with the rut depth measurement. 
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3.1 INTRODUCTION  

CHAPTER 3 

MATERIALS USED  

In this chapter, a brief description of the experimental materials used for 

determination of Liquid Limit, Plastic Limit and other strength tests etc., 

3.2 MATERIALS  USED 

In this section, the details pertaining to Red soil, Lime are used in this 

investigation. 

3.2.1 Red Soil 

Red soils are formed due to weathering of igneous rocks. They are deficient 

in nutrients and humus and have low water holding capacity. Red soils form the second 

largest soil group in India. Red colour is mainly due to presence of iron oxides. Red soil 

possesses lower strength as compared to other soils. Due to  its porous & friable 

structure to improve engineering properties of these soils. Soil stabilization is done by 

using some additives like lime etc (we are using lime as additive). 

Fig 3.1 Red soil 

3.2.2 Characteristics of Red Soil 

The following are the important characteristics of red soil: 

�‡ It has got its name from its colour. 

�‡ It is porous and has a high percentage of iron oxide. 

�‡ In general, it is found to be shallow and its pH value ranges from 6.6 to 8.0. 
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�‡ It is loose and aerated and is poor in terms of the quantity of nitrogen, 

phosphorus, potassium and organic matter 

�‡ It is not fertile, but it does respond to fertilisers. It needs irrigation support if it is 

to be cultivated. 

�‡ It contains soluble salts in small quantities. 

3.2.3 Properties of Red Soil 

Table 3.1 
 

Properties Red Soil 

Specific gravity 2.69 

Characteristics in coarse sand 
(4.75 �± 2mm) 

22% 

Medium sand (2 �± 0.425mm) 34% 

Fine sand (0.425 �± 0.075mm) 28% 

Silt size (0.075 �± 0.002mm) 10% 

Clay size (<0.002mm) 6% 

Liquid limit  38% 

Plastic limit 26% 

Plasticity index 12% 

 
3.2.4 Lime 

 
The stabilization of soil using lime is to enhance the engineering properties of 

soil such as shear strength, shrink �± swell properties and bearing capacity of soil. The 

mechanism of using lime as stabilization material involves cation exchange which leads 

to flocculation and agglomeration of soil particles. The stabilization process can result 

in higher resistance values, reduction in plasticity, lower permeability,  reduction of 

pavement thickness etc., 

Lime is a calcium-containing inorganic mineral composed primarily of oxides, 

and hydroxide, usually calcium oxide and/ or calcium hydroxide. It is also the name for 

calcium oxide which occurs as a product of coal-seam fires and in 
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altered limestone xenoliths in volcanic ejecta. The word lime originates with its earliest 

use as building mortar and has the sense of sticking or adhering. 

These materials are still used in large quantities as building and engineering 

materials (including limestone products, cement, concrete, and mortar), as chemical 

feed stocks, and for sugar refining, among other uses. Lime industries and the use of 

many of the resulting products date from prehistoric times in both the Old World and 

the New World. Lime is used extensively for wastewater treatment with ferrous 

sulphate. 

The rocks and minerals from which these materials are derived, typically 

limestone or chalk, are composed primarily of calcium carbonate. They may be cut, 

crushed, or pulverized and chemically altered. Burning (calcination) of these minerals 

in a lime kiln converts them into the highly caustic material burnt  lime, unslaked  lime 

or quick lime (calcium oxide) and, through subsequent addition of water, into the less 

caustic (but still strongly alkaline) slaked lime or hydrated lime (calcium hydroxide, 

Ca(OH)2), the process of which is called slaking of lime. 

When the term is  encountered  in  an  agricultural  context,  it  usually refers to 

agricultural lime, which today is usually crushed limestone, not a product of a lime kiln. 

Otherwise it most commonly means slaked lime, as the more dangerous form is usually 

described more specifically as quicklime or burnt lime. 

�x Lime added to soil of 0-10% 

�x It provides good workability 

�x Durability is high 

�x Self-healing properties 
 

Fig 3.2 Lime 
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3.2.5 Lime Properties 

1. Caring For Buildings 

The importance of lime mortars, plasters and paints in caring for old buildings has now 

been well documented; this is because they have many desirable properties: 

�‡ Lime products are vapour permeable and can absorb moisture from surrounding 

bricks and stones. Any salt or frost damage occurs in the lime, thus protecting the 

surrounding materials. 

�‡ Lime products are capillary active (they �D�U�H���V�D�L�G���W�R���D�O�O�R�Z���E�X�L�O�G�L�Q�J�V���W�R���Ä�E�U�H�D�W�K�H�Æ������

This means that moisture can enter the wall but importantly it is then allowed to 

evaporate from the wall (unlike with most modern mortars and paints which hold 

moisture in the wall), this helps to naturally control condensation and damp within 

the building. 

2. Caring for the Environment 

Although there is much debate and figures are continually being revamped with 

advances in technology in both the cement and lime industries, lime is generally 

considered to be more environmentally-friendly than cement for a number of reasons: 

�x Lime is burnt at a lower temperature than cement and so has an immediate energy 

saving. 

�x It is also considered to be more  environmentally  friendly  because  of  its  ability, 

through carbonation, to re-absorb some of  the  Carbon  Dioxide  given off during 

burning �± see the article on The Lime Cycle. 

�x Lime mortars allow other building components such as stone, wood and bricks to 

be recycled because they can be easily cleaned of mortar/lime and re-used. 

3. Caring for  Health 

We spend up to 90% of our time indoors �± so the quality of the internal environment is 

important to our health and well-being. Lime is considered to be less harmful to human 

health than many of its modern counterparts: 

�‡ Lime plast�H�U���L�V���K�\�J�U�R�V�F�R�S�L�F�����O�L�W�H�U�D�O�O�\�����P�H�D�Q�V�����Ä�Z�D�W�H�U�����V�H�H�N�L�Q�J�Æ�������Z�K�L�F�K�����G�U�D�Z�V�����W�K�H��

moisture from the internal to the  external  environment,  this  helps  to control 

condensation and mould growth in the building. The ideal humidity level is 

between 40-60% �± if it i s drier than this, or more humid than this, harmful agents 

are able to live and thrive. 
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�‡ Lime plasters and paints are non-toxic, therefore they do not contribute to indoor 

air pollution unlike many modern paints and are therefore considered to be 

healthier to live with. 

�‡ Lime  wash  is  mildly  antiseptic  and  anti-bacterial  and  was  therefore regularly 

applied to agricultural buildings because of these properties �± many farmers still 

�G�R���W�K�L�V���S�U�L�R�U���W�R���O�D�P�E�L�Q�J���W�R���Ä�F�O�H�D�Q�V�H�Æ���W�K�H environment. 
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CHAPTER 4 

TESTED CONDUCTED 

This chapter discusses about all the tests conducted on the soil as per the relevant IS 

Code of practice. Brief Description of the test procedures are given below: 

List of the Tests conducted for the study are as follows: 

1. Liquid Limit  

2. Plastic Limit  

3. Free Swell Index 

4. Sieve Analysis 

5. Compaction 

6. California Bearing Ratio Test 

4.1 LIQUIDLIMIT  

�x The Limit was determined as per IS: 2720-1985.��

�x Mix the sample thoroughly with water in an evaporating dish or a glass plate to 

form a uniform paste.��

�x Mixing should be continued for about 15 to 30 min, till a uniform mix is Liquid 

obtained.��

�x Place it in the cup of the device by a spatula and level it by a spatula.��

�x Cut a groove in the sample in the cup by using the appropriate tool.��

�x Draw the grooving tool through the paste in the cup along the symmetrical axis, 

along the diameter through the centre line of the cup.��

�x Hold the tool perpendicular to the cup. Turn the handle of the device at a rate of 2 

revolutions per second.��

�x Count the number of blows until the two halves of the soil specimen come in contact 

at the bottom of the groove due to flow and not by sliding.��

�x Remove the remaining soil from the cup. Mix it with the soil left in evaporating 

dish. Change the water content of the mix in the evaporating dish either by adding 

more water if the water content is to be increased.��

�x Repeat the steps and determine the number of blows (N) and the water content in 

each case.��

�x Draw the flow curve between log N and w, and determine the liquid limit .��
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�)�L�J�����������&�D�V�D�J�U�D�Q�G�H�¶�V���/�L�T�X�L�G���/�L�P�L�W���$�S�S�D�U�D�W�X�V 

4.2 PLASTIC  LIMIT  

�‡ The Plastic Limit were determined as per IS: 2720(part6)-1972. 

�‡ Plastic limit is the moisture content at which a soil when rolled into thread of 

smallest diameter possible, starts crumbling and has a diameter of3mm. 

�‡ The Plastic Limit is expressed as a whole number by obtaining the mean of the 

moisture of the plastic Limit.  

4.3 DIFFERENTIAL FREE SWELL INDEX  (DFSI) 

To determine the Free Swell Index of soil as per IS: 2720 (Part XL) �± 1977. 

Free swell or Differential free swell, also termed as free swell index, and is the increase 

in volume of soil without any external constraint when subjected to submergence in 

water. 

Free Swell Index = [Vd �±Vk] / Vk * 100% 

Where, 

Vd = volume of soil specimen read from the graduated cylinder containing distilled 

water. 

Vk = volume of soil specimen read from the graduated cylinder containing kerosene 

water. 
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4.4 GRAIN SIZE ANALYSIS  

1. The soil fractions retained on and passing 4.75mm Sieve shall be taken separately 

for the analysis. Dry the soil sample in a Thermostatically Controlled Hot Air 

Oven at 105 to 1100C. 

2. Weigh the portion of the soil sample retained on 4.75mm Sieve and record the 

mass. 

3. Sieve the sample through the sieve net of size 4.75mm and higher. Other sieves 

may be introduced in between the sieves, depending upon the additional 

information desired to be obtained. The sieves shall be agitated and any particles 

may be tested to see if they will fall through, but they shall not be pushed through. 

4. Record the mass retained on each sieve. If the sample appears to contain over 5% 

moisture, the water content shall be determined and the masses corrected 

accordingly. If the soil contains more than about 20% gravel particles and the fines 

are very cohesive with considerable amounts adhering to the gravel after 

separation, the gravel shall be washed on 4.75mm Sieve using sodium hexa- meta-

phosphate solution. 

5. The portion of soil passing 4.75mm Sieve shall be oven-dried at 105 to 115°C. 

Weigh this soil mass to accuracy of 0.1% of its total mass and record the mass. 

Spread out this material in large tray or bucket and cover with water. 

6. Wash the soaked soil specimen on 75-micron sieve until the water passing is 

substantially clean. 

7. The fraction retained on the sieve should be tipped in a try, dried in the oven and 

sieved through the nest of 2mm, 425 micron and 75-micron sieves. The fraction 

retained on each sieve should be weighed separately and the masses recorded. 

4.5 STANDARD PROCTOR COMPACTIONTEST  

Compaction is a process that brings about an increase in soil density or unit 

weight, accompanied by a decrease in air volume. There is usually no change in water 

content. The degree of compaction is measured by dry unit weight and depends on the 

water content and Compactive effort (weight of hammer, number of impacts, weight of 

roller and number of passes). For a given Compactive effort, the maximum dry unit 

weight occurs at optimum water content. 
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Compaction is employed in the construction of road bases, runways, earth dams, 

embankments and reinforced earth walls. In some cases, compaction may be used to 

prepare a level surface for building construction. 

Soil is placed in layers, typically 75 mm to 450 mm thick. Each layer is compacted to a 

specified standard using rollers, vibrators or rammers. 

Objectives of Compaction 

Compaction can be applied to improve the properties of an existing soil or in the process 

of placing fill. The main objectives are to: 

�x Increase shear strength and therefore bearing capacity��

�x Increase stiffness and therefore reduce future settlement��

�x Decrease voids ratio and so permeability, thus reducing potential frost heave��

Factors Affecting Compaction 

A number of factors will affect the degree of compaction that can be achieved: 

�x Nature and type of soil, i.e. sand or clay, grading, plasticity��

�x Water content at the time of compaction��

�x Site conditions, e.g. weather, type of site, layer thickness��

�x Compactive effort: type of plant (weight, vibration, number of passes)��

Types of Compaction 
 

�x Smooth-wheeled roller��

�x Grid roller��

�x Sheep foot roller��

�x Pneumatic-tyred roller��

�x Vibrating plate��

Procedure: 

�‡ Standard proctor mould is cleaned, dried and greased lightly. 

�‡ The mass of the empty mould with the base plate, but without collar, is taken. 

�‡ Take about 2.5kg of the processed soil, and hence place it in the mould in 3 equal 

layers. 

�‡ Take about one-third the quantity first, and compact it by giving 25 blows of the 

rammer. 

�‡ The blows should be uniformly distributed over the surface of each layer. 

�‡ The top surface of the first layer is scratched with spatula before placing the 

second layer. 
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�‡ The second layer should also be compacted by 25 blows of rammer. 

�‡ Likewise, place the third layer and compact it. Remove the collar and trim off the 

excess soil projecting above the mould using a straightedge. 

�‡ Clean the base plate and the mould from outside. Weigh it to the nearest gram. 

Remove the soil from the mould. The soil may also be ejected out. 

�‡ Take the soil samples for the water content determination from the top, middle 

and bottom portions. 

�‡ Determine the water content. Add about 3% of the water to a fresh portion of the 

processed soil, and repeat the procedure. 

 

Fig 4.2 Compaction Mould 
 

Fig 4.3 Compaction test 
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4.6 CALIFORNIA BEARING RATIO (CBR)  TEST 

The CBR test is conducted on soil sample prepared at O.M.C and M.D.D as per IS 

2720 part XVI (1979). The load is applied by loading frame through a plunger of 

50mm diameter on the specimen in the mould compacted to Maximum Dry Density at 

Optimum Moisture Content. Dial gauges are used for the measurement of penetration. 

The mixing as done manually and the CBR mould is cleaned and dried. The mix 

is placed in the mould in five layers; each layer is compacted by 56 blows of rammer 

weight 4.9kg with a free fall of 450mm above the soil surface. After compact the fifth 

layer the mould is placed in CBR apparatus under the plunger for conducting the test. 

The test consists of causing the plunger to penetrate the specimen at a rate of 1.25mm 

per minute. The loads required for penetration of 2.5mm & 5mm are 

recordedbytheprovingringattachedtotheplunger.Theloadisexpressedasa percentage of 

standard loads at the respective deformation level and is known as California Bearing 

Ratio (CBR) value. 

The CBR value is determined corresponding to both 2.5mm & 5mm penetration 

and the greater value is used for design purpose. 

CBR% = (Test load / Standard load) x 100 

Fig 4.4 California Bearing Ratio Test Laboratory Apparatus 
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Figure 4.5 California Bearing Ratio Test 
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CHAPTER 5 

DISCUSSION ON TEST RESULTS 

5.1 INTRODUCTION  

In this chapter, briefly discuss about the results obtained from above 

experiments. 

5.2 PROPERTIES OF SOIL  

In order to determine the dry density and pavement thickness, I.S heavy 

compaction test and California bearing ratio test were conducted on the soil. The soil is 

classified as "CH" as per I.S Classification. The results pertaining to compaction 

characteristics are presented in the following sub section and those pertaining to CBR 

characteristics are presented in subsequent sub section. 

5.3 LIQUIDLIMIT  

The liquid limit is defined as the moisture content at which soil begins to 

behave as a liquid material and begins to flow. The liquid limit is determined in the lab 

as the moisture content at which the two sides of a groove formed in soil come together 

and touch for a distance of 12mm at 25 blows. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

5.4 PLASTICLIMIT  

Fig 5.1 Liquid Limit of soil  

Plastic Limit is the water content at which the soil changes from plastic 

state to semi-solid state. For the determination purpose, the plastic limit is defined as 
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the water content at which a soil will just begin to crumble when rolled into a thread of 

3mm in diameter. 

5.4.1 PLASTICITY  INDEX  

The numerical difference in water contents between the liquid limit and 

plastic limit is termed as plasticity index. Knowing the liquid limit and plasticity index, 

the soil may be classified as GW (WELL GRADED GRAVEL) with the help of 

plasticity chart according to Indian Standard soil classification (IS1498-1970). 

 

5.5 FREE SWELL  INDEX  

Table 5.1 General Range of Values depending on FSI 
 

Free swell 
index 

Degree of 
expressiveness 

 
Liquid limit  

 
Plastic limit  

 
<20 

 
Low 

 
0-50% 

 
0-35% 

 
20-30 

 
Moderate 

 
40-60% 

 
25-50% 

 
35-30 

 
High 

 
50-75% 

 
35-65% 

 
>50 

 
Very high 

 
>60% 

 
>45% 

 

5.6 GRAIN SIEVE  ANALYSIS  
 

Dry and Wet Sieve Analysis is carried out to quantitatively determine the Particle / 

Grain Size Distribution for soil particles of size 75 micron and bigger. For soil particles 

of size 4.75mm and bigger, dry sieve analysis is done and for soil particles of size above 

75 micron and below 4.75mm, wet sieve analysis is also needed if the soil particles are 

coated by clay/silt. After conducting of both, Wet and Dry sieve Analysis we get the 

result of soil as Poorly Graded. 
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Fig 5.2 Grain Sieve Analysis 
 

5.7 COMPACTIONTEST  

Compaction of soil is the process by which soil particles are artificially arranged 

and packed together into closer state of contact by mechanical means in order to 

decrease the void  ratio  of  soil  and  thus  increase  its  dry  unit  weight.  The Proctor 

compaction test is a laboratory method of experimentally determining the optimal 

moisture content at which a given soil type will become most dense and achieve its 

maximum dry density. The test is named in honour of Ralph Roscoe Proctor, who in 

1933 showed that the dry density of a soil for a given Compactive effort depends on the 

amount of water the soil contains during soil compaction. His original test is most 

commonly referred to as the standard Proctor compaction test; his test was later updated 

to create the modified Proctor compaction test. Compaction can be generally defined as 

the densification of soil by the removal of air and rearrangement of soil particles 

through the addition of mechanical energy. The energy exerted by compaction forces 

the soil to fill available voids, and the additional frictional force between the soil 

particles improves the mechanical properties of the soil. Because a wide range of 

particles are needed in order to fill all available voids, well-graded soils tend to compact 

better than poorly graded soils. 

The degree of compaction o�I���D���V�R�L�O���F�D�Q���E�H���P�H�D�V�X�U�H�G���E�\���L�W�V���G�U�\���X�Q�L�W���Z�H�L�J�K�W������d. 

When water is added to the soil, it functions as a softening agent on the soil particles, 

causing them to slide between one another more easily. At first, the dry unit weight 
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�D�I�W�H�U���F�R�P�S�D�F�W�L�R�Q���L�Q�F�U�H�D�V�H�V���D�V���W�K�H���P�R�L�V�W�X�U�H���F�R�Q�W�H�Q�W�����&�����L�Q�F�U�H�D�V�H�V�����E�X�W���D�I�W�H�U���W�K�H���R�S�W�L�P�X�P��

�P�R�L�V�W�X�U�H�� �F�R�Q�W�H�Q�W�� ���&opt) percentage is exceeded, any added water will result in a 

reduction in dry unit weight because the pore water pressure (pressure of water in-

between each soil particle) will be pushing the soil particles apart, decreasing the 

friction between them. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5.3 Compaction Test 

5.7.1 COMPACTION WITH 2%  LIME  

Here we added 2% of lime to the red soil to stabilize it. Hence, we obtained results of 

OMC as 8.22 and MMD as 2.13. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5.4 Compaction with 2% Lime 
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5.7.2 COMPACTION WITH 4%  LIME  

Here we added 4% of lime to the red soil to stabilize it. Hence, we obtained results of 

OMC as 8.6 and MMD as 2.18. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Graph 5.5 Compaction with 4% Lime 

5.7.3 COMPACTION WITH 6%  LIME  

Here we added 6% of lime to the red soil to stabilize it. Hence, we obtained results of 

OMC as 6.79 and MMD as 2.19. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 5.6 Compaction with 6% Lime 
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5.7.4 COMPACTION WITH 8%  LIME  

Here we added 8% of lime to the red soil to stabilize it. Hence, we obtained results of 

OMC as 7.16 and MMD as 2.07. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 5.7 Compaction with 8% Lime 

5.7.5 CHARACTERISTICS OF OMC AND  MDD 

The Table.5.2, below represents the variation of Optimum Moisture Content and 

Maximum Dry Density of the soil with respect to the variation of the Lime Content in 

different percentages that is added to the soil for study. 
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The Fig. 5.8 and 5.9 represents the graphical Characteristics of the Optimum Moisture 

Content and Maximum Dry Density of soil when treated with different percentages of 

the lime 

Fig 5.8 Characteristics of OMC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 5.9 Characteristics of MDD 
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CBR Value 
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5.8 CALIFORNIA BEARING RATIO  TEST 

The CBR values for natural soil at 2.5mm penetration and 5.0mm penetration are 

taken and calculate the percentage of CBR values with reference to standard values of 

CBR at 2.5mm & 5mm penetration. Based on the C.B.R value we have to design the 

pavement thickness. This is done at OMC and MDD values which are obtained from 

compaction test. Clearly shows the behaviour of CBR values. 
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Fig 5.8 CBR Test of soil 

Only soil (without treating with lime) when initially tested for California Bearing ratio 

value observed to be % at 2.5mm and % at 5.00m Penetration, thus CBR value is taken 

as 2.12% 

 
5.7.6 CBR TEST WITH 2%  LIME  

Here we added 2% of lime to soaked red soil by using OMC value obtained from 

compaction test, CBR value is determined with representation from the Fig 5.19. Hence, 

we obtained results of CBR as 6.70. 
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Graph 5.9 CBR Test with 2% Lime 
 

 
5.7.7 CBR TEST WITH 4%  LIME  

Here we added 4% of lime to soaked red soil by using OMC value obtained from 

compaction test, CBR value is determined with representation from the Fig 5.10. 

Hence, we obtained results of CBR as 8.11%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5.10 CBR Test with 4% Lime 
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5.7.8 CBR TEST WITH 6%  LIME  

Here we added 6% of lime to soaked red soil by using OMC value obtained from 

compaction test, CBR value is determined with representation from the Fig 5.11. 

Hence, we obtained results of CBR as 9.17. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5.11 CBR Test with 6% Lime 

5.7.9 CBR TEST WITH 8%  LIME  

Here we added 8% of lime to soaked red soil by using OMC value obtained from 

compaction test, CBR value is determined with representation from the Fig 5.12. 

Hence, we obtained results of CBR as 9.87. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5.12 CBR Test with 8% Lime 
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5.7.10 CBR TEST DESIGN VALUE  GRAPH 

The variation of the CBR value with the increase in percentage of lime has been 

represented in the Table 5.3 and been represented graphically in Fig. 5.13. 

Table 5.3 Variation of CBR Value w.r.to Change in Percentage of Lime 
 

Percentage of Lime (%) CBR Value (%) 

0 2.12 

2 6.70 

4 8.11 

6 9.17 

8 9.87 

 
 
 
 
 
 

 
 

 
Fig 5.13 Variation of CBR values 
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6.1 SUMMARY  

CHAPTER 6 

SUMMARY & CONCLUSION  

Most of the stabilization has to be undertaken in soft soils (silty, clayey peat 

or organic soils) in order to achieve desirable engineering properties. Mostly the fine- 

grained granular materials are the easiest materials to stabilize the soil, due to their large 

surface area in relation to their particle diameter. A clay soil compared to others has a 

large surface area due to flat and elongated particle shapes. On the other hand, silty 

materials can be sensitive to small change in moisture and, therefore, may prove 

difficult during stabilization. Peat soils and organic soils are rich in water content, high 

porosity and high organic content. The consistency of peat soil can vary from muddy 

to fibrous, and in most of the cases, the deposit is shallow, but in worst cases, it can 

extend to several meters below the surface. 

In order to improve the engineering behaviour of soils, several improvement 

techniques are available in geotechnical engineering practice. The fact that the selection 

of any one of these methods for any problem can be made only after a comparison with 

other techniques proves that the method is well suited for a  particular system. In fine-

grained soils chemical stabilization methods and reinforcement techniques are well 

suited to improve their engineering behaviour and to make them less sensitive to 

environmental factors. 

However, these and many other techniques were successful only to a partial 

extent and hence the attempts to devise better techniques are still on. In addition, 

majority of these works have been confined to laboratory, under controlled conditions 

on re-moulded samples and hence fail to simulate many of the field conditions. Despite 

years of practice and research, an economical and satisfactory solution to the problems 

posed by the expansive soil, continues to elude researchers and practicing engineers. 

Based on the results present in this investigation, the following conclusions are drawn. 
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6.2 CONCLUSIONS 

The following conclusions can be drawn from the study conducted on locally 

available soil and Lime. 

�¾ The OMC and MDD values observed for only red soil are10% and as 2.15gm/cc 

�¾ The MDD value of red soil upon adding percentage of lime has been increasing 

up to 6% and then decreased for 8% 

�¾ The OMC value of red soil upon adding percentage of lime has been decreasing 

up to 6% and then increased for 8% 

�¾ The OMC of 2, 4, 6 and 8% of lime added soil when compared to only red soil 

are decreased by 1.78%, 1.94% ,3.21% and 2.84% respectively 

�¾ The MDD of 2, 4, 6 and 8% of lime added soil when compared to only red  soil 

are decreased by 2%, increased by 3%,4% and finally decreased by 8% 

respectively 

�¾ The CBR values of 2, 4, 6 and 8% of lime added soil when compared to only 

red soil are increased by 4.58%, 5.99%, 7.58%, 7.75% respectively 

�¾ On addition of 8% of lime the CBR value is increased by 5 times when 

compared to the CBR value of only soil. 



40  

CHAPTER 7 

REFERENCES 

�¾ �$�P�L�Q���(�V�P�D�H�L�O���5�D�P�D�M�L�����³�$���5�H�Y�L�H�Z���R�Q���W�K�H���6�R�L�O���6�W�D�E�L�O�L�]�D�W�L�R�Q���8�V�L�Q�J���/�R�Z-�&�R�V�W���0�H�W�K�R�G�V�´����

Journal of Applied Sciences Research 8(4):2193-2196 · April 2012 

�¾ Ankit Singh Negi, Mohammed Faizaan, Devashish Pandey Siddharth, Rehanjot Singh. 

�³�6�R�L�O�� �6�W�D�E�L�O�L�]�D�W�L�R�Q�� �8�V�L�Q�J�� �/�L�P�H�´���� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �,�Q�Q�R�Y�D�W�L�Y�H�� �5�H�V�H�D�U�F�K�� �L�Q��

Science, Engineering and Technology Vol. 2, Issue 2, February 2013 

�¾ �7�D�U�K���5�H�H�P�D���D�Q�G���$�M�D�Q�W�D���.�D�O�L�W�D�����³�6�W�U�H�Q�J�W�K���&�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���5�H�G���6�R�L�O�V���%�O�H�Q�G�H�G���Z�L�W�K���)�O�\��

�$�V�K���D�Q�G���/�L�P�H�´�����,�Q�W�H�U�Q�D�W�L�R�Q�D�O���-�R�X�U�Q�D�O���R�I���,�Q�Q�R�Y�D�W�L�Y�H���5�H�V�H�D�U�F�K���L�Q���6�F�L�H�Q�F�H�����(�Q�J�L�Q�H�H�U�L�Q�J��

and Technology an ISO 3297: 2007 Certified Organization Volume 3, Special Issue 4, 

March 2014 

�¾ �*�D�\�H�V�K�� �3�D�Q�F�K�D�O���� �$�Y�L�Q�H�V�K�� �.�X�P�D�U���� �³�3�U�R�S�H�U�W�L�H�V�� �R�I�� �6�X�E�� �*�U�D�G�H�� �6�R�L�O�� �R�I�� �3�D�Y�H�P�H�Q�W��

�&�R�Q�V�W�U�X�F�W�L�R�Q�´���� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �,�Q�Q�R�Y�D�W�L�Y�H�� �5�H�V�H�D�U�F�K�� �L�Q�� �6�F�L�H�Q�F�H���� �(�Q�J�L�Q�H�H�U�L�Q�J��

and Technology (An ISO 3297: 2007 Certified Organization) Vol. 4, Issue 9, September 

2015. 

�¾ �-�D�P�H�V���$�O�H�[�D�Q�G�H�U���6�����$�Q�W�R�Q�\���*�R�G�Z�L�Q�����$�O�H�[�D�Q�G�H�U�����³�6�W�X�G�\���R�Q���7�K�H���%�H�K�D�Y�L�R�X�U���R�I���5�H�G���6�R�L�O��

�&�H�P�H�Q�W�� �&�R�Q�F�U�H�W�H�´���� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �$�G�Y�D�Q�F�H�V�� �L�Q�� �0�H�F�K�D�Q�L�F�D�O�� �D�Q�G�� �&�L�Y�L�O��

Engineering, ISSN: 2394-2827 Volume-3, Issue-3, Jun.-2016 

�¾ �3�U�D�J�\�D�Q���0�L�V�K�U�D���	���3���6�X�U�H�V�K���&�K�D�Q�G�U�D���%�D�E�X�����³�,�P�S�U�R�Y�H�P�H�Q�W���R�I���*�H�R�W�H�F�K�Q�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

�R�I�� �5�H�G�� �6�R�L�O�� �X�V�L�Q�J�� �:�D�V�W�H�� �3�O�D�V�W�L�F�´���� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �(�Q�J�L�Q�H�H�U�L�Q�J�� �7�U�H�Q�G�V�� �D�Q�G��

Technology (IJETT) �± Volume 48 Number 7 June 2017. 

�¾ Prof. P.V.V.Satyanarayana, Sumanjali Pari�P�L���� �6�Z�D�W�K�L�� �3�U�L�\�D���� �-�D�K�D�U�D���� �³�$�� �6�W�X�G�\�� �R�Q��

Suitability of Crusher Dust Stabilized Red Earth and Gravel as Subgrade and Sub Base 

�0�D�W�H�U�L�D�O�´�����6�6�5�*���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���-�R�X�U�Q�D�O���R�I���&�L�Y�L�O���(�Q�J�L�Q�H�H�U�L�Q�J�����6�6�5�*-IJCE) �± volume 5 

Issue 4 �± April  2018. 

�¾ P.V.V Satyanarayana, Gopalakr�L�V�K�Q�D�Q�� �9�D�L�G�\�D�Q�D�W�K�D�Q���� �3���6���� �1�D�L�G�X���� �³�(�Q�J�L�Q�H�H�U�L�Q�J��

�3�U�R�S�H�U�W�L�H�V�� �R�I�� �5�H�G�� �*�U�D�Y�H�O�� �6�R�L�O�V�� �L�Q�� �1�R�U�W�K�� �&�R�D�V�W�D�O�� �'�L�V�W�U�L�F�W�V�� �R�I�� �$�Q�G�K�U�D�� �3�U�D�G�H�V�K�´���� �,�2�6�5��

Journal of Mechanical and Civil Engineering (IOSR-JMCE) e-ISSN: 2278-1684, p- 

ISSN: 2320-334X, Volume 15, Issue 4 Ver. I (Jul. - Aug. 2018), PP 01-05. 

�¾ Biao Zeng, Lin-feng Wang, Yun Tian, Tao-�U�X�H�� �=�H�Q�J�� �D�Q�G�� �%�L�Q�J�� �/�L���³�6�W�X�G�\�� �R�Q��

Compaction Characteristics and Construction Contro lof Mixtures of Red Clay and 

�*�U�D�Y�H�O�´���$�G�Y�D�Q�F�H�V���L�Q���&�L�Y�L�O���(�Q�J�L�Q�H�H�U�L�Q�J���9�R�O�X�P�H 2018. 



41  

�¾ Sai Harshita �0�����³�6�R�L�O���6�W�D�E�L�O�L�V�D�W�L�R�Q���X�V�L�Q�J���/�L�P�H�´�����,�Q�W�H�U�Q�D�W�L�R�Q�D�O���-�R�X�U�Q�D�O���I�R�U���5�H�V�H�D�U�F�K���L�Q��

Applied Science & Engineering Technology (IJRASET) Volume 6 Issue I, January 

2018. 

�¾ I.S: 2720, Part VII, (1980), Determination of Water Content Dry Density Relation 

Using Light Compaction. 

�¾ I.S: 2720-Part III, Section I, 1980, Determination Specific Gravity. 

�¾ I.S: 2720-Part IV, 1975, Determination of Grain Size Distribution. 

�¾ Rajasekaran.G and Narasimha Rao. S (2000), Strength Characteristics of lime treated 

marine clay, Journal of Ground Improvement, Vol.3, pp 127-136. 

�¾ Rajasekaran.G and Narasimha Rao. S (2002), Compressibility behaviour of lime 

treated marine clay, Ocean Engineering, 29,545-559. 

�¾ Rajasekaran.G and Narasimha Rao. S (2002), Permeability Characteristics of lime 

treated marine clay, Ocean Engineering, 24(2), 113-127. 

�¾ IS: 2720-Part XVI (1987) Laboratory determination of CBR, Bureau of Indian 

Standard, New Delhi, India 



 
 

       PERFORMANCE EVALUATION OF PAVEMENT 
                      ROUGHNESS �± A CASE STUDY  

A Project Report 

  Submitted to 

 JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA,  
                                                       KAKINADA  
   

In partial fulfillment of the requirements for the award of the degree of 
  

BACHELOR OF TECHNOLOGY  

           IN 

CIVIL ENGINEERING  

          Submitted by  

        P. DIVYA (17485A0116)                                                                                   

     M. SREEKALA (16481A0182)           

           K. HARITHA (16481A0160) 

   M.PURNA CHAND (16481A0188) 
         S. KISHOR (15481A01D0) 

      By  

    Under the Guidance of 

                                          M.SANDHYA, M.t ech 

                                            Assistant professor 

    

 

  
  
 
DEPARTMENT OF CIVIL ENGINEERING 

         GUDLAVALLERU ENGINEERING COLLEGE  
               (An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada,  

                         Accredited by NAAC with A grade) 

Seshadri Rao Knowledge Village 
                                         Gudlavalleru-521356  
                                                2019 - 2020        



 

 
 

            DEPARTMENT OF CIVIL ENGINEERING 
       GUDLAVALLERU ENGINEERING COLLEGE  

      (An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada,  
         Accredited by NAAC with A grade) 

             Seshadri Rao Knowledge Village 
            Gudlavalleru   

  
 
 

 

 

 
 
 
 
 

  CERTIFICATE  
  
  
 

This is to certify that the project report entitled �³PERFORMANCE EVALUATION OF 

PAVEMENT ROUGHNESS �± A CASE STUDY �³�L�V�� �W�K�H�� �E�R�Q�D�I�L�H�G�� �Z�R�U�N�� �G�R�Q�H�� �D�Q�G�� �V�X�E�P�L�W�W�H�G�� �E�\��

P.DIVYA (17485A0116), M. SREEKALA (16481A0182), K. HARITHA (16481A0160),  

M.PURNA CHANDU (16481A0188), S.KISHOR (15481A01D0) in partial fulfillment of 

requirements of the Degree of BACHELOR O F TECHNOLOGY in CIVI L  ENGINEERING  of 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA, KAKINADA.  

 
 
 
 
 
 

M.SANDHYA, M. Tech                                           Dr. P. KODANDA RAMA RAO  

Project guide                                                                  Head of the department  
 
 
 
 
         EXTERNAL EXAMINER



 
 

 
 

 
                                                       Course Outcomes 
 
Outcome 1 Work in a team and select the broad statement of problem for project work. 

Outcome 2  Review and evaluate the available literature on the chosen problem 
Outcome 3 Formulate the methodology to solve the identified problem by satisfying the 

ethical and societal conditions. 
Outcome 4 Take up the breakdown of project work to be carried out in different phases, 

tasks and other related activities  
Outcome 5 Analyze the data collected and apply it in developing new resources. 
Outcome 6 Validate the obtained data with standard norms and prepare the report 

 

CO-PO Mapping 

 

Course 
Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 

Outcome 1 3 2 1 1     3  3   2  

Outcome 2 3  2     1 3   1  3  

Outcome 3 2 3 3 3  1 2 2 2     3  

Outcome 4 2 3 3 1     3    3  2 

Outcome 5 3 3 3 2 2 1   3 1 3   3 1 

Outcome 6 2  3  2 3     3    2 
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the key aspect need to be addressed in present scenario is giving proper and periodic maintenance. This 

point is taken as a base for this project and for this two stretches of the flexible payment are selected. 

Different methodologies are used to determine the present situation and need of maintenance for those 

particular roads and no wonder it is found that roads have less maintenance than required or we can say 
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ABSTRACT 

India has a large network of roads of length over 5 million kilometers, consisting of different categories 

of roads. The maintenance and management of such large road network with limited resources is a 

demanding task in emerging economics like India. The road users expect the performance of these road 

infrastructures to be above the desired level during the service life. The road authorities expect this 

performance to be achieved within the limited resources. This contradicting inevitability makes the 

problem quite interesting and challenging. In the present study, the selected road networks were 

investigated for International Roughness Index (IRI) and Roughness Index (RI) using machine of 

evaluating roughness using low-cost instrumentation (MERLIN). This method will measure the 

pavement condition Index (PCI) and used to evaluate the pavement international roughness index (IRI) 

and to decide the order of maintenance priority for the selected road networks based on the condition 

rating. For stretch-1 from Gudlavalleru to Chitram, IRI is 7.2 m/km and condition rating is 40% so we 

suggested to design the overlay and for stretch-2, from Gudlavalleru to Penjandra IRI is 6.9 m/km and 

condition rating is 90% so we suggested for good maintenance. 

Keywords: pavement roughness, international roughness index, roughness index, pavement condition 

rating. 
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CHAPTER 1 

INTRODUCTION  

1.1 General Maintenance 

Road maintenance is an important activity for safety and convenience of traffic using the road 

are governed to a large extent by the quality of maintenance. The operation economics of 

road transport is influenced by the degree of maintenance imparted to the road. The life of 

asset can be preserved and prolonged if adequate maintenance measures are under taken in a 

proper time in developing countries ,stage construction of payments is often resorted to with 

lesser pavement thickness and lower specifications that needed to the full design the proper 

maintenance of the road ,therefore assume greater significant in such situations .The financial 

resources at the command of maintenance engineer all always short of  demand ,and it 

becomes to utilize the same in the most indicious manner, applying the best engineering  

practices and managerial skills 

Probably the most valuable tool for any maintenance program is the knowledge and 

experience gained by individuals performing the maintenance. Every effort should be made 

to retain competent, knowledge, and experienced individuals in these positions not only from 

the stand point of instituting and executing a good maintenance program. 

Road maintenance is essential in order to: 

 (1) Preserve the road in its original constructed condition. 

 (2) Protect adjacent resources and user safety, and 

 (3) Provide efficient, convenient travel along the route. 

                 Unfortunately, maintenance is often neglected or improperly performed resulting 

in rapid deterioration of the road and eventual failure from both climatic and vehicle use 

impacts. It follows that it is impossible to build and use a road that requires no maintenance. 

In order to plan for road maintenance needs, it is important to keep a complete set of as built 

plans and records of all maintenance operations and observations. 

 

1.2 Types of Road Maintenance 

Pavement preservation is a main focus of most municipal departments dealing with keeping 

the roadways intact.  
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There are three main types of road maintenance. 

�¾ Emergency road maintenance. 

�¾ Reactive road maintenance. 

�¾ Preventative road maintenance. 

By these methods we adopting the preventative road maintenance for the selection of the 

roads. 

�¾ Emergency road maintenance 

This is the category that gives managers and planners migraines. Emergency maintenance is 

always unplanned, dire, and always disruptive. It is the last category anyone wants landing on 

their desk. Often it is a simple act of nature that creates the need for an emergency repair. A 

�K�H�D�Y�\���U�D�L�Q���F�D�Q���F�D�X�V�H���D���P�X�G�V�O�L�G�H�����D���V�W�R�U�P���D���V�Z�R�O�O�H�Q���U�L�Y�H�U���W�K�D�W���R�Y�H�U�I�O�R�Z�V�����:�H�¶�Y�H���D�O�O���Z�L�W�Q�H�V�V�H�G��

lately the devastation of major hurricanes and tropical storms and how they can disrupt an 

entire transportation network. 

Emergencies are life-�W�K�U�H�D�W�H�Q�L�Q�J�� �D�Q�G�� �Z�K�L�O�H�� �W�K�H�\�� �G�R�Q�¶�W�� �K�D�S�S�H�Q�� �R�I�W�H�Q���� �L�W�� �L�V�� �Y�L�W�D�O��

for municipalities to have a contingency plan for when they occur. With a plan, 

supervisors and crews know exactly how they should swing into action. 

�¾ Reactive road maintenance 

This is a category of maintenance that involves fixing issues after they occur.  They are the 

�S�U�R�E�O�H�P�V���W�K�D�W���Z�H�U�H�Q�¶�W���R�Q���W�K�H���P�X�Q�L�F�L�S�D�O�L�W�\�¶�V���µ�W�R-�G�R�¶ list until they were found to exist. 

Whether it is a pothole, a missing drainage grate or an open manhole �± scenarios such as 

these �F�D�Q�¶�W�� �J�R�� �X�Q�D�W�W�H�Q�G�H�G�� �D�Q�G crews must be dispatched to remedy the situation. The most 

�F�R�P�P�R�Q�� �R�Q�H�� �D�V�� �Z�H�� �D�O�O�� �N�Q�R�Z�� �L�V�� �S�D�W�F�K�L�Q�J�� �S�R�W�K�R�O�H�V���� �$�� �S�R�W�K�R�O�H�� �G�R�H�V�Q�¶�W�� �I�R�U�P�� �R�Q�� �J�R�R�G���� �Z�H�O�O-

paved road. It typically starts forming and growing on roads that already have existing issues, 

such as cracks.  It is clear that at one point or another, potholes were preventable. 

Continually relying on reactive maintenance is not a sustainable way to work on roads. It 

costs more and makes roads unsafe. 

�¾ Preventative road maintenance 

Preventative maintenance is a must if you want your roads to remain safe or get safer. while 

repaving is an option, it can also be a waste if your allowing your roads to crumble due to 

neglecting and not protecting them. Adequate planning helps avoid having to act out of s 

reactive stance. It can even mitigate. all at time spent on deciding which roads will be fixed 

and when helps keep them operating as designed. 
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Regular inspection, timely road life extension treatments, and a timetable that keeps 

streets from crumbling under the wear and tear of normal use help steer away from more 

serious problems. It also keeps residents happier  

 

1.3 Necessity of Maintenance of roads  

Road maintenance is essential in order to preserve  

    (1)  Preserve the road in its original constructed condition. 

    (2) Protect adjacent resources user safety and 

    (3) Provide sufficient convenient travel along the route. 

 Unfortunately, maintenance is often neglected or improperly performed resulting in rapid 

deterioration of the vehicle use impacts. It follows that it is impossible to build and use a road 

that requires no maintenance. In order to plan for road maintenance needs, it is important to 

�N�H�H�S�� �D�� �F�R�P�S�O�H�W�H�� �V�H�W�� �R�I�� �³�D�V�� �E�X�L�O�W�� �³�S�O�D�Q�V�� �D�Q�G�� �U�H�F�R�U�G�V�� �R�I�� �D�O�O�� �P�D�L�Q�W�H�Q�D�Q�F�H�� �R�S�H�U�D�W�L�R�Q�V�� �D�Q�G��

observations  

1.4Advantages and Disadvantages of Maintenance 

Advantages: 

�¾ Less capital outlay 

�¾ Door to door service 

�¾ Service in rural areas 

�¾ Flexible service 

�¾ Suitable for short distance 

�¾ Lesser risk of damage in transit 

�¾ Saving in packing cost 

�¾ Rapid speed 

�¾ Less cost 

�¾ Private owned vehicles 

�¾ Feeder to other modes of transport  

Disadvantages: 

�¾ Seasonal nature 

�¾ Accidents and breakdowns 

�¾ Unsuitable for long distance and bulky traffic 
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�¾ Slow speed 

�¾ Lack of organization 

1.5 What is Pavement Condition Index: 

The PCI is a numerical indicator that rates the general surface condition of a pavement or 

road. It is a statically measure which requires manual / visual inspection and survey of the 

required roads. 

In this project, an attempt has been made to know the basic causes of failures of flexible road 

pavement. As it has been discussed previously, there are various types of failures in future. it 

means we must to know the overall causes of failures and what types of cracks occurs, so that 

we can work upon them & prevent those failures in future. 

Generally, failure of road pavement occurs because of following reasons: 

1. Use of substandard material 

2. Low bearing capacity of sub strata 

3. Improper or no provision of drainage 

4. Improper supervision at site  

5. Faulty workmanship 

For measuring PCI we have to identify the different types of cracks some of the cracks which 

we identify are given below. 

Different types of cracks for flexible pavements: 

�¾ Crocodile cracking 

�¾  Longitudinal cracking 

�¾  Transverse cracking 

�¾  Edge break cracking 

�¾  Potholes& patching 

�¾  Reflection cracking 

�¾  Slippage cracking 

�¾  Block cracking 

�¾ Depression cracking 

�¾  Rutting cracking 
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�¾ Crocodile cracking : 

Traffic-associated crocodile cracking (interconnected polygons less than 300 mm 

diameter) normally starts in the wheel paths as short longitudinal cracks 

 

 

�¾ Longitudinal cracking :  

Poor construction techniques often cause longitudinal cracking. These include poor 

construction joints and segregation of materials during construction. 

 

 

�¾ Transverse cracking: 

 Transverse cracking is usually caused by temperature-associated distress. This 

cracking is thus not usually directly associated with structural problems, but it can 

initiate further deterioration if the ingress of surface water occurs. 
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�¾ Edge crack:   

Edge crack appear at the very edge of a road or parking lot, next to the curb as a result 

of unstable drainage and lateral support, strong frost heaves, and insufficient setting 

time for the aggregate. 

 

 

�¾ Pothole crack : 

Potholes are most likely to occur on roads with thin surfaces course. They cause 

roughness and rider discomfort and these are   majorly  caused , When the severity of 

cracks increases 
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�¾ Reflection cracking: 

This type of failure occurs when bituminous surface course is laid over the existing 

cement concrete pavement with cracks. This crack is reflected in the same pattern on 

bituminous surface. 

 

 

�¾ Slippage crack : 

�x This type of cracking usually occurs if the asphalt aggregate has a high sand content, 

which prevents it from aptly bonding to the other materials in the composite.  

�x Lack of prime coat or tack coat in between two layers is the primary reason behind 

this type of failure. 
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�¾ Block cracking:  

Block cracking is usually caused by the shrinkage of stabilized layers. The distress 

initially appears in the form of longitudinal or transverse cracks and develops into 

block cracking. 

 

 

�¾ Depression crack: 

Depression in an access roadway probably caused by sub grade settlement note that 

the pavement has fatigue cracked significantly as it has settled. The sub grade 

settlement resulting from inadequate compaction during construction. 
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�¾ Rutting crack:  

It is identified as the slight depression along the wheel paths in a pavement. A rut is a 

depression or groove worn into a road by the travel of wheels. 

 

 

1.6 International Roughness Index: 

�,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �U�R�X�J�K�Q�H�V�V�� �L�Q�G�H�[�� ���,�5�,���� �L�V�� �W�K�H�� �D�F�F�H�S�W�H�G�� �V�W�D�Q�G�D�U�G�� �I�R�U�� �P�H�D�V�X�U�L�Q�J�� �U�R�D�G�� �V�X�U�I�D�F�H�¶�V��

roughness in worldwide. The IRI was obtained by the experiment led in Brazil. This 

experimental result helps in comparing directly data from different instruments and different 

countries that helps in enabling historical trend to be estimated with confidence. Without a 

common method for calculation, results from research could not be compared without the use 

of conversion factors from one unit to the next.  

As stated by Sayers (1995):  

1. From a solitary longitudinal profile might be processed. The specimen interim ought to be 

no bigger than 300 mm for exact figuring. The obliged determination is reliant on the 

roughness level and for smooth streets better determination is required.  
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�������,�W�¶s assumed that between sampled elevation point a constant slope persists.  

3. By using the method of moving average the profile of base length 250mm.  

4. After this by using quarter car simulation this smoothed profile is filtered, with Car at a 

simulated speed of 80km/hr (49.7 m/hr).  

5. For finding out IRI direct amassing of mimicked suspension movement is partitioned by 

the profile length.  IRI is measured with units in/mi or m/km 

 Roughness:       

Roughness is characterized as the longitudinal unevenness of road surface. It is a great factor 

which measures road condition vehicle operating cost and ride quality. Now a day there is an 

importance of study on the effect on vehicle operating cost. Number of experiments and 

studies have shown that roughness has greater influence on vehicle productivity, running 

speed, maintenance and tire damage and   hence vehicle productivity.  

 So it is seen roughness measurement is an important activity for pavement maintenance 

�W�K�D�W�¶�V�� �Z�K�\�� �Y�D�U�L�R�X�V�� �U�R�X�J�K�Q�H�V�V�� �P�H�D�V�X�U�L�Q�J�� �P�D�F�K�L�Q�H�V�� �D�Q�G�� �G�L�I�I�H�U�H�Q�W�� �V�F�D�O�H�V�� �I�R�U�� �U�R�X�J�K�Q�H�V�V�� �K�D�Y�H��

been developed. As per the requirement for developing countries, there is a need of simple 

developing machine which can measure roughness over a constrained span of road system 

specifically or for aligning different roughness measuring machines. 

 

1.7 Roughness Measuring Instruments: 

�¾ Rod level survey:  

This survey is an accurate measurement of pavement profile for large projects. This 

type of survey is inappropriate and uneconomical.  

�¾ Dipstick pro filer:  

This instrument can measure the road profile accurately. It records 10-15 readings per 

minutes. Analysis through software provides accuracy to ± 0.127 mm for a 

longitudinal profile. Measurements by dipstick are most commonly used for 

measuring a road profile.  

�¾ Profilographs: 

Profilographs is mounted at the centre of frame for the free vertical movement. From 

the motion of sensing wheels the recorded deviation for reference plane is recorded on 

graph paper. Very slight surface deviation or the undulation up to 6m of length can be 
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easily detected by profilographs. However, because of slow speed profilographs are 

not practical for road network condition.  

�¾ Response type road roughness meters (RTRRMs): 

This type instrument helps for indirect measure of longitudinal road profile. The 

RTRRM readings are affected of tyre pressure, load, vehicle suspension system, speed 

of vehicle, etc. Due to this type of sensitivity the readings or the measurements are to 

�E�H�� �D�O�L�J�Q�H�G�� �Z�K�H�Q�� �W�K�H�U�H�� �L�V�� �F�K�D�Q�J�H�� �L�Q�� �W�K�H�� �D�E�R�Y�H�� �I�D�F�W�R�U�V�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\���� �7�K�H�� �&�5�5�,�¶�V�� �I�L�I�W�K��

wheel bump integrator falls in this category which is most commonly used in India. 

The advantage of these RTRRMs is that the roughness can be easily measured at 

speedup to 80 km/hr. Since no to RTRRMs are exactly alike, the measurements are to 

be converted in (unevenness index) to a standard common international scale is 

necessary. The IRI was created by World Bank to give a base on for comparing 

roughness values from different instruments. The IRI summarizes the longitudinal 

surface profile in the wheel path which is collected by different roughness measuring 

device and then the computation is done from surface elevation data. IRI is 

represented in units of m/km.  

�¾ Profiling  devices:  

By using either contact or non-contact sensor system these type of devices very 

accurately can evaluate the longitudinal profile of a pavement. For the measurement 

or mapping of road profile the non-contact systems use laser/ultrasonic devices. These 

profile-meters used to calibrate RMERLINTRRMs are normally expensive.  

�¾ Merlin:  

It is another instrument developed to measure road profile. It is a physically worked 

Instrument to measures surface unevenness at regular interims. The roughness 

readings are effortlessly taken through graphical system for the examination of 

recorded information. The road roughness can be measured over standard roughness 

scale with less complex estimation and methods. Its specific attractions for utilization 

in pavement are that it is simple to make, easy to work and keep up.  

             The device is called MERLIN-Machine for Evaluating Roughness utilizing 

Low-cost Instrumentation. In the universal way roughness analyze this instrument 

was outlined on the premise of a workstation recreation of its operation on 

longitudinal way profile. 
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�¾ Benkelman beam: 

The Benkelman beam method is one of the method for measuring surface deflections 

in field. a pavement is regarded as having insufficient strength if the deflection 

measured under a test load exceeds a predetermined value related to the traffic 

expected. 
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�¾ Bump integrator:  

 It is also known as rough meter or automatic road unevenness record gives 

quantitative integrated evaluation of surface irregularities on a digital counter I LCD 

screen. It comprises of a single wheeled trailer, with a pneumatic tire mounted on a 

classic, on which an integrating device is fitted. 

 

 

�¾ Indian Practice: In India the roughness is measured using fifth wheel bump 

integrator (developed by CRRI) and is reported as Unevenness Index (UI) in mm/km. 

For arriving at IRI from UI values the bump integrator needs to be calibrated for specific 

set of parameters using dipstick profiler. A typical relationship between IRI (m/km) and 

UI (mm/km) is given as  

                                           IRI= UI / 720  

                                              IRI = International Roughness Index 

                                              UI   = Unevenness Index 

For this study, we selected 2 stretches of roads, one is Gudlavalleru to Chithram another one 

is Gudlavalleru to Penjandra. Finally we adopt Merlin method because it is low cost 

instrument and maintenance also very easy and low cost. We need to find PCI and IRI of 

roads and at the end we suggest that rate of maintenance so these objectives are selected for 

this project work. 
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�x ROAD 1 SELECTED FOR STUDY 

   FROM GUDLAVALLERU TO CHITRAM  

 Road length �± 1.7km 

Road width - 3.7m  

Width of shoulder & condition �± 0.5m 

Type of the pavement - bituminous pavement 

�x ROAD 2 SELECTED FOR STUDY  

     FROM GUDLAVALLERU TO PENJANDRA ROAD 

 Road length - 2.3km 

 Road width - 3.7m 

 Width of shoulder & condition �± 0.5M 

Type of the pavement - bituminous pavement 

1.8 Objectives  

The overall objectives of the project are as follows: 

1. Assess the low cost products such as Merlin 

2. To find the roughness index (RI) 

3. To find the pavement condition index (PCI)  

4. Validate the maintenance for roads. 

 

1.9 Thesis Organisation  

The thesis consists of five chapters as described below:  

1. Chapter 1 Describes general idea about road roughness.  

2. Chapter 2 Deals with literature review.  

3. Chapter 3 Explains the development of new device.  

4. Chapter 4 Deals with analysis of results and discussions.  

 5. Chapter 5 Explains the conclusion and future scope. 
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CHAPTER 2 

LITERATURE REVIEWS  

2.1 General 

1. M.A. Cundil (2010): -  

Merlin is a low cost machine for measuring road roughness in developing countries 

 The IRRE was carried out in Brasilia to compare the performance of no of different road 

roughness measuring machines & to calibrate there measures to a common scale. As a part of 

this study, the machines were run over a series of test section 320m long for four types of   

road surface. Asphaltic concrete (AC), surface treated gravel and earth. 

2. P.D.Patel (2017):    

Evaluation of Flexible Pavement 

In this paper have measured evaluation of flexible pavement deflection with the use of 

performance indicator instruments like MERLIN, BBD (buckle men beam deflection) for 

rutting, patch work, potholes and cracks. The overlay thickness in terms of bituminous 

Concrete found for all stretches. The Benkelman beam study was conducted on all the 

selection of SH and NH of the road and structural inadequacies were found on all the 

sections. 

3. P.Path (2018):  

Performance evaluation of pavements �± A case study on kankot-mavdi road  

In this paper investigation is done on highway 121 Bhavnagar road ajidam  circle to R.K. 

university considering pavement cracks, potholes and undulations and PCI values are found 

out and concluded, overlay design for the selected road and maintenance for the pavement 

roughness.  

4. A.Gupta, Praveen Kumar, et.al (2010):    

Pavement   deterioration & maintenance model for low volume roads 



 
 

 
 
16 

In this study a Statistical and ANN modeling is done for performance prediction of low 

volume roads in terms of deflection and ride quality. It is observed that if pavements are 

classified on the basis of parameters influencing pavement condition such as pavement age, 

traffic, CBR of sub grade and pavement thickness. Modeling is also done using mat lab and 

concluded yielded better accuracy in deflection prediction when significant variables are 

considered in modeling  

5. Alexandru- Octavianamarie, Andreiradu et.al (2013);  

Evaluation of general performance index for flexible road pavements 

. The paper presents main features of general performance index development for flexible 

pavements in frames of COST action 354 performance indicator for road pavements as 

results of combined performance indices. A significant case study for evaluation this 

performance index for representative sector of county road DJ 248 jasi rebricea is also 

represented. Finally technical recommendations for the implementation of this methodology 

in current practice of road   management from our country are proposed.   

6. Yogesh ushah, S.S.Jain et. al (2011):  

Performance evaluation of pavements 

 Rks, pavements are major assets of highway infrastructure maintenance and 

Development of overall pavement condition index for urban road network rehabilitation of 

these pavements to the desired level of serviceability is one of the challenging problems faced 

by pavement engineers and administration in the highway sector. The evaluation of pavement 

performance using pavement condition indicator is a basic component of any pavement 

management system. Various Indicators like pavement condition Index (PCI), present 

serviceability rating (PSR), roughness index (RI) etc, have been commonly used to assign a 

maintenance strategy for existing pavements .The present paper is an effort in similar 

direction ,to develop a combined overall pavement condition index (PCI) for the selected 

network of noida urban roads. 

7. Kyungwon Park: Natacha ethomas et.al (2007):  

Applicability of international roughness index as a predictor of asphalt pavement 

condition. 
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This note establishes relationship between the surface distress of an asphalt pavement and its 

roughness, as conveyed respectively by pavement condition index (PCI) and the international 

roughness index (IRI).The data pave software provides roughness of varied roadway 

pavement sections from north Atlantic region that were investigated under long term 

pavement performance (LTPP) study. A transformed linear regression model predicts 

pavements condition gives roughness. It confirms the acceptability of IRI as, albeit not the 

sole, predictor variable of the PCI. Where by former accounts for majority, close to 59% of 

variations in latter. Further, an analysis of variance confirms the existence of strong 

relationship between both variable 
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  CHAPTER 3 

                                           METHODOLOGY  

3.1PCI: 

3.1.1 Method of Use: 

The visual evaluation is one of the most important aspects of the pavement evaluation 

process. This usually involves a comprehensive survey of the road while a variety of 

parameters is visually evaluated in detail. The conventional means of collecting visual 

evaluation data for road management systems is from a moving vehicle (usually not 

exceeding 20 km/h) with periodic stops to get information that is more detailed. Visual 

assessment for pavement evaluation purposes, however, will normally be determined at 

walking pace. This will require a prior subdivision of the road into sections of similar visual 

condition. Typical pavement conditions visually evaluated include: 

�x Cracking 

�x Failures/potholing 

�x Patching 

�x Edge-break.  

3.1.2 PAVEMENT CONDITION RATING:      

A number of previous studies have been done to quantify and assess the pavement cracks.  

Some Departments of Highways have also contributed to this rating previously, to get 

information about the pavement condition, the road agencies developed different methods of 

�V�X�U�Y�H�\�L�Q�J���R�I���W�K�H���S�D�Y�H�P�H�Q�W���F�R�Q�G�L�W�L�R�Q�����7�K�H���$�V�S�K�D�O�W���,�Q�V�W�L�W�X�W�H�¶�V���S�X�E�O�L�F�D�W�L�R�Q���S�U�R�Y�L�G�H�V���D���V�\�V�W�H�P���W�R��

inspect a road, rate it, and interpret the results such as the type of distress, the extent of the 

distress, and its relative seriousness. In this procedure, a numerical value is assigned to each 

type of pavement distress considering the extent of distress and its relative seriousness. 

Lower values are assigned to less serious problems and higher values to more serious 

problems. A rating of zero indicates that the pavement is relatively free of defects. A rating of 

5 or 10 would indicate serious distress. After each defect has been noted and rated, the sum of 

these individual ratings provides a fairly accurate, though subjective, index of the general 

condition of the paved surface. The sum is then subtracted from 100 and the result is known 

as the condition rating for that particular section of the road. It is important that pavements 

are evaluated in a consistent manner. According to Asphalt Institute design guide, manual 

scale for rating pavement by number and lengths are shown in table. 
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Length of Cracks Per 100 Rating Number of Cracks Per 100 Rating 

0-1 1 1 1 

1-2 2 2 2 

2-3 3 3 3 

3-5 4 4,5 4 

>5 5 >5 5 

 

The condition rating provides a rational method for ranking paved streets or facilities     

according to their condition and a general indicator of the type and degree of repair work 

necessary. As a very general rule, if the condition rating is between 80 and 100, normal 

maintenance operations such as crack sealing, pot hole repair, or perhaps surface treatment 

are usually all that is required. If the condition rating falls below 80, it is likely that an 

overlay will be necessary. If the condition rating is below 30, chances are that major 

reconstruction is necessary. 

3.2 MERLIN  

3.2.1 Introduction: 

             It is another instrument developed to measure road profile. It is a physically worked 

instrument to measures surface unevenness at regular interims. The roughness readings are 

effortlessly taken through graphical system for the examination of recorded information. The 

road roughness can be measured over standard roughness scale with less complex estimation 

and methods. Its specific attractions for utilization in pavement are that it is simple to make, 

easy to work and keep up. 

             The device is called MERLIN-Machine for Evaluating Roughness utilizing Low-cost 

Instrumentation. In the universal way roughness analyze this instrument was outlined on the 

premise of a workstation recreation of its operation on longitudinal way profile.  
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                                                                          Fig-1 

The Merlin Cycle 

3.2.2 Principle of Operation  

Merlin  is  a  device  with  a  probe and two feet which rests on the surface with  course  of 

wheel track whose roughness by this device is to be measured. This  device is at 1.8 meters 

separated and the probe lies at the mid-path  between  two  feet. At  the  contact  of  road 

surface and the two feet  this  instrument  measures the vertical relocation between the way 

surface  and  the  focal  point. The  measured vertical relocation is called as the  mid-harmony  

deviation.   

The  relocation  relies  on  upon  the progressive interims to be undertaken way surface, if the 

readings are taken at progressive interims along a longitudinal profile of way, then the 

rougher the street surface the more amazing will be the variability of the vertical 

displacement. There is an outline  is  mounted  on  the  device  on  which the estimations are 

recorded by  arranging  the  relocations  as  a  histogram  on  a  Chart. It  is  not difficult to  

record  specifically  their overlay and this has been observed that to connect well with the 

way roughness is measured, spread of mid�±chord  deviation  method is much important. Case 

in point, different investigates have proposed two roughness records MO and OI which are 

depicted by Sayers etal (1986),  

The Merlin device works on one base length measuring mid harmony deviations and there is 

no requirement for bar and level throughout measurements mid harmony deviations 
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variability is dictate by viability  and for determination of roughness next to no estimation is 

include.  

3.2.3 General Description  

The accompanying figure demonstrates the Merlin instrument. For simple operation, there is 

a wheel as the front leg and back leg is made up of inflexible metal pole. Shorter settling leg 

is available at one side of back leg that aides in keeping the device from falling over 

throughout taking perusing. There are two handles anticipating behind the primary back leg 

that gives the device resemble a long and thin wheel barrow. 

 

                                                                                 Fig.2 

Description of  Merlin (Figure from Merlin manual by AIMIL Ltd.)  

A pointer is appended at the flip side of the arm, which proceeds onward the arranged 

information diagram. The arm is furnished with mechanical enhancement of tens that causes 

generation of development of the pointer of one centimeter when the probe moves by one 

millimeter. The diagram holds arrangement of segments, being 5 mm in width, and separated 

into boxes. On the off chance that the span of the wheel is non-uniform, then it will prompt a 
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variety in the length of the front leg starting with one estimation then onto the next and 

bringing on incorrectness in the Merlin's results. An imprint is given on the edge of the wheel 

to keep away from this error and all the estimations are brought with the imprint at its closest 

vicinity  with the street profile .Then the wheel is in its ordinary position.  

 

3.2.4 Method of Use  

For determination of roughness of road surface profile, 200 estimations at consistent  interims  

is  to  taken. The  machine  is  situated  with the wheels on  its  ordinary  location  and  the  

back  foot stabilizer  probe in touch with the  asphalt  surface  at  each  one  measuring point. 

At that point the recording  the  position  of the arm pointer on the graph with a cross in 

suitable  section  is  carried  out  by  the  administrator. For  keeping the record of aggregate 

number of readings, cross in the count box of chart is given.  

For  the  further  system of estimations the Merlin's  handles are lifted up so that  just  the  

wheel  stays  in  touch  with  the  way surface and the machine is  rolled  in  forward  heading  
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at  the  same methodology is rehashed. As long as the wheel is in the typical position the 

dividing between the measuring  focuses  does  not  make  a  difference. By  taking  the  

estimations at  standard  interims, will  help  in  transforming  both great normal specimens 

over the entire length of the area and decrease the danger of inclination because of the 

propensity of administrator to keep away from terrible  areas  of the street.  

The chart is removed from the Merlin after 200 observations. Mid path between the eleventh 

and the tenth checking from each one end of the diagram underneath the columns as given in 

the sample frequently it may be important  to insert between segment limits. "D" is the 

�G�L�Y�L�G�L�Q�J�� �E�H�W�Z�H�H�Q�� �W�K�H�� �W�Z�R�� �L�P�S�U�L�Q�W�V�� �L�V�� �P�H�D�V�X�U�H�G�� �L�Q�� �P�L�O�O�L�P�H�W�H�U�V�� �D�Q�G�� �L�W�¶�V�� �F�K�D�U�D�F�W�H�U�L�]�H�G�� �D�V�� �W�K�H��

roughness on the Merlin scale. 

3.2.5 Practical Details  

The primary leg, the focal, the stabilizer, the moving arm and the handles are all made of 

steel tubing of square cross segment of 25 x 25 mm with 1.5 mm divider thickness for simple 

assembling methodology. The stabilizer handles are settled by jolts with the goal that they 

could be evacuated for simpler transportation yet the joints are welded where conceivable. 

Extra struts are utilized for reinforcing the joints between the principle pillar and legs. The 

wheel mounted in the pair of front forks might be any sort of bike wheel and with a tire 

having reasonably smooth tread design.  

The back foot and the probe foot are 12 mm wide and adjusted in the path of the 

wheel track to a length of 100 mm for decreasing the affectability way surface micro-

composition. This adjusting aide for keeping the purpose of contact of probe with way 

surface with the same vertical plane. To abstain from establishing on unpleasant streets the 

weight is stepped and the turn is created out of the bike wheel centre and the arm between the 

turns. The outline holder is ready from metal sheet and is bended in such a route, to the point 

that the graph is spoken to with the pointer over its run of development. An aide is altered to 

the side of the principle bar holding the arm near the pillar for ensuring the arm from 

unwanted sideways development. At the point when the machine is raised by its handle one 

end of this aide demonstrations as a stop.  

The connection of the probe with moving arm is carried out by a strung pole passing 

through a prolonged gap that allows both parallel and vertical modification. The position of 

the probe which is vertical is situated to the point that the pointer is near the center of the 

outline when the histogram won't be focal or the probe dislodging is zero. At the point the 

machine is tilted side to side the pointer moves, if the above course of action is not 
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legitimately done. After right modification of 15 readings the machine is hung to one side so 

that the stabilizer rests out and about has little impact on the position of the pointer. The 

enhancement of the arm ought to be checked by the assistance of a little alignments piece of 6 

mm thickness before utilizing the machine.  

The pointer ought to move by 60 mm after the insertion of piece under the probe. If 

the pointer is moved by 57 mm, then the estimation of D indicated on the graph is expanded 

by the component of 60/57.A look at is conveyed prior and then afterward each one set of 

estimations for guaranteeing that there has been no unwanted development of basic parts like 

back foot. This is done by furnishing a proportional payback to a correctly characterized 

position along the way and verifying that the pointer perusing is not changed. Throughout 

undertaking an unpleasant street, more than 10 readings are at breaking point of the 

histogram. The probe ought to be evacuated and connected to the given option settling 

focuses. The above clarified one makes the point twice from the turn and diminishes the 

mechanical intensification to 5. The scaling of graph is carried out by the prior depicted 

adjustment strategy. The failures are to be presented are little and could be disregarded for 

this situation although the dispersing between the probe and the two feet of the device is no 

more 0.9 meters.  
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 Method and usage of graph  

 
      Fig.3 
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      Fig .4 
                                                         Calibration of graph  
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3.2.6 Calibration Equations  

The IRI  scale  and  the  Merlin scale are related by the  following equation  

For all type of pavement surface:  

IRI=0.593+0.0471D  

42 < D < 312 (2.4< IRI < 15.9)  

IRI= International Roughness Index in m/km  

D=roughness in Merlin scale measured in mm  

 

Relationship between IRI and D 

 

                                                                           Fig 5 

                                                     RELATIONSHIPS BETWEEN IRI AND D 
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CHAPTER 4 

   ANALYSIS OF RESULTS AND DISCUSSION 

4.1 INTRODUCTION   
�¾ PCI 

The report gives the pavement condition by visual inspection by using code books. 

List  of  the  roads  used  for  the visual inspection   are  listed  below .  

  1. Gudlavalleru   to  chithram  road 

  2. Gudlavalleru   to  penjandra  road 

This   report   gives   the   road   roughness   value   in   IRI   scale by using this instrument. 

The   instrument      as   follows: ��

�¾ Merlin  

By the use of Merlin one new road and one old road   is   inspected for     the comparison   

between   these   roads. The instrument depends upon the   basis of the roughness values 

in terms of IRI.  

List of the roads used during experiments are listed below.   

1. Gudlavalleru   to   chithram  road 

2. Gudlavalleru   to   penjandra  road 

 

4.2. VISUAL INSPECTION  

4.2.1Types of Cracks we observed: 

1.  Slippage crack 

2. Edge crack 

3. Rutting crack 

4. Pothole crack 

5. Depression crack  

6. Longitudinal crack 
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1. Slippage crack: 

�x This type of cracking usually occurs if the asphalt aggregate has a high sand content, 

which prevents it from aptly bonding to the other materials in the composite.  

�x Lack of prime coat or tack coat in between two layers is the primary reason behind 

this type of failure. 

 

                        Slippage crack  

2. Edge crack:   

Edge crack appear at the very edge of a road or parking lot, next to the curb as a 

result of unstable drainage and lateral support, strong frost heaves, and insufficient 

setting time for the aggregate. 
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Edge crack 

3.  Rutting:  

              It is identified as the slight depression along the wheel paths in a pavement . A rut is 

a depression  or groove worn into a road by the travel of wheels. 

This type of failure is caused due to following reasons. 

�¾ Repeated application of road along the same wheel path resulting longitudinal ruts. 

�¾ Wearing of the surface course along the wheel path resulting  shallow ruts. 
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                                                    Rutting crack 

4. Pothole: 

Potholes are most likely to occur on roads with thin surfaces course. They cause roughness 

and rider discomfort and these are   majorly caused, when the severity of cracks increases 

 

                                    Pothole crack 
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5. Depression: 

Depression in an access roadway probably caused by sub grade settlement note that the 

pavement has fatigue cracked significantly as it has settled. The sub grade settlement 

resulting from inadequate compaction during construction. 

 Depression crack 

 

6. Longitudinal crack: 

              It is typically a signifier of subpart joint structure of traffic lanes that are next to each 

other. The following are the primary causes of longitudinal cracking. 

�¾ Differential volume changes in sub grade soil. 

�¾ Settlement of fill material. 

�¾ Sliding of side slopes. 
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Longitudinal crack  

4.3 Visual  Inspection  progress  of  Roads 

�¾ Road  1 Selected  For Study  

      From Gudlavalleru to Chitram 

     Road length �± 1.7km 
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�¾ ROAD 2 SELECTED FOR STUDY  

      FROM GUDLAVALLERU TO PENJANDRA 

     Road length - 2.2km  
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           PAVEMENT CONDITION RATING : 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
    Condition Rating = 100 �± Sum of Defects = 100 �± 60 = 40 
    Condition Rating = 40

  
 

  Pavement Rating Data 
Route: GUDLLAVALLERU  to CHITRAM  

 Length of Road:  1700 m 
Pavement Type: Flexible Pavement 

INTERVAL 
 

   DEFECTS NO.OF CRACKS    RANGE    RATING 

    1-100  
 
 
SLIPPAGES 
 
EDGE 
 
RUTTING 
 
POTHOLES 
 
DEPRESSIONS 
 
LONGITUDINAL 

          11     0-10        5 
  100-200            6     0-07        4 
  200-300            4     0-07          4    
  300-400          10     0-07        4 

  400-500           4     0-07        4 
  500-600           4     0-07        4 
  600-700           5     0-07        4 
  700-800           4     0-07        4 

  800-900           5     0-07        4 
 900-1000           4     0-05        2 
1000-1100           4     0-05        2 
1100-1200           5     0-05        3 

1200-1300           5     0-07        4 
1300-1400           4     0-05        2 

1400-1500            3     0-05        2  
1500-1600           4      0-07        4 

1600-1700            4      0-07        4 

SUM OF DEFECTS X= 60 
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Condition Rating = 100 �± Sum of Defects = 100 �± 10 = 90 
    Condition Rating = 90 
 
 
 
 
 
 
 

 
 

 Pavement Rating Data 
Route: GUDLLAVALLERU to PENJANDRA 

 Length of Road: 2200 m 
Pavement Type: Flexible Pavement 

INTERVAL 
 

   DEFECTS NO.OF.CRACKS    RANGE    RATING 

    1-100  
 
 
 
 
SLIPPAGES 
 
EDGE 
 
RUTTING 
 
POTHOLES 
 
DEPRESSIONS 
 
LONGITUDINAL 

          2        0-05            1 
  100-200           1         0-05             1 
  200-300           1         0-05            - 
  300-400           1         0-05           1  
  400-500            -           -              - 
  500-600            1         0-05            1 
  600-700            1         0-05            - 
  700-800            1         0-05             1 
  800-900            1         0-05             - 
 900-1000            -             -             - 
1000-1100            -              -            -  
1100-1200            1         0-05             1 
1200-1300            1         0-05               - 
1300-1400            -              -           - 
1400-1500            2         0-05            1 
1500-1600            -              -              - 
1600-1700            -              -                 - 
1700-1800            1         0-05               - 
1800-1900            1         0-05              1  
1900-2000            -           -             - 
2000-2100            1         0-05               1  
2100-2200            2         0-05                1 
SUM OF DEFECTS   X= 10 

Reconstruction Overlay Routine Maintenance 

   

20 40 60 80 100 
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4.4 DISCUSSION 

The IRI scale and the Merlin scale are related by the following equation: 

For all type of pavement surface:  

 

IRI=0.593+0.0471D  

42 < D < 312 (2.4< IRI < 15.9)  

IRI= International Roughness Index in m/km  

D=roughness in Merlin scale measured in mm  

 

One of the readings from Merlin-Test  From chart 

The value of D = 13 Divisions 

                          = 13 *10 mm 

        = 130mm 

Where: 

[ D =Roughness on Merlin scale] 

[1 Division = 10mm] 

[ 42<D<312] 

 

Calculation of international Road Index (IRI):  

IRI = 0.593 + 0.0471 D 

                            =0.593 + 0.0471*130 

                            = 0.593 + 6.123 

= 6.716 m/km                                          

[ 2.4<IRI<15.9] 

Similarly readings were taken for 2 roads. 
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4.5 RESULTS 

 

 

 

 

  

 

 

           SITES 

    

CHAINAGE(1.8M) 

 

     IRI (M/KM)  

            

AVERAGE IRI  

 

      REMARK 

 

 

            Site 1 

 

         1-200 

 

        6.716 

 

 

 

 

 

   7.3 M/KM 

 

 

 

 

 

DESIGN 

OVERLAY 

 

       201-400 

 

        7.187 

 

       401-600 

 

        6.716 

 

       601 -800 

 

        7.187 

 

      800-1200 

 

        8.6 

 

 

             Site 2 

 

        1-200 

 

       7.187 

 

 

 

 

 

   6.9 M/KM 

 

 

 

 

 

                GOOD  

          

MANTAINANCE  

 

 

       201-400 

 

        6.00 

 

       401-600 

 

       7.694 

 

       601-800 

 

       7.694 

 

       801-1200 

 

        6.481 

 

      1201-1400 

 

        7.158 
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                                            CHAPTER 5 

                         CONCLUSIONS AND FUTURE SCOPE 

5.1 Conclusion 

Merlin cycle is normally considered to be simple devices for the measurement of road roughness. An 

attempt has been made in this study to pavement roughness and condition. Experiments have been 

carried out using this device. The results of the experiments on road roughness in terms of IRI and PCI 

using these devices have been considered. 

�‡ The result of the experiment condition rating for site-1 is 40 

�‡ The result of the experiment condition rating for site-2 is 90 

�‡ The results of the experiment site 1  gives the  redesign the overlay for the average IRI of 

7.3m/km and  for Site - 2 gives the  good maintenance work to the pavement for the average IRI 

of 6.9m/km  

 

5.2 Future scope   

It is proposed that the following works using this new device can be taken up in future.  

1. A good number of experiments using these experiment are to be conducted and the results to be 

statistically reviewed and compared.  

2. The device is to be further modified to suit various roughness conditions.  

3. The same stretches should be tested for roughness by using other roughness measuring methods such 

as bump integrator and RTRRM in order to establish the validity of this new setup.  
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EXTERNAL EXAMINA R 



PROGRAM OUTCOMES  

Engineering Graduates will be able to: 

 
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 

 
2. Problem analysis: Identify, formulate, review research literature, and analyze complex 
engineering problems reaching substantiated conclusions using first principles of 
mathematics, natural sciences, and engineering sciences. 

 
3. Design/development of solutions: Design solutions for complex engineering problems 
and design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety, and the cultural, societal, and environmental 
considerations. 

 
4. Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, and 
synthesis of the information to provide valid conclusions. 

 
5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
modern engineering and IT tools including prediction and modeling to complex engineering 
activities with an understanding of the limitations. 

 
6. The engineer and society: Apply reasoning informed by the contextual knowledge to 
assess societal, health, safety, legal and cultural issues and the consequent responsibilities 
relevant to the professional engineering practice. 

 
7. Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and demonstrate the knowledge of, and 
need for sustainable development. 

 
8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 
and norms of the engineering practice. 

 
9. Individual and team work: Function effectively as an individual, and as a member or 
leader in diverse teams, and in multidisciplinary settings. 

 
10. Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and 
write effective reports and design documentation, make effective presentations, and give and 
receive clear instructions. 

 
11. Project management and finance: Demonstrate knowledge and understanding of the 
�H�Q�J�L�Q�H�H�U�L�Q�J�� �D�Q�G�� �P�D�Q�D�J�H�P�H�Q�W�� �S�U�L�Q�F�L�S�O�H�V�� �D�Q�G�� �D�S�S�O�\�� �W�K�H�V�H�� �W�R�� �R�Q�H�¶�V�� �R�Z�Q�� �Z�R�U�N���� �D�V�� �D�� �P�H�P�E�H�U��
and leader in a team, to manage projects and in multidisciplinary environments. 

 
12. Life-long learning: Recognize the need for, and have the preparation and ability to 
engage in independent and life-long learning in the broadest context of technological 
change.



PROGRAMME SPECIFIC OUTCOMES (PSOs) 

Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway 
alignments and conduct geotechnical and geological investigations of the project. 

2. Test, analyze and design various substructures and superstructures by 
considering the environmental and societal issues. 

3. Organize various construction projects considering modern construction 
techniques, equipment and management issues. 

PROJECT MAPPING  
Note: Tick Appropriate category. 

 
Classification 

of 
Project 

Application Product Research Review 

 
�9��

 
�9��

  

�9��

Student will be able to: 
Course Outcomes 

Outcome 1    Work in a team and  select the broad statement of the problem for project work 
. 

Outcome 2 Review and evaluate the available literature on the chosen problem 
 

Outcome 3 Formulate the methodology to solve the identified problem by satisfying the 
ethical and societal conditions 
 

Outcome 4 Develop a mathematical or engineering model 
 

  Outcome 5 Use of various techniques, engineering knowledge and skills, and modern 
engineering tools for analysis and design of structures. 

 
Outcome 6   Validate the obtained data with standard norms and prepare the  report 

 
 

CO-PO Mapping 
Course Program Outcomes (POs) PSOs 
Outco 
mes PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 
1         3       
2  3              
3    2  3 2 3       2 
4  3 3  3           
5 2 3 3           3  
6          3 2 2 1   

 
Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based on 

level of mapping as follows: 1-Slightly (Low) mapped   2-Moderately (Medium) mapped  

3- Substantially (High) mapped. 



JUSTIFICATION  

 

�0�\���3�U�R�M�H�F�W���H�Q�W�L�W�O�H�G���³��Planning, �$�Q�D�O�\�V�L�V���D�Q�G���G�H�V�L�J�Q���R�I���0�L�Q�L�V�W�H�U�¶�V��Head�T�X�D�U�W�H�U�V�´���K�D�G���V�D�W�L�V�I�L�H�G��

all the NBA  outcome requirements as the work carried out as a team work by equally 

distributing the work , sharing the knowledge among ourselves ,in our project we collected the 

literature from various standard books, journals, and analyzed critically and collected the data 

from standard code books, developed the plan and methodology and applied for chosen 

problem and analyzed and designed the sub and super structures both manually and modern 

tool usage, our project is mainly aimed by designed by following the  professional ethics by 

keeping view the safety of the public and environment sustainable materials are recommended 

for construction, our project can future extend in considering different combinations of loads, 

site conditions �V�R�� �W�K�D�W�� �L�W�¶�V�� �D�� �O�L�I�H�O�R�Q�J�� �O�H�D�U�Q�L�Q�J�� �R�I�� �D�� �Q�H�Z��things.
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ABSTRACT 

 

The principle objective of this project involves in the planning analysis and design of 

�0�L�Q�L�V�W�H�U�¶�V���+�H�D�G�T�X�D�U�W�H�U�V�¶�����*����) by using STAAD-Pro software. In this project we had analyzed 

the G+3 building for finding the shear forces, bending moments, deflections & reinforcement 

details for the structural components of building (such as Beams, columns & slabs) to develop 

the economic design. Finally we will make an attempt to define the economical section of G+3 

building using STAA -Pro.               

  The results of these calculations will be presented in tabular form and sample 

calculations will be provided in detail. The detailing of the building will be done using 

AUTOCAD. Loads will be calculated according to provisions of IS codes, manual analysis is 

�F�D�U�U�L�H�G���R�X�W���E�\���.�D�Q�L�¶�V���0�H�W�K�R�G���D�Q�G���O�L�P�L�W���V�W�D�W�H���P�H�W�K�R�G���L�V���X�V�H�G���I�R�U���G�H�V�L�J�Q���D�Q�G���W�K�H�V�H���U�H�V�X�O�W�V���D�U�H��

compared with STAAD Pro. 
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CHAPTER 1 

 
INTR ODUCTION  

 
Civil engineering is a steam of engineering education that deals with the type 

of activities which are close to general public issues such as planning, design, 

construction and maintenance of physical and biological appearance of environment. 

It not only indicates the only construction of building but also includes 

engineering activities like water management, waste water treatment processes, and 

Geo-technical, environmental. Coming to the construction criteria, It mainly depends 

upon cost, time, and type of construction. 

TYPES OF BUILDINGS: - 
 

1. Based on occupancy 
 

2. Based on type of construction 
 

BASED ON OCCUPANCY: 
 

The buildings are classified based on occupancy indicates the purpose of that 

construction being utilized by us. It is as follows 

1. Residential buildings 
 

2. Institutional buildings 
 

3. Assembly buildings 
 

4. Business buildings 
 

5. Merchandise buildings 
 

6. Industrial buildings 
 

7. Storage buildings 
 

8. Hazardous buildings 
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BASED ON TYPE OF CONSTRUCTION: 
 

The buildings are also classified taking type of construction into consideration 

�Z�K�L�F�K���L�Q�G�L�F�D�W�H�V���³�X�S���W�R���Z�K�D�W���H�[�W�H�Q�W���L�W���L�V���U�H�V�L�V�W�D�Q�W���W�R���I�L�U�H�´�� 
 

1. Type-1 construction 
 

2. Type-2 construction 
 

3. Type-3 construction 
 

4. Type-4 construction 
 

COMPONENTS OF A BUILDING:  
 

1. FOUNDATION: 
 

It is the bottom most part of structure rests on soil on which the construction 

work is done that transmit the entire load which includes dead, live, wind, and earth 

quake loads to the soil. 

2. PLINTH: 
 

It is the part building present immediately above the ground level. The level of 

the plinth which represents the height of plinth is known as plinth level. 

3. WALLS: 
 

These are provided in the building to divide the rooms as per their respective 

purposes and protect interior from weathering conditions such as sun, rain, winter etc. 

4. COLUMN: 
 

A column may be defined as an axially load bearing member coming from the 

super structure and transmit effectively to the foundation. 

5. SLAB: 
 

A slab is a reinforced flat structure which divides the building into different 

levels. And transmit the load coming on it to the beam. 

6. ROOF: 
             
       It is the top most slab component on which no construction work is done. 
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�'�(�6�,�*�1���2�)���$�1���0�,�1�,�6�7�(�5�¶�6���+�(�$�'�4�8�$�7�(�5�¶�6�� 

�,�Q�� �W�K�L�V�� �R�X�U�� �S�U�R�M�H�F�W�� �³�3�/�$�1�1�,�1�*���� �$�1�$�/�<�6�,�6�� �$�1D DESIGN OF 

�0�,�1�,�6�7�(�5�¶�6���+�(�$�'�4�8�$�7�(�5�¶�6�´ includes the design of residential building for 

representatives and consisting of conference and office rooms. 

The reason why we chosen the this as our project is ,after state bifurcation 

process our seemaandhra is in need of having separate  building in the proposed 

site of capital city which fulfils the all requirements of it in comfortable manner. 
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CHAPTER 2 

LITERATURE REVIEW  

 

�x Analysis and design of multi -storey building by using STAAD 

Pro��

Aman, Manjunath Nalwadgi, Vishal T are UG Students with Gajendra, Asst. 

Professor, Civil engineering Dept, AIET Kalaburagi, Karnataka, India. The main aim 

of structural engineer is to design the structures for a safe technology in the computing 

field; the structural engineer can dare to tackle much more large and complex structure 

subjected to various type of loading condition. Now a day large number of application 

�V�R�I�W�Z�D�U�H�¶�V�� �D�U�H�� �D�Y�D�L�O�D�E�O�H��in �W�K�H�� �F�L�Y�L�O�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �I�L�H�O�G���� �$�O�O�� �W�K�H�V�H�� �V�R�I�W�Z�D�U�H�¶�V�� �D�U�H��

developed as the basis of advanced. 

 

�x Analysis of Multi -Storeyed Building��
 

Syed Faheemuddin, Mohammed Imran, Noman Fahad, Mohammed Hakeem 

Pasha are U.G Students with Prof. Mohammed Khaja Moinuddin, Assistant Professor, 

Department of Civil Engineering, AHCET Hyderabad. A building situated in 

Hyderabad which is G+2 in height, has been taken for the study, manually the tributary 

loads distribution of floors to corresponding beams have been done, middle frame of 

the building has been selected because max amount of floor loads will  be transfer on 

this, all the necessary loads have been worked out and distributed with respect to storey 

�O�H�Y�H�O�V���� �0�D�Q�X�D�O�O�\�� �O�L�Q�H�D�U�� �V�W�D�W�L�F�� �D�Q�D�O�\�V�L�V�� �K�D�V�� �E�H�H�Q�� �G�R�Q�H�� �X�V�L�Q�J�� �.�$�1�,�¶�6�� �0�H�W�K�R�G�� �R�I��

Rotational contribution. 
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�x Planning Analysis and Design of Multi Storied Building By 

Staad.Pro V8i��

ANOOP .A, FOUSIYA HUSSIAN, NEERAJA.R, RAHUL CHANDRAN, 

SHABINA.S, VARSHA.S Under graduate Civil  Engineering students with 

ANJALI.A, Asst.Professor, UKF Engineering College, India. The aim of the project is 

to design a multi storied building of G+ 5 floors, at Kalakoda about 4 km from 

Paravoor. The design is done by taking in to account the requirements and standards 

recommended by IS code, Kerala building rules and national building rules. The 

structure analysis and design is done using STAAD.PRO.V8i and a cross check is 

done for selected members using limit state method of design as per IS 456-2000. 
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CHAPTER 3 

PLANNING  

 
 
 
 
 
 
 

Figure: 1 Plan of First Floor 



 

7  

 
 
 
 

Figure: 2 Plan Of Second Floor 
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Figure: 3 Plan of Third Floor 
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Figure: 4 Layout 
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Figure: 5 Column Positioning   
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Figure: 6 Critical Column 
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CHAPTER 4 

LOAD CALCULATIONS  

Loads considered: 

DEAD LOADS: (From IS -875 part 1) 

Unit weight of concrete - 25 kN/m3 
 

Unit weight of brick work - 19.1 kN/m3 
 

     FLOOR FINISHES:  

For residency - 1.5 kN/m3 
 

For Office  - 1.5kN/m3 

 
LIVE LOADS : (From IS-875 part 2) 

 
For residency - 2.0kN/m2 

 
For Office  - 2.0kN/m3 

 
 

Figure: 7 Load Carried By Supporting Beams 
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Table:1 Load Distributions on Beams 
 
 

 
TYPE OF LOAD  

 
SHEAR 
FORCE 

CRITERIA  

 
BENDING 
MOMENT  

CRITERIA  

Triangular Load 
 

Wlx/4 
 

Wlx/3 

Trapezoidal Load Wlx/2ly[l y-lx/2] Wlx/2[1-0.33(lx/ly)2] 

 

 
LOAD CALCULATION ON CRITICAL COLUMN C3: 

 

�™ BEAM C2C3:- 

At roof level:- 

Bending moment Consideration: -  [Panel 1 & 4] 

Lx = 3.99; Ly=3.63, w roof = 6.25kN/�• �6 

Lx = 3.15; Ly=3.63, w roof = 6.25kN/�• �6 

From slab =����
�[ �P�n

�6
\l�sF

�5

�7
�B
�P�v��

�P�w��
�C
�6
p �̀���L����������

�:�ä�6�9H�7�ä�=�=

�6
\l�sF

�5

�7
�B

�7�ä�=�=

�7�ä�:�7��
�C
�6
p  ̀ = 7.44 kN/m 

From slab =����
�[ �P�n

�6
\l�sF

�5

�7
�B
�P�v��

�P�w��
�C
�6
p �̀���L����������

���:�ä�6�9H�7�ä�5�9

�6
\l�sF

�5

�7
�B

�7�ä�5�9

�7�ä�:�7��
�C
�6
p  ̀ = 7.28 kN/m 

From rib weight of beam                 =      0.23× (0.5- 0.13) × 25    = 2.127 kN/m  

Total Bending Moment =16.847kN/m 

 

Shear Force Consideration: - [Panel 1 & 4] 

     Lx = 3.99; Ly=3.63, w roof = 6.25 kN/�• �6 

         Lx = 3.15; Ly=3.63, w roof = 6.25 kN/�• �6 

From slab = ����������������
�[�P �v��

�6���P�w��
�D�@���›����

�P�v

�6
�A�EL������������������

�:�ä�6�9H���7�ä�=�=

�6H���7�ä�:�7
�D�@�u�ä�x�uF

�7�ä�=�=

�6
�A�E����L �w�ä�x�s�x���•�� ���•  

From slab =������������������
���[�P �v��

�6���P�w��
�D�@���›����

�P�v

�6
�A�EL������������������

�:�ä�6�9H���7�ä�5�9

�6H���7�ä�:�7
�D�@�u�ä�x�uF

�7�ä�5�9

�6
�A�E   = 5.572 kN/m 

From rib weight of beam               =      0.23× (0.5- 0.13) × 25     = 2.127 kN/m 

Total shear force = 13.315 kN/m 
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At floor level: - 

Bending moment consideration: - [Panel 1 & 4] 

          Lx = 3.99; Ly=3.63, wfloor = 7.25 kN/�• �6 

           Lx = 3.15; Ly=3.63, wfloor = 7.25 kN/�• �6 

From slab =������
�[ �P�n

�6
\l�sF

�5

�7
�B
�P�v��

�P�w��
�C
�6
p �̀�������L����

�;�ä�6�9H�7�ä�=�=

�6
\l�sF

�5

�7
�B

�7�ä�=�=

�7�ä�:�7��
�C
�6
p  ̀   = 8.93 kN/m 

From slab =��������
�[ �P�n

�6
\l�sF

�5

�7
�B
�P�v��

�P�w��
�C
�6
p �̀�����L������

�;�ä�6�9H�7�ä�5�9

�6
\l�sF

�5

�7
�B
�7�ä�5�9

�7�ä�:�7
�C
�6
p �̀�����= 8.835 kN/m 

From rib weight of beam                =    0.23× (0.5- 0.13) × 25      = 2.127 kN/m 

From wall                =         0.23× (3- 0.5) × 19      = 13.11 kN/m 

Total Bending Moment = 33.002 kN/m  

 

Shear force consideration: - [Panel 1 & 4] 

Lx = 3.99; Ly= 3.63, wfloor = 7.25 kN/�• �6 

               Lx = 3.15; Ly=3.63, wfloor = 7.25 kN/�• �6 

From slab     =     
�[�P�v��

���6���P�w��
�D�@���›����

�P�v

�6
�A�E��L����

�;�ä�6�9��H���7�ä�=�=

�6H���7�ä�:�7
�D�@�u�ä�x�uF

�7�ä�=�=

�6
�A�E��������������L �x�ä�y�u�{���•�� ���•  

From slab     =   
�[�P�v��

�6���P�w��
�D�@���›����

�P�v

�6
�A�E������L����������

�;�ä�6�9��H���7�ä�5�9��

�6H���7�ä�:�7
�D�@�u�ä�x�uF

�7�ä�5�9

�6
�A�E������������= 6.68 kN/m 

From rib weight of beam                =   0.23× (0.5- 0.13) × 25      = 2.127 kN/m 

From wall              =        0.23× (3.1- 0.5) × 19      =13.11 kN/m  

Total Shear Force = 28.65 kN/m  
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Table:02 Load Calculations On Column (C3) 
 

 
Elevation 

 
Load 

 
Load 

 
Load 

 
Load 

 
Self-wt. 

 
Total 

 

(m) From From From From of load Cumulative 

 
beam beam beam Beam column 

  

 
C2C3 

 

(KN)  

D3C3 

 

(KN)  

C4C3 

 

(KN)  

C3B3 

 

(KN)  

 

 

(KN)  

 
 
 
 
(KN)  

 
 
 
 
(KN)  
 

 
12.4 

 
24.16 

 
27.28 

 
24.44 

 
17.30 

 
3.375 

 
96.55 96.55 

9.3 51.99 58.70 51.50 40.39 3.375 205.95 302.25 

6.2 51.99 58.70 51.50 40.39 3.375 205.95 508.45 

 
3.1 51.99 58.70 51.50 40.39 3.375 205.95 714.44 

      
Total= 714.44 



 

16  

CHAPTER 5 

STRUCTURAL ANALYSIS  

INTRODUCTION : 

 
Structural analysis deals with the behavior of structure in the given loading 

conditions. Depending upon the nature of loading, the structure may respond in number 

of ways. The structure may deform statistically, might yield and may vibrate or buckle. 

Structures carrying static loading can be classified as statically determinate and 

statically indeterminate structure. If all reactions and internal forces in a structure can 

be found using the equilibrium conditions along that is, 

 
�™�)x � �������™�)y � �������™�)z� �������™�0y � �������™�0z =0. 

 
Then the structure is statically determinate, if not it is statically indeterminate 

of redundant various methods popularly used for analysis includes 

 
�x Moment distribution method 

 
�x �.�$�1�,�µ�V method 

 
�x Substitute frame method 

 
�x Slope deflection method 

 
�x Matrix methods 

 
In this project �.�$�1�,�µ�V��method is used for the analysis of structure. The reason 

is, even if  a mistake is committed in distribution in one of the cycles, it converges finally 

to the correct answer i.e. error is self-eliminative. No. of cycles required for getting the 

final value are also less compared to moment distribution method and it is very quick 

method. Even today, many practicing engineers who are not familiar with computer 

�P�H�W�K�R�G�V�� �X�V�H�� �.�$�1�,�µ�V�� �P�H�W�K�R�G�� �I�R�U�� �W�K�H�� �D�Q�D�O�\�V�L�V��of 3 to 4 store building frames.
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LOADING ON FRAME :  

 
 

 
 
 

Figure: 8 Loading On Frame  
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Fixed end moments: 
 
 

 
 

MAB = F�™�Ž��2 

12 
 

= -16.85 x 2.52 / 12 

 
= -8.77 kN-m 

 

MBC = - wl2 

12 
 

=-18.50 kN-m 
 

 

MEF = F�™�Ž��2 

12 
 

= -33.00x 2.52 / 12 

 
= -17.18kN-m 

 

MFG = - wl2 

12
 

= -36.23 kN-m 
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CALCULATION OF STIFFNESS:  

 
For beam: 

 
Moment of inertia I = 0.23x0.353/12 

 
= 8.21x10-4m4 

 

  Stiffness of beam K = 
�Â

�Å
L8.21x10-4/2.5 =3.284x10-4m3 

 

 Stiffness of beam K = 
�Â

�Å
 =8.21x10-4/3.63 = 2.26x10-4m3 

 

 For Column: 
 
Moment of inertia I = 0.25x0.33/12 

 
                                                                 = 5.26x10-4m4 

 

                 Stiffness of column K = 
�Â

�Å
L5.26x10-4/3.1 =1.812x10-4m3 
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CALCULATION OF FACTORS:  
 

JOINT MEMBER RELATIVE 

STIFFNES  

x10 - 4 

TOTAL 

x10 - 4 

DISTRIBUTION 

FACTOR 

ROTATION 

FACTIOR 
( - 1/2)  

A AB 3.284  5.096  0.64  - 0. 32 
 AE 1.812   0.35  - 0. 17 

B BA 3.284   0.44  - 0.22  
 BF 1.812  7.35  0. 24 - 0. 13 

 BC 2.26   0. 31 - 0.15  

C CB 2.26   0. 35 - 0. 18 
 CG 1.812  6.332  0. 28 - 0. 14 

 CD 2.26   0. 35 - 0. 18 

D DC 2.26  4.072  0. 56 - 0. 28 
 DH 1.812   0. 44 - 0.2 2 

E EA 1.812   0. 26 - 0. 13 
 EF 3.284  6.902  0. 47 - 0. 23 

 EI  1.812   0. 26 - 0. 13 

F FE 3.284   0. 35 - 0. 18 
 FB 1.812   0. 20 - 0. 1 

 FG 2.26  9.16  0. 24 - 0. 12 

 FJ 1.812   0. 2 - 0. 1 

G GF 2.26   0.27  - 0.1 4 
 GC 1.812   0. 22 - 0. 11 

 GH 2.26  8.14  0. 27 - 0. 14 

 GK 1.812   0. 22 - 0. 11 

H HG 2. 26  0.3 8 - 0. 19 
 HD 1. 812  5.88  0. 31 - 0. 15 

 HL 1.812   0. 31 - 0. 15 
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FIXED END MOMENT = MXY + 2x near end moment + far end moment 
 

Table: 3 Final  End Moments 
 

 
FIXED  END MOMENTS FIXED END MOMENTS 

Final moments of End moments 
value (kN -m) 

Final moments of End moments 
value (kN -m) 

MAB         10.58 MJI 15.68 

MBA            4.12 MJK 31.86 

MBC           14.28 MKJ 35.95 

MCB 15.75 MKL 33.57 

MCD            11.12 MLK 32.29 

MDC 17.56 MMN 14.25 

MEF 21.35 MNM 20.23 

MFE 13.30 MNO 32.04 

MFG 31.45 MON 37.56 

MGF 35.29 MOP 34.56 

MGH 28.56 MPO 26.06 

MHG 34.20   

M IJ 17.69   
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CHAPTER 6 

DESIGN PHILOSOPHIES 

INTRODUCTION TO LIMIT STATE DESIGN:  
 

Before the last two decades the structural designers of reinforced concrete were 

concerned more with safety against failure of the structure than with durability under 

service conditions. The theoretical calculations for design of R.C.C structure were 

based on classical elastic theory, fictitious modulus of elasticity of concrete and 

permissible working stresses, recent developments lead to limit state design otherwise 

called strength and performance criteria based on the recommendation of International 

code of practice, different countries started changing their codes introducing limit  state 

design for the design of reinforced concrete structures. 

 
India introduced limit state design for the design during the revised IS:456- 

2000 along with working stress method of design. IS: 456-2000 permits design of 

R.C.C Structural design by both working stress method and limit state method. 

 
As has happened in the other scientific fields new ways of thinking replace old 

ways. In scientific circles this is generally referred as Paradigm shift limit state design 

should therefore looked upon as a paradigm a better way of explaining certain aspects 

reality and new way of thinking about old problems. Thus the design should be learnt 

and taught with own philosophy and not as an extension of old elastic theory. 

 
Since the rational approach to design of reinforced concrete did not mean simply 

adopting the existing method of elastic and ultimate theories, new concepts with a semi 

probabilistic approach to design were found necessary the proposed new method had 

to provide a framework, which would allow a design to be economical and safe. The 

new philosophy of design was called the limit state method of design. 
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CONCEPT OF LIMIT STATES  
 

In the method of design based on limit state concepts the structure shall be 

designed to withstand safely all loads to act on it throughout its life, it shall also satisfy 

the serviceability requirements such as limitations on deflection and cracking. The 

acceptable limit for the safety and serviceability requirements before failure occurs is 

called limit state. The aim of the design is to achieve acceptable probabilities that the 

structure will not become unfit for the use for which it is intended, i.e., that it will not 

reach a limit  state. 

 
All relevant limit states shall be considered in design to ensure an adequate 

degree of safety and serviceability. In general, the structure shall be designed on the 

basis of the most critical limit state and shall be checked for other limit states. 

 
For ensuring above objective, the design should be based on characteristic 

values for material strengths and in the loads to be supported, the characteristic values 

should be based on statistical data; if available where such data are not available, they 

should be based on experience. The design values are derived from the characteristic 

values using partial safely factors, one for material strengths and other for load. In the 

absence of special consideration these factors have values given in IS:456 �± 2000 

according to the material the type of loading and the limit state being considered. 

 

LOAD FACTORS AND PARTIAL SAFETY FACTOR 
 

Ultimate load theory is based on the assumption that a structure reaches a 

collapse condition forming a mechanism when a certain load is applied. The load 

factor has been judiciously selected giving due considerations to the various factors 

contributing the failure. The load factor is used in estimating ultimate loading. 
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PARTIAL SAFETY FACTORS:  
 

Partial safety factor for material, strength should account for, 

 
�x Possibility of deviation of the strength of material. 

 
�x Deviation of structural dimensions. 

 
�x Deviation of structural dimensions. 

 
�x Accuracy of �W�K�H���F�D�O�F�X�O�D�W�L�R�Q�¶�V procedure. 

 
�x Partial safety factor for concrete = 1.5 

 
�x Partial safety factor for steel = 1.15 

 
�x Partial safety factors for loads should account for 

 
�x Unusual increasing loads beyond that using for deriving characteristic values. 

 
�x Unforeseen stress distribution. 

 
�x In accurate assessment of the effect of loading. 

 
Partial safely factors of loads under different conditions are given in clause 35.4 of IS: 

456�±2000. 

 
LIMIT STATE OF COLLAPSE:  

 
The limits state of collapse of collapse or the structure or part of the structure 

could be assumed from rupture of one more critical section and from backing due to 

elastic or plastic instability (including the effects of sway where appropriate) or 

overturning. The resistance to bending, shear, torsion and axial loads at every section 

produced by the probable most unfavorable combination of loads on the structure using 

the appropriate partial safety factors. 
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Flexure: 
 

Assumptions: 

 
�x Plane sections normal to the axis remain plane after bending. 

 
�x The  maximum  strain  in  concrete  at  the  outermost   compression 

fiber is taken as 0.0035 in bending. 

 
�x For design purposes, the compressive strength of concrete in the structure 

shall be assumed to be 0.67 times the characteristic strength. 

 
�x The partial safety factors Ymshall be applied in addition to this. 

 
 
 

 

 
Figure: 9 Stress-Strain Curve In Limit State Design 
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Stress block parameters 

Area of stress block = 0.36 fck Xu 

Depth of cement of compressive force from the extreme fiber in compression 

= 0.42 Xu 

Xu : Depth of neutral axis. 

Fck : characteristic compressive strength of concrete. The tensile strength of 

concrete is ignored. 

The limiting values of depth of neutral axis for different grades of steel are given by 

Table: 4 Limiting Values of Maximum Depth Of Neutral Axis 

 

Fy (Xu max/d) 

250 0.53 

415 0.48 

500 0.46 

 
 

LIMIT STATE OF SERVICEABILITY  

Control of deflection: 

 
The deflection of a structure or part there of shall not adversely affect the 

appearance or efficiency of the structure or finished or finished partitions the 

deflection shall generally be limited to the following. 

 
The final deflection due to all loads including the 4 effects of temperature, 

creep and shrinkage and measured from the as-cast level of the supports of floors, 

roofs, and all other horizontal members should not normally exceed �Šspan/250�Å�� 

 
�¾ The deflection including the effects of temperature, creep and shrinkage. 

 
�¾ Occurring after erection of partitions and the application of finished. 
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�¾ Should not normally exceed �Šspan/350 or 20mm�Å whichever is less. 

 
Limit state of Cracking:  

 
Cracking of concrete should not adversely affect the appearance or durability of 

structure. The surface for width of cracks should not, in general, exceed 0.3mm surface 

width of cracks at points nearest to main reinforcement should not exceed 0.004 times 

the nominal cover the main reinforcement. 

 
CHARACTERISTICS, DESIGN VALUES AND PARTIAL SAFETY 

FACTORS: 

Characteristic strength of materials: 

The term �4�F�K�D�U�D�F�W�H�U�L�V�W�L�F���V�W�U�H�Q�J�W�K�µ���P�H�D�Q�V���W�K�D�W���Y�D�O�X�H���R�I���W�K�H���V�W�U�H�Q�J�W�K���R�I��

material below which, not more than 5% of the test results are expected to 

fall. 

Characteristic loads: 

 
�7�K�H���W�H�U�P���F�K�D�U�D�F�W�H�U�L�V�W�L�F���O�R�D�G�V�µ���P�H�D�Q�V���W�K�D�W���Y�D�O�X�H���R�I���O�R�D�G�����Z�K�L�F�K���K�D�V���D����������

probability of not being exceeded during the life of structure. 

 
DESIGN VALUES:  

 
Materials: The design strength of materials, fd = (f/Ym) Where f : Characteristic 

strength of material and 

 
Ym:  Partial safety factor appropriate to the 

material and the limit State being considered. 

(Strength reduction factor) 

 
Loads: The design load is given by, Fd= F (Yf) 

Where F: Characteristic load and 

Yf : Partial safety factor appropriate to the nature of loading and the limit state 

being considered. (Load enhancing factor) 
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Partial safety factors: 

 
1. Y = 1.5 for concrete 

 
2. Y = 1.15 for steel 

 
Table: 5 Partial Safety factors 

 
 

 
 
Load 

Combination 

 
 
Limit state of 

Collapse 

 
 
Limit state of 

serviceability 

 D.L L.L W.L D.L L.L W.L 

D.L + L.L 1.5 1.5 1.0 1.0 1.0 --- 

D.L + W.L 1.5 --- 1.5 1.0 --- 1.0 

D.L + L.L + W.L 1.2 1.2 1.2 1.0 0.8 0.2 

 

DESIGN OF SLAB 

INTRODUCTION:  

Slabs are plate elements forming floors and roofs of buildings and carrying 

distributed loads primarily by flexure. A slab can be subjected to various kinds of 

external forces in plane, across the plane or about the plane. Each type of force can 

generate a system of internal forces in plane, shear, flexure and torsion. 

 
Slabs in multi-storied buildings also act as deep horizontal girders to resist 

wind and earthquake forces in addition to supporting normal loads on its surface. 

Slabs action as rigid diaphragm of large stiffness reduces lateral deformation of multi- 

storied frames. 
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The principle type of loading considered on a slab is uniformly distributed load 

due to self-weight, finishes and live load. IS-875 provides the recommended loading 

standards. 

 
The flexure action of slab due to the imposed loads depends on the condition of support 

and aspect ratio (ly/lx) of the slab. Based on this, the slabs are classified as 

 
�x One-way slabs, simply supported, cantilevered or continuous bending in one 

direction only (ly/lx > 2). 

 
�x Two-way slabs, simply supported, cantilevered or continuous bending in two 

directions only (ly/lx �” 2). 

 
In the design of slabs, bending moments are derived from coefficients given in 

appendix C of IS: 456- 2000 for various end conditions 

 
IS: 456-2000 code provision for design of Slab: 

 
1. The clear cover for the tensile reinforcement should not be less 

than 20mm. or diameter of the bar. 

 
2. Slabs spanning in two directions: 

 
�x Slabs are considered as divided in each direction into middle strips and edge 

strips as shown in Fig. The middle strip being three-quarters of the width and 

each edge strip one-eighth of the width. 

 
 

 

Figure: 10 Division of Slab Into Middle And Edge Strips 
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�x The maximum moments calculated apply only to the middle strips and no 

redistribution shall be made. 

 
�x Tension reinforcement provided at mid-span in the middle strip shall extend in 

the lower part of the slab to within 0.25 l of a continuous edge, or 0.15 l of a 

discontinuous edge. 

 
�x Over the continuous edges of a middle strip, the tension reinforcement shall 

extend in the upper part of the slab a distance of 0.15 l from the support, and at 

least 50 percent shall extend a distance of 0.3 l. 

�x At a discontinuous edge, negative moments may arise. They depend on the 

degree of fixity at the edge of the slab but, in general, tension reinforcement 

equal to 50 percent of that provided at mid-span extending 0.1 l into the span 

will be sufficient. 

 
�x The minimum area of steel should not be less than 0.15% of gross cross 

sectional area, in case of mild steel bars; whereas, it is 0.12% of gross cross 

sectional area in case of HYSD bars. 

 
�x The diameter of reinforcement bars shall not exceed 1/8th of total thickNess of 

slab. 

 
�x Maximum size of coarse aggregate shall not exceed 1/4th of total thickNess of 

slab. Commonly 20 mm are used. 

 
�x The horizontal distance between two parallel bars shall not less than the greatest 

of the following: 

 
�x The diameter of bar if the diameters are equal or the diameter of the largest bar 

if the diameters are unequal. 

 
�x 5mm. more than the nominal maximum size of coarse aggregate. 
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DESIGN OF BEAMS 
 

INTRODUCTION:  

 
Beams are structural elements carrying transverse external loads that cause 

bending moment and shear force along their span. These are generally supported on 

bearing walls or columns and are subjected to roof or floors loads and are reinforced to 

take up stresses. 

 
The reinforced concrete breams in which the steel reinforced is placed only on 

tension side are known as singly reinforced beams. The failure of singly reinforced 

beams may be caused in one of the two ways either in compression or in tension. In 

case the cross-sectional area of the steel bars provided for reinforcement is moderate or 

small, at some values of the load, the steel bars will attain their yield point. When it 

yields, the depth of neutral axis reduces. That is the strength increases in the lever arm 

and the moment of resistance in the remaining compressions zone of the concrete 

increases to such a degree that the crushing of the concrete (the secondary compressions 

failure) begins only at a load only slightly larger than that which caused the steel bars 

to yield. Such a yield failure at the steel bars is preferred as it is gradual with adequate 

working of collapse. 

 
In case the cross-sectional area of steel reinforcing bars is large or the normal 

cross-sectional area of steel reinforcing bars of high strength is provided, the 

compression strength of concrete will  be exhausted prior to the steel bars start yielding. 

In such a case, the depth at neutral axis increases considerably. It causes an increase in 

the compressive force. The failure of concrete in compression occurs by crushing. The 

crushing failure of concrete is sudden, explosive in nature and occurs without warning 

and hence it is not preferred. 

 
If a beam is limited in cross-section and ending moment is more than the 

moment of resistance of the singly reinforced section, the concrete can develop the 

compressive force to resist the given bending moment. In such a case, the beams are 

strengthened by providing reinforcement in compression zone and the resulting section 

is called doubly reinforced beam. 
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IS: 456-2000 CODE PROVISION FOR DESIGN OF BEAM 

 
A slab which is assumed to act as a compression flange of a T-beam or L-beam shall 

satisfy the following: 

 
a) The slab shall be cast integrally with the web, or the web and the slab shall 

be effectively bonded together in any other manner; and 

b) If the main reinforcement of the slab is parallel to the beam, 

transverse reinforcement shall be provided as in Fig. 3; such 

reinforcement shall not be less than 60 percent of the main 

reinforcement at mid span of the slab. 

 

 
Figure: 11 Transfer Reinforcement In flanges of T- Beam 

Tension reinforcement: 

 
�x Minimum reinforcement-The minimum area of tension reinforcement shall be 

not less than-that given by the following: 

 
�x Maximum reinforcement: The maximum area of tension reinforcement shall not 

exceed 0.04 bD. 

 
Transverse reinforcement in beams for shear and Torsion: 

 
�x The transverse reinforcement in beams shall be taken around the outer-most 
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y 

tension and compression bars. 

 
�x In T-beams and I-beams, such reinforcement shall pass around longitudinal bars 

located close to the outer face of the flange. 

 
Maximum spacing of shear reinforcement: 

 
The maximum spacing of shear reinforcement measured along the axis of the member 

shall not exceed 0.75 d for �Y�H�U�W�L�F�D�O���V�W�L�U�U�X�S�V���D�Q�G���G���I�R�U���L�Q�F�O�L�Q�H�G���V�W�L�U�U�X�S�V���D�W�������•�����Z�K�H�U�H���G��

is the effective depth of the section under consideration. In no case shall the spacing 

exceed 300 mm. 

 
Minimum shear reinforcement: 

 
Minimum shear reinforcement in the form of stirrups shall be provided such that: 

 

  =    

ASV = total cross-sectional area of stirrup legs effective in 

 
SV = stirrup spacing along the length of the member, 

 
B = breadth of the beam or breadth of the web of flanged beam, and 

 
F = characteristic strength of the stirrup reinforcement in N/mm2 which 

shall not be taken greater than 415 N/mm2. 

 
Distribution -of torsion reinforcement: 

 
The spacing of the stirrups shall not exceed the least of x1, and 300 mm, where 

x1 and y1, are respectively the short and long dimensions of the stirrup. 
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DESIGN OF COLUMNS : 

 
INTRODUCTION:  

 
A column is designed as a structural member subjected to compression force in 

a direction parallel to its longitudinal axis. Vertical members from multistoried 

buildings are column member subjected to compressive loads from floors and beams. 

As per IS: 456-2000, the columns or struts are defined as compression members, the 

effective length of which exceeds three times the least lateral dimension. When the 

effective length of compression members does not exceed three times the least lateral 

dimensions, then such compression member is called a pedestal. 

 
When the compression members are overloaded, then their failure may take 

place in direct compression (in crushing), excessive bending combined with twisting. 

The failure of columns depends upon their slenderness ratios. The load required to cause 

those types of failures decreases as the length of compression member increases, cross- 

sectional area of members remaining constant. Therefore, the columns are classified as 

short and slender (long) members. 

 
The compression members are considered as short when both the slenderness 

ratios (lex/D) and (ley/b) are less than 12, where lex and ley are the effective lengths with 

respect to the major axis. In the short reinforced concrete columns, the lateral 

deflections are not significant. The columns and the compression members are treated 

as slender when the slenderness ration is more than 12. However, the slenderness ratio 

of columns should not exceed 60. In the slender reinforced columns, the lateral 

deflections have an importance on the strength of the columns. 

 
The concrete columns are reinforced by longitudinal and transverse 

reinforcement is generally in the form of lateral ties or closely spaced spirals. 

 
In limit state design, a structural member is usually designed for the ultimate 

limit load and checked for the serviceability limit states of cracking and excessive 

deflection. For the particular case of short braced columns (that is columns which are 

restrained in position at both the ends), it is generally not necessary to check deflections 
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and crack widths in design. 

 
All the columns in the plan are rectangular in section and all of them are 

subjected to axial load and some moment, which may be either due to eccentricity of 

axial loads or due to unsymmetrical loading conditions at the same end of the column 

of either side. 

 
 
 

IS: 456-2000Code provisions for design of Column: 

 
�¾ The cross-sectional area of longitudinal reinforcement shall not be less than 

0.8% of the gross cross-sectional area of column & shall not be greater than 

4% of the gross cross-sectional area of column. 

 
�¾ In any column that had a larger cross-sectional area than that required to 

support the load, the minimum percentage of steel shall be based on the area 

of concrete required to resist the direct stress and not on the actual area. 

 
�¾ The minimum number of longitudinal bars provided shall be four in 

rectangular columns and six in circular columns. 

 
�¾ The diameter of the bars shall not be less than 12mm. 

 
Pitch and diameter of lateral ties: 

 
Pitch-The pitch of transverse reinforcement shall be not more than the least of 

the following distances: 

 
�x The least lateral dimension of the compression members; 

 
�x Sixteen times the smallest diameter of the longitudinal reinforcement bar to be tied; 

and 

 
�x 300 mm diameter the diameter of the polygonal links or lateral ties shall be not less 

than one fourth of the diameter of the largest longitudinal bar, and in no case less 

than 16 mm. 
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CHAPTER 7 

DESIGN OF  SLAB 
 

 Depth =shorter span/32 =3630/32=113.43mm  

Width of support= 300 mm 

Ly/lx =3.99/3.63 =1.09 < 2 
 

It is designed as two way continues slab 

Loads per meter width of slab 

Self-weight of slab (dead load) = 0.13 x 25 =3.25 kN/m2 

 
Floor finishing (dead load) =1.5 kN/m2 

Total (dead load) = 4.75kN/m2 

Live load on slab (live load) = 4 kN/m2 

 
1. Factored load: 

 
Wud = 1.5x4.75 = 7.125 kN/m2 

 
Wul = 1.5x4 = 6 kN/m2 

 
2. Bending moments and shear force:(Referring to the BM & SF 

coefficients table 12 & 13 of IS:456) 
 

Support moments: 
 

At support next to the end support 

Mumax(-ve) = (1/10)wud.l2+(1/9)wul.l2 

= (1/10) x7.125 x 3.632 + (1/9) x 6x3.632 

 
=18.173 kN-m
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At Middle of End Span 
 

Mumax(-ve) = (1/12)wud.l2+(1/9)wul.l2 

= (1/12) x 7.125 x 3.632 + (1/9) x6 x 3.632 

 
=16.608 kN-m 

 
Span moments: 

 
At middle of end span: 

 
Mumax(+ve) = (1/12) wud.l2+(1/10) wul.l2 

= (1/12) x 7.125 x 3.632 + (1/10) x 6 x 3.632 

 
= 15.729 kN-m 

 
At middle of interior span: 

 
Mumax (+ve) = (1/16) wud.l2+(1/12) wul.l2 

= (1/16) x 7.125 x 3.632 + (1/12) x 6 x 3.632 

 
= 12.45 kN-m 

 
Maximum shear force 

 
At support next to the end support 

Vu = 0.6wud l + 0.6wul l 

=0.6 x 7.125 x 3.63 + 0.6 x 6 x 3.63 
 

= 28.86 kN 
 

3. Depth required for strength 
 

Assume 1m width of slab 

For fy = 415 N/m2 

Mulimit=0.138x fck x bd2 

18.17x106 = 0.138 x 25 x 1000 x d2 

 
D = 72.57mm < 100mm
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Hence safe 
 

4. Reinforcement at support: 

�ï���� L
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     = 0.5 x 20/415[1 - (1 - 4.6 x 18.17 x 106/25 x 1000 x 1302)1/2]1000 x 130 
 

      = 554.65 mm2 

 
  MU  = 0.87 fY  Ast d (1- ��̂›���� �•�–�ˆ�…�•�¤ ���>���@) 

 
18.17 x 106 = 0.87 x 415 x Ast x 130[1-415ast/20 x 1000 x 130] 

 
18.17x106 = 36105Ast -5.99Ast

2 

 
Ast = 554.34mm2 

 

Using 12mm diameter of bars 
 

Spacing of bars S = ast   x1000 = 113.09/554.34X1000 =204 mm 
Ast 

 

Maximum spacing 
 

�x 3d = 3 x 100 =300 mm 
 

�x 300 mm 

Whichever less 

Hence provided 12mm bars at 200mm c/c 
 

5. Reinforcement at mid span 
 

Mu = 0.87fy Ast �†�:�s��F 
fyAst

)  
   Fck b d 

 

15.72 x 106 = 0.87 x 415 x Ast x 100(1-415 x Ast/20 x 1000 x ) 
 

15.72x106 =36105Ast-5.993Ast2 

 
Ast = 472.74mm2 

 
Using 12mm diameter of bars 
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Spacing of bars S = ast/Ast  X 1000= 113.09/472.74 x 1000 =240mm 
 

Maximum spacing 
 

�x 3d= 3x100 =300 mm 
 

�x 300 mm 

Whichever is less 

Hence provided 12mm bars at 240mm c/c 
 

6. Distribution  reinforcement 
 

Ast =0.12 x b x D/100 
 

= 0.12 x 1000 x 130/100 
 

=156 mm2 

 
Using 8mm diameter of bars 

 
Spacing of bars S =ast/Ast x 1000 = 50.26/156 x 1000 =322 mm 

Maximum spacing 

�x 5d=5 x 100=500 mm 
 

�x 450 mm 

Whichever is less 

Hence provide 8mm diameter of bars at 325 mm c/c 
 

7. Check for shear: 
 

Maximum shear force = wl/2 =6 x 3.63/2 =10.8 

Nomianl shear �2v = vu/bd = 10.89x 103/1000 x100 

= 0.108 N/mm2 

 
From IS 456:2000; table 19 

From M20
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Pt = 0.895% 
 
 
 
 
 

Pt Tc 

 
0.75 

 
0.57 

0.895 ? 

 
1.0 

 
0.64 

 
 

From IS 456:2000 
        �2c =0.61N/mm2 

 
�2c max for M20  

�2cmax = 3.1N/mm2 

TV < TC < TCMAX 

 
Hence it is safe in shear 

 
8. Check for deflection: 

 
As per IS 456:2000(clause 24.1 note) 

Span/depth = k1 k2 k3 40 x 0.8 

For p = 0.15 % 
 

Fs = 0.58 x 415 = 240 N/mm2 

 
�)�R�U�P���I�L�J���������,�6�������������������:��k1 = 1.5 

 
Form fig5: IS 456:2000(compressive reinforcement) K2 = 1 

�)�U�R�P���I�L�J���������,�6���������������������:���N3=1 

Span/depth = k1 k2 k3 x 40 x0.8 

Depth=1.5 x 1 x 1 x 40 x 0.8 
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Depth = 75.62 mm < 100 mm 

Hence safe

 

Figure: 12 Slab  Reinforcement Details 
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CHAPTER 8 

DESIGN OF BEAMS 

Span/Depth = 26 (For Continues Beam) 
 

Depth = Longer Span /32 = 3990/32 =153.4 mm 

Adopted 350 mm 

Cover 50 mm 
 

Overall depth =400 mm 

Beam size = 230x400 m 

Grade of concrete = 20 N/mm2 

 
Grade of steel = 415 N/mm2 

 
FOR CONTINUES BEAM  

 
1. Load Calculation: 

Dead load = 4.625 kN/m2 

Live load = 4 kN/m2 

Dead load = wd(load per unit length) 
 

= 4.625x3.63 = 16.78 kN/m 
 

Live load = 4x3.63 = 14.52 kN/m 
 

2. Bending Moments: 
 

Support moment: 
 

End support: 
 

B.M = -wdl2/10 - wll2/9 

= -(16.78)x3.632/10 �± 14.52(3.63)2/9 



 

43  

= -53.128 kN/m2 

 
Factored bending moment = -53.128 x 1.5 = -79.692 kN/m2 

Interior support: 

Span length l = 3.63 
 

B.M = -wdl2/12 - wll2/9 
 

= -(16.78) x3.632/12�± 14.52(3.63)2/9 
 

= -39.69 kN/m2 

 
Factored bending moment = -39.69 x 1.5 = -59.53 kN/m2 

 
Span moments: 

 
End span: 

 
B.M = wdl2/12 + wll2/10 

= (16.78)x3.632/12 + 14.53(3.63)2/10 
 

= 37.56 kN/m2 

 
Factored bending moment = 37.56 x 1.5 = 56.351 kN/m2 

Interior Span: 

B.M = wdl2/16 + wll2/12 

= (16.78)x3.632/16 + 14.52(3.63)2/12 
 

= 29.76 kN/m2 

 
Factored bending moment = 29.76 x 1.5 = 44.654 kN/m2 

 
3. Shear coefficient: 

 
At end support: 

 
SF = 0.4(wdl) + 0.45(wll) 

 
          = 0.4x16.78x3.63 + 0.45x14.52x3.63= 48.09 kN 
 

Factored shear force = 48.09 x1.5 = 72.14 KN 
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At support next to end support: 
 

Outer support: 
 

SF = 0.6(wdl) + 0.6(wll) 
 

= 0.6x16.78x3.63 + 0.6x14.52x3.63 
 

= 68.18 kN 
 

Inner side: 
 

SF = 0.6(wdl) + 0.6(wll) 
 

= 0.6x16.78x3.63 + 0.6x14.52x3.63 
 

= 65.14 kN 
 

Factored shear force = 65.14 x 1.5 = 97.71 kN 
 

4. Design of a span 
 

T-beam 
 

Effective span = 3.63 m  

Lo = 0.7 (3.63) = 2541mm 

bf = Lo/6 + bw+ Df 

 
= 2541/6 + 230+130  

 
= 0.783m = 1m (consider) 

Assume Xu = Df 

Mu1 = 0.36 fck bf Xu (d-0.42xu) 
 

Mu1 = 0.36 x 20 x 1000 x 130(350 - 0.42 x 130)= 276.49KN-m 
 

Mu1>Mu 

 
Singly reinforced beam 

 
N.A falls in flange then we can simply design rectangular section 
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5. Area of steel 
 

 

Ast = 0.5fck �:�s��F���¾�:�s��F��4.6M )) �>�@ 
fy fck bd2 

 

= 0.5 x20/415[1-(1-4.6x56.35x106/20x1000x4002)1/2]300x1000 
 

= 351.50 mm2 

 
Minimum Ast = 0.85 d bw/fy 

 
= 0.85x350x230/415 

 
= 164.87 mm2 

 
Maximum Ast = 0.04*bw*D 

 
= 0.04x230x334 

 
= 3072.8mm2 

 
So provided 2-12mm bars . 

 
 

6. Design of rectangular beam 
 

Mu = 0.87fyAstd (�s��F
 fyAst

)  
fckbd 

 
56.35x106 = 0.87x415xAst x 334(1-415Ast/20x334x230) 

56.35x106 = 120590.7Ast �± 32.57Ast
2 

Ast = 419.70 mm2 

Provided 3-12 mm bars 

Minimum Ast = 0.5dbw/fy 

= 0.5x350x230/415 
 

= 92..55mm2 

 
Maximum Ast = 0.04x230x334 

 
=3072.8 mm2 
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7. Check for shear: 

�2v = Vu/bd = 102.28x 103/230x334 = 1.33 N/mm2 

Ast at support = 100 Ast/bd 

=100x419.70/230x350 = 1.87 % 
 

Pt Tc 

1.75 0.49 

1.87 ? 

2.0 0.5 
 

�2c =0.496N/mm2 

�2v > �2c 

Shear reinforcement should be provided 
 

Vus = Vu �± �2C  b d = 102.28x103-0.496x230x3 
= 64.17kN 

 
Spacing of stirrups: 

 
�x Sv = 0.75d = 0.75x334 =250.5mm 

 
�x Sv = 0.85fy Asv/0.4b 

 
= 0.85x415x2x50.26/0.4x230 

 
= 385.41 mm 

 
�x Sv = 300 mm 

 
Whichever is less 

 
 

Hence provide 2 legged 8mm diameter of stirrups @ 250mmcenter to center 
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Figure:13  Beam Reinforcement Details 
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CHAPTER 9 

DESIGN OF COLUMN  

AXIALLY LOADED WITH UNAXIAL BENDING  
 

For Column C3 

�x Load on column = 714.14kN 
 

�x Factored Load on column Pu = 1.5 x 714.14 = 1071.6 kN 
 

�x Factored Moment = 1.5X38.00 = 57 kN-m 
 

�x Fe 415 Steel And M20 Grade 
 

Slenderness of column 
 

l/d = 3.1/0.3 =10.33 < 12 
 

hence it is a short column 
 

let us assume 24 mm diameter of bars as longitudinal reinforcement 8mm diameter 
bars as tie bars and 30 mm clear cover 

d1 = 30 + (24/2) + 8 =50 mm 

d1/D = 50/350 = 0.14 

charts for d1/D = 0.14 and fe415 
 

Pu/fckbD = [1071.6x103/20 x 250 x 350] = 0.61 
 

Mu/fckbD2 = [57x106/20 x 250 x 3502] = 0.09 
 

from SP-16 charts, 

Pu/fck = 0.02 

Assume minimum reinforcement = 0.8 % 

Ast = 4 x 250x 350/100 =3500 mm2 

Use 24 mm diameter 8 �Q�R�¶�V���R�I���E�D�U�V 
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Lateral tiles: 
 

Diameter of lateral tiles should not be less than 
 

�x d/4 = 24/4 = 6 mm 
 

�x 6 mm 
 

Hence provided 8mm diameter of bars 

Pitch of the tiles shall be minimum of 

�x Least lateral dimension of column = 300 mm 
 

�x 16 times the diameter of longitudinal bars = 16x24 = 384 mm 
 

�x 300 mm 
 

Hence provide 2 legged 8mm lateral tiles of 300mm center to center 
 
 
 
 

 
Figure:14  Column Reinforcement Details 
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CHAPTER 10 

DESIGN OF STAIR CASE 

DOG LEGGED STAIR CASE 

 
Assuming 150 mm risers, 

 
Assume width of thread (T) = 250 mm. 

 
Space occupied by 12 threads = 12 x 250 = 3m 

 
1. Effective span: 

 
Leff =2750 + 6000 + 230 

=8980mm 

Thickness / depth of slab: 

d = span / 20 x MF 

=8980 / (20 x 1.4) 

= 320.71~ 320 

D = 320+8+20 =348mm 
 

2. Load calculation: 
 

Dead load: 
 

1. Load on waist slab = 25 x D x ((�¾R2+T2)/T) 
 

            = 25 x 0.348 x ((�¾1502+2502)/ 250) 
 

=10.145kN/m 
 

2. Load of one step = (0.5 x 0.15 x 0.25 x 25)/0.25 
 

= 1.87 kN/m 
 

Live load: 
 

Live load = 5 kN/m 
 

Total dead load = 12.015 kN/m 
 

Total factored load = 17.01 x 1.5 =25.52 kN/m 
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3. Bending Moment: 
 

Max BM = 0.125 x Wd x Leff  

 
= 0.125 x 25.52 x 8.982 

 
=257.24 kN/m 

 
4. Check for depth: 

 
M = 0.36.fck.b.Xu max ( d-0.42.Xu max) 

 
257.24 x 106 = 0.36 x 20 x 0.48 x1000 ( d - 0.42x 0.48 x d ) 

 
257.24 x 106 = 3456 d �± 696.72 d2 

 
D = 280 mm < 320 mm 

 
5. Reinforcement: 

 
 

Ast = 0.5fck �:�s��F���¾�:�s��F��4.6M )) �>�@ 
fy fck bd2 

 

= (0.5 x 25/415) (1 �± (�¾(1-(4.6 x 257.24 x 106/25 x 1000 x3202)))1000 
x 320 

 

= 2570.31 mm2 

 
Provide 10 mm diameter of bars 

Spacing = (ast/Ast)b 

=78.22 ~ 80mm 
 

Ast distribution = 0.15bD/100 
 

= (0.15 x 1000 x 348)/100 
 

= 522 mm2 

 
Provide 10 mm diameter of bars 

Spacing = (ast/Ast)b 

= 220 mm 
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Check for maximum spacing 
 

�x 3d = 3 x 320 = 960 mm 
 

�x 300 mm 

Whichever is less 

 
 

 

 

Figure:15  Staircase Reinforcement Details 
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CHAPTER 11 

STAAD PRO ANALYSIS 

The analysis is carried by using the STAAD Pro software for the same 

frame. 

 

Figure:16  Bending moment diagram from STAAD Pro 
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Figure:17 Shear force diagram from STAAD Pro 
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Table: 6 Final End Moments from STAAD 
 
 

BEAM END MOMENTS BEAM END MOMENTS 

Final moments of End moments 
value (kN -m) 

Final moments of End moments 
value (kN -m) 

MAB 11.032 MJI 14.85 

MBA 4.324 MJK 31.05 

MBC 13.485 MKJ 34.98 

MCB 14.97 MKL 32.64 

MCD 11.73 MLK 31.40 

MDC 16.72 MMN 13.66 

MEF 20.56 MNM 19.51 

MFE 12.68 MNO 31.08 

MFG 30.60 MON 36.78 

MGF 34.35 MOP 34.98 

MGH 29.42 MPO 25.66 

MHG 33.44   

M IJ 18.47   
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Table: 7 Final End Moments from STAAD 
 

 
COLUMN END MOMENTS COLUMN END MOMENTS 

Final moments of End moments 
value (kN -m) 

Final moments of End moments 
value (kN -m) 

MAE         11.032 M IM              8.95 

MEA       10.48 MMI 8.20 

MBF         9.161 MJN 14.83 

MFB 12.68 MNJ 14.87 

MCG           -3.23 MKO 0.48 

MGC 2.84 MOK 0.52 

MDH -16.72 MLP 16.2 

MHD 16.55 MPL 16.30 

MEI 10.07 MMQ 5.46 

M IE 9.62 MQM 2.75 

MFJ 10.89 MNR 4.57 

MJF 14.88 MRN 2.30 

MGK 2.84 MOS 0.52 

MKG 2.06 MSO 0.1 

MHL 16.55 MPT 0.30 

MLH 16.2 MTP 0.22 
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CHAPTER 12 

COMPARISON OF RESULTS 

COMPARISONS OF MANUAL ANALYSIS RESULTS WITH THE STAAD Pro 
RESULTS: 

The analysis results of some beams are shown in the following table 5 by 

comparing both manual and STAAD Pro. The variation between the manual analysis 

values and the STAAD Pro analysis values is varying between 1.21 %   to   5.45 % as 

shown below. Hence for the remaining frames the analysis is carried out by using the 

STAAD Pro software. 

 
 Table: 8 Comparisons of Manual Analysis Results with The STAAD   

BEAM END MOMENTS  

FINAL MOMENTS OF  MANUAL VALUE S 

(KN-M) 

STADD Pro VALUE S 

(KN-M) 

% OF DIFFERENCE  

MAB 10.58             11.032 4.27 

MBA 4.12             4.324 4.95 

MBC 14.28            13.485 5.45 

MCB 15.75 14.97 4.95 

MCD 11.12            11.73 5.48 

MDC 17.56 16.72 4.78 

MEF 21.35 20.56 3.70 

MFE 13.30 12.68 4.66 

MFG 31.45 30.60 2.70 
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FINAL MOMENTS OF  MANUAL VALUE S 

(KN-M) 

STADD Pro VALUE S 

(KN-M) 

% OF DIFFERENCE  

MGF 35.29 34.35 2.66 

MGH 28.56 29.42 3.01 

MHG 34.20 33.44 2.22 

M IJ  17.69 18.47 4.40 

M JI  15.68 14.85 5.29 

M JK 31.86 31.05 2.54 

MKJ 35.95 34.98 2.69 

MKL  33.57 32.64 2.77 

MLK  32.29 31.40 2.75 

MMN              14.25 13.66                4.14 

MNM            20.23 19.51                3.55 

MNO             32.04 31.08                2.99 

MON              37.56 36.78                2.07 

MOP             34.56 34.98              1.21 

MPO            26.06 25.66              1.53 
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CHAPTER 13 

STAAD PRO DESIGN 

 
BEAM DESIGN ACCORDING TO STAAD.PRO 

 
 
 

 
 
 
 
 

Figure:18 Beam Design from STAAD Pro 
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COLUMN DESIGN ACCORDING TO STAAD.PRO  

 
 
 

 
Figure: 19 Column Design from STAAD Pro 
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FOUNDATION DESIGN IN STAAD PRO FOUNDATION 
RESULTS 

 
 
 

 
 
 
 

 
Figure:20 Foundation Design from STAAD Foundations 
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Chapter 14 

CONCLUSIONS 

�x Used AUTOCAD for effective representation of drawings.��
 

�x For accuracy, we went for exact method of analysis i.e. we analyzed a critical 
�I�U�D�P�H���E�\���X�V�L�Q�J���.�D�Q�L�µ�V���P�Hthod of analysis.��

 
�x Used IS-456:2000 &Staad.pro, for the design of the STRUCTURAL 

MEMBERS. i.e. we have followed the LIMIT STATE method of design.��
 

�x Materials used are M 20 grade concrete and Fe 415 steel.��
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ANNEXURE-A 

STAAD EDITOR  

STAAD SPACE 
START JOB INFORMATION 
ENGINEER DATE 04- Apr - 19 
END JOB INFORMATION 
INPUT WIDTH 79 
UNIT METER KN 
JOINT COORDINATES 
1 0 0 0 ; 2 4.5 0 0 ; 3 9 0 0 ; 4 13.5 0 0 ; 5 18 0 0 ; 6 0 0 6 ; 7 4.5 0 6 ; 8 9 0 6 ;  
9 13.5 0 6 ; 10 18 0 6 ; 11 0 0 9 ; 13 0 0 13.5 ; 14 0 0 18 ; 15 0 0 22.5 ;  
16 0 0 27 ; 23 6 0 9 ; 24 9 0 9 ; 25 9 0 18 ; 26 9 0 27 ; 27 6 0 18 ; 28 6 0 27 ;  
29 9 0 13.5 ; 30 6 0 13.5 ; 31 9 0 22.5 ; 32 6 0 22.5 ; 33 26 0 0 ; 34 30.5 0 0 ;  
35 35 0 0 ; 36 39.5 0 0 ; 37 44 0 0 ; 38 26 0 6 ; 39 30.5 0 6 ; 40 35 0 6 ;  
41 39.5 0 6 ; 42 44 0 6 ; 43 13.5 0 9 ; 44 18 0 9 ; 45 26 0 9 ; 46 30.5 0 9 ;  
47 35 0 9 ; 48 39.5 0 9 ; 49 44 0 9 ; 50 44 0 13.5 ; 51 44 0 18 ; 52 44 0 22.5 ;  
53 44 0 27 ; 54 38 0 13.5 ; 55 38 0 18 ; 56 38 0 22.5 ; 57 38 0 27 ; 58 35 0 13.5 ;  
59 35 0 18 ; 60 35 0 22.5 ; 61 35 0 27 ; 62 38 0 9 ; 63 0 - 3 0 ; 64 4.5 - 3 0 ;  
65 9 - 3 0 ; 66 13.5 - 3 0 ; 67 18 - 3 0 ; 68 0 - 3 6 ; 69 4.5 - 3 6 ; 70 9 - 3 6 ;  
71 13.5 - 3 6 ; 72 18 - 3 6 ; 73 0 - 3 9 ; 74 0 - 3 13.5 ; 75 0 - 3 18 ; 76 0 - 3 22.5 ;  
77 0 - 3 27 ; 78 6 - 3 9 ; 79 9 - 3 9 ; 80 9 - 3 18 ; 81 9 - 3 27; 82 6 - 3 18 ;  
83 6 - 3 27 ; 84 9 - 3 13.5 ; 85 6 - 3 13.5 ; 86 9 - 3 22.5 ; 87 6 - 3 22.5 ; 88 26 - 3 0 ;  
89 30.5 - 3 0 ; 90 35 - 3 0 ; 91 39.5 - 3 0 ; 92 44 - 3 0 ; 93 26 - 3 6 ; 94 30.5 - 3 6 ;  
95 35 - 3 6 ; 96 39.5 - 3 6 ; 97 44 - 3 6 ; 98 13.5 - 3 9 ; 99 18 - 3 9 ; 100 26 - 3 9 ;  
101 30.5 - 3 9 ; 102 35 - 3 9 ; 103 39.5 - 3 9 ; 104 44 - 3 9 ; 105 44 - 3 13.5 ;  
106 44 - 3 18 ; 107 44 - 3 22.5 ; 108 44 - 3 27 ; 109 38 - 3 13.5 ; 110 38 - 3 18 ;  
111 38 - 3 22.5 ; 112 38 - 3 27 ; 113 35 - 3 13.5 ; 114 35 - 3 18 ; 115 35 - 3 22.5 ;  
116 35 - 3 27 ; 117 38 - 3 9 ; 118 0 3  0; 119 4.5 3 0 ; 120 9 3 0 ; 121 13.5 3  0;  
122 18 3 0 ; 123 0 3 6 ; 124 4.5 3 6 ; 125 9 3 6 ; 126 13.5 3 6 ; 127 18 3 6 ;  
128 0 3 9 ; 129 0 3 13.5 ; 130 0 3 18 ; 131 0 3 22.5 ; 132 0 3 27 ; 133 6 3 9 ;  
134 9 3 9 ; 135 9 3 18 ; 136 9 3 27 ; 137 6 3 18 ; 138 6 3 27 ; 139 9 3  13.5 ;  
140 6 3 13.5 ; 141 9 3 22.5 ; 142 6 3 22.5 ; 143 26 3 0 ; 144 30.5 3 0 ; 145 35 3 0 ;  
146 39.5 3 0 ; 147 44 3 0 ; 148 26 3 6 ; 149 30.5 3 6 ; 150 35 3 6 ; 151 39.5 3 6 ;  
152 44 3 6 ; 153 13.5 3 9 ; 154 18 3 9 ; 155 26 3 9 ; 156 30.5 3 9 ; 157 35 3 9 ;  
158 39.5 3 9 ; 159 44 3 9 ; 160 44 3 13.5 ; 161 44 3 18 ; 162 44 3  22.5 ;  
163 44 3 27 ; 164 38 3 13.5 ; 165 38 3 18 ; 166 38 3 22.5 ; 167 38 3  27;  
168 35 3 13.5 ; 169 35 3 18 ; 170 35 3 22.5 ; 171 35 3 27 ; 172 38 3 9 ; 173 0 6 0 ;  
174 4.5 6 0 ; 175 9 6 0 ; 176 13.5 6 0 ; 177 18 6 0; 178 0 6 6 ; 179 4.5 6  6;  
180 9 6 6; 181 13.5 6 6 ; 182 18 6 6 ; 183 0 6 9 ; 184 0 6 13.5 ; 185 0 6  18;  
186 0 6 22.5 ; 187 0 6 27 ; 188 6 6 9 ; 189 9 6 9 ; 190 9 6 18 ; 191 9 6 27 ;  
192 6 6 18 ; 193 6 6 27 ; 194 9 6 13.5 ; 195 6 6 13.5 ; 196 9 6 22.5 ; 197 6 6 22.5 ;  
198 26 6 0 ; 199 30.5 6 0 ; 200 35 6 0 ; 201 39.5 6 0 ; 202 44 6 0 ; 203 26 6 6 ;  
204 30.5 6 6 ; 205 35 6 6 ; 206 39.5 6 6 ; 207 44 6 6 ; 208 13.5 6 9 ; 209 18 6 9 ;  
210 26 6 9 ; 211 30.5 6 9 ; 212 35 6 9 ; 213 39.5 6 9 ; 214 44 6 9 ; 215 44 6 13.5 ;  
216 44 6 18 ; 217 44 6 22.5 ; 218 44 6 27 ; 219 38 6 13.5 ; 220 38 6 18 ;  
221 38 6 22.5 ; 222 38 6 27 ; 223 35 6 13.5 ; 224 35 6 18 ; 225 35 6 22.5 ;  
226 35 6 27 ; 227 38 6 9 ; 
MEMBER INCIDENCES 
1 1 2 ; 2 2 3 ; 3 3 4 ; 4 4 5 ; 5 1 6 ; 6 6 7 ; 7 7 8 ; 8 8 9 ; 9 9 10 ; 10 10 5 ;  
11 9 4 ; 12 3  8; 13 2 7 ; 15 11 13 ; 16 13 14 ; 17 14 15 ; 18 15 16 ; 28 11 23 ;  
29 24 29 ; 30 25 31 ; 31 26 28 ; 32 25 27 ; 33 24 23 ; 34 27 14 ; 35 23 30 ; 36 28 16 ;  

 
37 27 32;  38 24 8; 39 29 25 ; 40 30  27; 41 29 30 ; 42 30 13 ; 43 31 26 ; 44 32 28 ;  

 
45 

 
31 

 
32;  

 
46 

 
32 

 
15; 47 11 6; 48 24  

 
43; 49 43 9 ; 50 44 10 ; 51 44 43 ; 52 44 45 ;  

53 10 38;  54 38 33; 55 45 38 ; 56 5  33; 57 33 34 ; 58 34 35 ; 59 35 40 ; 60 40 39 ;  
61 39 38;  62 45 46; 63 46 47 ; 64 40 47 ; 65 39 46 ; 66 34 39 ; 67 35 36 ; 68 36 37 ;  
69 37 42;  70 42 49; 71 49 48 ; 72 48 47 ; 73 40 41 ; 74 41 48 ; 75 41 36 ; 76 41 42 ;  
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77 47 58 ; 78 58 59 ; 79 60 59 ; 80 61 60 ; 81 61 57 ; 82 57 53 ; 83 53 52 ; 84 52  51;  
85 49 50 ; 86 50 51 ; 87 50 54 ; 88 58 54 ; 89 59 55 ; 90 55 51 ; 91 60 56 ; 92 56  52;  
93 57 56 ; 94 56 55 ; 95 55 54 ; 96 54 62 ; 97 1 63 ; 98 2 64 ; 99 3 65 ; 100 4 66 ;  
101  5 67 ; 102 6 68 ; 103 7 69 ; 104 8 70 ;  105 9 71 ; 106 10 72 ; 107 11 73 ;  
108  13 74 ; 109 14 75 ; 110 15 76 ; 111 16  77; 112 23 78 ; 113 24 79 ; 114 25 80 ;  
115  26 81 ; 116 27 82 ; 117 28 83 ; 118 29  84; 119 30 85 ; 120 31 86 ; 121 32 87 ;  
122  33 88 ; 123 34 89 ; 124 35 90 ; 125 36  91; 126 37 92 ; 127 38 93 ; 128 39 94 ;  
129  40 95 ; 130 41 96 ; 131 42 97 ; 132 43  98; 133 44 99 ; 134 45 100 ; 135 46 101 ;  
136  47 102 ; 137 48 103 ; 138 49 104 ; 139  50 105 ; 140 51 106 ; 141 52 107 ;  
142  53 108 ; 143 54 109 ; 144 55 110 ; 145  56 111 ; 146 57 112 ; 147 58 113 ;  
148  59 114 ; 149 60 115 ; 150 61 116 ; 151  62 117 ; 152 1 118 ; 153 2 119 ;  
154  3 120 ; 155 4 121 ; 156 5 122 ; 157 6  123 ; 158 7 124 ; 159 8 125 ; 160 9 126 ;  
161  10 127 ;  162  11 128 ; 163  13 129 ;  164 14  130 ;  165  15 131 ; 166 16 132 ;  
167  23 133 ;  168  24 134 ; 169  25 135 ;  170 26  136 ;  171  27 137 ; 172 28 138 ;  
173  29 139 ;  174  30 140 ; 175  31 141 ;  176 32  142 ;  177  33 143 ; 178 34 144 ;  
179  35 145 ;  180  36 146 ; 181  37 147 ;  182 38  148 ;  183  39 149 ; 184 40 150 ;  
185  41 151 ;  186  42 152 ; 187  43 153 ;  188 44  154 ;  189  45 155 ; 190 46 156 ;  
191  47 157 ;  192  48 158 ; 193  49 159 ;  194 50  160 ;  195  51 161 ; 196 52 162 ;  
197  53 163 ;  198  54 164 ; 199  55 165 ;  200 56  166 ;  201  57 167 ; 202 58 168 ;  
203  59 169 ;  204  60 170 ; 205  61 171 ;  206 62  172 ;  207  118  119 ; 208 119 120 ;  
209  120  121 ;  210  121  122 ;  211  118  123 ;  212  123  124 ;  213  124  125 ;  214  125  126 ;  
215  126  127 ;  216  127  122 ;  217  126  121 ;  218  120  125 ;  219  119  124 ;  220  128  129 ;  
221  129  130 ;  222  130  131 ;  223  131  132 ;  224  128  133 ;  225  134  139 ;  226  135  141 ;  
227  136  138 ;  228  135  137 ;  229  134  133 ;  230  137  130 ;  231  133  140 ;  232  138  132 ;  
233  137  142 ;  234  134  125 ;  235  139  135 ;  236  140  137 ;  237  139  140 ;  238  140  129 ;  
239  141  136 ;  240  142  138 ;  241  141  142 ;  242  142  131 ;  243  128  123 ;  244  134  153 ;  
245  153  126 ;  246  154  127 ;  247  154  153 ;  248  154  155 ;  249  127  148 ;  250  148  143 ;  
251  155  148 ;  252  122  143 ;  253  143  144 ;  254  144  145 ;  255  145  150 ;  256  150  149 ;  
257  149  148 ;  258  155  156 ;  259  156  157 ;  260  150  157 ;  261  149  156 ;  262  144  149 ;  
263  145  146 ;  264  146  147 ;  265  147  152 ;  266  152  159 ;  267  159  158 ;  268  158  157 ;  
269  150  151 ;  270  151  158 ;  271  151  146 ;  272  151  152 ;  273  157  168 ;  274  168  169 ;  
275  170  169 ;  276  171  170 ;  277  171  167 ;  278  167  163 ;  279  163  162 ;  280  162  161 ;  
281  159  160 ;  282  160  161 ;  283  160  164 ;  284  168  164 ;  285  169  165 ;  286  165  161 ;  
287  170  166 ;  288  166  162 ;  289  167  166 ;  290  166  165 ;  291  165  164 ;  292  164  172 ;  
293  118  173 ;  294  119  174 ;  295  120  175 ;  296  121  176 ;  297  122  177 ;  298  123  178 ;  
299  124  179 ;  300  125  180 ;  301  126  181 ;  302  127  182 ;  303  128  183 ;  304  129  184 ;  
305  130  185 ;  306  131  186 ;  307  132  187 ;  308  133  188 ;  309  134  189 ;  310  135  190 ;  
311  136  191 ;  312  137  192 ;  313  138  193 ;  314  139  194 ;  315  140  195 ;  316  141  196 ;  
317  142  197 ;  318  143  198 ;  319  144  199 ;  320  145  200 ;  321  146  201 ;  322  147  202 ;  
323  148  203 ;  324  149  204 ;  325  150  205 ;  326  151  206 ;  327  152  207 ;  328  153  208 ;  
329  154  209 ;  330  155  210 ;  331  156  211 ;  332  157  212 ;  333  158  213 ;  334  159  214 ;  
335  160  215 ;  336  161  216 ;  337  162  217 ;  338  163  218 ;  339  164  219 ;  340  165  220 ;  
341  166  221 ;  342  167  222 ;  343  168  223 ;  344  169  224 ;  345  170  225 ;  346  171  226 ;  
347  172  227 ;  348  173  174 ;  349  174  175 ;  350  175  176 ;  351  176  177 ;  352  173  178 ;  
353  178  179 ;  354  179  180 ;  355  180  181 ;  356  181  182 ;  357  182  177 ;  358  181  176 ;  

359  175  180 ;  360  174  179 ;  361  183  184 ;  362  184  185 ;  363  185  186 ;  364  186  187 ;  

 
365  

 
183 

 
188 ;  

 
366  

 
189 

 
194 ;  

 
367 

 
190 

 
196;  

 
368  

 
191 

 
193 ;  

 
369 

 
190 

 
192;  

 
370  

 
189 

 
188;  

371  192  185 ;  372  188  195 ;  373  193  187 ;  374  192  197 ;  375  189  180 ;  376  194  190 ;  
377  195  192 ;  378  194  195 ;  379  195  184 ;  380  196  191 ;  381  197  193 ;  382  196  197 ;  
383  197  186 ;  384  183  178 ;  385  189  208 ;  386  208  181 ;  387  209  182 ;  388  209  208 ;  
389  209  210 ;  390  182  203 ;  391  203  198 ;  392  210  203 ;  393  177  198 ;  394  198  199 ;  
395  199  200 ;  396  200  205 ;  397  205  204 ;  398  204  203 ;  399  210  211 ;  400  211  212 ;  
401  205  212 ;  402  204  211 ;  403  199  204 ;  404  200  201 ;  405  201  202 ;  406  202  207 ;  
407  207  214 ;  408  214  213 ;  409  213  212 ;  410  205  206 ;  411  206  213 ;  412  206  201 ;  
413  206  207 ;  414  212  223 ;  415  223  224 ;  416  225  224 ;  417  226  225 ;  418  226  222 ;  
419  222  218 ;  420  218  217 ;  421  217  216 ;  422  214  215 ;  423  215  216 ;  424  215  219 ;  
425  223  219 ;  426  224  220 ;  427  220  216 ;  428  225  221 ;  429  221  217 ;  430  222  221 ;  
431  221  220 ;  432  220  219 ;  433  219  227 ;           

DEFINE MATERIAL START 
ISOTROPIC CONCRETE 
E 2.17185e+007 
POISSON 0.17  
DENSITY 23.5616 
ALPHA 1e- 005 
DAMP 0.05  
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TYPE CONCRETE 
STRENGTH FCU 27579 
END DEFINE MATERIAL 
MEMBER PROPERTY AMERICAN 
1 TO 13 15 TO 18 28 TO 96 207 TO 292 348 TO 433 PRIS YD 0.35 ZD 0.25  
97 TO 206 293 TO 347 PRIS YD 0.3 ZD 0.3 
CONSTANTS 
MATERIAL CONCRETE ALL 
SUPPORTS 
63 TO 117  FIXED 
LOAD 1 LOADTYPE Dead TITLE  DL 
SELFWEIGHT Y - 1 
FLOOR LOAD 
YRANGE 0 6 FLOAD - 1.5 GY 
LOAD 2 LOADTYPE Live TITLE LL 
FLOOR LOAD 
YRANGE 0 3 FLOAD - 4 GY 
LOAD COMB 3 COMBINATION LOAD CASE 3 
1 1.5 2 1.5  
PERFORM ANALYSIS PRINT ALL 
START CONCRETE DESIGN 
CODE INDIAN 
FC 25000 ALL 
FYMAIN 415000 ALL 
FYSEC 415000 ALL 
DESIGN BEAM 1 TO 13 15 TO 18 28 TO 96 207 TO 292 348 TO 433  
DESIGN COLUMN 97 TO 206 293 TO 347 
CONCRETE TAKE 
END CONCRETE DESIGN 

FINISH  
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��������� 	 ������������ 	 %�� 	 ��������� 	 ����������� 	 ��� 	 ������������ 	 �������� 	 ��� 	 ��� 	 ��
�������������� 	 �� 	 ��������� 	 �������� 	 �� 	 ��������� 	 �� 	 ���� 	 ������� 	 �� 	 ����� 	 ��
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��	���	����	�����������	��	���	��	������	���������	���	23�(*4	��	���	����	�����������	��	���
��	������	#��������	������	�������	.��/01	��	���	������	��	������	��	���	����������	��
������� 	%�� 	 �������� 	 /5�	 �� 	 �������� 	 �� 	 ���� 	 ��� 	 ������ 	 ��������� 	 �� 	 ��� 	 ����� 	 ��
��"������ 	 �������.�-#1� 	 ���"������ 	 �������.�0#1� 	 ���"������ 	 �������.�0&1� 	 �� 	 ����"
������	�������������.�6&71� 	 %��	��������	������	��		������������ 	������	���	����� 	��
�������	���	5������	������	����������	��	���������	��	���������	���	�������	��	�����
�������� 	%��� 	 ���� 	 ���������� 	 ������ 	 ��� 	 ��� 	 �� 	 �� 	 ������� 	 �� 	 ����� 	 ������ 	  	 ������
������������	��������	%���������	���	����������	��	������	��	��������	��	������	��	�����	��
��	�����	����������	�����	��	������	��	���	����	��	��������	������������	��������	��
���������	��	����	�������
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��� � ������� � �!�� � "�##$! � % &�'���� � �( � �)*��+�) � ��#���+� � $� � �,,�$�)
-�+���$+#� .. �
##'��	�%�/	01�	���	1 	������	���	�����	��		������������	���	����������
�� 	 �������� 	 ����� 	 ��������� 	 � 	 ����� 	 ���������� 	 �� 	 /5�� 	%�� 	 ���������� 	 �� 	 ��� 	 �����
��������	����	�	��������	����	����������	�����������	��������	��	���������	�������	��������
�� 	 ���� 	 �������� 	 %���� 	 ���������� 	 ���� 	 ������ 	 ���� 	 /������ 	 5������ 	 ������ 	 ./5�1
���������	 ���	��	�����	�����	���������	��	����	����������	��	64�	34�	��	(4	��	������	��
�������	%��	7�����	�������	���	����	�������	��	�����	�������	����	���	������	�������	�������	��
��������� 	 ������ 	 �� 	 ��� 	 �� 	 ������� 	 ��� 	 ���� 	 �� 	 ����� 	 ��������� 	 ������� 	 �� 	 �������
��������	�����	���	����	���������	�����

2�����'3��� � 4����5�6'�7� � 4��������5��� � ����8�6�(� � %
44� � �9:;�
<:9.%���$��1 � ���'!� � . � 
##'� �0 �4�,3�!6�� � �/	<1 	 ��������� 	 � 	 ���������� 	 �
������	��		������������	������	��������	��	����	����	��	���	������������	����������	��	�����
�������	���	���	������������	��	���������	�����	��������	����	%��	����	��	���������	����	��
������	����	��	�����	��������	�����	��	���	��	����������	���	�����"��������	�������	��
���������� 	 ���������� 	 ,����� 	 ��� 	 ���� 	 �� 	 ���� 	 ��������� 	 ������ 	 � 	 ����� 	 ���������� 	 ��
������	����	����	��	�������������	%���	�����	����	�	���"����	������9	���	. ������������	� 1
������: 	�	������������ 	�������� 	��� 	#����� 	������� 	��	��� 	#���� 	&��.�#&1�	����� 	��
����	�	�����	����������	���	/������	5������	�������	%��	�������	������	���	�#&	������
����	�������	������	�������	��	/5��	������	��	���������	�����������
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��� � ��!�) � 4�(($�� � �$� � ��� � -���!!�) � ��� � ��7'�$���3�!�� 
-��)��7$!�� � ��� � 
6���$! � -�#�7'��� � � � ���$! 
4���$���4���$)����)�����6) � ���!�� %
�� � ���(� � 4��$�#� � -�3��$��#
4+$��+����)����$����$��� �;	� %�/	;1�/	�/.01 �������������	��	����	�����	�������	��
������	��	������	��	����	�	�������	����	�������	��������	�����������	�����	��	�����	������
�����	��	�	�����	������	����������	��	���	���������	��	��	�����	���������	�����������	��
������ 	�������� 	��	����� 	������� 	������	���������� 	����	����	����� 	��	����������� 	��
����� 	 ���� 	 �� 	 ��� 	 ����������� 	%�� 	 �������� 	 ������ 	 �� 	  	 ������������ 	 ������ 	 ��� 	 ����� 	 ��
�������	���	5������	������	����������	��	���������	��	���������	���	�������	��	�����
�������� 	%��� 	 ���� 	 ���������� 	 ������ 	 ��� 	 ��� 	 �� 	 �� 	 ������� 	 �� 	 ����� 	 ������ 	  	 ������
������������	��������	%���������	���	����������	��	������	��	��������	��	������	��	�����	��
�� 	����� 	���������� 	 ����� 	��	 ������	 ��	 ���	���� 	�� 	�������� 	������������ 	 ���������
%���	�����	��������	��������	������������	����	��	���	����������	��	�������	��	��������
���� 	 � 	 �������� 	 ������� 	 ������� 	 ������������ 	 ����������� 	 ��������� 	 ������� 	 �������� 	 ��
�������	��������	��	��������	��������	�����	�����	����������	��	������	��	��������	���

��4$*� ����!$�#��*$�� �����$#����*$���)����#�*$�$�%���'!��< �
##'��� ��/	; 
,,�/	�/:1 � ���������	�	�����������	������������	��	���	7���	�������	��		������	����
������������	������	��	����	���	������	;�����	���������	���	����	����	���	���	����������
��	���	������������	�������	���	���������	��������	��	�����	�������	�����	����	������	��	���	��
�����	%���	�������	�������	����	���	����������	��	����	��������	��	�������	�������	�����
����	�������	%��������	������	���������	��	����	��������	��	�������	�����	����	������	����
������	���������	��	)*4�	)<4�	-*4	=	-<4	��	�������	���������	��	�����������	��	���
�� 	 �������� 	 �� 	 ���������� 	 �������� 	 �� 	 �������� 	 %��� 	 ��� 	 ������� 	 ��������� 	 ��
����������	��	����	��������	��	�������	�����	����	������	��	����	��	����������	�	�����
����������	��	��������	��	���	�������	���������	��	���	����������	��	��������

�������='!�� ���4���*���='!���% ���'!� �0 �
##'� �9 �-��+���/	>  ���3$+��

� � 
&�
��?/0?/9?	/91 � 	 ���� 	 �� 	 ���������� 	 ��� 	 ���������� 	 �� 	 ����� 	 ����� 	 ������ 	 ��
��������	��	����	��	����	��������		7���	�������	��		�����	������	����	���	���������	��
�����	��	��������	��	�����	����		����	����	��	���	�������	$��""���	����	�������	��
��� 	 ������ 	 ������� 	 �� 	 �� 	 ���������� 	 ���� 	  	 ���� 	 �������� 	 ����� 	 ����� 	 ��� 	 ������������
���������	�����	�����	��		����	��	����	���	���	���������	������	��	������	���	����	��������
+�� 	 ���������� 	 �� 	 ������� 	 ��������� 	 ������� 	 �� 	 ������ 	 ���� 	 �������� 	  ���� 	 ������
���������	����	����������	������	����	�������	��	���	��������	��	����	��	�����	����
�������	�����������

��"�����)��!�'�$ ���-�)���4�$�-�'���$�$% ��������	�
������	� 
44����:.:�
	9�@ �� ������� 	���	����������� 	�����	��	���	�������	����������� 	�� 	��	���������� 	��	����
��������	�	���������	�����	������	=	���	���	��	����	�������	������������	��������	�����	���
�����	���������	��	����������	��	���������	��	�����	��	������	�������	��	��������	��
�� 	 ��� 	%��	 ������������ 	 ������ 	 ��� 	 �������� 	 ��� 	 �� 	 ��� 	 ���� 	 ��������� 	 ��� 	 ���� 	 �������

�



��������� 	 ��� 	 ������ 	 ������� 	 �� 	 ���� 	 � 	 ���� 	 ������� 	 �� 	 ����� 	 ��� 	 ��������
�������������	�	������	������	�������	��	����	���	�������	��	���	���������	
�	����	�������
�����	����	����	���	��������	����������	��	��������	��	�����	������	��������=	�����	������
�	�����	�����������	���	����	�������	�	*�<�)*�)<�-*	�	������	������	�������	>�-(�<3	����
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ABSTRACT 

In this project main objective is to study the partial replacement of the Cement with 

Wood Ash and Fine Aggregate with Saw dust with the varying proportion in the 

concrete and to check the different properties of the concrete by comparing with the 

controlled concrete. In this study an attempt has been made with a M25 mix 

proportion. Experimental study is conducted to evaluate the strength characteristics of 

hardened concrete. The Cement has been replaced by Wood Ash in the range of 0%, 

5%, 10%, 15% and 20% by weight of cement. The Fine Aggregate has been replaced 

by Saw Dust in the range of 0%, 10%, 20%, 30%, and 40% by weight of Sand. The 

strength is studied in this project. The most important properties of concrete are the 

compressive strength.   

Keywords: Cement, Wood Ash, Fine Aggregate, Saw dust, Compressive 

Strength Tes 
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CHAPTER �± 1 

INTRODUCTION  

1.1 General:  

Currently India has taken a major initiative on developing the infrastructures such as 

express highways, power projects and industrial structures etc., to meet the 

requirements of globalization, in the construction of buildings and other structures 

concrete plays the rightful role and a large quantity of concrete is being utilized.  

 Many construction industries of developing countries are in stress to identify 

alternative materials to replace the demand for natural sand. On the other hand, the 

advantages of utilization of by products or aggregates obtained as waste materials are 

pronounced in the aspects of reduction in environmental load & waste management 

cost, reduction of production cost as well as augmenting the quality of concrete. 

Concrete is the most popular building material in the world. However, the production 

of cement has diminished the limestone reserves in the world and requires a great 

consumption of energy. River sand has been the most popular choice for the fine 

aggregate component of concrete in the past, but overuse of the material has led to 

environmental concerns, the depleting of securable river sand deposits and a 

concomitant priceincrease in the material. Therefore, it is desirable to obtain cheap, 

environmentally friendly substitutes for cement and river sand that are preferably by 

products.  

1.2 Objective and Aim of Study: 

�x Our experimental research tries to implicate that wood ash- cement-gravel mix has 

an equal advantage like the standard mix of cement-sand-gravel To cast specified 

number of cubes by replacing Cement with wood ash by 5%, 10%, 15%, & 20% and 

to compare their property with standard mix (M25). 

�x To implicate that saw dust- cement-gravel mix has an equal advantage like the 

standard mix of cement-sand-gravel To cast specified number of cubes by replacing 

fine aggregate with saw dust by 10%, 20%, 30%, & 40% and to compare their 

property with standard mix(M25) 

�x To find which percentage replacement is much cost efficient without affecting its 

strength 
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�x To ensure the optimum use of domestic and industrial waste and reduce the carbon 

footprints.    

�x The primary objective is to generalize the properties of concrete with the use of 

waste material such as wooden powder 

Aim of the Present Study:  

The aim of our project is to study the compressive strength,of concrete mix of M25 

grade, with a partial replacement of cement with Wood ash with 

0%,5%,10%,15%,20% and fine aggregate with Saw dust with 0%,10%,20%, 30%, 

40%.  

 1.3 Wood Ash:  

 It is a by-product of cutting, grinding, drilling, sanding, or otherwise pulverizing wood 

with a saw or other tool. It is composed of fine particles of wood. The saw dust used 

for this project was collected from nearby sawmill. Samples were carefully collected 

to avoid mixing with sand by collecting the newly produced ones with shovel and 

packing into bags. The saw dust collected was sundried for 10 days to aid the burning 

process. The saw dust samples collected were burnt into ashes by open burning at 

temperature of 200 degree Celsius in a drum. The ash was then ground after cooling. . 

Sawdust ash obtained is sieved through IS sieve of 90 micron and the retained 

material obtained is used for experimentation purposes. 

Wood ash in this study is an admixture: a pozzolana. A pozzolana is a material rich in 

silica and alumina which in itself has little or no cementitious value but will, in finely 

divided form and in the presence of moisture, chemically react with calcium 

hydroxide at ordinary temperatures to form compounds possessing cementitious 

properties [10]. Wood ash is obtained from the combustion of wood. It can be related 

to fly ash since fly ash is obtained from coal, which is a fossilized wood [11]. Rice 

husk ash is also of plant origin. This implies that wood ash could be used as a 

pozzolana in concrete.  

 1.3.1 Classification of Wood Ash: 

ASTM-C 618-93 categories, wood ash is classified into different classes such as, class 

N, Class C, Class F. In order to determine a particular class the wood ash follows is by 

summing up; SiO2+Al2O3+Fe2O3, the test results obtained are analyzed and as per the 

range by summing the wood ash are classified as follows. 
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1.Class F and Class N: - If the range is between 70 �± 51 it is of class F and Class N ash. 

2. Class C: - If it is less than 50 it is of class C (ASTM, 2013).  

1.3.2 Physical and Chemical Composition of Wood Ash:  

Wood ash is residue powder left after the combustion of wood, such as burning wood 

in a home fireplace or an industrial power plant. The wood ash passing through 9 

sieve is taken for testing. 

Physical Composition of WA: 

Wood ash was observed to be a heterogeneous mixture of different sized particles 

generally angular in shape. The physical properties of cement and wood ash are given 

in tables 1,2. The specific gravity and mean size of wood ash were found to be less 

than that of cement. The results obtained are in harmony with the findings of Nail et 

al. [17]  

Who evaluated the physical properties of wood ashes of five different sources and 

concluded that the unit weight range from 162 kg/m3 to 1376 kg/m3. The low unit 

weight and specific gravity as compared to conventional cement opens up a possibility 

of reduction in the unit weight of concrete produced by wood ash blended cement. 

 Table-1.1 : Physical Composition of   WA 

 

 

 

Chemical Composition of WA; 

The chemical composition of the wood ash was determined by using X �± Ray powder 

Diffraction test. The XRD test is used to analyse the qualitative and quantitative 

composition of wood ash.  

The chemical properties of WA are given in tables were found or results obtained are 

in harmony with the findings of Nail et al. [14] who evaluated the chemical properties 

of wood ashes of five different sources. 

The total percentage composition of Iron oxide (Fe2O3 = 65.3 %), aluminium oxide 

(Al 2O3 = 4.25%) and silicon dioxide (SiO2 =2.24 %) was found to be 71.79%. Which 

is similar to those of Class N and F types pozzlans as shown in table . This result also 

very close to the mean value of 72.78% which is the means of the pozzlanic essential 

compounds as reported by various researches [12,13,14]Hence according to IS 

3812:2003 this SDA sample can be used as a pozzolan material. 

Particular  Specific gravity Mean size Bulk density 

Value 2.16 170 720 kg/m3 
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Table 1.2: Properties of different types of pozzolans as defined by ASTM C618  

Properties 
Class N type 

pozzolan 

Class F type 

pozzolan 

Class C type 

pozzolan 

Wood 

Ash 

Min SiO2 + Al2O3 + 

Fe2O3 
70.0 70.0 50.0 71.79 

Max Na2O + 0.658 K2O 1.5 1.5 1.5 3.85 

Max loss on ignation 10.0 6.0 6.0 4.67 

 Table-1.3: Chemical Composition of WA 

Particular  SiO2 Al 2O3 Fe2O3 CaO MgO Na2O K2O Loss on ignition 

Value 65.3 4.25 2.24 9.98 5.32 2.6 1.9 4.67 

1.3.3 Various Factors Influencing the Qualitative and Quantitative aspect of WA 

There are several factors which influence the qualitative and quantitative aspects of 

wood ash produced from its combustion. This facilitates the need of proper 

characterization of wood ash before employing it to partially replace cement. These 

factors include combustion temperature, types and hydrodynamics of the furnace and 

the species of trees from which the wood is derived. 

The combustion temperatures of the wood waste influence both the yield and chemical 

composition of the wood ash. Combustion of the wood waste at higher temperature 

leads to the production of lower amount of ash. It was observed that wood ash 

production reduced by 45% when the combustion temperature was raised from 538 °C 

to 1093 °C. Combustion at higher temperatures, above 1000 °C causes decomposition 

of carbonates and bicarbonates and thereby decreases the alkalinity of the ash due to 

their reduction in the ash, being chemical species contributing to the alkalinity of the 

wood ash. At an incineration temperature of below 500 °C, carbonate and bicarbonate 

compounds, especially calcite (CaCO3), are predominant in wood ash [15] whereas at 

higher incineration temperatures like 1000 °C, oxide compounds such as quick lime 

(CaO) are in majority, in the chemical phase of wood ash. Moreover, the presence of 

light metallic elements such as potassium, sodium and zinc decreases upon increasing 

the combustion temperature [10]. 

Different types of combustion technologies affect the physical properties of ash and 

varying the thermal temperature causes corresponding variation in the chemical 

composition of wood ash. Generally, wood ash produced in a grate fired furnace has a 
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tendency to be coarser in nature and settle inside the chamber as bottom ash whereas 

in more efficient fluidized bed furnaces, the ash produced is finer, with a very low 

fraction of coarse particles. 

The chemical characteristics of wood ash, which govern its credibility to be used as a 

replacement for cement, such as silica (SiO2), alumina (Al2O3), iron oxide (Fe2O3) and 

quicklime (CaO) differ significantly from one species of trees to another. Variation in 

the chemical characteristics of ash produced from different species of trees is given 

in Table 1. 

1.3.4 Proportioning of wood ash concretes: 

Using of wood ash in concrete has to meet one or more of the following objectives. 

�x Reduction in cement content. 

�x Decrease in the self-weight as compared to the normal concrete efficient disposal of 

sawdust is possible.  

�x Cement containing wood ash may be used in place of OPC. 

�x The usage of wood ash as replacement for cement in blended cement is beneficial 

for the environmental point of view. 

�x It producing low cost construction. 

�x The use of Wood Ash (WA) in cement concrete mix will make it cost effective and 

friendly disposal of the product.  

�x By reducing the demand of cement (partially replacing with different Ashes), natural 

reserves of limestone can be preserved, energy can be saved and pollution due to 

CO2 can be reduced. 

The first method is simple and problems of mixing additional materials are not there, 

there by uniform control is assured. The proportions of Wood ash and cement are 

Predetermined, and mix proportion is limited. 

The second method allows for more use of Wood ash as component of concrete. Wood 

ash plays many roles such as, in freshly mixed concrete, it acts as a fine aggregate and 

also reduces water cement ratio in hardened state, because of its pozzolanic nature, it 

becomes a part of the cementitious matrix and influences the strength and durability. 

1.3.5 Practical Application of wood Ash: 

Eliche-Quesada et al. [18] produced lightweight bricks by blending clay with variety 

of waste materials such as sawdust, spent earth from oil filtration, compost and 

marble. Brick samples were casted respectively with 0�±10% sawdust, 0�±30% spent 
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earth from oil filtration, 0�±30% compost and 0�±20% marble. At a constant pressure of 

54.5 MPa, bricks were molded and fired in a laboratory furnace at a rate of 3 °C/min 

upto respectively 950 and 1050 °C for 4 h. It was found that bricks fired at 1050 °C 

had a higher compressive strength, lower water absorption and porosity as compared 

to bricks molded at 950 °C. At 5% sawdust, 15% spent earth from oil filtration, 10% 

compost or 15% marble was deduced to be the optimum amount of waste material.  

But successful commercial utilization of Wood Ash in construction industry is limited 

as the study of wood ash and its use is in research stage. Also, wood ash may contain 

contaminants within them yet unknown to the current research, which may need 

effective and safe immobilization. Relevant standards should also be developed which 

will promote the production and application of construction entities developed from 

wood ash. Standardization plays a prominent role in spreading knowledge, 

implementing research results and decreases time to markets for innovations. 

1.4 Saw Dust:  

The use of sand (river sand) plays a major role in all type of construction, especially in 

cement concrete & cement mortar. The ultimate aim of the saw dust concrete is to 

recycle the waste material from saw mill & utilizing in concrete ingredients in the 

state of partial replacement. Sequentially, the shortage of river sand is partially 

rectified by the replacement of sawdust for the sand. So, the river sand abundantly 

gets destructed due to the huge consumption. To enhance the progress of river sand, 

we prefer a scope on saw dust concrete. The application of saw dust mix for 

residential building structural member such as column, beam, slab and foundation and 

plastering are also elicited. The study brings out the fact that it also more economical 

than the typical cement concrete. Sawdust is an industrial waste in the timber industry 

constitutes a nuisance to both the health and environment when not properly managed. 

Wood sawdust wastes are accumulated from the countries all over the world and cause 

certain serious environmental problems and health hazards. It is one of the major 

underutilized by products from sawmilling operations.  

Generation of wood wastes in sawmill is an unavoidable hence a great efforts are 

made in the utilization of such waste. Thus, this research investigates the potential use 

of wood sawdust wastes as fine aggregate replacement to produce a low cost and 

lightweight composite for construction and engineering purpose. Sawdust as an 

industrial waste in the wood industry constitutes a harmful impacts to both the human 
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health and environment when it is not properly managed. Wood sawdust wastes are 

accumulated from different sawmills and would cause certain serious environmental 

problems and health hazards to man-kind if it remains in nature and would 

decompose. In most forest industry clusters, the volume of wood waste generated is 

very enormous and constitute a nuisance to the environment. The ash obtained from 

timber was not consistent as the burning temperature was not constant. Also, obtaining 

the saw dust in sufficiently large quantities was a challenge and it had to be sought 

from a large saw mill. These large saw mills may not be present in some areas of the 

country. Some producers of timber waste and timber ash also preferred using the ash 

for agricultural purposes and as such they may not consider using it in cement 

replacement .These limitations may be overcome by training and information being 

provided on the use of timber ash in cement. Wood waste that enters into water ways 

bleached their extractives in the water, thereby, polluting the water, all these 

necessitated need for integrated and economic management of wood waste in the 

present scenario is crucial .The generation of wood wastes in form of sawdust in 

sawmill industries is an unavoidable and cannot be totally eliminated, hence a great 

efforts are made in the utilization of such waste. Discovery the appropriate uses of 

sawdust would help to counterbalance production costs and increase the profitability 

�R�I���V�D�Z�P�L�O�O�L�Q�J���R�S�H�U�D�W�L�R�Q�V���L�Q���G�H�Y�H�O�R�S�L�Q�J���F�R�X�Q�W�U�L�H�V�¶���S�O�D�Q�W�D�W�L�R�Q���I�R�U�H�V�W�V�� 

Several researches carried out in the past used wood ash wastes as a replacement for 

cement in concrete mixes. Wood-concrete is a new material made from sawdust or 

other wood wastes. Sawdust is the waste material from the timber saw mills. Where 

the timbers are sawed for the specific purpose and the waste powder which extract 

from them is called saw dust. The sawdust is acquired in abundance in tropical 

countries. This sawdust is used as fuel limitedly. The main method of disposal is by 

open burning method. In some countries, the usage of sawdust for the construction has 

been in process for several years ago. This is the light weight material which can be 

carried easily. The physical and chemical properties of the sawdust will not be same 

and it will be varies from one tree to another tree. In this project, the sawdust is carried 

out from sawmill in two forms  

 1. Powder form       2. Chips form 

The powder form sawdust is used for replacement of fine aggregate with some 

treatment; this is named as Dry Sawdust. The chips form or skin form of sawdust is 
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used to replacement for cement after a burning process this form of sawdust is named 

as Sawdust A�V�K���� �6�D�Z�G�X�V�W�¶�V�� �D�U�H�� �S�U�R�G�X�F�H�G�� �D�V�� �D�� �V�P�D�O�O�� �G�L�V�F�R�Q�W�L�Q�X�R�X�V��chips or small 

fragments of wood during sawing of logs of timber into different sizes. The chips flow 

from the cutting saw blade to the floor during sawing operation. 

Table 1.4: Chemical characteristics of Saw dust 

The assumptions made for selecting the approach to mix proportion:  

1. It increases the workability of concrete at early ages.    

2. The durability property is high.    

3. Compression strength increases up to certain percentage and then decreases.  

1.4.1 Significance of the Study of saw dust: 

As aforementioned in the purpose of the study, the significance of this study will 

impact the industry both theoretically and practically, thus adding to the knowledge-

base on the use of timber ash and ash in general as a sand replacement alternative and 

also add more potential for modified cement products to the industry that can be of the 

same use as ordinary cement.  

1.4.2Limitations of the Study; 

In most cases, the wood waste piles up to form big heaps which disturb activities 

within the mills. The heaps of the waste are burnt for days, disturbing visibility and 

causing pollution, thereby endangering health of residents, motorists and passersby. 

Since wood is used in large quantities in many different sectors and is a part of our 

everyday lives, the volumes of sawdust and other recovered wood available are also 

large. 

1.4.3 Advantages of Saw Dust:  

�x Internal curing due to the absorbed water in the sawdust. 

�x  Better heat dissipation and heat insulation property.  

�x Lower pollution from the disposal of sawdust. 

�x Efficient in case of acoustics. 

�x Decrease in the self-weight as compared to the normal concrete efficient 

disposal of sawdust is possible. 

Constituents SiO2 Al 2O3 Fe2O3 MgO CaO Loss on ignition(LOI) 

Percentage (by weight) 87 2.5 2.0 0.24 3.50 4.76 
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CHAPTER -2 

LITERATURE REVIEW  

2.1 Literature Reviews from Various Journals:   

�����������³�3�D�U�W�L�D�O���U�H�S�O�D�F�H�P�H�Q�W���R�I���F�H�P�H�Q�W���E�\���Z�R�R�G���D�V�K�´��by Pranav S. Dhakulkar et.al 

(2019) [1] studied The properties of concrete with cement replaced with Wood Ash. 

The Wood Ash has been chemically and physically characterised and partially 

replaced in the ratio of 5%, 10%, 15%, 20% and 25% by weight of cement concrete. 

The experiment was carried out by using M25 mix with 0.5 water cement ratio. The 

incorporation of wood as partial replacement of cement decreases the slump of 

concrete. Workability of the concrete is decreases with increase in wood ash content. 

The strength properties such as compressive strength, split tensile strength and 

flexural strength at the age of 7, 14, 28 days are evaluated and studied. The test result 

indicates that the strength of concrete increase up to 15% of Wood Ash replacement 

with cement. 

 

�������������³�3�D�U�W�L�D�O���U�H�S�O�D�F�H�P�H�Q�W���R�I���F�H�P�H�Q�W���Z�L�W�K���Z�R�R�G���D�V�K�´��by Amrutha Sebastian et.al 

(2016) [2] studied �³The mechanical properties of Wood Ash concrete replaced in the 

ratios 3%, 5% and 8% by weight of Portland Pozzolanic cement (PPC)� .́ The strength 

properties such as compressive strength, split tensile strength and flexural strength at 

the age of 7 and 28 days are evaluated and studied. The 7th day compressive strength 
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of all three percentages satisfied the requirement. 3% and 5% replacement of Wood 

Ash by weight of cement satisfied all the strength requirement. But, 5% replacement is 

more economic. The workability is found to decrease with increase the Wood Ash 

content. The Wood Ash is pozzolaic in nature. So, it used as partial replacement with 

cement. 

 

 

�������������³Evaluation of Wood Ash as Partially Replacement to Cement�´��by Etaveni 

Madhavi et.al (2016) [3] The objective of this research work is to reduce the cost of 

the construction. Now a days the industrial wastes are rapidly increasing. To utilize 

such materials and to reduce such type of waste in environment. The cement is 

replaced by the wood ash. Wood ash limited to the grain size of less than 90 

micrometer is added to cement by weight percentage of 0%, 5%, 10%, 15%, 20%, 

25% and 30% by the method of replacement by weight. The samples were hydrated at 

different time intervals ranging from one hour to 4 weeks. From this research the 

results are much better as compared to ordinary Portland cement. The wood ash 

exhibits an appreciable amount of pozzolanic properties. The water requirement 

increases with the increase with WA addition. In between 10%- 20% wood ash sample 

shows higher degree of hydration and compressive strength than conventional 

concrete. The optimum replacement percentage of wood ash is therefore in between 

10%- 20% for construction industry. 
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2.1.4 �³�(�[�S�H�U�L�P�H�Q�W�D�O�� �,�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �R�Q��Partial Replacement of Cement by 

�0�H�V�T�X�L�W�H�� ���3�U�R�V�R�S�L�V�� �-�X�O�L�I�O�R�U�D���� �:�R�R�G�� �$�V�K�� �L�Q�� �&�R�Q�F�U�H�W�H�´ by Raghu et.al (2017) [4] 

used Mesquite Wood Ash to replace cement in concrete. Mesquite Wood Ash is a by-

product obtained by the combustion of wood in the wood-fired power plants, hotels, 

etc. The main aim of this project is to minimise the cost of project and reduce the 

wastage of Wood Ash. In this study the �³Wood Ash is replaced to cement in concrete 

by 0%, 5%, 10%, 15% 20% and 25%� .́ The mechanical properties and durability 

properties are determined at different curing period and were compared to M-30 mix 

of concrete. The specimens were casted and cured for 3, 7 and 28 days. The 

mechanical strength properties are increased up to 15% of replacement of Wood Ash 

by cement. The 15% replaced Wood Ash shows lower values of acid attack and water 

absorption.  
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2.1.5 �³Effect of Addition And Partial Replacement Of Cement By Wood Waste 

Ash On Strength Properties Of Structural Grade Concrete�´���E�\��G. Subbaramaiah 

et.al (2015) [5] Studied The production of cement involves an intensive use of raw 

material and energy, while at the same time, releases high quantities of carbon dioxide 

into the atmosphere. Utilization of waste materials and by-products is a partial solution 

to environmental and ecological problems. Wood waste ash is generated as a by-

product of combustion in wood-fired power plants, paper mills, and other wood 

burning industries. The present investigation is mainly aimed to use wood waste ash 

(WA) in structural grade concrete as partial replacement and addition to cement at 

various levels of 0%, 10%, 20%, 30% and 40%. The mechanical properties of concrete 

viz. compressive strength, splitting tensile strength and flexural strength were 

determined at different curing periods. The mechanical properties of wood waste ash 

concrete have improved at 10% of replacement of cement. Further increase in WA 

replacement level decreased the mechanical properties significantly.  

 

2.1.6 �³Study on properties of concrete with partial replacement of cement with 

�Z�R�R�G���D�V�K�´��by Ambili R et.al (2019) [6] in this study focus the safe and economical 

reduction of these wastes. Wood Ash (WA) is the residue produced by the 

uncontrolled burning of wood for power generation and other purpose. The cement 

manufacturing industries will produce large amount of carbon dioxide to the 

environment these may cause greenhouse effect. The utilization of Wood Ash as 

partial replacement of cement reduces the environmental and ecological problems. 

This paper intends to present the result of various experimental investigation leading 
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with concrete incorporating Wood Ash replacing Ordinary Portland cement(43 

grade) in concrete with various percentages (0%, 3%, 5%, 7% and 9%). The 

chemical character tics of wood ash is done by XRD Test. The workability properties 

(slump test) and mechanical strength properties (compressive, split tensile and 

flexural strength) are determined and were compared with control M-20 mix. 

 

 

2.1.7 �³Use of Saw Dust as Fine Aggregate in Concrete �0�L�[�W�X�U�H�´ by Mr. Tilak et.al  

(2018) [7] Studied Sawdust is an industrial waste, by-product of cutting, grinding, 

drilling, sanding, or otherwise pulverizing wood with a saw or other tool; it is 

composed of fine particles of wood. The main constituents of sawdust include 

cellulose, hemicelluloses, lignin and extractives. In an investigation on the use of 

sawdust as sand replacement to produce a low-cost and lightweight material for use in 

construction. It is one of the major underutilized by products from sawmilling 

operations. Generation of wood wastes in sawmill is an unavoidable hence a great 

efforts are made in the utilization of such waste. Thus, this work examines the 

potential use of wood sawdust wastes to produce a low-cost and lightweight composite 

for construction and engineering purpose. This paper reports on experimental 

investigations on the effect of replacing fine aggregate with sawdust on the properties 

of concrete. A concrete mix of 1:1.5:3 is used while sawdust was used to replace 10%, 

20%, 50% and 100% of sand by volume. The percentage reduction in density is 

4.02%, 5.54%, 9.15% and 19.20% respectively while the corresponding percentage 

reduction in compressive strength was 28.54%, 53.95%, 67.10%,and 75.92% 

respectively, with respect to conventional concrete mix. As per the experimental 
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results it was found that both the density and compressive strength of concrete 

decreased as the fraction of sawdust increased. At least 14% replacement can 

potentially be used in making structural concrete. To produce structural lightweight 

concrete sawdust can potentially replace 16% of sand. As the sawdust may be 

obtained at virtually no cost, the cost of concrete can potentially be cut down by 

replacing the sand with sawdust in concrete. 

 

 

2.1.8 �³�(�[�S�H�U�L�P�H�Q�W�D�O���V�W�X�G�\���R�Q���V�W�U�H�Q�J�W�K���R�I���F�R�Q�F�U�H�W�H���E�\���S�D�U�W�L�D�O���U�H�S�O�D�F�H�P�H�Q�W���R�I���)�L�Q�H��

�D�J�J�U�H�J�D�W�H���Z�L�W�K���6�D�Z�G�X�V�W�´���E�\���5�����&�K�L�W�U�D���H�W���D�O�������������� [8] 

This paper represents the results of the investigation varied out from the use of saw 

dust as partial replacement for fine aggregate in concrete. Saw dust is a waste material 

obtained from woods or otherwise resulting from the machine milling. In this fine 

aggregate was replaced was replaced by saw dust as 0%,5%,10%,15% by weight for 

M-20 Mix. The results obtained were 15% optimum replacement for compressive 

strength. The utilization of saw dust in concrete provides additional environmental as 

well as technical benefits for all related industries partial replacement of sawdust 

reduces the cost of making concrete. It has been observed that when we increased the 

saw dust percentage the compressive strength of the concrete decreases Increase in 

water cement ratio also decrease the compressive strength of the concrete. Water 

absorption increased with increasing saw dust percentage. To achieve a better result 

sawdust, replace with fine aggregate by 10%. 
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0

5

10

15

20

25

30

35

C
om

pr
es

si
ve

 s
tr

en
gt

h(
N

/m
m2 )



15 

 

 

 

2.1.9 �³�5�H�S�O�D�F�H�P�H�Q�W���R�I���I�L�Q�H���D�J�J�U�H�J�D�W�H���Z�L�W�K���V�D�Z�G�X�V�W�´ by Abishek Narayanan et.al 

(2017) [9]. 

This experimental study is aimed to create a concrete mixture consisting of sawdust 

which replaces the fine aggregate. It is also used to analyze the effect of sawdust 

concrete in terms of workability, adhesion of aggregates and etc. After preparing the 

concrete block, the difference in weight between the original concrete and the sawdust 

concrete block is also tested. The sawdust is mixed in definite proportions with the 

concrete. And then various tests are conducted for fresh concrete as well as hardened 

concrete. The sawdust can be used as an aggregate in both non- structural lightweight 

concrete and structural concrete. Our experimental research tries to implicate that 

sawdust-cement-gravel mix has an equal advantage like the standard mix of cement-

sand-grave.   To cast specified number of cubes, cylinder and beams by replacing fine 

aggregate with sawdust by 1%, 2%, 3% & and to compare their property with standard 

mix(M20). To compare the strength characteristics of normal concrete and concrete 

with Quarry dust and Saw dust. Concrete produced using sawdust as partial 

replacement of sand has influence on the properties of the concrete. The result of the 

analysis carried out shows that the workability of concrete with partial replacement of 

sand with sawdust reduces at constant water-cement ratio; The compressive strength 

of saw dust upto 15% is almost similar to that of control mix. Weight of the sawdust 

concrete was reduced as compared with normal concrete and also become more 

economical. The compressive strength of cubes and cylinders of the concrete for all 

mix increases with age of curing. 
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2.1.10 �³�3�D�U�W�L�D�O���U�H�S�O�D�F�H�P�H�Q�W���R�I���I�L�Q�H���D�J�J�U�H�J�D�W�H���Z�L�W�K���V�D�Z���G�X�V�W���I�R�U���F�R�Q�F�U�H�W�H�´��by Joy 

et.al.[2016] [10] they checked the 28 days compressive strength, flexural strength and 

splitting tensile strength at various mix proportions. They cast specified number of 

cubes, cylinder and beams by replacing fine aggregate with sawdust by 15%, 20%, 

25% & 30% and to compare their property with standard mix (M25).Based on the 

investigation on sawdust, following conclusions were made i.e. in 28 days 

compressive strength and splitting tensile strength of the concrete is not increased to 

large extent but it almost matches with the compressive and splitting tensile strength 

of nominal mix concrete. The compressive strength obtained for the replacement of 

fine aggregate with 25% sawdust was proved to be the optimum mix to get M25 grade 

of concrete. But the flexural strength gradually increases as sawdust content increases. 

The fiber content in sawdust is very high and is responsible for the increase of 

strength. Weight of the sawdust concrete was reduced as compared with normal 

concrete and also become more economical. As a result of this experiment it was 

observed that the concrete containing sawdust get compacted more efficiently than the 

normal concrete. Dry porous sawdust could absorb sufficient amount of water that 

could be an effective mean of internal curing and absorb the excess water in the mix 

and provide the water required for the hydration of the cement. 
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2.1.11 �³Effect of Sawdust as Fine Aggregate In Concrete Mixture�  ́by M.Vimala 

Nathan [2018] [11] 

Concrete is known to be the most widespread structural material due to its quality to 

shape up in various geometrical configurations. In some conditions, one might assume 

that normal weight concrete is inconvenient due to its density (2200-2400kg/m3). 

Replacing partially or entirely the normal weight aggregate concrete with lower 

weight aggregates produces lightweight aggregate concrete Large increasing amount 

in the population of the world requires larger establishment of the settlement. Thus 

new techniques and materials should be developed to construct new buildings. Besides 

a large number of the settlement security of those buildings against natural disaster is 

the durability of the construction and also thermal conductivity.. The study entitled 

�³�5�H�S�O�D�F�H�P�H�Q�W�� �R�I�� �W�K�H�� �I�L�Q�H�� �D�J�J�U�H�J�D�W�H�� �Z�L�W�K�� �V�D�Z�� �G�X�V�W��- An evaluation of strength 

characteristics of �F�R�Q�F�U�H�W�H�´���L�V���G�R�Q�H���E�\���I�R�O�O�R�Z�L�Q�J���W�K�H���P�H�W�K�R�G�R�O�R�J�\�� �J�L�Y�H�Q���E�H�O�R�Z���0��������

Conventional control mix is prepared with mix proportions as 1:1.5:3.In the next 

stage, 5% of fine aggregate is replaced with saw dust and cubes, cylinders were 

casted. Similarly the fine aggregate is replaced with saw dust with percentages up to 

15% at an interval of 5%.All these casted cubes and cylinders were cured for 7 and 28 

days and are tested to find out the compressive strength and spilt tensile strength for 

these respective days. The cost of concrete is less than conventional concrete. The 

concrete becomes environment friendly, due to use of waste industrial material. 

Concrete produced using sawdust as partial replacement of fine aggregate has 

influence on the properties  of the concrete. 
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 2.1.12 �³Partial Replacement Of Sand With Sa�Z�G�X�V�W�� �,�Q�� �&�R�Q�F�U�H�W�H�´��by Akshay 

Sawant et.al [2018] [12] In our project we use saw dust as a waste material for partial 

replacement of sand in concrete for modifying its properties. In the concrete mixes 

sand was replaced at 5%, 10%, 15%, 20% and 25% by weight and effectsof 

replacement on concrete is observed. Use of saw dust in concrete permits disposal of 

waste (saw dust) and make concrete light in weight. Concrete, cubes measuring 150 x 

150 x 150 mm, beams of sizes 550 x 100 x 100 mm and cylinder 15 cm in diameter 

and 30 cm in height were cast and their compressive, flexural strength and split tensile 

strength is evaluated respectively after 7, 14 and 28 days. Metakaolin is use as an 

admixture which possess cementious properties which provides good bonding 

between saw dust and ingredient of concrete. For compressive strength test, 5 % 

replacement by weight shows satisfactory results. i.e. (21.105 N/mm2 There is 

reduction in density of sawdust concrete with increase in percentage of sawdust in 

concrete.  Use of sawdust as a waste in concrete decrease the pollution which is 

caused after burning of sawdust. 
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CHAPTER-3 

MATERIALS  

3.1 General:  

The constituent materials used in this investigation were procured from local sources. 

These materials are required by conducting various tests. Due to these results we were 

define what type of materials are used. We are using cement, wood ash, Saw dust, 

coarse aggregate, fine aggregate, water. 

3.2 Cement:  

Ordinary Portland cement of 53 grade conforming to both the requirements of IS: 

12269 and ASTM C 642-82 type-I was used. We are conducting different types of 

tests on cement; those are Compressive strength of cement, Specific Gravity and 

Fineness of cement. From the test results obtained the conventional concrete can be 

designed according to IS10262-82 (INDIAN MIX DESIGN CODE). Finally we had 

chosen M25 Grade concrete for our experimental work. 

 
Fig. 3.1: Ordinary Portland cement 

 

3.2.1 Definition of OPC:  

Cement can be defined as the bonding material having cohesive & adhesive properties 

which makes it capable to unite the different construction materials and form the 

compacted assembly. 

The name Portland cement was given by Joseph Aspdin in 1824 due to its similarity in 

colour and its quality when it hardens like Portland stone. Portland stone is white grey 

limestone in island of Portland, Dorset. 

3.2.2 Composition of OPC:  

The chief chemical components of ordinary Portland cement are: 

1) Calcium  
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2) Silica  

3) Aluminium  

4) Iron  

Calcium is usually derived from limestone, marl or chalk while silica, alumina and 

iron come from the sands, clays & iron ores. Other raw materials may include shale, 

shells and industrial by products.  

 3.2.3 Basic Composition:   

The chief compounds which usually form in process of mixing:  

�¾ Tri-Calcium Silicate(3CaO.SiO2)  

�¾ Di-Calcium Silicate (2CaO.SiO2)    

�¾ Tri-Calcium Aluminates (3CaO.Al2O3)    

�¾ Tetra-Calcium Alumina Ferrite(4CaO.Al2O3.Fe2O3)  

Table 3.1: Basic Composition of OPC 

Contents CaO SiO2 Al2O3 Fe2O3 MgO Alkalis SO3 

% 60-67 17-25 3-8 0.5-6.0 0.5-4.0 0.3-1.2 2.0-3.5 

3.2.4 Uses of OPC (Ordinary Portland Cement):  

It is used for general construction purposes where special properties are not required. 

It is normally used for the reinforced concrete buildings, bridges, pavements, and 

where soil conditions are normal. It is also used for most of concrete masonry units 

and for all uses where the concrete is not subject to special sulphate hazard or where 

the heat generated by the hydration of cement is not objectionable. It has great 

resistance to cracking and shrinkage but has less resistance to chemical attacks.  

3.3 Fine Aggregate: 

Sand is a naturally occurring granular material composed of finely divided rock and 

mineral particles. The composition of sand is highly variable, depending on the local 

rock sources and conditions it passes through 4.75 mm IS sieve, and contains not more 

than 5 per cent coarser material. They may be classified as follows: 

�x Natural sand 

�x Crushed stone sand   and 

�x Crushed gravel sand  
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The fine aggregates serve the purpose of filling all the open spaces in between the 

coarse particles. Thus, it reduces the porosity of the final mass and considerably 

increases its strength. Usually, natural river sand is used as a fine aggregate. However, 

at places, where natural sand is not available economically; finely crushed stone may 

be used as a fine aggregate. 

Effects of Fine Aggregate: 

�x Strength 

�x Fineness 

�x Workability 

 

Fig. 3.2: Fine aggregate 

Fine aggregates should be free from dust, silt and organic impurities. Depending upon 

the particle size distribution,IS:383-1970 has divided the fine aggregate in to four 

grading zones as given in table 5 the grading zones becomes progressively finer from 

grading zone I to grading zone IV. Where concrete og high strength and good 

durability is required, fine aggregates conforming to any one of the four grading zones 

may be used the concrete mix should be properly designed. As the fine aggregate 

grading becomes progressively finer, that is from grading zone I to IV, the ratio of the 

fine aggregate to coarse aggregate should be progressively reduce. 

Table 3.2- Grading zones of fine aggregate as per IS 383 �± 1970: 

IS Sieve 

designation 

% Passing by Weight for 

Grading zone 1 
Grading 

zone 2 

Grading 

zone 3 

Grading 

zone 4 

10mm 100 100 100 100 

4.75mm 90-100 90-100 90-100 90-100 

2.36mm 60-95 75-100 85-100 95-100 

1.18mm 30-70 55-90 75-100 90-100 

600µ 15-34 35-59 60-79 80-100 
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300µ 5-20 8-30 12-40 15-50 

150µ 0-10 0-10 0-10 0-15 

Fineness modulus 

range 
4.0 - 2.71 3.37 - 2.1 2.78 - 1.71 2.25 - 1.35 

 

3.4 Coarse Aggregate: 

For this study Natural Coarse Aggregate (NCA) are used. Aggregates of size more 

than 4.75mm are generally considered as coarse aggregate. It give strength to the 

concrete.. Crushed stone is used as the coarse aggregate in concrete. It is angular in 

shape. Crushed natural stone of maximum size 20 mm were used as coarse aggregate 

for this project work. A good quality of coarse aggregate is obtained from nearest 

crusher unit and various tests are carried out on coarse aggregate as per IS 2386- 1963 

(part 3). The coarse aggregate are selected as per IS-383 specifications.  

Fig.3.3: Coarse aggregate 

3.5 Water 

In this study portable water is used confirming to IS 456-2000. The water used for the 

study was free of acids, organic matter, suspended solids, alkalis and impurities which 

when present may have adverse effect on the strength of concrete. 

3.6 Wood ash:  

Wood ash in this study is an admixture: a pozzolana. A pozzolana is a material rich in 

silica and alumina which in itself has little or no cementitious value but will, in finely 

divided form and in the presence of moisture, chemically react with calcium 

hydroxide at ordinary temperatures to form compounds possessing cementitious 

properties [3]. Wood ash is obtained from the combustion of wood. It can be related to 

fly ash since fly ash is obtained from coal, which is a fossilized wood [4]. Rice husk 
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ash is also of plant origin. This implies that wood ash could be used as a pozzolana in 

concrete. 

 

Fig. 3.4: Wood ash 

3.7 Saw Dust: 

Sawdust is also known as wood dust. It is the by-product of cutting, drilling wood 

with a saw or any other tool; it is composed of fine particles of wood. Certain animals, 

birds and insects which live in wood, such as the carpenter ant are also responsible for 

�S�U�R�G�X�F�L�Q�J�� �W�K�H�� �V�D�Z�� �G�X�V�W���� �6�D�Z�G�X�V�W�¶�V�� �D�U�H�� �S�U�R�G�X�F�H�G�� �D�V�� �D�� �V�P�D�O�O�� �G�L�V�F�R�Q�W�L�Q�X�R�X�V�� �F�K�L�S�V�� �R�U��

small fragments of wood during sawing of logs of timber into different sizes. The 

chips flow from the cutting edges of the saw blade to the floor during sawing 

operation. Sawdust can be used as alternative substitute for fine aggregate in concrete 

production. Before using the saw dust it should be washed and cleaned. Because of 

large amount of barks are present which can affect setting time and heat of hydration 

of cement. Concrete obtained from sawdust is a mixture of sawdust, gravel with 

certain percentage of water to entrance the workability and full hydration of the 

cement which provide great in bonding of the concrete. Saw dust concrete is light in 

weight and it has satisfactory heat insulation and fire resisting values. The most 

important aspect and main target of the experiment are proving that sawdust-cement-

gravel mixtures can prove to be more lightweight and cost efficient. Since sawdust is 

already waste then the cost would go down as well as weight cause of its extremely 

light unit weight. Sawdust is used in concrete more than 40 years. 

 

Fig 3.5: Saw dust 
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CHAPTER-4 

TESTS ON MATERIALS  

4.1 TESTS ON CEMENT:  

4.1.1 Normal Consistency of Cement:  

Normal consistency test is used to determine the optimum percentage of water content 

required for a cement paste. It is a datum for all the tests on cement. The standard 

consistency or normal consistency of a cement paste is defined as the amount of water 

(in percentage by weight of dry cement) that permits the vicat plunger to penetrate to a 

depth of 5 to 7 mm from the bottom of the vicat mould. Here is the test procedure. The 

normal consistency of cement = 36%. 

 

Fig 4.1: Vicat apparatus 

4.1.2 Initial and Final Setting time of Cement:  

When water is added to the cement, the resulting paste starts stiffening and gaining 

strength, simultaneously losing its consistency. Two stiffening stages are identified as 

initial setting time and final setting time respectively. Initial setting time is defined as 

the period elapsing between the time when the water is added to the cement and the 

time at which a needle of 1mm square section fails to pierce the test block to a depth 

�R�I���D�E�R�X�W���P�P���I�U�R�P���W�K�H���E�R�W�W�R�P���R�I���W�K�H���Y�L�F�D�W�¶�V mould. final setting time is defined as the 

period elapsing between the time when water is added to the cement and the time 

when water is added to the cement and the time at which the needle of 1mm square 

section (with 4mm78diameter attachment) makes an impression on the test block, 

which the attachment fails to make an impression on the test block. 

Initial setting time of cement is 44 minutes 

. Final setting time of cement is   7 hours. 

4.1.3. Compressive Strength of Cement:  
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Preparation of test specimen for each cube, take the quantities of materials (1:3) as 

follows    

Cement = 185gm    

Standard sand = 555gm    

Water = (P/4 + 3.0) percent of combined weight of cement and sand.    

Mix the cement and sand with towel on non-porous plate for one minute. Then add 

water to the mixture of cement, sand and mix until the mixture of uniform colour is 

obtained. The time of gauging shall be in any case not be less than 3 minutes and not 

more than 5 minutes, gauging time is time lapped between the water added to the mix 

and casting of cubes. 

Apply thin layer of oil to the interior faces of mould. Place it on the table of vibration 

machine, and firmly hold in position by means of clamps. Place the entire quantity of 

mortar in the hopper of the cube mould and compact the same by vibrations for period 

of about 2 minutes. At the end of vibration, remove the mould together with base plate 

from the machine and finish the top surface of cube in the mould by smoothing the 

surface with the blade of trowel. Engrave identification mark in cubes. Keep the filled 

moulds in the atmosphere of at least 90% relative humility chamber, after completion 

of vibration. Also maintain temperature at 27+ 20c. At end of this period, remove 

cubes from moulds and immediately submerge in clean fresh water and keep there 

until taken out just prior to breaking. After they are taken out and until they are 

broken, the cubes shall not allow becoming dry.  

4.1.4 Specific gravity of Cement:  

In concrete technology, specific gravity of cement is made use in design calculations 

of concrete mixes, and it is also used to calculate its specific surface. The specific 

gravity is defined as the ratio between the weight of a given volume of cement and 

weight of an equal volume of water. The most popular method of determining specific 

�J�U�D�Y�L�W�\���R�I���F�H�P�H�Q�W���L�V���E�\���W�K�H���X�V�H���R�I���N�H�U�R�V�H�Q�H���Z�K�L�F�K���G�R�H�V�Q�¶�W���U�H�D�F�W���Z�L�W�K���F�H�P�H�Q�W�� 

 

Fig 4.2: Specific gravity of Cement 
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Weight of specific gravity bottle with stopper (W1) =25gm 

Weight of specific gravity bottle with stopper + cement (W2) =45gm 

Weight of specific gravity bottle with stopper + cement + kerosene (W3) =75 gm 

Weight of specific gravity bottle with stopper + kerosene (W4) = 60gm 

Specific Gravity of kerosene (Gk) = 0.78 

 

   G      =      * Gk 

�) L
�v�wF�t�w

�:�v�wF�t�w�; F �:�y�wF�x�r�;
H�r�ä�y�z 

Specific gravity of cement = 3.12 

4.2 FINE AGGREGATE  

4.2.1 Fineness modulus of fine aggregates: 

Fine aggregate is sand used in mortars. The size of the fine aggregate is limited to 

maximum 4.75 mm (4800 microns) beyond which it is known as coarse aggregate. 

Fineness modulus is only a numerical index of fineness, giving some idea about, the 

mean size of the particles in the entire body of concrete. Determination of fineness 

modulus is considered as a method of standardization of grading of aggregates i.e. the 

main object of finding fineness modulus is to grade the given aggregate for the most 

economical mix and workability with minimum quantity of cement. It is obtained by 

sieving known weight of given aggregate in a set of standard sieves and by adding the 

percent weight of material retained on all the sieves and dividing the total percentage 

by 100. 

Table 4.1 : fineness modulus of fine aggregate 

s.no IS Sieve size Weight 

retained(g) 

%of weight 

retained 

Cumulative% 

of weight 

retained 

% of weight 

passing 

1 4.75mm 21.4 2.14 2.14 97.86 

2 2.36mm 228.2 22.8 24.96 75.04 

3 1.18mm 153.9 15.39 40.35 59.65 

4 600µ 338.7 33.87 74.22 25.78 

5 300µ 126.5 12.65 86.87 13.13 

6 150µ 108.5 10.85 97.72 2.28 
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Fineness Modulus: Sum of Cumulative percentage = Wt. retained /100 = 3.26 

 

Table 4.2 Range of fineness modulus of fine aggregate and type of sand  

The fineness modulus of given fine aggregate= 3.2 

The fine aggregate used in this project is Zone-2. 

It is medium type sand.  

4.2.2 Specific gravity of Fine Aggregate: 

Specific Gravity is defined as the ratio of Weight of Aggregate to the Weight of equal 

Volume of water. The specific gravity of an fine aggregate is considered to be a 

measure of strength or quality of the material and also its specific surface. Aggregates 

having low specific gravity are generally weaker than those with high specific gravity. 

 

Fig 4.3: specific gravity of Fine aggregate 

Weight of empty Pycnometer (W1) =625 

Weight of empty Pycnometer + dry aggregate (W2) =1005  

Weight of empty Pycnometer + dry aggregate + water (W3) =1760 

Weight of empty Pycnometer + water (W4) = 1525 

                                                                  G      =    

�) L
�s�r�r�wF�x�t�w

�:�s�r�r�wF�x�t�w�; F �:�s�y�x�rF �s�w�t�w�;
 

Specific gravity of fine aggregate = 2.58 

          Type of sand Fineness modulus range 

Fine sand 2.2 �± 2.6 

Medium sand 2.6 �± 2.9 

Coarse sand 2.9 - 3.2 
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4.3 COARSE AGGREGATE: 

4.3.1 Fineness modulus of Coarse aggregates: 

Determination of fineness modulus is considered as a method of standardization of 

grading size of aggregates i.e. the main object of finding fineness modulus is to give 

size of the given coarse aggregate for the most economical mix and workability with 

minimum quantity of cement. It is obtained by sieving known weight of given 

aggregate in a set of standard sieves and by adding the percent weight of material 

retained on all the sieves and dividing the total percentage by 100. 

Table 4.3: Range of Fineness modulus of coarse aggregate of different sizes 

OBSERVATIONS: 

Coarse aggregate:20mm size 

Wt. of coarse aggregate taken: 5 kgs 

Table 4.4 fineness modulus of coarse aggregate 

Fineness Modulus: Sum of Cumulative percentage= Wt. retained/100 =747/100  

Maximum size of coarse aggregate Fineness modulus range 

19mm 6.0 - 6.9 

20mm 6.9 �± 7.5 

75mm 7.5 �± 8.0 

150mm 8.0 �± 8.5 

s.no Is sieve size Weight 

retained 

(kg) 

% of weight 

retained 

Cummulative % of 

weight Retained 

% of weight 

passing 

1 80mm 0 0 0 100 

2 40mm 0.105 10.5 10.5 85.5 

3 20mm 0.265 26.5 37 59 

4 10mm 0.570 59.0 100 0 

5 4.75mm 0 0 100 0 

6 2.36mm 0 0 100 0 

7 1.18mm 0 0 100 0 

8 600µ 0 0 100 0 

9 300µ 0 0 100 0 

10 150µ 0 0 100 0 
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The fineness modulus of given coarse aggregate = 7.47 

4.3. 2 Specific Gravity of Coarse aggregate:  

Specific Gravity is defined as the ratio of Weight of Aggregate to the Weight of equal 

Volume of water. The specific gravity of coarse aggregate is considered to be a 

measure of strength or quality of the material and also its specific surface. Aggregates 

having low specific gravity are generally weaker than those with high specific gravity. 

 

Fig 4.4: specific gravity of Fine aggregate 

Weight of empty Pycnometer (W1) =625 

Weight of empty Pycnometer + dry aggregate (W2) =975 

Weight of empty Pycnometer + dry aggregate + water (W3) =1405 

Weight of empty Pycnometer + water (W4) = 1185 

            G      =    

�) L
�y�y�wF�v�t�r

�:�y�y�wF�v�t�r�; F �:�s�v�s�wF�s�s�z�z�;
 

   Specific gravity of Coarse aggregate = 2.78 

4.4 Saw dust: 

4.4.1 Specific gravity of saw dust 

 

Fig 4.5: specific gravity of Saw dust 
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Weight of empty Pycnometer (W1) =625 

Weight of empty Pycnometer + Sawdust (W2) =693  

Weight of empty Pycnometer + Sawdust + water (W3) =1195 

Weight of empty Pycnometer + water (W4) = 1185 

                                                                  G      =    

�) L
�x�{�uF�x�t�w

�:�x�{�uF �x�t�w�; F �:�s�s�{�wF�s�s�z�w�;
 

Specific gravity of Saw dust = 1.21 

4.4.2 Water absorption of saw dust 

Percentage of absorption = ( A-B/ B)*100 

A= Statured weight of saw dust in kg = 1.93kg 

B= Oven dried weight of saw dust in kg = 1.32 kg 

% absorption = ((1.93-1.32)/(1.32))*100 = 46% 

4.5 Wood ash: 

4.5.1 Specific gravity of wood ash: 

Weight of specific gravity bottle with stopper (W1) =35.43gm 

Weight of specific gravity bottle with stopper + wood ash (W2) =37.44gm 

Weight of specific gravity bottle with stopper + wood ash + kerosene (W3)=79.52gm  

Weight of specific gravity bottle with stopper + kerosene (W4) = 78.46gm 

Specific Gravity of kerosene (Gk) = 0.78 

 

   G      =      * Gk 

�) L
�v�vF �t�w

�:�v�vF �t�w�; F �:�z�{F �y�t�;
H�r�ä�y�z 

 

                                                 = 2.47  

Specific gravity of Wood ash = 2.47 

4.6 TESTING OF FRESH CONCRETE 

Fresh properties of concrete are observed at the time of concreting. To measure the 

fresh properties of concrete workability test is very important. Concrete good in 

workability will shows better properties in its life time. Before pouring concrete into 
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the moulds we need to check the workability by slump cone method. The workability 

test for concrete is confirms to IS 1199 �± 1959. 

4.7 WORKABILITY OF CONCRETE  

4.7.1 Slump Cone Test 

The slump test is the most well-known and widely used test method to characterize the 

workability of fresh concrete. The concrete slump test is an empirical test that 

measures the workability of fresh concrete. More specifically, it is an inexpensive test 

which measures the consistency of the concrete in that specific batch. This test is 

performed to check the consistency of freshly made concrete. Consistency is a term 

very closely related to workability. It is a term which describes the state of fresh 

concrete. It refers to the ease with which the concrete flows. It is used to indicate the 

degree of wetness. Workability of concrete is mainly affected by consistency i.e. 

wetter mixes will be more workable than drier mixes, but concrete of the same 

consistency may vary in workability. The test method is widely standardized 

throughout the world, including in ASTM C143 in the United States and EN 12350-2 

in Europe. 

Table number 4.5 : Slump value for various mix of wood ash 

Concrete mix Slump mm Nature of collapse 

0 % 100 True slump 

5% 94 True slump 

10% 88 True slump 

15% 82 True slump 

20% 76 True slump 

 

Table number 4.6 : Slump value for various mix of Saw dust: 

Concrete mix Slump mm Nature of collapse 

0 % 102 True slump 

10% 110 True slump 

20% 103 True slump 

30% 101 True slump 

40% 95 True slump 
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Fig 4.6 : Workability slump  

4.7.2 VEE-BEE TEST 

The main objective of Vee-Bee test is to determine the workability of the freshly 

mixed concrete. The Vee-Bee test gives an indication about the mobility and the 

compatibility aspect of the freshly mixed concrete. Vee-bee test carries out the 

relative effort measurement to change the mass of the concrete from a definite shape 

to the other. That is, as per the test, from the conical shape to the cylindrical shape by 

undergoing vibration process. The measurement of the effort is done by time 

measurement in seconds. The amount of work measured in seconds is called as 

the remolding effort. The time required for the complete remolding is a measure of 

the workability and is expressed in the Vee-Bee seconds. 

The initial time (a) = 0 sec 

The final time (b) = 6 sec 

 The consistency of Nominal concrete is measured in vee bee seconds = a-b = 6 sec. 

4.7.3 COMPACTION FACTOR TEST : 

Compaction factor test is the workability test for concrete conducted in laboratory. 

The compaction factor is the ratio of weights of partially compacted to 

fully compacted concrete. The compaction factor test is used for concrete which have 

low workability for which slump test is not suitable. 

The empty weight of cylinder (W1) = 9.94 kg 

The weight of the cylinder and partially compacted concrete (W2) = 21.65kg 

The weight of the cylinder and fully compacted concrete (W3) = 22.48 kg 

 Compaction of nominal concrete = 0.931 
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CHAPTER-5 

EXPERIMENTAL INVESTIGATION  

5.1 General:  

An Experimental study is conducted to find out the compressive test at 7 days, 14 days 

and 28 days respectively. 

5.2 MIX DESIGN FOR M25 GRADE OF CONCRETE  

TARGET STRENGTH FOR MIX PROPORTION  
   fck´ = fck + 1.65s 

fck´   = Target average compressive strength at 28 days. 

fck = characteristic Compressive strength at 28 days 

s       = Standard deviation  

From table 1(Clauses 3.2.1.2,A-3 and B-3), IS 10262:2009, standard deviation,  

s = 5N/mm2 

fck´ =25+1.65(5) 

TARGET STRENGTH fck´= 31.6 N/mm2 

SELECTION OF WATER -CEMENT RATIO  

From table 5(Clauses 6.1.2, 8.2.4.1 and 9.1.2)  IS456:2000,  

maximum water- cement ratio = 0.45 

Adopt water-cement ratio as 0.40 

0.40<0.45, hence O.K 

SELECTION OF WATER CONTENT  

From Table 2,(Clauses 4.2, A-5 and B-5) IS 10262:2009  

maximum water content = 186 kg/m3 

Estimate water content for 0mm slump = 186 liters 

Adopted water content = 180liters 

CALCULATION OF CEMENT CONTENT  

Water-cement ratio   = 0.40 

Cement content            =   
�5�<�4

�4�ä�8�4
 = 450 kg/m3  

From Table 5(Clauses 6.1.2, 8.2.4.1 and 9.1.2) of IS 456:2000, minimum cement 

�F�R�Q�W�H�Q�W���I�R�U���µ�V�H�Y�H�U�H�¶���H�[�S�R�V�X�U�H��condition = 360 kg/m3 

450 kg/m3> 360 kg/m3,, hence O.K. 
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PROPORTION OF AGGREGATES 

(From table 3) IS10262:2009 

       Volume of coarse aggregate corresponding to 20mm size 

       Aggregate & fine aggregate of W/C ratio 

                                             0.50=0.60 

                                             0.40=0.62 

         Volume of coarse aggregate  = 0.62 

         Volume of fine aggregate  =1-0.62=0.38 

MIX CALCULATION  

a. Volume of concrete                                = 1m3   

b. Volume of cement                               = 
�k�_�q�q���m�d���a�c�k�c�l�r

�q�n�c�a�g�d�g�a���e�p�_�t�g�r�w���m�d���a�c�k�c�l�r
H

�5

�5�4�4�4
 

      =   
�8�9�4

�7�ä�5�6
H

�5

�5�4�4�4
 

                                                                                     = 0.144m3 

c. Volume of water                                           = 
�k�_�q�q���m�d���u�_�r�c�p

�q�n�c�a�g�d�g�a���e�p�_�t�g�r�w���m�d���u�_�r�c�p
H

�5

�5�4�4�4
 

    =   
�5�<�4

�5
H

�5

�5�4�4�4
 

     = 0.18m3 

d. Volume of all in aggregate            = [a-(b+c)] 

        = [1-(0.144+0.18)]   = 0.676m3 

e. Mass of Coarse aggregate(C.A)         =d ×Volume of C.AHsp gr of C.AH�s�r�r�r 

         = 0.67�xH�r�ä�x�tH�t�ä�y�zH�s�r�r�r 

                                                                                     = 1165.15 kg/m3 

f. Mass of Fine aggregate(F.A)        =d×Volume of F.AHsp gr of F.AH 1000                                                                                

= 0.7H�r�ä�u�zH�t�ä�w�zH�s�r�r�r 

                                                                                      = 662.75 kg/m3 

MIX POPORTIONS  

Cement                                                            = 450 kg/m3 

Water                                                               = 180 kg/m3 

Fine aggregate                                         = 662.75 kg/m3 

Coarse aggregate                                   = 1165.15 kg/m3 

Water-cement ratio                              = 0.40 

MIX RATIO                                                  =   1 : 1.47 : 2.58 
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5.3 Different Types of Concrete Mixes:                                                                                                             

Following Combinations of Cement, Fine aggregate, Wood ash, and Saw dust are used 

in the Project 

1. Conventional aggregate concrete (CCA)    

2. Concrete made by replacing 5% Wood ash in Cement 

3. Concrete made by replacing 10% Wood ash in Cement 

4. Concrete made by replacing 15% Wood ash in Cement 

5. Concrete made by replacing 20% Wood ash in Cement 

6. Concrete made by replacing 10% Saw dust in Fine aggregate 

7. Concrete made by replacing 20%Saw dust in Fine aggregate  

8. Concrete made by replacing 30%   Saw dust in Fine aggregate 

9. Concrete made by replacing 40%Saw dust in Fine aggregate 

5.4 Work Progress of Specimens:  

The present experimental programme includes mixing, casting and testing of 

specimens for compression and weight reduction. Total No. of Cube specimens casted 

are 75No.s.The detail procedure for mixing, casting and curing of the specimens are 

described below. 

 

 

 

 

 

 

 

 

5.4.1 Mixing process for partially replacement of Cement with Wood ash and 

Fine aggregate with Saw dust: 

Manual mixing is adopted throughout the experiment work. First the materials cement, 

fine aggregate, coarse aggregate replacements are weighed exactly. First the cement 

and Wood ash are mixed with hand, then fine aggregate, coarse aggregate is added to 

this and thoroughly mixed. Water is weighed exactly and added to the dry mix and 

entire mix is thoroughly mixed till uniformity is arrived at. Immediately after 

Mixing of specimens 

Casting of Cubes 

Curing 

Testing 
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thoroughly mixing, the fresh concrete is tested for workability using compaction factor 

apparatus. 

 

Fig 5.1: Mixing  of ingredients 

5.4.2 Casting of Specimens:  

For casting the cube, standard C.I Metal moulds of size 150x150x150mm have been 

used. The moulds have been cleaned of dust particles and applied with mineral oil on 

all sides, before concrete is poured into the mould. Thoroughly mixed concrete is 

filled into the mould. 

 

Figure 5.2: Casting of specimens 

5.4.3 Curing of Specimens:  

After casting the moulded specimens are stored in the laboratory free from vibrations, 

in moist air and at room temperature for 24 hrs. After this period, the specimen are 

removed from the moulds and immediately submerged in the clean fresh water of 

curing tank. The curing water is renewed after every 5 days. The specimens are cured 

for 7 and 28 days in the present work.  
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Fig 5.3: curing of cubes specimens 

5.5 Testing:  

The specimens cured as explained above and tested as per standard procedure after 

removal from curing tank and allowed to dry under shade. These specimens are tested 

for following test  

�‡ Compressive strength test    

 

Fig 5.4: Testing of specimen 

5.5.1 Compressive Strength Test:    

In compressive strength test the cube specimen was placed with the cast faces of the 

cube at right angles to that as cast in the compression testing machine. According to 

standard specifications the load on the cube was applied at standard constant rate up 

to the failure of the specimen and the ultimate load was noted. Cube compressive 

strength was tested and results were tabulated in table. 

 

Figure 5.5: Compressive Testing Machine 
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CHAPTER 6 

RESULTS 

Table 6.1: Compressive Strength Results of wood ash for 7 in water curing 

 

 

Figure 6.1: Compressive Strength of Cube Specimens at 7 Days (wood ash) 

 

Table 6.2: Compressive Strength Results of wood ash for 14 in water curing 

s.no %   of 

Wood ash 

added 

Compressive strength in N/mm2 Average 

Strength 

N/mm2 

No.of 

Cubes Trial -1 Trial -2 Trial -3 

1 0% 20 21.5 22.5 22.3 3 

2 5% 17.89 17.24 18.62 18.04 3 

3 10% 19.96 19.8 20.64 17.24 3 

4 15% 24.4 25.6 27 25.66 3 

5 20% 22.32 23.42 23.29 23.01 3 
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S.No % of 

Wood ash 

added 

Compressive strength in N/mm2 Average 

Strength 

N/mm2 

No.of 

Cubes 
Trial -1 Trial -2 Trial -3 

1 0% 16 17.42 19 17.66 3 

2 5% 16.08 15.21 16.89 16.37 3 

3 10% 17.86 17.42 18.65 18.05 3 

4 15% 22.25 21.9 22.24 22.18 3 

5 20% 20.24 19.62 20.58 20.14 3 
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Figure 6.2: Compressive Strength of Cube Specimens at 14 Days (wood ash) 

Table 6.3: Compressive Strength Results of wood ash for 28 in water curing 

s.no %   of 

Wood 

ash 

added 

Compressive strength in N/mm2 Average No.of 

Cubes 

Trial -1 Trial -2 Trial -3 Strength 

N/mm2 

1 0% 25 25 25 25 3 

2 5% 20.62 21.8 21.94 21.45 3 

3 10% 22.68 23.21 23.96 23.28 3 

4 15% 28.2 29.8 29 29 3 

5 20% 24.71 26.14 25.25 25.37 3 

 

Figure 6.3: Compressive Strength of Cube Specimens at 28 Days (wood ash) 
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Table 6.4: Compressive Strength Results of saw dust for 7 in water curing 

  

s.no 

% of Saw 

dust add 

Compressive Strength in N/mm2 Average 

Strength 

in N/mm2 

No. of 

cubes 

Trial -1 Trial -2 Trial -3 

1 0% 16 18 19 17.66 3 

2 10% 15.89 18.9 19.7 18.16 3 

3 20% 19.14 20.2 18.35 19.23 3 

4 30% 20.29 15.21 16.89 20.13 3 

5 40% 18.53 17.68 18.5 18.23 3 

 

 

Figure 6.4: Compressive Strength of Cube Specimens at 7 Days (saw dust) 

Table 6.5: Compressive Strength Results of wood ash for 14 in water curing 

S.No % of Saw 

dust add 

Compressive Strength in N/mm2 Average 

Strength 

in N/mm2 

No. of 

cubes 

Trial -1 Trial -2 Trial -3 

1 0% 20 21.5 22.5 22.3 3 

2 10% 21.23 22.43 23.36 24.32 3 

3 20% 22.32 22.74 23.74 23.1 3 

4 30% 22.2 23.5 25 23.56 3 

5 40% 20.64 21.3 21.87 21.27 3 
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Figure 6.5: Compressive Strength of Cube Specimens at 14 Days (saw dust) 

Table 6.6: Compressive Strength Results of wood ash for 28 in water curing 

  

s.no 

% of Saw 

dust add 

Compressive Strength in N/mm2 Average 

Strength 

in N/mm2 

No. of 

cubes 

Trial -1 Trial -2 Trial -3 

1 0% 25 25 25 25 3 

2 10% 25.8 25.4 26.47 25.89 3 

3 20% 25.84 26.72 25.88 26.14 3 

4 30% 26.9 27.8 27 27.23 3 

5 40% 22.86 23.31 23.08 23.08 3 

 

 

Figure 6.6: Compressive Strength of Cube Specimens at 28 Days (saw dust) 
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Table 6.7: Compressive strength results with days vs percentage of saw dust 

Days 0% 10% 20% 30% 40% 

7 17.66 18.16 19.23 20.13 18.23 

14 22.3 24.32 23.1 23.56 21.27 

28 25 25.89 26.14 27.23 23.08 

 

 
Fig.6.7: Comprising graph between Days Vs percentage (Saw dust) 

 

Table 6.8:compressive strength result Days vs percentage of wood ash 

Days 0% 5% 10% 15% 20% 

7 17.66 16.37 18.05 22.18 20.14 

14 22.3 23.01 25.66 18.04 17.24 

28 25 21.45 23.28 29 25.37 

 

 
Fig 6.8: Comprising graph between Days Vs percentage (wood ash) 
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CHAPTER-7 

CONCLUSIONS 

Following points are observed in the current study: 

�x The utilisation of saw dust in concrete provides additional environmental as well 

as technical benefits for all related industries. 

�x Partial replacement of sawdust reduces the cost of making concrete. 

�x It has been observed that when we increase the saw dust percentage the 

compressive strength of the concrete decrease. 

�x Water absorption increased with increasing saw dust percentage. 

�x To achieve a better result sawdust, replace with fine aggregate by 30%. 

�x Quantity and quality of wood ash may vary with many factors such as combustion 

temperature, species of wood and combustion technology used. Hence proper 

analysis of wood ash is important before its application in concrete. 

�x Wood ash chemical characteristic differs with species of wood but chiefly 

contains lime and silica. 

�x The particles of wood ash are coarser than that of cement and have higher specific 

surface as compared to cement due to porous nature and irregular shape. 

�x Incorporation of wood ash as partial replacement of cement adversely decreases 

the slump of concrete. 

�x There was an increase in water absorption with increase in wood ash percentage. 

�x There was marginal decrease in strength with increasing wood ash percentage in 

concrete, but increased with age due to increased pozzolanic reactions.  

�x Bulk density was gradually reduced with increasing percentage of wood ash. 

�x Wood ash at replacement percentage up to 15% of the weight of binder can be 

successfully used as additive in place of cement to produce structure grade 

concrete. 

�x Replacement of cement by wood ash does not have negative impact on the 

chloride permeability. 

�x The incorporation of wood ash in concrete does not have negative impact on its 

ability to resist freeze thaw resistance. 

�x There was a significant decrease in the drying shrinkage on the incorporation of 

wood ash. 
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ABSTRACT 
 

The fresh water contains 3% in the worldwide. Human and industrial activities produce and discharge 

wastes containing iron and phosphorous metals into the water resources making them polluted and 

threatening human health and ecosystem. Conventional methods for the removal of iron and 

phosphorous metal ions such as chemical precipitation and membrane filtration are more expensive 

when treating large amounts of water, inefficient at low concentrations of metal and generate large 

quantities of sludge and other toxic products that require careful disposal. Bio-sorption is eco-friendly 

and alternatives methods for treatment of waste water. These methods have advantages over 

conventional methods because it has a lower cost, easily available and reused. The present work 

studies the feasibility use of neam leaf, custard apple leaf, sapodilla leaf, mango tree leaf, java palm 

leaf and guava leaf as a bio-sorbent in removal of iron and phosphorous from contaminated water. 

The removal efficiency 100% obtained from this work. The effects of different parameters like 

contact time, agitation speed, adsorbent dosage, pH and temperature are also studied. Also, the 

biomass can be modified by physical and chemical treatment before use. The process can be made 

economical by regenerating and reusing the bio-sorbent after removing the heavy metal. In this 

method iron can be removed by guava leaves powder effectively and efficiently. This process can be 

used in industries for removal of iron waste produced from the industrial plants. By using this method 

the phosphorus and iron also removed by using mango leaf powder and guava leaf biosorbents 

effectively and efficiently. Biosorption is influenced by the various process parameters such as pH, 

temperature, initial concentration of the metal ions, biosorbent dosage and speed of agitation. The 

various bioreactors can be used in biosorption for the removal of metal ions from large volumes of 

water or effluents.  
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  Chapter-1 

  Introduction  

1. General 

Heavy metals in drinking water pose a threat to human health. Populations are exposed to heavy 

metals primarily through water consumption, but few heavy metals can bio-accumulate in the 

human body (e.g. in lipids and gastrointestinal system) and may induce cancer and other risk. 

Heavy metals in drinking water, including the types and quantities of metals in drinking water, 

their sources, factors affecting their concentrations at exposure points, human exposure, 

potential risks and their removal from drinking water. Many developing countries are faced with 

the challenge of reducing human exposure to heavy metals, mainly due to their limited 

economic capacities to use advanced technologies for heavy metal removal. Bioaccumulation an 

increase in the concentration of chemical in a biological organism over time, compared to the 

chemical's concentration in the environment. The compounds accumulate in living things many 

times they are taken up and stored faster than the broken down (metabolized). Heavy metals can 

enter in water supply by industrial and domestic waste or even from acidic rain breaking down 

soils and releasing heavy metals into streams, lakes, rivers and groundwater [1-2]. 

1.1 Source of heavy metals 

Heavy metals can produce from both natural and anthropogenic processes and end up in the 

different environmental compartments (soil, water, air and their interface).  

1.1.1 Natural processes 

Many studies have documented different natural sources of heavy metals. Under different 

environmental conditions, natural emissions of heavy metals occur. Such emissions include 

volcanic eruptions, sea-salt sprays, forest fires, rock weathering, biogenic sources and wind-

borne soil particles. Natural weathering processes can lead to the release of metals from their 

endemic spheres to different environment compartments. Heavy metals can be found in the 

form of hydroxides, oxides, sulphides, sulphates, phosphates, silicates and organic compounds. 

The most common heavy metals are lead (Pb), nickel (Ni), chromium (Cr), cadmium (Cd), 

arsenic (As), mercury (Hg), iron (Fe), zinc (Zn), Phosphorous (P) and copper (Cu). Although 

the aforementioned heavy metals can be found in traces, they still cause serious health problems 

to human and other mammal [3-4] 
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1.1.2 Effects on water 

Although there are many sources of water contamination, industrialization and urbanization are 

two culprits for the increased level of heavy metal water contamination. Heavy metals are 

transported by runoff from industries, municipalities and urban areas. Most of these metals end 

up accumulating in the soil and sediments of water bodies. Heavy metals can be found in traces 

in water sources and still be very toxic and impose serious health problems to humans and other 

ecosystems. This is because the toxicity level of metal depends on factors such as the organisms 

which are exposed to nature, its biological role and period at which the organisms are exposed 

to the metal. Food chains and food webs symbolize the relationships between organisms. 

Therefore, the contamination of water by heavy metals actually affects all organisms. Humans, 

an example of organisms feeding at the highest level are more prone to serious health problems 

because the concentrations of heavy metals increase in the food chain. 
 

1.2 Iron 
 

Iron is a chemical element with symbol Fe (from Latin: ferrum). In its metallic state, iron is rare 

in the earth's crust, limited to deposition by meteorites. Iron ores, by contrast are among the 

most abundant in earth's crust, although extracting usable metal from kilns or furnaces capable 

of reaching 1500°C or higher, about 500°C higher than that is enough to smelt copper. The body 

of an adult human contains about 4gm (0.005% body weight) of iron, mostly 

in haemoglobin and myoglobin. Iron can exist in two forms, soluble ferrous iron(II) and 

insoluble Ferric iron (III). The presence of iron in water may be attributed to dissolution of 

rocks and minerals, acid mine drainage, landfill leachate sewage or industries wastes. In 

generally iron present in ferric state. The presence of iron at concentrations above 0.1mg/L can 

cause damage to gills of fish. Free radicals generated on surface of gills will cause oxidation of 

tissue and leads to massive destruction of gill tissue and anemia. At the pH conditions in 

drinking water supply ferrous sulphate settle out as rust colored silt, such water tastes 

unpalatable in stain laundry and plumbing fixtures. Iron is the second most abundant metal 

present on the earth. The most common source of iron in groundwater is by decomposition of 

iron containing rocks. Industrial waste, rusting or corrosion of water supply pipes and reservoirs 

causes contamination of water by iron. The permissible limit set by BIS (Bureau of Indian 

Standards) for iron in drinking water is 0.3mg/l, when exceeds this limit in public supplies it 

cause turbidity, inadequate taste and odor, staining of laundry and plumbing. In humans, if the 

iron is present in excess it causes stomach upset, ulcers, mental retardation, liver and brain 

damage. Therefore, it is necessary to remove iron from water and bring it down under its 

permissible limits [41-42]. 
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1.2.1 Forms of occurrence of iron in water 

Iron occur in dissolved forms as single ions (Fe2+) or in undissolved higher forms mainly as 

Fe(OH)3 . They can be present in colloidal form (bound to humic substances). The form of their 

occurrence depends on oxygen concentration, solubility of iron compounds in water, pH value, 

redox potential and hydrolysis, the presence of complex-forming inorganic and organic 

substances, water temperature and water composition [43-44]. 

1.2.2 Effects of iron in water 

�x Skin: High iron dosage in water can causes damage skin cells and increasing the rate of skin 

aging. It leads to development of early wrinkles and clog the skin pores. 

�x Food and beverages: The taste of food might become completely unpleasant if cooked with 

water that contains high amounts of iron. The water starts tasting metallic and food looks burnt. 

�x Stains: Iron contaminated water can leave red stains on dishes, clothes, wash basin, toilet tanks, 

and anything that comes in contact with it. 

�x Clogging: Inside pipelines, the iron salts of water may form residue that might build up on the 

inner surface of pipelines, thereby causing clogs. Bacteria are known to grow on iron residue, in 

which case, it leaf some brown slimy liquid where it grows. This might also flow along with the 

water. 

�x Health issues: Excessive iron intake can lead to a disease called hemochromatosis. This can 

cause liver, pancreatic and heart damage as well as diabetes. When consumed with food, 

stomach indigestion is commonly seen, leading to nausea, vomiting, loose stool, etc. 

1.2.3 Iron is also found in many plant-based foods such as  

�x Fruit green vegetables, for example spinach, silver beet and broccoli 

�x Lentils and beans 

�x Nuts and seeds 

�x Grains, for example whole wheat, brown rice and fortified breakfast cereals 

�x Dried fruit 
 

1.2.4 Effects of iron on plant growth 

Iron is the third most limiting nutrient for plant growth and metabolism, primarily due to the 

low solubility of oxidized ferric form in aerobic environments. Iron deficiency is a common 

nutritional disorder in many crop plants, resulting in poor yields and reduced nutritional quality. 
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In plants, iron is involved in chlorophyll synthesis and essential for the maintenance of 

chloroplast structure and function [45-46]. 

1.2.5 Iron deficiency in plants 

Iron (Fe) deficiency chlorosis is a major nutritional disorder for crops growing in calcareous 

soils and causes decreases in the vegetative growth as well as marked yield and quality losses. 

With the advances in mass spectrometry techniques, a substantial body of knowledge has arisen 

on the changes in protein profiles of different plant parts and compartments as a result of Fe 

deficiency. 

1.2.6 Applications of iron 

Iron is used in various sectors such as electronics, manufacturing, automotive, construction and 

building. The following are application areas of iron: 

�x As the primary constituent of ferrous metals/alloys and steels 

�x Alloyed with carbon, nickel, chromium and various other elements to form cast iron or steel 

�x In magnets 

�x In fabricated metal products 

�x In industrial machinery 

�x In transportation equipment 

�x In instruments 

�x In toys and sport goods  

1.3 Phosphorus 

Phosphorus plays a critical role in the development of ecosystems, agriculture and industry, but 

also becomes a pollutant in the water bodies. To meet increasing demands for phosphorus, more 

and more phosphate ore reserves are being exploited. However, the current reserves will be 

depleted in 50�±100 years. 

1.3.1 Forms of phosphorus 

 Phosphorus exists in two major forms, white phosphorus and red phosphorus, but because it 

is highly reactive, phosphorus is never found as a free element on the earth. It has a 

concentration in the earth's crust of about one gram per kilogram (compare copper at about 0.06 

grams). In minerals, phosphorus generally occurs as phosphate. Phosphorus has a number of 

important everyday uses in detergents, toothpastes, fireworks and on the head of matches that 

ignite when rapidly rubbed across a rough surface. It is also has a variety of agricultural uses, 
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especially in pesticides and fertilisers. Because phosphorus forms high-energy molecular bonds, 

plants and animals rely on it to store energy in the form of adenosine triphosphate (ATP) for 

later use and to target energy expenditures to precise locations in their cells: Predictably, 

humans have discovered this element's attributes and the course of humans also violence those 

properties. The phosphorus-containing compounds are used as weapons -- in explosives and as 

nerve agent [5-6]. 

 

Fig 1.3.1: Forms of phosphorus 

1.3.2 Phosphorus in water 

The phosphorous containing fertilization is essential for effective crop production to obtain the 

maximum yields. However, the excessive phosphorous fertilization increases the risk of 

phosphorous losses to surface and ground waters, with detrimental effects on the aquatic 

ecosystems through eutrophication. The phosphorus absorbed by plants was translocated from 

the roots and leaf to the seeds during the seed development. Phosphate pollution in natural 

waters bodies was attributed to agricultural run offs, domestic and industrial sewages. The 

excess concentrations of phosphate cause eutrophication in lakes. This process leads to the 

depletion of dissolved oxygen levels in water, resulting in the loss of aquatic life. 

1.3.3 Main function of Phosphorous 

�x The main function of phosphorus is in the formation of bones and teeth  

�x To make protein for the growth and maintenance 

�x Repair of cells and tissues 

�x Phosphorus also helps the body make ATP, a molecule the body uses to store energy 

�x Phosphorus works with the B vitamins 

�x It can also helps with the following 
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�™ Kidney function  

�™ Muscle contractions 

�™ Normal heartbeat 

�™ Nerve signalling 

1.3.4 Excess phosphates in water 

The excess phosphates can create water that's cloudy and low in oxygen. All plants need 

phosphates to grow, but phosphorous is normally present in surface water at a rate of only 

0.02 parts per million. Introducing additional phosphates in water results in a massive growth 

of algae, which are aquatic plants including many single-celled, free-floating plants. 

Excessive amounts of algae cloud the water in an effect called an algal bloom, which reduces 

the sunlight available to other plants and sometimes kills them. When the algae die the 

bacteria that break them down use up dissolved oxygen in the water and depriving, sometimes 

suffocating other aquatic life [7-8]. 

1.3.5 Uses of phosphorus 

�x Phosphorus is a vital plant nutrient and main use �± via phosphate compounds �± is in the 

production of fertilizers. Just as there are biological carbon and nitrogen cycles, there is also a 

phosphorus cycle. 

�x Phosphorus is used in the manufacture of safety matches (red phosphorus), pyrotechnics and 

incendiary shells. 

�x Phosphorus is also used in steel manufacture and in the production of phosphor bronze. 

�x Phosphates are ingredients of some detergents. 

�x Phosphorus is used to make light-emitting diodes (LEDs). 

1.4 Bio-sorbent 

Bio-sorption can be defined as the capacity of biological materials to accumulate heavy metals 

from wastewater through metabolically mediated or physico-chemical pathways of uptake 

algae, bacteria, fungi and yeasts have proved to be potential metal bio-sorbents. Sorption is a 

physical and chemical process by which one substance becomes attached to another. Specific 

cases of sorption are treated in the following articles: 

I. Absorption �± "The incorporation of substance in one state into another of a different 

state" (e.g., liquids being absorbed by a solid or gases being absorbed by a liquid) 

II.  Adsorption �± The physical adherence or bonding of ions and molecules onto the surface 

of another phase (e.g., reagents adsorbed to a solid catalyst surface) 
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III.  Ion exchange - An exchange of ions between two electrolytes or between an electrolyte 

solution and complex 

1.4.1 Mechanism of biosorption  

The mechanism of biosorption is a complex process which involves the binding of sorbate onto 

the biosorbent. Many natural materials can be used as biosorbents which involve the binding of 

metal ions by physical (electrostatic interaction or Vander Waals forces) or chemical 

(displacement of either bound metal cations (ion exchange or protons) binding, chelation, 

reduction, precipitation and complexation. Biosorbents contain chemical/functional groups like 

amine, amide, imidazole, thioether, sulfonate, carbonyl, sulfhydryl, carboxyl, phosphodiester, 

phenolic, imine and phosphate groups that can attract and sequester metal ions. The key factors 

controlling and characterizing these mechanisms [9-10].   

�x The chemical, stereo chemical and coordination characteristics of metal ions like molecular 

weight, ionic radius and oxidation state of the targeted metal species. 

�x Properties of the bio-sorbent, that is the structure and nature (in case of microorganism�²

living/non-living) 

�x Type of binding site (biological ligand) 

�x The process parameters like pH, temperature, concentration of sorbate and sorbent and other 

competing metal ions 

�x Availability of the binding sites 

1.4.2 Types of bio-sorbents  

Identification of bio-sorbents for the process of bio-sorption is a major challenge. It is desirable 

to develop/obtain bio-sorbents with the capacity to bind/uptake metal ions with greater 

affinities. A wide variety of materials available in nature can be used as bio-sorbents for the 

removal of metals from contaminated water resources. Any kind of plant, animal and microbial 

biomass and their derivatives; plant, industrial and agriculture wastes; and by products 

discharged from various industries can be employed as bio-sorbents. It is important to select a 

bio-sorbent from the large spectrum of available materials. The desired characteristics of an 

ideal bio-sorbent are  

�x High affinity for metals (bio-sorption capacity) 

�x Low economic values (low cost) 

�x Availability in large quantities 

�x Easy desorption of the adsorbed metal ions and possible multiple reuse of the bio-sorbent 
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1.4.3 Advantages of biosorbents  

The treatment of effluents with lower concentration of pollutants is done by the biosorptions. 

Models developed were presented to determine both the number of adsorption sites required to 

bind each metal ion and rate of adsorption, using a batch reactor mass balance and the Langmuir 

theory of adsorption to surfaces or continuous dynamic systems [11-12].  

1.4.4 Types of bio-sorbent materials 

Moringaoleifera: Moringaoleifera is a fast-growing, drought-resistant tree of the family 

Moringaceae, native to tropical and subtropical regions of South Asia. The common names 

include moringa, drumstick tree, horseradish tree and ben oil tree or benzolive tree. It was 

broadly cultivated for its young seed pods and leaf used as vegetables and for traditional herbal 

medicine. It was also used for water purification. M. oleifera was considered to be an 

aggressive invasive species. 

 

Fig 1.4.4A: Moringaoliefera trees 

Java plum: Black jamun is also known as jambhool, black plum or java plum. The black jamun 

tree is an evergreen tree which grows in tropical and sub-tropical regions globally. 

It is an important minor crop in India, where it grows abundantly. This plant is native to India, 

Bangladesh, Sri Lanka, Nepal, Pakistan and also Philippines and Indonesia. It is scientifically 

known as Syzygiumcumini. The crop has migrated to places such as Florida, Trinidad-Tobago, 

some African countries as well. All parts of this plant are used for curative reasons. The flesh of 

the fruits (or pulp), seeds, leaf and steam- bark etc. The ripe fruits are dark purple to almost 

black in colour with a sweet and sour taste. The fruit is green when raw then changes colour 

from green to pink to purple and finally dark purple. It is a highly perishable fruit hence should 

be bought and consumed fresh and an immediately. Storing ripe fruit for more than day is not 

recommended. It has shown a broad range of medicinal uses traditionally and in alternative 
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medicine. For example, it is believed to have positive effects on cough, asthma, diabetes, ulcers, 

diarrhea, inflammation, stomachache, pimples and ringworm [13-14]. 

 

Fig 1.4.4B: Javaplum Biosorbent 
 

Guava: Guava is a sweet and delicious fruit cultivated in tropical climates. This seasonal fruit, 

scientifically known as Psidiumguajava, is round or pear-shaped. It is light green, yellow 

or maroon in colour when it ripens. It has white or maroon flesh, depending on its type and has 

small hard seeds enveloped in its soft, sweet pulp. The common types of guava 

include apple guava, yellow-fruited cherry guava, strawberry guava and red apple guava. Guava 

is mostly eaten raw (when ripe or semi-ripe) or consumed in the form of juice, jams and jellies. 

This popular fruit is a powerhouse of nutrients. As per �8�6�'�$�¶�V���)�R�R�G���'�D�W�D���&�H�Q�W�U�D�O���� �J�X�D�Y�D���L�V���D��

good source of energy, dietary fibre, vitamins and minerals. The guava fruit contains vitamin C, 

A, E, B, potassium, phosphorus, magnesium, calcium, sodium and zinc [15-16]. 
 

 

Fig 1.4.4C: Guava Biosorbent 

Custard apple: Custard apple is a common name for fruit and tree which bears 

it, Annonareticulata. The fruits are different in shape, heart-shaped, spherical, oblong or 

irregular. The size ranges from 7 centimetres (2.8 in) to 12 centimetres (4.7 in), depending on 
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the cultivar. When ripe, the fruit is brown or yellowish, with red highlights and varying degree 

of reticulation, depending again on the variety. The flesh varies from juicy and very aromatic to 

hard with a repulsive taste. The flavour is sweet and pleasant, akin to the taste of 'traditional' 

custard. 

 

                                       Fig 1.4.4D: Custard apple biosorbents 

Neem: Azadirachta indica, commonly known as neem, nim tree or Indian lilac is a tree in 

the mahogany family Meliaceae. It is one of two species in the genus Azadirachta and is native 

to the Indian subcontinent, i.e. India, Nepal, Pakistan, Bangladesh, Sri Lanka and Maldives. It is 

typically grown in tropical and semi-tropical regions. Neem trees also grow in islands located in 

the southern part of Iran. Its fruits and seeds are the source of neem oil. 

 

Fig1.4.4E: Neem biosorbents 

Sapodilla (sapota): Manilkarazapota, commonly known as sapodilla, sapota, chikoo, naseberry, 

or nispero is a long-lived, evergreen tree native to Southern Mexico, Central America and 

the Caribbean. An example the natural occurrence is in coastal Yucatán in the Petenes 
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mangroves eco-region, where it is a subdominant plant species. It was introduced to 

the Philippines during Spanish colonization.  

 

Fig 1.4.4F: Sapodilla Biosorbents 

Mango: A mango is a juicy stone fruit (drupe) produced from different species of 

tropical trees belonging to the flowering plant genus Mangifera, cultivated mostly for their 

edible fruit. Most of these species are found in nature as wild mangoes. The genus belongs to 

the cashew family Anacardiaceous. Mangoes are native to South Asia, from where the "Indian 

mango". Mangiferaindica has been distributed worldwide to become one of the most commonly 

cultivated fruits in the tropics. Other Mangifera species (e.g. Mangiferafoetida) are grown on a 

more localized basis. Worldwide, there are several hundred cultivars of mango [17-18].  
 

 

     Fig 1.4.4G: Mango biosorbent 

Depending on the cultivar, mango fruit varies in size, shape, sweetness, skin colour and flesh 

colour which may be pale yellow or orange. Mango is the national fruit of India and Pakistan, 

and national tree of Bangladesh. It is the unofficial national fruit of the Philippines. 



12 
  

Ficusreligiosa: Ficusreligiosa or sacredfig is a species of fig native to the Indian subcontinent 

and Indochina that belongs to Moraceae, the mulberry family. It is also known as the bodhi 

tree, pippala tree, peepul tree, peepal tree or ashwattha tree (in India and Nepal). The sacred fig 

is considered to have a religious significance in three major religions that originated on the 

Indian subcontinent, Hinduism, Buddhism and Jainism. Hindu and Jain ascetics consider the 

tree to be sacred and often meditate under them and this is the tree under which Gautama 

Buddha is believed to have attained enlightenment. Ficusreligiosa is used in traditional 

medicine for about 50 types of disorders including asthma, diabetes, diarrhea, epilepsy, gastric 

problems, inflammatory disorders and infectious. 
 

  

Fig 1.4.4H: Ficusreligiosa biosorbents 

Ocimumtenuiflorum: Ocimumtenuiflorum commonly known as holy basil or tulsi is an 

aromatic perennial plant in the family of Lamiaceae. It is native to the Indian subcontinent and 

widespread as a cultivated plant throughout the Southeast Asian tropics. Tulsi is cultivated for 

religious and traditional medicine purposes and for essential oil. It is widely used as herbal tea, 

commonly used in Ayurveda and has a place within the Vaishnava tradition of Hinduism, in 

which devotees perform worship involving the holy basil plants or leaf. The variety 

of Ocimumtenuiflorum used in Thai cuisine is referred to as Thai holy basil, it is not same 

as the Thai basil, which is a variety of Ocimumbasilicum. The status of scientific development 

of technology can be reflected through analyses of the literatures pertaining to it, in this review, 

we qualitatively examine almost all aspects of biosorption research [19-20]. 



13 
  

 

Fig 1.4.4I: Tulsi biosorbents 

A vast array of biological materials, especially bacteria, algae, yeasts and fungi have received 

increasing attention for heavy metal removal and recovery due to their good performance, low 

cost and large available quantities. The biosorbent, unlike mono functional ion exchange resins, 

contains variety of functional sites including carboxyl, imidazole, sulphydryl, amino, phosphate, 

sulfate, thioether, phenol, carbonyl, amide and hydroxyl moieties. Biosorbents are cheaper, 

more effective alternatives for the removal of metallic elements, especially heavy metals from 

the aqueous solution. The biosorbents broadly used for heavy metal removal were reviewed, 

mainly focusing on their cellular structure, biosorption performance, their pre-treatment, 

modification, regeneration/reuse, modelling of biosorption (isotherm and kinetic models), the 

development of novel biosorbents, their evaluation, potential application and future. The pre-

treatment and modification of biosorbents aiming to improve their sorption capacity was 

introduced and evaluated. Molecular biotechnology is a potent tool to elucidate the mechanisms 

at molecular level and to construct engineered organisms with higher biosorption capacity and 

selectivity for the objective metal ions [21-22]. Though bioaccumulation and biosorption are 

used synonymously, they are very different in how they sequester contaminants: 

Biosorption is a metabolically passive process, meaning it does not require energy and amount 

of contaminants a sorbent can remove is dependent on kinetic equilibrium and the composition 

of sorbents cellular surface. Contaminants are adsorbed onto the cellular structure. 
 

Bioaccumulation is an active metabolic process driven by energy from a living organism and 

requires respiration. Both bioaccumulation and biosorption occur naturally in all living 

organisms. However, in a controlled experiment conducted on living and dead strains 

of bacillus sphaericus it was found that the biosorption of chromium ions was 13�±20% higher in 

dead cells than living cells. In terms of environmental remediation, biosorption is preferable to 
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bioaccumulation because it occurs at a faster rate and produce higher concentrations. Since 

metals are bound onto the cellular surface, biosorption is a reversible process whereas 

bioaccumulation is only partially reversible. 

 Since biosorption is determined by equilibrium, it is highly influenced by pH, the 

concentration of biomass and interaction between different metallic ions. Even though the term 

biosorption may be relatively new, it has been put to use in many applications for a long 

time. Many industrial effluents contain toxic metals that must be removed. Removal can be 

accomplished with the biosorption techniques. It is an alternative to using man-made ion-

exchange resins, which cost ten times more than biosorbents. The cost is so much less, because 

the biosorbents used are often waste from farms or they are very easy to regenerate, as in the 

case with seaweed and other unharvested biomass. Large quantities of metals can be 

accumulated by a variety of processes dependent and independent on metabolism. Both living 

and dead biomass as well as cellular products such as polysaccharides can be used for metal 

removal. Heavy metal pollution is one of the most important environmental problems 

today. The metal is a kind of resource is becoming shortage and also brings about serious 

environmental pollution, threatening human health and ecosystem. In recent years, applying 

biotechnology in controlling and removing metal pollution has been paid much attention and 

gradually becomes hot topic in the field of metal pollution control because of its potential 

application. Alternative process is biosorption, which utilizes various certain natural materials 

of biological origin, including bacteria, fungi, yeast and algae, etc. These biosorbents possess 

metal-sequestering property and can be used to decrease the concentration of heavy metal ions 

in solution from ppm to ppb level. The capacity of some living microorganisms to accumulate 

metallic elements has been observed at first from toxicological point of view [23-24]. 
 

1.5 Different bio-sorbents used for removal of different impurities 

The further researches have been represented that inactive/dead microbial biomass can passively 

bind metal ions via various physicochemical mechanisms. Therefore researches on biosorption 

have become an active field for the removal of metal ions or organic compounds. Biosorbent 

behavior for metallic ions is a function of the chemical make-up of the microbial cells of which 

it consists. Mechanisms responsible for biosorption, although understood to a limited extent, 

may be one or combination of ion exchange, complexation, coordination, adsorption, 

electrostatic interaction, chelation and micro-precipitation. A large quantity of materials has 

been investigated as biosorbents for the removal of metals or organics extensively. The tested 

biosorbents can be classified into the following categories: bacteria, fungi, yeast, algae, 

industrial and agricultural wastes and other polysaccharide materials, etc. Some potential 
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biomaterials with high metal binding capacity have been identified in part. Some types of 

biosorbents binding and collecting the majority of heavy metals with no specific priority, while 

others can even be specific for certain types of metals [25-26].  

 The biosorbent materials easily available in three groups: algae, fungi and bacteria, the 

former two perhaps giving broader choices. Waste materials or by-product biomass from large-

scale fermentation processes are the source of new family group biosorbents conveniently. In 

particular, some waste mycelia are available in large quantities for the removal of heavy metals. 

Abundant natural materials, particularly cellulosic nature, have been suggested as potential 

biosorbents for the removal of heavy metals. For economical reasons, other low-cost 

biosorbents are of interest recently, such as agricultural wastes. The first major challenge for the 

biosorption field was to select the most promising types of biomass from an extremely large 

pool of readily available and inexpensive biomaterials. The biological materials can bind heavy 

metals, only those with sufficiently high metal-binding capacity and selectivity for heavy metals 

are suitable for use in a full-scale biosorption process. A large number of biomass has been 

investigated for their metal binding capability under various conditions. The great efforts have 

been made to improve the biosorption process, including immobilization of biomaterials, 

improvement of regeneration and reuse, optimization of biosorption process etc. In this review, 

an extensive list of biosorbent literature including our research results has been compiled to 

provide a summary of available information on a wide range of biosorbents for metal 

removal. The different criteria are use by the various authors in searching for suitable material 

the results were reported in different units and in different ways, which often make quantitative 

comparison impossible. As for the biosorbents, it can be easily available biomass or modified 

raw biomass to improve its biosorption application properties. The process of biosorption is 

advantageous because it is reversible, does not require nutrients, a single-stage process of quick 

range has no longer of toxic effects and cellular growth allows intermediates equilibrium 

concentration of metal ions and not controlled by the metabolism. Biosorption capacity of the 

biosorbent can be defined as the amount of biosorbate (metal ions) biosorbed per unit weight of 

the biosorbent. The mechanism of biosorption is a complex process which involves the binding 

of sorbate onto the biosorbent. The combined effects of parameters influence the formation of 

new forms of metal as a result of biosorption [27-28].  
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Table 2.5A: Removal of iron using bio-sorbents 

S.N Bio-adsorbent Removal method 
Experiment 
conditions Result References 

 
 
 

1. 

 
 
 
Coconut Coir 

Coconut coir was washed and 
soaked overnight in  NaOH 
then soaked 2-3 hrs in 
CH3COOH to remove traces of 
NaOH then again washed with 
double distilled water until the 
water gets colorless then dried, 
powdered and sieved. 

The removal 
percentages 
increase with 
lower initial metal 
concentration and 
with higher 
adsorbent dose. 

 
The highest 
removal of 96% 
observed at 1hr 
contact time 
and at pH 5.0 

Balaji et. 
Al., 2014 

 

 
 
2. 

 
 
Banana Peels 

 
Activated carbon extracted 
from banana peels 

 

The higher amount 
of  banana peels 
more effectiveness 
of iron removal 

The percentage 
of iron removal 
by using banana 
peels is between 
82% and 90%.  

 
 

Baharudin 
et. al. 2018 

 
 
 
 

 
3. 

 
 
 

Creeping 
Launea leaf 

(Launeaprocu
mbens) 

The leaf was washed with de-
ionized water then dried in 
room with sunlight for a week. 
Dry leaf was ground with 
grinder. After that the leaf 
particles were sieved with 75 
mesh sieves. Then, leaf powder 
was dried at 100oC for 24 
hours to get constant weight 
and stored in desiccators. 

 

 
The increase in 
percentage of 
adsorption with 
increase in temp. 
 

 

Optimum pH = 
2.5 adsorption 
was dependent 
on contact time, 
pH, ion concn. 
and dosage. The 
removal 
percentage is 
more than 85% 

 
 
 

Indracanti  
et. al, 
2019 

 
 
 

4. 

 
 
 
  Rice Husk 

Rice husk was washed with 
water to remove all impurities 
with distilled water. The rice 
husk was sieved using 600 
micron mesh and retained in 
the 600 micron sieve increase 
its surface area. 

 
Increase in contact 
time of rice husk 
ash and synthetic 
increasing the 
efficiency. 

 
 

The 97.69% 
removal at pH 6 

 

 
 
Deepika et. 

al, 2016 

 
 

 
5. 

 
 
 

Sorghum 
brewing waste 

 
The brewing waste is washed 
then dried. The dried samples 
were pulverized into particle 
size between 0.85 to 1.18mm 
prior to usage. 

 
An increase in 

bio-sorbent dosage 
decreases removal 

efficiency 

The brewing 
waste showed at 
removal of 93% 
while acid pre-
treated brewing 
waste indicated 
98% removal. 

 
 
Akinpelu et. 

al, 2019 

 
 
 
 

6. 

 
 
 

Sugarcane 
Bagasse 

Sugarcane bagasse was washed 
then soaked overnight in 0.1N 
NaOH and soaked 2-3 hrs in 
0.1 NCH3COOH to remove the 
traces of NaOH then again 
washed with double distilled 
water until the water gets 
colorless then dried, powdered 
and sieved. 
 

 
The removal 
efficiency increase 
with lower initial 
metal concn. and 
at higher adsorbent 
dosage 

 
The highest 
removal 
percentages 
93% was 
observed at 1hr 
contact time 
and pH = 5. 

 
 
Muthurama

n et. al., 
2014 

 

  
 

 

 
Batch adsorption 
experiments were 

The optimum 
removal of iron 
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7. 

 
Brown algae 

(SargassumVul
gare) 

It was sundried for 48h and 
heated in an oven at 60°C for 
24h. The dried alga biomass 
was crushed and sieved to 
particle size ranging from (0.2-
1mm).  

carried out to 
evaluate the effect 
of parameter such 
as pH, contact time 
and adsorbent 
dosage on removal 
capacity. 

ions was 
obtained at pH 
3, adsorbent 
dosage of 5g/L 
and equilibrium 
time of 120 
min. 

 
Benaisa et. 

al, 2016 
 

 

According to Balaji et al., Groundwater is mainly contaminated by anthropogenic activities like 

such as agricultural, domestic and industrial. The tests are conducted at West Mugapair, 

Chennai, where concentration of iron in the groundwater is relatively too high. In this study 

Coconut coir (COC) from agricultural waste have been selected as solid phase extractor for 

removal of total iron. These materials exhibit remarkable binding characteristics for removal of 

total iron. The highest percentage removal of total iron was observed at Coconut coir (96%). 

The maximum removal is at pH 5 and removal efficiency increases with lower initial metal 

concentration and higher adsorbent dose [22]. In Baharudinet. et. al., the measurement of 

concentration iron and determining the effectiveness of iron removal by using natural 

biosorbent which is banana peels. The range of percentage of iron removal is between 82.25% 

and 90.84%. The study shows that the iron concentration present in the ground water is more 

than that of river because of the presence of soil, rock and weathering process. As the ground 

water is main alternative source of water supply, its quality must not exceed drinking water 

standard and proper treatment is required to keep it in check [23]. According Indracanti et. al., 

various batch experiments were conducted on iron contained aqueous solution to find optimum 

conditions and effect of pH, temperature, initial concentrations and contact time on aqueous 

solution. The percentage of iron adsorbed from solution increased with an increase in 

temperature. The �U�H�P�R�Y�D�O�� �H�I�I�L�F�L�H�Q�F�\�� �Y�D�U�L�H�V�� �Z�L�W�K�� �G�L�I�I�H�U�H�Q�W�� �F�R�Q�G�L�W�L�R�Q�V�� �E�X�W�� �L�W�¶�V�� �D�E�R�Y�H�� ����������

Biomass residues like plant derived have several advantages such as costly nutrients are not 

required for its culturing and growth [24].  

In Deepika et al., the efficient and low cost water purification systems are being utilized and 

being tried to be accessed worldwide for purification of water. About one-fifth of the population 

on earth lack the access to safe drinking water, a condition that resulted in the death of 2 million 

people in 2004. In this work an attempt has been �P�D�G�H�� �W�R�� �G�H�Y�H�O�R�S�� �D�� �³�/�R�Z�� �&�R�V�W�� �:�D�W�H�U��

�3�X�U�L�I�L�F�D�W�L�R�Q���7�H�F�K�Q�L�T�X�H�´���W�R���U�H�P�R�Y�H���L�U�R�Q���I�U�R�P���G�U�L�Q�N�L�Q�J���Z�D�W�H�U���X�V�L�Q�J���W�K�H���E�D�V�L�F���L�G�H�D�V���R�I���J�O�D�V�V���I�L�O�W�H�U����

some locally available filter material like rice husk. Among all the low cost materials used, the 

ash produced from rice husk was proved to give the best result in removal of iron and also 

available in local area having the cheapest material cost. Increase in contact time of rice husk 

ash and synthetic increasing the efficiency. Highest efficiency 97.69% obtained at pH 6 [25]. 
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According to Akinpeluet. et. al., the concentration of iron present in the water samples from 

Mooi and Vaal rivers is more than required water standards by South African water regulation. 

In this study, brewing waste was used as biosorbent for the removal of iron. The brewing waste 

showed a removal percentage of 93% with residual iron concentration of 2.6 mg/L while the 

acid pre-treated brewing waste indicated 98% removal and 0.6 mg/L residual iron 

concentration. The acid pre-treated brewing waste washable to reduce the iron concentration to 

acceptable standard.  Groundwater is mainly contaminated by anthropogenic activities like such 

as agricultural, domestic and industrial [26].  

   In Muthuramanet. et. al., the Agricultural, Domestic, Industrial and 

anthropogenic activities are the main contaminants of groundwater. In this studies Sugarcane 

Bagasse from agricultural waste have been selected as solid phase extractor for removal of total 

iron. The highest percentage removal of total iron was observed at Sugarcane Bagasse (93%). 

Maximum removal is at pH 5 and removal efficiency increases with lower initial metal 

concentration and higher adsorbent dose. According to Benaisaet et al., the metal ions presence 

in water is a serious environmental problem. Sargassum Vulgare is used as biosorbent material 

in this study for removal of iron from water sample. Batch adsorption experiments were carried 

out to evaluate the effect of process parameter such as pH, contact time and adsorbent dosage on 

the removal capacity. The optimum removal of iron ions was obtained at pH 3, adsorbent 

dosage of 5g/L and equilibrium time of 120 min. It can be concluded that the Sargassumvulgare 

can be considered as an alternative adsorbent for the treatment of wastewater containing iron, 

due to its lower cost and high sorption capacity [27]. It should be noted that the comparing 

results from different sources involve in standardizing different ways that the sorption capacity 

may be expressed. In the field of biosorption, the molds and yeast are interests in many 

researches are reported and reviewed. The aim of this work is to present the state of art in 

biosorbent investigation and to compare results found in the literature. The pre-treatment, 

immobilization, and regeneration/reuse of biosorbents, modelling of biosorption process, 

biosorbent assessment, as well as the development of novel biosorbents were presented and 

discussed, their potential application and future were predicted. A variety of reviews and books 

of microbiology were devoted to the microbial structure and function, here only simply 

introduce the basic structure necessary for understanding the mechanisms of biosorption [28]. 
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Table 1.5B: Removal of phosphorus using bio-sorbents 

S.N Bio-
adsorbent 

Removal method Experiment 
conditions 

Result References 

 
 
 
 

 
1. 

 
 
 

Common 
weed 

(Achyranthesa
spera) 

The 2g of sodium alginate in 
100ml of distilled water was 
heated at 40°C and gel-like 
substance was obtained then 
added 2g of active carbon. 
This was cooled and 
introduced drop-wise into 2% 
calcium chloride solution. The 
dry beads were used in the 
investigations as an adsorbent. 

 
With increase in 
temperature and 
agitation speed the 
removal 
percentages of 
phosphate ions 
was increased.  

 

The complete 
removal of 
phosphate is 
observed at pH = 
10 at 1.5g of 
adsorbent and 
agitation time at 
20min and 
temp.30°C.  

 
 
 

Ravulapalli
Sujitha et. 

al, 
2017 

2. Pine Needles 
(modified) 

Pine needles were taken from 
the woods and washed 5 times 
with distilled water to remove 
all the dust. The needle 
samples were crushed to a 
size of 1�±2.5mm. Then 
washed again with distilled 
water and dried overnight, at a 
temperature of 353 K. 

The phosphorus 
adsorption 
capacity increase 
with increasing 
temperature. The 
highest efficiency 
was achieved at 
lower initial metal 
ion concentration. 

The highest 
removal 
efficiency was 
85% at pH=3. 

 

Wang et. al, 
2014 

 

 
 
 

3. 

 

 
 
Common Fig 
(Ficuscarica) 

Material was washed with 
double-distilled water to 
remove all the impurities and 
dried at 105 to 150°C for 24h 
The product so obtained was 
cooled and sieved to desired 
particle size such as 30-200, 
200-250 and 250-300 mesh.  

 

Maximum phos-
phate removal was 
achieved at high 
adsorbent dosage 
and increasing 
with increasing 
temperature. 

 
The highest 
removal of 
phosphate from 
water using 
Ficuscarica was 
77% 

 
 
 

Sasikala  et. 
al, 2015. 

 

 
 
 
 

4. 

 
 
 

 
Seagrass 
Beads 

(Cymodocear
otundata) 

Beads were prepared by 
adding alginate solution drop 
wise 20ml of cation solution. 
Beads were kept stirring in 
cation solution for 45 min to 
allow complete hardening of 
the alginate and washed 
several times with filtered 
0.45µm natural seawater to 
eliminate remaining cation. 

 
 
 

 

The maximum 
removal efficiency 
of phosphate is 
70.9% when the 
pH value is 7.  
 

 
 

 
The highest 
removal of 
phosphate from 
water using sea 
grass is 71%. 

 
 
 

 
Soumya et. 

al, 2015 

 
 
 

5. 

 
 

Drum Sticks 
(Moringa 
Oleifera) 

Material was washed with 
double-distilled water to 
remove and dried at 105 to 
150°C for 24h. The product 
so obtained was cooled and 
sieved to desired particle size 
such as 30-200, 200-250 and 
250-300 mesh. 

 

The maximum 
phosphate removal 
was achieved at 
high adsorbent 
dosage of 
increasing temp. 

 

The highest 
removal of 
phosphate from 
water using 
moringa oleifera 
was 75% 

 

 
Subha et. al, 

2015. 

 

According to Sujitha et. al., 2017 the natural water is contaminating by phosphates and is 

considered as potential environmental problem and in fact, some countries banned the usage of 
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detergents containing phosphates. Active carbon derived from the stems of Achyranthesaspera 

plant has been entrapped in calcium alginate beads and is used as adsorbent for the removal of 

phosphate from polluted waters. The percentage removal has not come down below 90.0%. The 

sorption nature has been investigated by varying the physicochemical parameters such as pH, 

sorbent dosage, temperature, agitation time and initial concentration of the phosphate and 

conditions have been optimized for the maximum removal. The developed methodologies have 

been applied to the samples collected from natural contaminated lakes and found that they are 

successful [31]. In Wang et. al., modified Pine needles are used as adsorbent for removal of 

phosphates present in the water pine needles modified with lanthanum hydroxide (LH) showed 

relatively high removal efficiency. LH pine needles were effective at wide pH ranges, with the 

highest removal efficiency reaching approximately 85% at a pH = 3. An intra particle diffusion 

model showed that the adsorption process occurred in three phases, suggesting that the one 

boundary layer adsorption phenomena slightly affected the adsorption process, and that intra 

particle diffusion was dominant. The adsorption process was thermodynamically unfavorable 

and non-spontaneous; temperature increases improved phosphorus removal [28]. According to 

Sasikala et. al.,2015 the common adsorbents materials in this study. This method also studies on 

the various parameters such as pH, contact time and initial phosphate concentration. Experiment 

was done by varying contact time, bio-sorbent dosage and pH range to get the optimum value. 

The optimum percentage removal of phosphate was found to be more than 77%. The significant 

improvement in removing phosphate from wastewater was found. Maximum phosphate removal 

was achieved at high adsorbent dosage [29]. 

   According to Soumya et. al. 2015, the most waste-waters are usually hazardous 

to human health and environment and must be treated prior to the disposal into rivers, lakes, 

seas and land surfaces. Secondary treatments of domestic and agro-industrial wastewater still 

release large amounts of phosphorus and nitrogen. Therefore, the present attempt has been made 

on the use of sea grass for the removal of phosphorus from the aqueous solution. Further, the 

attempt was also made in the optimization of conditions like pH, incubation time, biomass 

concentration and initial nutrient concentration. The highest removal of phosphate from water 

using sea grass is 71%. With decrease in biomass the adsorption increases and at pH 7-8, 120 

min retention time the maximum result was obtained [30]. According to Subha et. al.2015, the 

study was conducted by using drum sticks as an adsorbent material. This method also studies on 

the various parameters such as pH, contact time and initial phosphate concentration. Experiment 

was done by varying contact time, bio-sorbent dosage and pH range to get the optimum value. 

The optimum percentage removal of phosphate was found to be more than 75%. Drum Sticks 

were significant improvement in removing phosphate from wastewater was found. Maximum 
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phosphate removal was achieved at high adsorbent dosage [29-31]. Waste biomass from 

fermentative industry, is used to remove hazardous heavy metal ions, such as cadmium, lead, 

chromium and copper from the aqueous solution. The metal uptake capacity, expressed in 

milligrams per gram of biomass was found to be dependent upon the following factors: the 

initial metal concentration with the uptake capacity decreasing with increasing initial 

concentration, the biomass loading with the uptake capacity decreasing with increasing biomass 

loading and pH with the uptake capacity increasing with increasing pH in the range of 1.5 to 

6.0. The metal uptake capacity was significantly affected in the presence of co-existed ions. The 

uptake capacity of copper decreased in the presence of zinc and vice versa. The decrease in 

metal uptake capacity was dependent on the concentration of metal ions in the two-component 

aqueous solution [32]. 
  

1.6 Objectives of the present study 

�x To collect the leaf of neem, sapota, custard apple, java plum, mango and guava trees. 

�x To wash the leaf and dry them under sunlight for 3 days. 

�x To grind the dried leaf using mixer grinder into fine powder and sieve the powder with 2.36mm 

sieve. 

�x To mix the iron or phosphorus in the distilled water and make it as sample water. 

�x To mix the bio-sorbent materials into the sample water separately, to find out which material 

gives the best performance. 

�x To optimize the sample under various parameters such as pH, temperature etc. 

�x To alter the pH of bio-sorbent mixed sample by adding NaoH and H2SO4 and take note on 

which value best removal efficiency was achieved. 

�x To keep the samples at certain temperatures and note the best suitable temperature for 

maximum efficiency. 

�x To rotate the samples at different speeds on heavy rotary shaker and note that the speed at which 

the best efficiency was achieved. 

�x To keep the samples aside for certain time periods to find out the best contact time. 
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Chapter-2 
Materials and Methods 

2. General 

This chapter includes chemical, media and processes applied for preparing the biosorbent for 

iron and phosphorous adsorption in laboratory. The experimental study related to measurement 

of iron and phosphorous in drinking water requires expensive and sophisticated instrumentation 

and facilities. This study involved the use of large number of chemical reagents and instruments 

available in Environmental Engineering Lab, Civil Engineering Department, GEC. 

2.1 Bio-sorbent preparation 

We have collected the plants leaf from their plants, clean the leaf with distilled water and acid. 

We have dried in sunlight for 3-6 days. We have made a powder of that leaf and sieved in the 

63.5mm size. We have prepared 100gm of biosorbents powder on each biosorbents. Then 

preserve the powder in an air tight container. 

 

Fig 2.1: Different bio-sorbent material powders used in experiment (A) Mango leaf 

powder,   (B) Guava leaf powder,  (C) Sapodilla leaf powder,  (D) Neem leaf powder,  (E) 

Custard apple leaf powder and  (F) Java-plum leaf powder 

 

 

A B C 

D E F 
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2.2 Bio-sorbents leaf powder 

The heavy metal into aquatic ecosystems has become a matter of concern in India over the last 

few decades. The search for new technologies involving the removal of toxic metals from 

wastewaters has directed attention to the biosorption, based on the metal binding capacities of 

various biological materials. The biosorption process involves a solid phase (sorbent or 

biosorbent or biological material) and a liquid phase (solvent, normally water) containing a 

dissolved species to be sorbed (sorbate, metal ions). Due to higher affinity of sorbent for the 

sorbate species, the latter was attracted and bound there by different mechanisms. Biosorption 

can be defined as the capacity of biological materials to accumulate heavy metals from 

wastewater through metabolically mediated or physicochemical pathways of the uptake [33-34]. 

2.2.1 Mango leaf biosorbents 

Though the king of fruits, our very own mango, steals the limelight easily, their leaves are great 

reservoirs of good health. The leaf of mango tree is fleshy and shiny with a sharp tip. These 

trees provide shade and comfort to the passengers by in the hot months of Indian summers. The 

leaf is full of vitamins, enzymes, antioxidants and numerous other minerals. The active 

�F�R�P�S�R�X�Q�G���µ�P�D�Q�J�L�I�H�U�L�Q�¶���S�U�H�V�H�Q�W���L�Q���W�K�L�V���O�H�D�I���K�D�V���L�P�P�H�Q�V�H���E�H�Q�H�I�L�W�V�����0�D�Q�J�R���O�H�D�I���F�D�Q���E�H���E�R�L�O�H�G���L�Q��

water and drank or can be consumed in powdered form to ward off a number of health 

problems. In South East Asia, the tender leaf of this tree are cooked and eaten. Also for 

medicinal purposes young leaf should be used. But one has to be careful when using this leaf as 

mango latex allergy is known to affect people. 
 

 
Fig 2.2.1: Mango leaf powder biosorbents 

Dried mango leaf proved to have many benefits as antimikrobia, antioxidants, mango leaf 

powder (maavilaipodi, mango leavs powder and dried mango leaf) for diabetes and prevent 

cancer, not only in diabetes but also vascular problems and eye complaints associated with this 

disease also cures [35-36]. 
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2.2.2 Custard apple leaf biosorbents 

The custard apple fruit which is available for a short season (August to October) is one of the 

most sought after fruits in India. It is made up of a hard green surface which is non-edible and 

the main sweet and fleshy fruit was represented upon cutting open the surface. While the 

custard apple has countless health benefits like being rich in antioxidants and minerals 

like calcium and potassium, its leaf are equally nutritious. They are prized for their health 

benefits especially in Ayurveda.  

 

Fig 2.2.2: Custard apple leaf powder biosorbents 
 

The leaf is often used for medicinal purposes due to their quick healing capability. They could 

be applied directly on to the skin or could be used as a combination with other ingredients. 

Boiling the leaf and consuming them is believed to be quite beneficial. 

2.2.3 Java plum leaf biosorbents 

Jambolan is a tree. The seed, leaf, bark and fruit are used to make medicine. Jambolan is 

widely used in folk medicine for diabetes. It is also used by mouth for gas (flatulence), swelling 

(inflammation) of the stomach (gastritis), constipation, diarrhea and other conditions. Jamun is 

also found in Thailand, the Philippines the West Indies and many other tropical and subtropical 

countries. The fruit syrup is very useful for curing diarrhea. It is stomachic, carminative, and 

diuretic, apart from having cooling and digestive properties. In Central Uganda, the dried and 

powdered seeds of Java plum Syzygium cumini are traditionally consumed as herbal medicine 

to treat asthma and fruit is also eaten, especially by young children. In their examination 

of bioactivity of several commonly eaten Ugandan fruits and vegetables represents that the Java 

plum seeds and fruits have high antioxidant activity.  
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Fig 2.2.3: Java plum leaf powder biosorbents 

2.2.4 Neem leaf biosorbents 

Neem leaf is used for leprosy, eye disorders, bloody nose, intestinal worms, stomach upset and loss 

of appetite, skin ulcers, diseases of the heart and blood vessels, fever, diabetes, cardiovascular 

disease, gum disease (gingivitis) and liver problems. The leaf is used for birth control and to 

cause abortions. A biosorbent neem leaf powder was prepared from the mature leaf of the 

Azadirachta indica (Neem) tree by initial cleaning, drying, grinding, washing to remove 

pigments and redrying. A biosorbent, Neem Leaf Powder (NLP), was prepared from the mature 

leaf of Azadirachta indica (Neem) tree by initial cleaning, drying, grinding, washing to remove 

the pigments and redrying. The powder was characterized with respect to specific surface area, 

surface topography and surface functional groups and material was used as an adsorbent in a 

batch process to remove the heavy metals from aqueous medium under conditions of different 

concentrations, NLP loadings, pH, agitation time and temperature [37-38]. 

 

Fig 2.2.4: Neem leaf powder biosorbents 
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2.2.5 Sapodilla leaf biosorbents 

Sapodilla fruit in the colour section is mainly consumed fresh as a dessert due to its pleasant 

sweet flavour and aroma. Sometimes the fruit is chilled prior to eating which improves its 

flavour. The flesh is sometimes used to make sherbets, ice cream or is eaten as dried fruit in 

India. Some people make syrup and vinegar from the sapodilla juice and jams from the flesh. 

Several medicinal properties have been recognized to different parts of the sapodilla tree. For 

instance, the tannins in young fruit are used to stop diarrhea, tea is made from the young fruit 

and flowers are used for pulmonary problems.  

 

Fig 2.2.5: Sapodilla leaf powder biosorbents 

The leaf of tree is traditionally used for variety of purposes like treating cold, cough and 

diarrhoea. New leaf normally appears in pinkish brown colour and they turn to dark green at 

maturity. The expression levels of MzEG correlated with fruit growth and loss of fruit firmness 

after harvest. The tropical and subtropical fruits are very diverse in their morphological, 

compositional and physiological characteristics and classified into groups including different 

treatment to maintain their quality and expand their postharvest shelf life. 

2.2.6 Guava leaf biosorbents 

Guava leaf contain high levels of vitamin C and iron and decoction of guava leaf is very helpful 

in relieving cough and cold as it helps get rid of mucus. It also disinfects the respiratory tract, 

throat and lungs. Guava leaf as raw (GL) and activated Guava leaf (AGL) has been investigated 

for adsorption of metal ions from aqueous solutions. Both adsorbent materials have been 

characterized using different physicochemical methods. Adsorption kinetics were determined 

and modelled by the rate and diffusion equations. The guava leaf is easily available as a waste 

material. Investigations that include the use of GL for removal of iron and phosphate are scarce. 

It had been shown excellent adsorption capacity for iron during preliminary studies performed 
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at our laboratory. Due to its abundant availability and lower cost, it can be disposed off after use 

without need for expensive regeneration. The present study were examine the adsorption 

characteristics of GL and activated GL (AGL) to study the feasibility of their use as low-cost 

adsorbent for removal of Fe and P ions from the aqueous solutions. 

 

Fig 2.2.6: Guava leaf biosorbent powders 

The variables studied were equilibrium time, temperature and initial metal concentration at 

normal solution pH. The use of guava leaf biosorbents in the treatment of wastewater for the 

removal of iron and phosphorous could be a low cost technology and promising recycling 

strategy of corps in wastewater [39-40]. 

2.3 Apparatus used in iron and phosphorus test 

�¾ Test tubes  

�¾ Measuring jar 

�¾ Test tube stand 

�¾ Iron and phosphorous testing kit 

�¾ Filter paper 

�¾ Conical flask 
 

2.4 Procedure for determination of iron 

�x Take 5ml of water sample in test tube. 

�x Add 5 drops of iron reagent-1 (fe1) and 1 drop of iron reagent-2 (fe2). Mix and add 5drops of 

iron reagent-3 (fe3). Mix the contents and wait for 2-3 minutes the colour to develop. 

�x The colours that form was compared with iron colour chart and record the iron value.   
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Fig 2.4: Iron testing kit chart 

2.5 Procedure for determination of phosphorus  

�x Take 5ml of water sample in test tube. 

�x Add 5 drops of phosphate reagent-1 (pr1) and 1 drop of phosphates reagent-2 (pr2). 

�x  Mix the contents and wait for 2-3 minutes for colour to develop. 

�x The colour that form is compared with phosphate colour chart and record the phosphate value. 

 

Fig 2.5: Phosphorus testing kit chart  

2.6 Analysis the iron and phosphorus percentage in water by using biosorbent 

Removal of potentially harmful phosphorus compounds from wastewater by adsorption onto 

biosorbents is a cost-effective treatment method. The raw biosorbent and biosorbent modified 

with hydroxyl ions were used in this study to remove iron and phosphate ions from the synthetic 

solution and household wastewater. Interaction of iron(III) ions with carboxylic groups of 

biosorbent occurred during biosorbent modification. The excessive amounts of phosphorus 

compounds in surface waters can lead to eutrophication, which is a serious environmental 

problem in many countries around the world.  
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2.6.1 For rust iron contaminated water treatment 

Rust iron is collected from corroded materials. This powder is added to distilled water 0.1gm 

per 1000ml of water. This sample was tested for iron by using iron test solution. This sample 

was again taken in conical flask as 100ml. The biosorbent powder was added to rust iron water 

in 6.1gm per 100ml of water sample, this sample was kept on horizontal shaker for 1hour. 

  

Fig 2.6.1: Rust iron contaminated water samples 

This treated sample was filtered with whatman filter paper. The filter sample was tested for iron 

using iron test solutions. The naturally occurred iron-rich materials and waste products, such as 

low-grade iron ore, steel slags, red mud, ferric sludge, ferric water treatment residuals, iron 

oxides, iron-rich humus soils, iron oxide tailings, iron rich calcareous soils and goethite. The 

colour of water sample was checked with iron indicating table to ensure that the sample is free 

from iron. For iron measurement test, the 10ml of water sample was filled into the clean square 

sample cell. The reagent powder pillow was added to the sample cell. The solution was swirled 

to mix. An orange colour was form if iron is present in the water sample. The solution was 

waited for the 3 minutes reaction. 

 

Fig 2.6.1A: Filtering of sample and testing of sample 
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The respective tests are made for identification of ammonia and nitrate present in the water 

sample after treatment and compare the amount of nitrate and ammonia present in water 

samples before the addition of bio adsorbents, thus we get the removal percentage of ammonia 

and nitrate. After identification of removal percentage followed by conducting the optimization 

i.e. varying temperature, rotation speed and pH then we will find out the impact on removal 

percentages. This sample was checked for pH, optimum dosage, temperature, agitation sped and 

contact time [50-54]. 
 

2.6.2 For phosphorus contaminated water treatment  

The phosphorus chemical was mixed in distilled water 10gm per 1000ml of water. This sample 

was tested for phosphorus by using phosphorus test solutions. This sample was taken in conical 

flask as 100ml. The biosorbent powder was added to phosphorus containing water in 100ml of 

water sample; this sample was kept on horizontal shaker for 1hour. This treated water sample 

was filtered with whatman filter paper. This sample was tested for phosphorus using phosphorus 

test solutions. These samples were checked with phosphorus indicating table to ensure that the 

sample is free from the phosphorus contaminations [41-42].  

 

              Fig 2.6.2: Phosphorus contaminated water in horizontal shake of sample 

The biomass serves as a basis for newly developed metal biosorption processes foreseen 

particularly as a very competitive means for the detoxification of metal-bearing industrial 

effluents.  Elucidation of mechanisms active in metal biosorption is essential for successful 

exploitation of the phenomenon and for regeneration of biosorbent materials in multiple reuse 

cycles. The organisms which are capable of resisting high loads of metal ions are best suited for 

accumulating metal species. The mechanisms for prepare special binding region in the group as 

response to metal ions in the environments. 
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Biosorption was influenced by various process parameters such as pH, temperature and initial 

concentrations of metal ions, biosorbent dosage and speed of agitation. Also, the biomass can be 

modified by physical and chemical treatment before use. The process can be made economical 

by regeneration and reusing the biosorbent after removing the heavy metals. The mechanism of 

biosorption is a complex process which involves the binding of sorbate onto the biosorbent. 

 

 

Fig. 2.6.2A: Filtrations of water Sample and testing of sample 

The process of biosorpti�R�Q���L�V���D�G�Y�D�Q�W�D�J�H�R�X�V���E�H�F�D�X�V�H���L�W�¶�V���U�H�Y�H�U�V�L�E�O�H�����G�R�H�V���Q�R�W���U�H�T�X�L�U�H���Q�X�W�U�L�H�Q�W�V���D��

single stage process of quick range has no danger of toxic effects and cellular growth allows 

intermediate equilibrium concentration of metal ions and is not controlled by the metabolism. 

The metal atom in the complex is bound to its intermediate neighbours by a coordinate covalent 

bond by accepting a lone pairs of electrons from the non metal atom. This sample was checked 

for pH, optimum dosage, temperature, agitation speed and contact time. Identification of 

biosorbents for the process of biosorption is a major challenge [43-44]. 
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2.7 Optimizing  

Techniques like response surface methodology, artificial neural networking, boosted regression 

tree and genetic algorithms may be used for process optimization. Modelling should be done in 

solutions with multiple metals and organic matter simulating the real waste water conditions. 

Some physical and chemical pre-treatment have been proposed for improving their properties 

and for increasing their biosorption capacity. The different pre-treatment conditions were 

applied to investigate their effect on physic-chemical properties of the biosorbents.  

2.7.1 PH:  pH is a measure of the hydrogen ion (H+) concentration in the solution. It was used 

to determine the acidity or alkalinity of a substance. In chemistry, it is negative logarithm of 

hydrogen ion concentration expressed in molarity.  The pH for water is 6.5 to 8.5. Take standard 

solution of pH 4 and 9. Connect the pH electrode to pH meter. Keep the temperature in between 

25-30ºC. Adjust the pH value 4 by using slope point and 9 by calibration process. Now take the 

sample with bio-sorbent and drip the electrode. Now note the pH value of sample. By increase 

in the pH value of iron content if any presented in water will be removed or decreased in the 

sample. The increase in dosage will also affect the pH range in water. The increase in 

temperature increases the pH range in water.  

 
Fig. 2.7.1: pH testing of iron and phosphate contaminated water 

2.7.2 Temperature  

The measure of warm or cold substance with references to some standards values. Take the 

sample in a beaker. Keep it in a temperature incubator at 20oC for 30minutes. After 30 min take 

the sample out and check for iron and phosphorus test for each sample. Repeat process for 25oC, 

30oC   and 35oC, and check for iron and phosphorus for each time in all samples. 
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The increasing temperature from 20 to 32°C decreased the cumulative phosphorous mass 

leached, suggesting more affinity to retain phosphorous at 32°C than 20°C. The relatively more 

�F�D�S�D�F�L�W�\�� �R�I�� �E�L�R�V�R�U�E�H�Q�W�� �W�R�� �D�G�V�R�U�S�W�L�R�Q�¶�V�� �S�K�R�V�S�K�R�U�R�X�V�� �D�V�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �E�L�R-solids properties and 

potential impacts of temperature on the phosphorous intakes. An increase in temperature from 

30 to 40oC did not appear to have an effect on either the maximum yield or maintenance 

coefficient on ferrous-iron. A threshold ferrous-iron level, below which no further ferrous-

iron utilization occurred, was found at a ferric/ferrous-iron ratio of about 2500. 

 

Fig.2.7.2: Temperature testing of various iron and phosphorous contaminated water 

2.7.3 Agitation Speed 

Agitation (action), putting into motion by shaking or stirring, often to achieve mixing. The 

psychomotor agitation an extreme forms the above, which can be part of a mental illness or a 

side effect of anti-psychotic medication. Agitation is a means whereby mixing of phases can be 

accomplished and by which mass and heat transfer can be improved between phases or with the 

surfaces. In its most general sense, the process of mixing was concerned with all combinations 

of phases like gas, liquid and solid. It is the heart of chemical industry. In the chemical and 

other processing industries, many operations are dependent to a great extent on 

effective agitation and mixing of fluids. Generally, the agitation refers to forcing a fluid by 

mechanical means to flow in a circulatory or other pattern inside a vessel. The length of this 

zone is an index about the speed of mass transfer. For high speeds, the length is small; while for 

low speeds, the length was higher. The increase in agitation speed increases the biosorption 

capacity of the biosorbent by minimizing its mass transfer resistance. While the added 

turbulence increases the adsorptions of metal ions, it may be destruction of the physical nature 

of biosorbent [45-46]. 
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Fig 2.7.3: Optimization of agitation speed in shakeup machine  

A moderate 20-150rpm speed ensures that the best homogeneity for suspension with a high 

capacity of biosorption. High agitation speeds results in the occurrence of vortex phenomenon 

with results in the loss of homogeneous nature of suspension. The excessive turbulence may 

also reduce the time of interaction between the biosorbate and biosorbent, thus decreasing the 

degree of biosorption. With an increase in agitation speed from 0 to 80 rpm, the biosorption 

efficiency also increased from 32.4-65%.  

2.7.4 Contact time 

The contact time, also known as the wet time, is the time that the biosorbents needs to stay wet 

on a surface in order to ensure efficacy. Under same conditions, such as high temperatures and 

low humidity, it can also be difficult even for biosorbents and metal ions with contact times as 

short as three or four minutes to stay wet. The adding of bio-sorbent to water sample and keep 

on horizontal shaker for half an hour, one hour, one and half hour and two hour respectively.  

 

Fig 2.7.4: Optimization of contact time testing  
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By testing the sample at every half an hour time based on the removal percentage of 

contamination in sample the contact time was calculated and bio-sorbent will settle down after 

the removing of contamination. The time required to attain maximum biosorption depends on 

the type of biosorbent, metal ion and their combination. The rate of biosorption is fast done 

initially (with an hour) almost 90% of the metal binding because all the active sites are vacant 

available for metal ion biosorption. But with increases in time the rate of biosorption decreases 

due to increase in percentage saturation by metal ions remaining in the solution. 

2.7.5 Optimum dosage of biosorbents 

The dosage of biosorbents will  produce certain effect with minimum of undesirable symptoms it 

can be calculated by mixing the bio-sorbent dosage in the contaminated water to remove the 

iron and phosphorus content in the water. By adding the bio-sorbent powder to water at the rate 

of 1gm, 1.5gm, 2gm, 2.5 gm and 3gm and so on respectivily upto the removal percentage of 

contaminat to the sample of contaminated water. Where the contamination of iron and 

phosphorus removed was consider as removal dosage of sample. By getting the removal 

percentage of dosage can consider the dosage beyond and further like if the dosage is 5gms let 

us consider the dosage from 4.9gm, 5.1gm, 5.2gm and 5.3gm, do test upon the samples and take 

note where the sample was purified and will be optimum dosage of sample. For iron test the 

guavaleaf best bio-sorbent consider removing in contamination at the rate of 49gm/lit. For 

phosphorus best bio-sorbent consider removing in contamination at the rate of 28gm/lit [47-48]. 

The experimental data was also tested in terms of biosorption kinetics using pseudo-first order 

pseudo- second order and intra particle kinetic models. 
 

  

Fig 2.7.5: Optimum dosage of biosorbent in iron and phosphorous removals 
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Chapter 3 
Results and Discussion 

  

3. General 

This chapter comprises the results which are obtained after the experiments carried out for the 

removal of iron and phosphorous under various conditions. It was observed that the biosorbent 

is capable for removing iron and phosphorous from water in natural conditions. In this study the 

initially concentration of iron and phosphorous was fixed on the basis of maximum removal of 

iron and phosphorous. Iron and phosphorous removal for all other variables were seen on this 

fixed concentration. 

3.1 Removal of iron at different biosorbent dosages 

After the preparation of biosorbent we have to apply these biosorbent for iron removal from 

contaminated water. The initial concentration of iron was 1mg/L. The removal of iron was 

measured by iron test kit. 

3.1.1 Neem leaf bio-sorbent iron removal 

We have to collect the neem leaf and washed them with distilled water and sun dried them later 

they are turned into powder and added different dosages to know the amount required to remove 

the iron. Neem bio-sorbent has no effect on the removal of iron content at the dosage of 2.5g. It 

started showing effect after increasing the dosage beyond 2.5g and at 3g the removal efficiency 

has a value of 33.33%. At 3.5g and 4g the value was 70%. The maximum removal efficiency 

which was 100% achieved at 4.5g and value was retained at 5g as well.  

 

Fig. 3.1.1: Removal percentages of iron by using neem leaf biosorbents 

3.1.2 Java Plum (Black plum) bio-sorbent for iron removal  
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Java Plum leaf acts as a good bio-sorbent material and has shown best results in iron removal 

among the other materials have tested. There is no removal up to 1g of dosage, and with 

increase in dosage beyond 1g, the effect started. At 2g and 3g the efficiency value was 40% and 

at 4g, 5g, 6g of dosage the efficiency gradually increases i.e., 60, 80, 100 respectively. Java 

plum bio-sorbent are found to be the good biosorbent to purify iron contaminated water in this 

study. The use of java plum as natural adsorbent could be proposed for environmentally 

friendly, simplified water purification for rural communities in the cost effective manner. 

  

Fig 3.1.2: Removal percentages of iron by using java palm biosorbents 
 
 

3.1.3 Sapodilla leaf bio-sorbent for iron removal  

Identification of biosorbents for the process of biosorption is a major challenge. It is desirable to 

develop/obtain biosorbents with the capacity to bind/uptake metal ions with greater affinities. 

Sapodilla leaf contains cellulose with a high percentage of protein bound to polysaccharides 

which contain many functional groups like amino, sulfate, hydroxyl and carboxyl. Sapodilla 

leaf bio-sorbent has slow pickup at the beginning. It requires more dosage to show its effect. It 

has zero efficiency up to 3g of dosage. A start working from 3g dosage, at 4g the efficiency is 

30%, at 5g is 70% and at 6g of dosage 100% removal efficiency was observed. The process of 

biosorption depends on the number and availability of functional groups on the surface of 

biosorbent, modification by changing the surface characteristics can highly influence the 

capacity of biosorbent used for the removal of metal ions. The physical or chemical treatment of 

biosorbents show properties of metal biosorption compared to the original biomass. 
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3.1.3: Removal percentages of iron by using sapodilla biosorbents 

3.1.4 Mango leaf biosorbent for iron removal  

The characteristic feature of pre-treatment is to modify the surface groups either by removing or 

masking or by exposing the greater number of binding sites. Mango leaf powder started 

showing results at low as 1g of dosage. The initial conditions of  iron removal percent was 30% 

�D�W�� ���J���� ���J�� �W�K�H�� �Y�D�O�X�H�� �Z�D�V�� ���������� �D�W�� ���J�� �R�I�� �G�R�V�D�J�H�� �L�W�¶�V�� �������� �D�Q�G�� ���J���� ���J�� �D�Q�G�� ���J�� �P�D�[�L�P�X�P�� �U�H�P�R�Y�D�O��

efficiency was obtained which was 100%. Mango leaf biosorbents showed that the better 

performance and immediate results. Hence, the different pre-treatment modify the surface 

functional groups (by masking or exposing) that influence of biosorption capacity. A major 

consideration for any biosorption is the separation of solid and liquid phases [49-50]. 

 

Fig 3.1.4: Removal percentages of iron by using mango leaf biosorbents 
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3.1.5 Guava leaf bio-sorbent for iron removal  

The efficiency of metal ion biosorption by immobilized microbial biomass depends on a 

number of factors: metal ion properties (ionic radius, degree of oxidation, covalent index), 

process conditions (medium acidity, initial metal ion concentration, biosorbent dosage and size), 

density of sorption centres, pre�ætreatment, carrier and immobilization technique. Guava leaf bio-

sorbent has shown that the best results. The removal efficiency is directly proportional to the 

dosage. There is a gradual increase in removal efficiency with gradual increase in dosage of bio-

sorbent material. At 1g the removal percentage is 20%, at 2g is 45%, 3g of dosage is 68.5% 

removal efficiency, 83% was achieved at 4g and at 5 and 6g iron was completely removed. The 

experimental data obtained from biosorption are modelled and simulated to elucidate the 

mechanism of process, evaluate the change in operating parameters and optimization.  

 
          Fig. 3.1.5: Removal percentages of iron by using guava leaf biosorbents 

3.1.6 Custard apple bio-sorbent for iron removal  

Methods for removing metal ions from aqueous solution mainly consist of physical, chemical 

and biological technologies. Custard apple leaf bio-sorbent has no effect up to 2.5g dosage. 

After 2.5g the results slowly increases, at 3g dosage efficiency was 13%, at 3.5g the value is 

20% and starting from 4g of dosage the removal mechanism stopped at 50% and same result 

was obtained at 4.5 and 5g of dosage. These biosorbents possess metal-sequestering property 

can be used to reduce the concentration of heavy metal ions in solution from ppm to ppb level. 

Immobilization of the biosorbent into suitable particles can be done by using techniques like 

entrapment in a strong but permeable matrix or encapsulation within a membrane-like structure. 

The immobilization can reduces the number of binding sites that are accessible to metal ions as 

majority of the sites are embedded within the bed. 
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                  Fig. 3.1.6: Removal percentages of iron by using custard apple biosorbents 
 

 

3.1.7 Comparison of iron removal by different biosorbents 

This is comparison between all types of bio-adsorbent i.e. easily understand which bio-

adsorbent removed the iron; this comparison graph is drawn based on all the results. Mango leaf 

bio-adsorbent shows that the best results among the other bio-sorbent materials. Guava has 

gradual increase in iron removal with increase in dosage. Mango has good results with even 

with low bio-sorbent dosage. Only custard apple is failed to get 100% removal efficiency. 

Sapota requires more dosage to get results. These graph shows that the percentage of iron 

removal at different dosage of bio adsorbents. 

 

       Fig. 3.1.7: Comparison graph of different biosorbents in removal of iron 
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Table 3.1: Comparison of different bio-adsorbent for iron removal 

Bio-sorbent 
Dosage (g) 

Neem 
(%) 

Java 
Plum (%) 

Guava 
(%) 

Sapota 
(%) 

Custard 
Apple (%) 

Mango 
(%) 

1 0 0 20 0 0 30 

2 0 40 45 0 0 50 

3 33.33 40 68.5 0 13 70 

4 70 60 85 30 50 97 

5 100 80 100 70 50 100 

6 100 100 100 100 50 100 
 

The mango leaf, guava leaf and neem leaf shows that the best performance for iron removal 

from contaminated water. The order of percentage removal of iron for six different biosorbents 

�Z�D�V���I�R�X�Q�G���D�V���0�D�Q�J�R���O�H�D�I���!���*�X�D�Y�D���O�H�D�I���§���1�H�H�P���O�H�D�I���!���-�D�Y�D���3�O�X�P���O�H�D�I���§���6�D�S�R�W�D���O�H�D�I���!���&�X�V�W�D�U�G��

Apple leaf. The 5gm of mango leaf and guava leaf biosorbents show that the best performance 

for total removal of iron. For guava leaf biosorbents further studies were carried out on the 

variables like pH, contact time, amount of biosorbent, temperature and agitation speed. In the 

present study, the six locally available biosorbents (with and without chemical treatment) for 

iron removal by biosorption were used. It is a physiochemical process that occurs naturally in 

certain biomass which allows concentrating passively and binding contaminants onto its cellular 

structure [51-52]. 

3.2 Removal of phosphorous at different biosorbent dosages 

The capacity of biosorbents to accumulate metallic elements has been observed in the first from 

of toxicological point of view. They have been used as solid supports for biomasses; as a result 

the highest pre concentration factors and lowest limit of detection were reached. Solid phase 

removal using biosorbents is an ecological method for pre�æconcentrating and separating metal 

ions from different matrices and characterized by a number of advantages over the conventional 

sorbents. The leaf biosorbents have different biosorption capacities, which varied within each 

taxonomic group and depend on their physical and/or chemical pre-treatment as well the 

operational conditions.  

3.2.1 Neem leaf bio-sorbent phosphorous removal 

Neem leaf powder is the best bio-sorbent material for removal of phosphorus from water was 

used. The 20% removal was achieved at 1g of dosage, at 2g the efficiency was 80% and finally 

at 3, 4, 5 and 6g 100% removal efficiency wais achieved. 
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       Fig. 3.2.1: Removal percentages of phosphorous by using neem leaf biosorbents 
 

The use of various parts of plants as biosorbents to remove the heavy metals from wastewater 

was broadly reported in the literature. The success of chemical retreatment strongly depends on 

the cellular components of biomass itself. In many instances, the acidic pre-treatment has 

proved successful; this is because some of the impurities and ions blocking the binding sites can 

be easily removed. The potentiality of neem has been explored for solving various problems 

related to agriculture, public health, population control and environmental pollution. Neem leaf 

has been demonstrated as having good biosorbent activity for the removal of heavy metals from 

the aqueous solution. The pre-treatments modify the cell surface either by removing or masking 

the groups or exposing more metal-binding sites. 
 

3.2.2 Java Palm/black plum bio-sorbent for phosphorous removal 

Java Palm bio-sorbent is also a better option in removal of phosphorus, it stands as best bio-

sorbent material in phosphorous removal. This biosorbent material has an initial reading of 40% 

at 1g of the reaction started taking place with minimum dosage. The 100% removal efficiency 

was obtained from 2g till the rest of dosages i.e. up to 6g. The different metals have different 

adsorption capacities either at low concentration or high concentration. The surface morphology 

of java palm biosorbent had irregular and porous surface. The difference in adsorbent capacity 

of adsorbent was mainly due to the difference in their surface porosity. The experimental results 

are encouraging and indicate that java plum seed was a feasible option to use as a bio-adsorbent 

to remove phosphorous in a fixed bed adsorption process. The maximum sorption of 

phosphorous by java plum seed could be attributed to transfer of phosphorous from the solution 

to biosorbent surface [53-54]. 
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         Fig. 3.2.2: Removal percentages of phosphorous by using java palm biosorbents 

3.2.3 Guava leaf bio-sorbent for phosphorous removal 

The search for new technologies involving the removal of toxic metals from wastewaters has 

directly attention to biosorption, based on all materials tested in phosphorus removal, guava 

has wide range of outcomes and variations in results, at 1g the value was 60%, at 2g and 3g 

the efficiency was 80%, and at 4, 5 and 6g of dosage complete removal has been occurred. 

The adsorbent used in this study is guava leaf powder, in which the adsorption takes place on 

the surface of insoluble cell walls of the leaf. The insoluble cell walls of guava leaf are largely 

made up of cellulose and hemi celluloses, lignin, condensed tannins and structural proteins. 

 

            Fig. 3.2.3: Removal percentages of phosphorous by using guava leaf biosorbents 
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3.2.4 Sapodilla leaf bio-sorbent for phosphorous removal 

Application of Sapodilla leaf powder as biosorbent for the removal of phosphorous from 

aqueous solutions has been systematically investigated. Sapodilla has 40% removal efficiency 

as its 1st reading on 1g of dosage, same as java plum, but from 2g dosage of bio-sorbent the 

value increased up to 100% phosphorus removal efficiency and result is same for the remaining 

four dosages 3g, 4g, 5g and 6g. The increase in metal ions removal as pH increased can be 

explained on the basis of decrease in competition between protons (H+) and positively charged 

metal ion at the surface sites and by decrease in positive charge which resulted in lower 

repulsion of the adsorbing metal ion. The adsorbent dosage has great influence in the 

biosorption process and it determines the potential of biosorbent through the number of binding 

sites available to remove metal ions at a specified initial concentration. The amount of 

adsorbent is key factor as the adsorption mainly depends upon the surface area of adsorbent 

available for the contact of pollutant at the interface. 
 

 

Fig. 3.2.4: Removal percentages of phosphorous by using Sapodilla leaf biosorbents 

3.2.5 Custard apple bio-sorbent for phosphorous removal 

It shows that the same effect on removal of phosphorus as that of Sapodilla leaf biosorbents. 

The 1g of custard apple bio-sorbent dosage has 40% efficiency and 2gm of dosages have 

complete removal efficiency. From the Fig. 3.3.5 it can be observed that the increasing 

adsorbent dosage increased the percent removal of phosphorous and maximum removal was 

observed with the dosage of 2gm. Further increase in the dosage did not change the biosorption 

capacity. This suggests that the maximum adsorption was attained after a certain dosage of 

adsorbent. Hence the amount of ions bound to the adsorbent and amount of free ions remains 

constant even with further addition of dosage of adsorbent [55-56]. 
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        Fig. 3.2.5: Removal percentages of phosphorous by using Custard apple biosorbents 

3.2.6 Mango leaf bio-sorbent for phosphorous removal 

The increase of metal uptake is a result of the increase in the driving forces i.e. concentration 

gradient, with an increase in the initial phosphorous ion concentrations. Mango leaf powder has 

obtained complete removal efficiency for all dosages. The results are fast increases from 0 to 1g 

then from 1g the efficiency was 100%. It was well known that the pH of medium affects the 

solubility of metal ions and concentration of counter ions, on the functional groups of biomass 

cell walls. Mango leaf bio-sorbent presents a high content of ionisable groups (carboxyl groups) 

on the cell wall polysaccharides, which makes it very responsible to the influence of pH uptake 

of free ionic phosphorous depends on the pH. 

       

        Fig. 3.2.6: Removal percentages of phosphorous by using mango leaf biosorbents 
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3.2.7 Removal of phosphorous at different biosorbent dosages 

Adsorption over biomass has provided the capacity to treat wastewater on a large scale. The 

commonly used methods for removing metal ions from aqueous streams include physical and 

chemical methods used separately or inclusively based on the need. The increase in removal of 

phosphorous percentage with increase in adsorbent dosage is due to the more availability of 

exchangeable sites or surface area at higher concentration of the adsorbent. Adsorbent dosage 

has a great influence in biosorption process and determines the potential of biosorbent through 

the number of binding sites available to remove the metal ions at a specified initial metal ion 

concentration. Mango is the best bio-sorbent material for removal of phosphorus in all the 

mate�U�L�D�O�V���Z�H�¶�Y�H���X�V�H�G�����0�D�Q�J�R���K�D�V�������������U�H�P�R�Y�D�O���H�I�I�L�F�L�H�Q�F�\���Z�L�W�K���D�O�O���G�R�V�D�J�H�V�����&�X�V�W�D�U�G���D�S�S�O�H���D�Q�G��

Sapota has same results. Guava has variations in its results among the other materials. 

 

       Fig. 3.2.7: Comparison graph of different biosorbents in removal of phosphorous 

The mango leaf, java plum leaf, sapota leaf and custard apple leaf shows that the best 

performance for phosphorous removal from contaminated water. The order of percentage 

removal of phosphorous for six different biosorbents was found as follows: Mango leaf > Java 

Plu�P���O�H�D�I���§���6�D�S�R�W�D���O�H�D�I���§���&�X�V�W�D�U�G���$�S�S�O�H���O�H�D�I�!���1�H�H�P���O�H�D�I�!���*�X�D�Y�D���O�H�D�I����The 1gm of mango leaf 

biosorbents show that the best performance for total removal of phosphorous. The free radicals 

present in biosorbents are main culprit in lipid per oxidation, highly reactive free radicals and 

oxygen species are present in biological systems from a broad variety of sources. Free radicals 

are fundamental to many biochemical processes and represent an important part of the aerobic 

life and metabolism [57-58]. 
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Table 3.2: Comparison of different bio-adsorbent for phosphorous removal 

Bio-sorbent 
Dosage (g) 

Neem leaf 
(%)  

Java Plum 
leaf (%) 

Guava 
leaf(%) 

Sapota 
leaf (%) 

Custard Apple 
leaf (%) 

Mango 
leaf (%) 

1 20 40 60 40 40 87 

2 80 100 80 100 100 100 

3 100 100 80 100 100 100 

4 100 100 100 100 100 100 

5 100 100 100 100 100 100 

6 100 100 100 100 100 100 
 

The mango leaf is highly ornamental, medium green, glossy, alternate and spirally clustered at 

the tip of forked twigs. The foliage is evergreen. Leaf spirally  arranged  and  clustered  at  the  

shoot  tips,  simple,  elliptic  or  oblong, apex obtuse to shortly acuminate; coriaceous, shining, 

glabrous  when  mature. Secondary veins make a wide angle with the midrib. The leaf are oblong 

to narrowly oblong-obovate 8 to 13 cm in length, pointed at both ends and clustered at the ends 

of shoots. The leaf is pinkish brown when emerged and light green to dark green at maturity. 

Many adsorption isotherm models are usually applied to fit the biosorption data in order to 

obtain the linear regression data to predict the maximum sorption capacity of the biosorbent. 

Langmuir and Freundlich models are broadly applied for the biosorption of metal ions with 

biosorbents. All the curves had good linearity (correlation coefficient) indicating that strong 

binding of phosphorous ions to the surface of biosorbent particles [59-60]. 

3.3 Optimization for iron removal in water   

After the screening of all six biosorbent, the removal percentage of iron is high in these three 

biosorbents i.e. neem leaf, guava leaf and mango leaf biosorbents. The mango leaf and guava 

leaf biosorbents are shows that the best performance for total removal of iron from water. So that 

it is necessary to find out the optimum concentration of biosorbents, optimum pH, temperature, 

time and agitation speed for removal of iron from contaminated water. The utilization of 

biosorption technology for treatment of heavy metal contaminated waste waters has become an 

alternative method to conventional treatments due to the high selectivity, easily handling, lower 

operating costs, high efficiency in removing very low levels of heavy metals from the dilute 

solutions. Biosorption is influenced by various processes parameters such as pH, temperature, 

initial concentration of metal ions, biosorbent dosage and agitation speed and contact time. The 

mixed biosorbents showed that the better adsorption properties towards the removal of iron and 

phosphorous ions from the aqueous solutions. 
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3.3.1 Optimization in pH  for  iron removal  

In adsorption process the hydrogen ion concentration was considered as one of the most 

important parameters that influence the adsorption behaviour of metal ions in the aqueous 

solution. It affects the solubility of metal ions in the solution, replaces some of the positive ions 

found in the active sites and affects the degree of ionization of adsorbate in the reaction. Adjust 

the pH of sample contained iron contaminated and optimum dosage of guava leaf biosorbent 

6gm by adding an acid and a base i.e., NaOH and H2SO4. Note that the removal efficiency 

values at different pH levels and take the best result as optimum pH value. At pH value 4 the 

removal efficiency is 0%, the pH 5 is 40% and at pH 5.5 and 6 complete removal was achieved. 

The optimum pH value of bio-sorbent is 6.5. The results indicated that the iron removal was 

increased to maximum at 5.5 then decreased at pH variation from 5.6 to 6. The removal 

percentages of metal ions with increase in pH can be explained on the basis of decrease in 

competition between proton and metal cations for same functional groups and by decrease in the 

positive surface charge, which results in a lower electrostatic repulsion between the surface and 

metal ions [45-46].  

 
Fig. 3.3.1: Optimization of pH in iron removal from contaminated water 

 

        3.3.2 Optimization in temperature for iron removal  

The biosorption of Fe(II) for various temperatures at 60 min of contact time. The water samples 

were kept in freezer and water bath to attain the certain temperatures, to lower the temperature 

of sample below room temperature, the sample has to be kept in the cooler for 60min and to 

increase the temperature of sample has to be kept in the water bath apparatus for 60min.The 

removal efficiency at 20°C is lower as compare to other temperatures in the test i.e. 97% at 

25°C the complete removal was obtained at 30oC and further increasing the temperature it was 

make constant.  
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Fig. 3.3.2: Optimization of temperature in iron removal from contaminated water 
 

The optimum temperature for iron removal from contaminated water is 30oC and further 

increasing the temperature it was make constant. The increase in biosorption of Fe(II) with 

temperature may be attributed the two factors. One is an increase in the number of active sites 

available for biosorption on the biosorbent. The other is decrease in the thickness of boundary 

layer surrounding the guava leaf biosorbent with temperature and positive effect on the biomass 

transfer resistance of Fe(II) in the boundary layer. The kinetic behaviour was described by the 

pseudo-second-order model for both the metallic species [47-48].  

          3.3.3 Optimization of rotation speed in the iron removal 

The rotation speed is also very important factors affecting the iron removal in the contaminated 

water. In these experiments know that at which rotation speeds the iron having effectively 

removal by the guava leaf bio-adsorbent. In agitation speed test the samples were taken into the 

conical flask and optimum dosage of bio-sorbent is added to them, these flasks were kept on the 

rotary shaker and each flask was rotated at different speeds for 1hr duration. The effect of 

contact time on the extent of adsorption of iron onto guava leaf biosorbent were studied in the 

time range from 120min by fixing the other parameters such as adsorbent dosage and 

temperature for each experiment. The samples were tested for removal efficiency to find out the 

optimum rotation speed. The rotation speed is varying from 0 to 200rpm. At optimum dosage of 

5g of guava leaf and shaker at 50rpm, 30% iron was removed, 100rpm removed 50% iron, and 

150rpm has 100% removal and further increasing the rotation speed it was make constant. In 

Fig. 3.3.3 observed that the removal percentages of iron is increasing with the rotation speed at 

150rpm then it make constant.  

0

20

40

60

80

100

15 20 25 30 35 40

P
er

ce
nt

ag
e 

R
em

ov
al

 (
%

) 

Temperature (�ƒC) 

Optimum temperature  25oC 



50 
  

                   

Fig. 3.3.3: Optimization of rotation speed in iron removal from contaminated water 

The increase in agitation speed increases the biosorption capacity of the biosorbent by minimizing 

its mass transfer resistance. While the added turbulence improves the sorption of metal ions, it may 

also lead to the destruction of physical nature of biosorbent. A moderate speed represents that the 

best homogeneity for suspension with a high capacity of biosorption. The high agitation speeds 

results in the occurrence of vortex phenomenon which results in the loss of homogeneous nature of 

suspension. The high turbulence may also reduce the time of interaction between the biosorbate and 

biosorbent, thus decreasing the extent of biosorption [49-50].  

3.3.4 Optimization of contact time in the iron removal 

The samples containing optimum dosage of guava leaf bio-sorbent materials were kept in the 

rotary shaker for different time periods and were tested for the removal efficiency to obtain the 

optimum contact time required for complete removal of metal. The water sample was rotated for 

half an hour which has no effect on the removal of iron content the sample. It takes 1hr for 

complete removal and result is same for 1hr 30min and 2 hrs. Thus required to attain the 

maximum biosorption depends on the type of biosorbent, metal ion and their combination. The 

rate of biosorption is slowing rate initially within an hour because all the active sites are not 

active for metal ion biosorption. With increases in time the rate of biosorption increases due to 

increase in the percentages of adsorptions due to the metal ions. The contact time required for 

maximum uptake of metal ions by the guava leaf biosorbent was dependent on the initial metal 

ion concentration. To make sure true equilibrium was established, all the subsequent sorption 

experiments were carried out over 1h [51-52]. 
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Fig. 3.3.4: Optimization of contact time in iron removal from contaminated water 

The removal was increased with the contact time variation from 30 to 120min. These results 

represented that the optimum contact time for maximum removal of Fe was 100% with contact 

time of 60 min. This result was important because equilibrium time is important parameters for 

an economical wastewater treatment system. All curves had good linearity (correlation 

coefficient) indicating that the strong binding of Fe(II) ions to the surface of guava leaf 

biosorbent particles. All the parameters such as dosage of adsorbent and pH of solution were 

making constant. The metal ions removal was increased with an increase in contact time before 

the equilibrium was reached [53-54]. 

3.3.5 Optimization of biosorbent dosage in iron contaminated water 

Biosorbents provide the binding sites for metal biosorption hence its dosage strongly affects the 

biosorption process. The increase of biosorbent dosage at a given initial metal ion concentration 

increases the biosorption of metal ions due to the higher surface area which in turn increases the 

number of available binding sites. At lower concentrations of biosorbent, the amount of metal 

biosorbed per unit weight of the biosorbent was high. Conversely, at the higher concentrations 

of biosorbent the quantity of metal ion biosorbed per unit weight decreases. This is because the 

lower adsorbent to binding sites ratio due to the insufficient amount of solute present for the 

total distribution onto the available binding sites and possible interaction between binding sites. 

The amount of adsorbent is key factor as the adsorption mainly depends upon the surface area 

of adsorbent available for the contact of pollutant at the interface. For studying the effect of 

biosorbent dosage on removal of Fe(II), the biosorbent dosage is changed from 50 to 500 mg, 

fixing the other parameters like solution pH, initial concentration and temperature. 
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Fig. 3.3.5: Optimization of biosorbent dosage in iron removal from contaminated water 

In optimum dosage test we take the various amount of bio-sorbent materials which are nearer to 

the best dosage observed in the normal dosage test, these were added to the water samples and 

tested for removal efficiency to find out the optimum dosage. At 4.8g of guava leaf dosage the 

removal of iron from water sample was 97%, starting from 4.9g the result was 100% for the rest 

of dosages. From the Fig. 3.3.5 observed that the increasing adsorbent dosage concentration 

increased the percent removal of iron and further increase in the dosages did not significantly 

change the biosorption yield. This suggests that the maximum adsorption was attained after a 

certain amount of adsorbent. Hence the amount of ions bound to the adsorbent and amount of 

free ions remains constant even with further addition of dosage of adsorbent [55-56]. 

3.4 Optimization for phosphorous removal in water  

After the screening of all six biosorbent, the removal percentage of phosphorous is high in these 

five biosorbents i.e. neem leaf, java plum leaf, sapota leaf, custard apple leaf and mango leaf. 

The mango leaf biosorbents showed that the best performance for total removal of phosphorous. 

The guava leaf biosorbent is not shows good performances for phosphorous removal from water. 

Biosorption is influenced by various parameters such as pH, temperature, initial concentration of 

metal ions, biosorbent dosage, agitation speed and contact time.  So that it is necessary to find 

out the optimum concentration of mango leaf biosorbents, optimum pH, temperature, time and 

agitation speed for removal of phosphorous from contaminated water. The applications of 

biosorption technology for removal of heavy metal contaminated waste waters have become an 

effective technology. The first objective of present study was to determine the adsorption 

capacity of manganese leaf biosorbent for removal of phosphorous from aqueous solution. 
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3.4.1 Optimization in pH for phosphorous removal  

The pH of adsorbate solution has been identified as the most important controlling parameter in 

the adsorption process. The binding of metal ions by surface of functional groups was strongly 

pH dependent. The pH level affects the network of negative charge on the surface of biosorbing 

cell walls, as well as physico-chemistry and hydrolysis of the metal. Therefore, the preliminary 

experiments have been performed to find out the optimum pH value for maximizing metal 

removal. In phosphorus the pH test has been checked at various ranging from pH 4 to 7 and 

100% removal efficiency was obtained in all the pH levels. The optimum pH value of 

phosphorus after adding mango leaf bio-sorbent is 6.5. It has been observed that the percentages 

removal of phosphorous ions has been maintained at the highly acidic conditions, due to the 

presence of higher concentration of H+ ions in the solution, which leads to compete between the 

metal cations and protons for binding sites on the cell wall. It can be observed that the 

increasing pH of solution, the amount of metal ion adsorption also make constant.  

 

Fig. 3.4.1: Optimization of pH in phosphorous removal from contaminated water 

To maintaining in metal ions removal as pH increased can be explained on the basis of decrease 

in competition between protons (H+) and positively charged metal ion at the surface sites. The 

phosphorous removal was inhibited and possibly as a result of the competition between 

hydrogen and metal ions on the sorption sites, with an apparent preponderance of hydrogen 

ions, which restricts the approach of metal cations as in the consequence of repulsive force. The 

pH of solutions is an important factor since it influences the metal adsorption, solubility and 

total charge of biosorbents. In higher pH, the smaller amount of H+ ions are present and number 

of active sites in the functional group is free and exposed which results in the increased 

biosorptions by attracting the positive charged metal ions [8-10].  
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 3.4.2 Optimization in temperature for phosphorous removal 

The biosorption of phosphorous in varied temperatures at 1hr contact time was investigated. 

The samples were kept in cooler and water bath to attain the certain temperatures, to lower the 

temperature of water sample below the room temperature, the sample has to be kept in the 

cooler for 1hr and raise the temperature of sample above room temperature, the sample has to be 

kept in the water bath apparatus for 60min.The removal efficiency is make constant from room 

temperature 25oC to high temperature 40oC was observed [11-12].  

   

   Fig. 3.4.2: Optimization of temperature in phosphorous removal from contaminated water 

As the temperature increases, the relative pressure at which pore filling increases and size of 

hysteresis loop was decreased. The increases in number of active sites are available on surfaces 

for biosorptions over the mango leaf biosorbent. The decreases in thickness of boundary layer 

surrounding the mango biosorbent with temperature and positive effect on the mass transfer 

resistance of phosphorous in the boundary layers. The higher temperature absorption will be 

lower and higher temperature make constant rate of pseudo reaction order 1. Moreover the 

thermodynamic analysis showed that the phosphorous adsorption onto biosorbent was 

spontaneous, exothermic and might have occurred through the chemisorptions, hydrogen 

bonding interactions. The study results highlight the importance of temperature as a controlling 

factor for application of phosphorous adsorbed in the biosorbents. The temperature is a crucial 

parameter in the adsorption reactions. According to the adsorption theory, adsorption decreases 

with increase in temperature and molecules adsorbed earlier on a surface tend to desorbs from 

the surface at increasing temperatures [13-14]. 
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3.4.3 Optimization of rotation speed in the phosphorous removal 

The influence of various agitation techniques on the adsorption of phosphorous represented by 

the granular mango leaf biosorbent was investigated. The effect of flask type, agitator speed, 

and mechanical agitator was studied. In agitation speed test the samples were taken into the 

conical flask and optimum dosage of bio-sorbent was added to them, these flasks were kept on 

the rotary shaker and each flask was rotated at different speeds for 1hr duration. The samples 

were tested for removal efficiency to find out the optimum rotation speed. The 50% removal 

efficiency of phosphorous was obtained for the rotation speed of sample at 50rpm and 100% 

phosphorus removal for the samples rotating speed at 100, 150 and 200rpm. The optimum 

rotation speed of shaker was obtained at 100rpm and further increase in the rotation speed it was 

making constant.  

 

Fig. 3.4.3: Optimization of rotation speed in phosphorous removal from contaminated water 

As can be seen, the adsorption rate was highly influenced by the agitation speed and increases 

significantly with proper mixing.  The effectiveness in adsorption of phosphorous compounds 

on the mango leaf biosorbents depends on their pore texture, surface chemistry and 

physicochemical properties of the adsorbate. The adsorption experiments are usually carried out 

in the conical flasks containing a fixed volume of adsorbate solutions (with different initial 

concentrations) and known mass of the adsorbent. With the increasing of agitation speed, the 

rate of diffusion of phosphorous molecules from the bulk liquid to liquid boundary layer 

surrounding the mango leaf biosorbent particle become higher because of an improvement of 

the turbulence and decrease of the thickness in liquid boundary layer. This effect may be 

additionally improved by the higher disintegration of adsorbent particles which accompanies the 

increased agitation speed [15-16].  
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3.4.4 Optimization of contact time in the phosphorous removal 

The affinity of biomass to adsorb phosphorous were studied in the batch experiments. In all sets 

of experiments, fixed volume of metal solution in 100mL was stirred with desired biosorbent 

dosage for the period of 30min to 120min. The samples containing optimum dosage of mango 

leaf materials were kept rotated on rotary shaker for different time periods and tested for 

removal efficiency to get the optimum contact time required for complete removal of 

phosphorous. The phosphorous ions removal was increased with an increase in the contact time 

before equilibrium was reached. All parameters such as dosage of adsorbent and pH of solution 

were kept constant. This result is important because equilibrium time is one of the important 

parameters for an economical removing of phosphorous from waste water. 

 

  Fig. 3.4.4: Optimization of contact time in phosphorous removal from contaminated water 

The half hour contact time was removing 50% and 1hr contact time has been complete removal 

efficiency. The further increase in the contact time it was make constant. The optimum contact 

time for phosphorous removal from contaminated water is 1hr. For a given adsorbent dosage the 

total number of adsorbent sites available was fixed thus adsorbing almost the equal amount of 

adsorbate, which resulting in a decrease of the removal over adsorbate, consequent to an 

increase in the initial phosphorous. As the contact time increases, the metal uptakes increases 

initially become stable, denoting the attainment of equilibrium for all the concentrations. This 

behaviour may be attributed to initially all the adsorbent sites were vacant and solute 

concentrations were high. The contact time required for maximum uptake of phosphorous ions 

by biosorbent was dependent on the initial metal ion concentration. 
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3.4.5 Optimization of biosorbent dosage in phosphorous contaminated water 

The increase of mango leaf biosorbent dosage at an initial metal ion concentration increases the 

biosorption of metal ions due to the higher surface area which in turn increases the number of 

available binding sites. The amount of adsorbent is key factor as the adsorption mainly depends 

upon the surface area of adsorbent available for the contact of pollutant at the interface. For 

studying the effect of biosorbent dosage on the removal of phosphorous, the biosorbent dosage 

was increased from 1 to 1.4gm, fixing the other parameters like solution pH, initial 

concentration and temperature was make constant.  

         

Fig. 3.4.5: Optimization in biosorbent dosage of phosphorous removal from water 

In optimum dosage test we take various quantities of mango leaf biosorbents which are nearer 

to the best biosorbent dosage in the normal dosage test, these was added to the water samples 

and tested for removal efficiency to find out the optimum dosage. The 1.2gm mango leaf 

dosages had 100% phosphorus removal efficiency and it was make constant further addition of 

adsorbent. The results suggests that after a certain dosage of adsorbent, the equilibrium 

conditions was reached, hence the amount of ions bound to the adsorbent and amount of free 

ions in the solution remain constant even with further addition of dosage in the adsorbent. The 

size, shape and nature of particles present in the biosorbents have also effects on the adsorption 

of phosphorous in the biosorption processes. The maximum adsorption was obtained after a 

certain dosage of adsorbent. Hence the amount of ions bound to the adsorbent and amount of 

free ions remains constant even with further addition of dosage in the adsorbent. The increase in 

phosphorous removal percentage with increase in the adsorbent dosage is due to the greater 

availability of exchangeable sites or surface area at higher concentration of adsorbent [17-18].  
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3.5 Final optimization of guava leaf biosorbent for iron removal 

Biosorption is physical and chemical pre-treatments have been proposed for improving their 

properties and for increasing their biosorption capacity. These changes are very important in the 

behaviour of biosorbent to remove heavy metals, being a relevant aspect to optimize their use as 

biosorbent. Parameters from breakthrough curves were obtained and values in the breakthrough 

point indicated that the guava leaf biosorbent with the best results was iron removal. The 

optimum sorption was obtained at basic pH is 5.5, optimum dosage is 4.9gm, contact time is 

60min, optimum temperature is 25oC and optimum agitation speed is 150rpm. 

Table 3.5: Maximum removal of iron from contaminated water at different pH, time and 
temperature by guava leaf biosorbent 

Biosorbents 
Maximum 

percentage of 
Removal (%) 

Biosorbent 
Dosage (gm) pH Time 

(min) 
Temperature 

(oC) 

Agitation 
Speed 
(rpm) 

Guava leaf 100% 4.9 5.5 60 25oC 150 
 

The optimization process variable for adsorptive removal of iron pollutants was also reported. 

For a multivariable system use of conventional technique requires a huge number of 

experiments to determine the optimum conditions which require a long time. To understand the 

interaction effect which helps in optimizing the experimental parameters and provide a reliable 

statistical model which has been broadly applied. The main focus of research work is to 

determine the optimum condition of those process variables to obtain the maximum iron 

removal efficiency for its application in the large-scale operation [19-20]. 
 

3.6 Final optimization of mango leaf biosorbent for phosphorous removal 

The experimental data shows that the adsorption conditions of phosphorous over mango leaf 

biosorbents. Furthermore, the adsorption process is a mixture of physico-sorption and 

chemisorptions processes, which could be endothermic or exothermic reactions. Optimization of 

the phosphorous adsorption by the classical method involves changing one independent variable 

(i.e., pH, temperature, lead ion concentration and adsorbent dosages) while maintaining the 

others at a fixed level. The removal of phosphorous as a function of pH and adsorbent dosages, 

although increasing the adsorbent dosage can be attributed to the increased surface area and 

adsorption sites of adsorbent. 

Table 3.6: Maximum removal of phosphorous from contaminated water at different pH, 
time and temperature by mango leaf biosorbent 
 

Biosorbents 
Maximum 

percentage of 
Removal  

Biosorbent 
Dosage (gm) pH Time 

(min) 
Temperature 

(oC) 

Agitation 
Speed 
(rpm) 

Mango leaf 100% 1.2 4-8 60 25oC 100 
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The optimum sorption was obtained at basic pH is 4-8, optimum dosage is 1.2gm, contact time 

is 60min, optimum temperature is 25oC and optimum agitation speed is 100rpm. The 

phosphorous removal mainly depends upon the mango dosage and initial phosphorous 

concentration. The maximum capacity of adsorbent indicates a large adsorption capacity for the 

phosphorous. The agglomeration of adsorbent can also be reason for decrease in the 

phosphorous removal capacity at the high concentrations of mango leaf adsorbent. The fresh   

mango leaf have shown to contain 59.4% moisture, 22.9% carbohydrates, 7.1% proteins, 6.2%  

fiber, 3.4%  minerals,1% fats and host of other chemicals. The insecticidal properties of various 

segments of mango tree are due to the number of active ingredients like azadirachtin, salannin, 

meliantriol, nimbin and nimbidin etc. The carbonyl and hydroxyl groups of poly phenols could 

be responsible for the adsorptive property of mango leaf biosorbents. The oxygen atoms of each 

carbonyl and hydroxyl group are considered as strong Lewis base centres due to the presence of 

vacant doublet electrons, which allow coordination with the electron deficient metal ions. The 

increase in adsorbent amount results in a decrease of the interaction time to reach the apparent 

equilibrium. The nature of adsorbent and its compactness affect the time needed to reach the 

equilibrium [21-25].  

3.7 Regeneration of biosorbent materials 

Finally, the regeneration of biosorbents to an improved use of this is important to take into the 

account. So, the regeneration of biosorbent with a minimum amount of residual heavy metal and 

consequently reusing of biomass are important for cost-effective implementations of the 

process. The purpose of this research is to optimize the use of biosorbent of iron and 

phosphorous from aqueous solutions by successive biosorption�±desorption cycles in a fixed-bed 

column. In exhaustion and breakthrough times it is observed that the behaviour is similar to the 

biosorption capacity. The regeneration of exhausted biosorbent which presented the best 

biosorption capacity in continuous mode was measured in several sorption�±desorption cycles by 

using an optimal desorption solution. The regeneration of biosorbent and reuse in several 

biosorption�±desorption cycles is an important aspect from the point of view of its real 

applications. However, the interest of regeneration of biosorbent depends on the lot of aspects 

as cost of the process, dispensability of the biosorbent, value of recovery metal etc. These 

results are very interesting from an industrial point of view to choose the optimum operational 

time of the desorption process. The regeneration is usually carrying out by using various eluting 

agents (acids or base) by different desorption mechanisms to release the adsorbed heavy metal 

ions into the solution [58-60].  
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Chapter-4 
Conclusion 

 
The waste water with iron and phosphorus can be treated by various methods but biosorption 

method is eco-friendly. It is effective and efficient in getting outcomes. The various types of 

trees leaf can be used for treatment of waste water which is released in various industries. This 

method used for treatment of waste water mixed with iron and phosphorus not only in industries 

but also in the agricultural water. The industries which are preparing detergents and dish wash 

bars can use this process for treatment of phosphorus contaminated water. This method is low 

cost and economical. The quarries which are extracted the phosphorus from phosphate can also 

use this method for purification. The iron industries which preparing the iron materials and 

treatment and removing of rust iron can use this process for treatment of waste water containing 

iron. Every bio-sorbent had different physical, chemical, biological properties for iron and 

phosphorus removal by bio-sorption from water. The effects of time, temperature, light, 

dissolved oxygen; other mineral concentrations etc, which are encountered under open natural 

conditions need to be understood.  

 In the present work, six locally available biosorbents (with and without chemical 

treatment) for iron and phosphorous removal by biosorption were used. These biosorbents were 

neam leaf, javapalm leaf, guava leaf, sapota leaf, custard apple leaf and mango leaf biosorbents 

powdered. Biosorption studies were carried out under various parameters such as solution of 

pH, biosorbents dosage, contact time, initial metal ions concentration and temperature. In this 

study, capacity of different biosorbents to remove iron and phosphorus from contaminated 

water was compared against the performance of iron and phosphorus removal on chemicals.  

The neem leaf, java plum leaf, guava leaf, sapota leaf, custard apple leaf and mango leaf shows 

that the best performance for iron removal from contaminated water. The order of percentage 

�U�H�P�R�Y�D�O���R�I���L�U�R�Q���I�R�U���V�L�[���G�L�I�I�H�U�H�Q�W���E�L�R�V�R�U�E�H�Q�W�V���Z�D�V���I�R�X�Q�G���D�V���0�D�Q�J�R���O�H�D�I���!���*�X�D�Y�D���O�H�D�I���§���1�H�H�P���O�H�D�I��

�!���-�D�Y�D���3�O�X�P���O�H�D�I���§���6�D�S�R�W�D���O�H�D�I���!���&�X�V�W�D�U�G���$�S�S�O�H���O�H�D�I�����7�K�H���P�D�Q�J�R���O�H�D�I�����J�X�D�Y�D���O�H�D�I���D�Q�G���Q�H�H�P���O�H�D�I��

shows that the best performance for iron removal from contaminated water. The mango leaf 

biosorbents show that the best performance for total removal of iron, then guava leaf also shows 

that the best biosorbent for removal of iron. The optimum sorption for iron was obtained over 

guava leaf biosorbents at a basic pH is 5.5, optimum dosage is 4.9gm, contact time is 60min, 

optimum temperature is 25oC and optimum agitation speed is 150rpm. The mango leaf and 

guava leaf are highly used as adsorbents in the wastewater treatment because of their high 

surface areas and active functional groups, but their high cost inhibits sometimes their use. 
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The removal of potentially harmful phosphorus compounds from wastewater by adsorption onto 

biosorbents is a cost-effective treatment method. The effect of initial phosphate concentration, 

pH, contact time, temperature and ionic strength was studied in the batch experiments. The 

neem leaf, java plum leaf, guava leaf, sapota leaf, custard apple leaf and mango leaf shows best 

performance for phosphorous removal from contaminated water. The order of percentage 

removal of phosphorous for six different biosorbents was found as Mango leaf > Java Plum leaf 

�§�� �6�D�S�R�W�D���O�H�D�I�� �§�� �&�X�V�W�D�U�G���$�S�S�O�H�� �O�H�D�I�!�� �1�H�H�P�� �O�H�D�I�!�� �*�X�D�Y�D�� �O�H�D�I���� �7�K�H�� �P�D�Q�J�R�� �O�H�D�I���� �M�D�Y�D�� �S�O�X�P�� �O�H�D�I����

sapota leaf and custard apple leaf shows that the best performance for phosphorous removal 

from contaminated water. The 1.2gm mango leaf biosorbents show that the best performance 

for total removal of phosphorous. The optimum sorption was obtained at basic pH is 4-8, 

contact time is 60min, optimum temperature is 25oC and optimum agitation speed is 100rpm. 

The steep rise of isotherm curves close to the origin indicates high uptake values at lower 

phosphate concentrations. The increase in sorption caused by the increase in temperature 

indicates that the endothermic nature of sorption. When the saturation capacity of sorbent has 

been reached, appropriate utilization of the spent sorbent was necessary. If the sorbent was 

utilized in land application, the concentration of heavy metals should be within the safe limits. 

In the present study, different variable have been considered such as the pH, temperature, time, 

agitation speed and bio-sorbent dosage for mango leaf biosorbents. This method is economical 

and used for treatment of waste water from industries and agricultural. 

  The phosphate sorption capacity of biosorbent was significantly increased by the 

modification of biosorbent materials. It was proved that the developed sorbent can be used as a 

highly effective material to remove phosphate ions from the aqueous solutions, both synthetic 

solutions and real wastewater. Considering the phytotoxicity tests and concentration of heavy 

metals in the spent sorbent, it was concluded that the phosphate-saturated peat (spent sorbent) 

can be utilized in land application, which would remove the need of costly disposal of material 

in landfills. Among different biological materials, alginate offers a potential alternative for 

removal of heavy metals from effluents. The biomass dosage increment resulted in an increase 

in removal efficiency, which can be ascribed to the availability of more surface areas of the 

biosorbent. Biosorption constitutes an attractive alternative to the conventional treatments, 

attracting in recent years considerable attention because of the important advantages such as 

economy, high efficiency, lack of sludge production and complete removal of contaminants. 

This study help in initially screening various bio-sorbent media for setting up later treatment 

plants may at community level or household levels in developed, developing and 

underdeveloped countries. 

                                                                                 Chapter-5 
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                                                              Scope for future work 
 

 

The biosorption of iron and phosphorus from contaminated water show a great potential due to 

its environmental compatibility and cost-effectiveness. To get the experimental values, which 

can be applied for design of treatment plant in the field, may be taken the help of various 

experiments conducted in the laboratory. The experiments conducted during the present work 

indicate that the potential of biosorbent store move iron and phosphorus under laboratory 

conditions. However, the impact of different system conditions such as effect of temperature, 

pH, and presence of other metal sand compounds need to be further studied. Surface 

modification of the biosorbents can also be an important factor affecting removal performance 

and needs to be characterized further. Each of these issues may be addressed as part of the 

future work. By the usage of this leaf powder bio-sorbent the usage of chemicals in treatment of 

water and waste water may be reduced. The debris which is cleaned near the plants and 

industrial areas are reduced by collecting it and used as treatment by making powder of that 

debris. This will be no toxic to environmental and eco-friendly. The debris will not be 

accumulated at top layer of water streams. This method is low cost and economical.  

 This work has been carried out in a batch type of reactor system. A continuous reactor 

system may be considered forgetting results, which can be applied under field conditions more 

effectively. Studies on removal of iron and phosphorus (in various forms) in presence of other 

related pollutants need also be conducted. Effects of time, temperature, light, dissolved oxygen 

other mineral concentrations etc, which are encountered under open natural conditions need to 

be understood. This study help in initially screening various bio-sorbent media for setting up 

later treatment plants may at community level or house hold levels in developed, developing 

and under developed countries. The iron industries which preparing the iron materials and 

treatment and removing of rust iron can use this process for treatment of waste water containing 

iron. The effects of time, temperature, light, dissolved oxygen other mineral concentrations etc, 

which are encountered under open natural conditions need to be understood. This study help in 

initially screening of various bio-sorbent media for setting up treatment plants may at 

community level or household levels in developed, developing and underdeveloped countries. 

The discovery and further development of biosorption phenomena provide a basis for the whole 

new technology aimed at the removal of various pollutants or recovery of valuable resources 

from aqueous systems. Today, biosorption is one of the main components of environmental and 

bioresource technology. 
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ABSTRACT 

 

In India, several waste materials are produced by different manufacturing industries, 
thermal power plants, etc. From those industries, wastes are disposed of in the land causes a 
serious impact on the environment and human lives. Using those industrial waste by-products in 
the bricks may contribute to the preparation of green bricks, exhausting of natural resources, 
conservation of non- renewable resources, by using waste materials often cause cost reduction, 
energy-saving and few hazards in the environment,  Also, continuous removal of topsoil, in 
producing conventional clay bricks, creates environmental problems. So, for reducing the 
pollution and cost of construction, improving the strength and properties of clay and fly ash 
bricks with waste materials like fly ash, quarry dust, lime, etc.  

 The various waste materials used in the preparation of clay and fly ah bricks are 
respectively fly ash, glass powder, ceramic powder, lime powder, eggshell powder, quarry dust. 
These waste materials are used with increasing amounts in conventional burnt clay and fly ash 
bricks for producing green and innovative building material.  

 An experimental study was undertaken on these green bricks (clay and fly ash bricks) to 
use as a building element. The bricks of size 190x90x90mm were cast to study the strength and 
durability characteristics of green bricks. The characteristics of green bricks are carried out by 
the compressive strength, water absorption, hardness, soundness, efflorescence test. The 
compressive strength of fly ash bricks will be carried out days to determine the strength at 7 and 
28 days. 

KEYWORDS: Fly ash, ceramic waste powder, glass powder, quarry dust, clay bricks, lime 
powder, eggshell powder, fly ash bricks, compressive strength test, water absorption, etc. 
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1. INTRODUCTION  

 

1.1. GENERAL 

A brick is a block or a single unit of a kneaded Clay-bearing soil, sand and lime, or 
concrete material, fire-hardened or air-dried, used in masonry construction as shown in figure 
(1.0). Lightweight bricks (also called lightweight blocks) are made from expanded clay 
aggregate. Fired brick are the most numerous types and are laid in courses and numerous patterns 
known as bonds, collectively known as brickwork, and may be laid in various kinds of mortar to 
hold the bricks together to make a durable structure. Bricks are produced in numerous classes, 
types, materials, and sizes which vary with region and period, and are produced in bulk 
quantities. The two most basic categories of brick are fired and non-fired brick. Fired bricks are 
one of the longest-lasting and strongest building materials sometimes referred to as artificial 
stone and have been used since circa 5000 BC Air-dried bricks have a history older than fired 
bricks, are known by the synonyms mud brick and adobe, and have an additional ingredient of a 
mechanical binder such as straw. 

 

 

 

 

 

 

Fig 1.0 Construction Using Bricks 

 

CLASSIFICATION OF BRICKS : 

The classification of bricks is as follows: 

(i) Un-burnt or sun-dried bricks. 

(ii) Burnt bricks. 
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(I) UN-BURNT OR SUN-DRIED BRICKS  

The un-burnt or sun-dried bricks are those bricks that are dried with the help of the heat 
that is received from the sun after the process of molding. The un-burnt bricks can only be used 
in the construction of simple temporary and cheap structures. Un-burnt bricks should not be used 
at places exposed to heavy rains. 

(II) BURNT BRICKS  

The bricks used in construction works are burnt bricks and they are classified into the 
following four categories: 

�ƒ First-class bricks. 
�ƒ Second class bricks. 
�ƒ Third class bricks. 
�ƒ Fourth class bricks. 

(1) First-class bricks: 

These first-class bricks are table molded and of uniform shape and they are burnt in kilns. 
The surfaces and edges of the bricks are sharp, square, smooth, and straight. They comply with 
all the qualities of good bricks. These bricks are used for important work of permanent nature. 

(2) Second class bricks: 

The second class bricks are ground molded and they are burnt in kilns. The surface of the 
second class bricks is slightly rough and shape is also slightly regular. These bricks may have 
hair cracks and their edges may not be sharp and uniform. These bricks are commonly used at 
places where brickwork is to be provided with a coat of plaster. 

(3) Third class bricks: 

These bricks are ground-molded and they are burnt in clamps. These bricks are not very 
hard and they have rough surfaces with irregular and blunt edges. These bricks give dull sound 
when they are struck together. They are used for unimportant works, temporary structures, and at 
places where rainfall is not heavy. 

(4) Fourth class bricks: 

These are over-burnt bricks with irregular shapes and dark colors. These bricks are used 
as aggregate for concrete in foundations, brick floors, surkhi, roads, etc. because the over-burnt 
bricks have a compact structure and hence they are sometimes found to be stronger than even the 
first-class bricks. It is thus seen that the above classification of bricks is based on the 
manufacturing or preparing bricks. 
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TYPES OF BRICKS: 

�x Common Burnt Clay Bricks. 
�x Sand Lime Bricks (Calcium Silicate Bricks). 
�x Engineering Bricks. 
�x Concrete Bricks. 
�x Fly ash Clay Bricks. 

 

(i) Common Burnt Clay Bricks: 

Common burnt clay bricks are formed by pressing in molds. Then these bricks are dried 
and fired in a kiln. Common burnt clay bricks are used in general work with no special attractive 
appearances. When these bricks are used in walls, they require plastering or rendering. 

(ii) Sand Lime Bricks: 

Sand lime bricks are made by mixing sand, fly ash and lime followed by a chemical 
process during wet mixing. The mix is then molded under pressure forming the brick. These 
bricks can offer advantages over clay bricks such as: 

o Their color appearance is grey instead of the regular reddish color. 
o Their shape is unifor�P���D�Q�G���S�U�H�V�H�Q�W�V���D���V�P�R�R�W�K�H�U���I�L�Q�L�V�K���W�K�D�W���G�R�H�V�Q�µ�W���U�H�T�X�L�U�H���S�O�D�V�W�H�U�L�Q�J�� 
o These bricks offer excellent strength as a load-bearing member. 

(iii) Engineering Bricks: 

Engineering bricks are bricks manufactured at extremely high temperatures, forming a 
dense and strong brick, allowing the brick to limit strength and water absorption. Engineering 
bricks offer excellent load bearing capacity damp-proof characteristics and chemical resisting 
properties. 

(iv) Concrete Bricks: 

Concrete bricks are made from solid concrete. Concrete bricks are usually placed in 
facades, fences, and provide an excellent aesthetic presence. These bricks can be manufactured 
to provide different colors as pigmented during its production. 

(v) Fly Ash Clay Bricks: 

Fly ash clay bricks are manufactured with clay and fly ash, at about 1,000 degrees C. 
Some studies have shown that these bricks tend to fail poor produce pop-outs, when bricks come 
into contact with moisture and water, causing the bricks to expand. 
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1.2. UTILIZATION  OF INDUSTRIAL WASTE BY -PRODUCTS IN FLY 
ASH AND COMMON BURNT CLAY  BRICKS :  

A brick is a building material used to make walls, pavements, and other elements in 
masonry construction. In India, there is a higher demand for housing. The enormous increase in 
construction activities has coupled in years and has made housing a great deal in today�¶s world. 
The most basic building material for the construction of houses is the usual burnt clay brick or 
fly ash brick. These bricks have recently been primarily used for all major construction purposes 
approximately, 40% of the total expenditure occurs in bricklaying and related process. 

Enhanced construction activities, shortage of conventional building materials, and 
abundantly available industrial wastes have promoted the development of new building 
materials. The rapid increase in the industries like thermal power generation, paper industry, etc., 
in India, has resulted in the production of huge quantities of by-products like fly ash (Which is 
approximately 300-400 million tons ), lime powder(which is approx. 4.5 million tons), glass 
powder, ceramic powder, rice husk ash, quarry dust, etc. 

 Various waste materials are available in mutual proximity in many regions. 
Conventional burnt clay bricks will be available if these materials can be used to make bricks 
having adequate strength. Lime and gypsum are usually available either from mineral sources or 
maybe procured from industrial wastes. Gypsum is an important by-product of the phosphoric 
acid fertilizer industry. It consists of CaSO4.2H2O and contains some impurities such as 
phosphate, fluoride, organic matter, and alkalis. Approximately 5 million tons of gypsum is 
produced each year in India and causes serious storage and environmental problems. Quarry dust 
is produced as a reject from stone crushers (about 65 million tons per year). By their very nature, 
quarry operations involve drilling, blasting, handling, and movement of significant quantities of 
often dry material. 

 Disposal of solid waste generated from agricultural and industrial production activity is 
the other serious problem in developing countries like India. The accumulation of these wastes is 
not only a burden to the industry, but also affects the environment adversely. Therefore, the 
development of new technologies to recycle and convert waste materials into reusable materials 
is critically important for the protection of the environment and sustainable development of 
society. Reuse of such wastes as a sustainable construction material appears to be a viable 
solution not only to the pollution problem but also to the problem of the land filling  and high cost 
of building materials. The growth of population, increasing urbanization, and the rising standard 
of living due to technological innovations have contributed to an increase in the quantity and 
variety of solid wastes generated by industrial, mining, domestic, and agricultural activities. 
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1.3. PRODUCTION OF WASTE MATERIALS : 

Industrial waste is the waste produced by industrial activity which includes any material 
that is rendered useless during a manufacturing process such as factories, industries, mills, and 
mining operations. Types of industrial waste include dirt and gravel, masonry and concrete, scrap 
metal, oil, solvents, chemicals; scrap lumber, even vegetable matter from restaurants. Industrial 
waste may be solid, liquid, or gaseous. It may be hazardous or non-hazardous waste. Hazardous 
waste may be toxic, ignitable, corrosive, reactive, or radioactive. Industrial waste may pollute the 
air, the soil, or nearby water sources, eventually ending up in the sea. Industrial waste is often 
mixed into municipal waste, making accurate assessments difficult. An estimate for the US goes 
as high as 7.6 billion tons of industrial waste produced every year. 

 

1.4. OBJECTIVE  OF STUDY: 

1. The main objective of this project to reduce environmental pollution by industrial wastes. 
And to increase the strength of the bricks with the waste products. 

2. To determine the changes in properties of bricks while using the waste materials like fly 
ash, glass powder, ceramic powder, lime powder as partial replacement of clay.  

3. The prevailing disposal methods of by-products are not free from environmental 
pollution and ecological imbalance. Large stretches of scarce land, which can be used for 
shelter, agriculture, or some other productive purposes, are being wasted for disposal of 
these waste materials. 

4. And also to determine the change in properties of fly ash bricks when the waste materials 
like glass powder, quarry dust, eggshell powder, lime powder as partial replacement of 
fly ash. 

5. To investigate the compressive strength of the fired clay brick and fly ash bricks. 

6. To investigate the physical properties of bricks. 

  1.5. SCOPE: 

�x With the rapid increase in the population and various design standards of constructional 
activity, bricks have taken various changes in the past centuries. 

�x The strength of bricks directly depends upon the quality of clay used with the views of 
replacement and it has taken new ages nowadays. The possible use of machine crushed 
waste glasses, which is obtained by crushing and getting it a powdered form. 

�x The performance of bricks with the WASTE replacement on compressive strength and 
the properties of the bricks.  
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�x The waste glass powder is rapidly obtained in the form of waste glass pieces, containers, 
and other waste glass products. This may cause environmental loading and disposal 
problems at the disposing sites, this has been changed in to a useful resource and used in 
brick-making. 

�x The quarry dust, eggshell powder, ceramic may cause environmental loading and 
disposal problems at the disposing sites, this has been changed into a useful resource and 
used in brick-making. 

�x The cost and other properties of the bricks are equalized to the normal bricks. The 
property of the manufactured brick has compromised with the normal brick. 

 

1.6. NEED FOR THE STUDY: 

More land is being used for getting clay for making brick. When the industrial waste 
by-products are used as a partial replacement, the use of clay is reduced. Waste glass can 
easily be discarded in powdered form. A new combination in brick manufacturing is 
obtained. When Glass powder used with ceramic and clay it gives a very fine finishing and 
glassy appearance for the brick. High strength can be obtained, so it can be used in the main 
elements of a structure. High compressive strength of the brick compared to normal brick.  

No dumping of waste by-products is needed, since it is used as a replacement in clay 
bricks, concrete, etc. cost of manufacturing is also reduced. To attain the weight of the brick 
equal to the normal brick. 

�¾  To improve engineering properties such as workability, plasticity, water tightness, etc. 
�¾  To improve the compressive strength to estimate the stability and durability of the 
�¾ Bricks. 
�¾  To maintain the uniform size and shape of fly ash bricks and to reduce the plastering 

thickness. 
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2. LITERATURE  REVIEW  

 

1. Akshita Saini, Abhinav Aggarwal (2018)   �K�D�G���V�W�X�G�L�H�G���R�Q���³Eco: Friendly bricks�´        
In this author had done experimental work it has concluded that materials like fly ash, paper 
bricks, marble waste, and tile powder can be efficiently be used as brick ingredients. It is better 
to utilize these waste materials. Paper bricks are lightweight, less water absorption, and fire 
resistance. Tile bricks increase durability and performance. It minimizes the cost and 
environmental hazards. Marble bricks compressive strength increases with an increase in marble 
powder. Due to their smooth finishing and perfect shape and size, thin plaster coating is required 
so they also reduce the cost of plaster. Brick manufactured by these materials leads to good 
utilization of waste powder of tile, marble, fly ash, and recycle paper mill waste. Its application 
for the sustainable development of the construction industry is the most efficient solution and 
also addresses the high-value application of such waste. 

 

2. Vilas M. Patil, Rahul Bhoge�������������� �� �� �K�D�G�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �R�Q�� �³Utilization of waste 
material in Burnt clay bricks�´ The author had reviewed the properties of brick by using the 
waste materials like clay, fly ash, bagasse, fabric, hair fiber, plastic, rice husk, soy sludge in 
certain proportions in the clay brick. By increasing the proportions of waste materials the 
compressive strength had increased. The strength of bagasse brick occurring more by increasing 
the amount of waste material in brick. By using the 15 gm of fabric the compressive strength of 
fabric brick is found more. Strength of hair fiber brick, at 15gm it found more and the increasing 
amount of hair it gives less. Water absorption is found more by increasing the amount of hair in 
brick. 

 

3. P. R. Kannan Rajkumar, K. Divya Krishnan, C. Sudha, P. T. Ravichandran* and 
T. D. Vigneshwaran(2016���� �K�D�G�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �R�Q�� �³study on use of Industrial Waste in 
Preparation of Green Bricks�´ In this review paper the author had used the materials like fly ash, 
quarry dust, lime, gypsum has been used to prepare FaL-G and  QuFaL-G bricks. In this the 
QuFaL-G bricks give more strength than the  FaL-G bricks .the compressive strength of these 
bricks is more than the normal brick.and the water absorption of both bricks is less than the 
<17%. Hence the FaL-G and QuFaL-G brick provide a good alternative and replacement for the 
burnt clay bricks.  
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4. L. W. Ean*, M. A. Malek , Bashar S. Mohammed , Chao-Wei Tang , P. X. H. 
Bong(�������������K�D�G���V�W�X�G�L�H�G���R�Q���³A Review on Characterization of Sediments for Green Bricks 
Production�´ The importance of sediment characterization, method of producing bricks using 
sediment and utilization of sediment in fired and un-fired bricks have been reviewed in this 
paper. Characterization of the sediment is one of the fundamental aspects of brick production 
since the source of the sedimentation could be from various backgrounds due to the 
overwhelmed development. This includes heavy metals assessment that is essential to determine 
suitable pozzolan or treatment that could stabilize the heavy metals. 

 

5. Mangesh V Madurwar; Sachin A Mandavgane, Ph.D.; and Rahul V Ralegaonkar 
���������������K�D�G���V�W�X�G�L�H�G���R�Q���³Development and Feasibility Analysis of Bagasse Ash Bricks�´ In this, 
the author had concluded that the physicochemical properties of the SBA prove its suitability as 
a pozzolanic or cementitious material. The test observations showed that the SBA-QD-L 
combination provides results that would be potentially used in the production of the lighter 
innovative brick product. SBA-QD-L bricks are up to 40% lighter than the conventional locally 
available bricks and hence support in lightweight construction projects with larger design loads. 
The recycling of solid wastes into energy-efficient, sustainable construction materials is the only 
viable solution for the problem of environmental concern and natural resource conservation for 
the future generation. The developed SBA-QD-L bricks can be effectively used for satisfying the 
local construction demand, especially for non-load-bearing walls of affordable housing projects 
where the climate temperature is predominant. 

 

6. SudiptaAdhikary, Koyel Jana , Saswata Chattopadhyay, Chaitri Roy,Hiranmay 
Hazra �K�D�V���V�W�X�G�L�H�G���R�Q���³Green manufacturing is the focus for the Nation�´������In this author had 
reviewed the utilization of different types of waste materials into brick always obtain various 
advantages in terms of physical and mechanical properties such as low density, lightweight 
bricks, better strength and even reducing energy consumption during firing even though some 
drawbacks were also demonstrated. Besides, these investigations also have shown a significantly 
lower impact on the environment by incorporating these wastes into geopolymer brick, fly ash 
etc.  
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7. B.Dhanalaxmi, K.N Sujatha, E.Rakesh Reddy�������������� �� �K�D�G�� �V�W�X�G�L�H�G�� �R�Q�� �³Utilization Of 
Solid Waste To Produce Eco-friendly Bricks�´�������,�Q���W�K�L�V���M�R�X�U�Q�D�O���W�K�H���D�X�W�K�R�U���K�D�V proven that the brick 
making methodology effectually acceptable for solid waste (Paint sludge) and material(cement, 
quarry dust, and fly ash). This study also concludes that the construction raw materials can be 
replaced with industrial waste by-products during manufacturing in some extended composition 
to increase the environmental safety. Compared to normal brick the paint sludge brick is light in 
weight and transportation will be easy. This study also concludes that the construction raw 
materials can be replaced with industrial waste by-products during manufacturing in some 
extended composition to increase the environmental safety.  

 

8. S.V. Giri Babu, Dr. S. Krishnaiah (2018) had studied �³Manufacturing of Eco-Friendly 
Brick: A Critical Review �³In this paper the author has discussed and reviewed that researchers 
have revealed that many successful attempts are made to incorporate waste materials in the 
manufacturing of bricks. They have positively influenced and enhanced the performance in terms 
of making them environment friendly and manufacturing economical bricks leading to the design 
of the green building. Certain bricks are made without firing which is an advantage over other 
methods of manufacturing of bricks in terms of low embodied energy material. It also offers a 
solution to the problem of waste disposal as well as an eco-friendly environment in the 
construction industry. 

 

9. Andrea Treasa Figaredo, Mary Dhanya had studied � D̂evelopment of Sustainable Brick 
Materials Incorporating Agro-Wastes: An Overview�´��they had observed that Agro-wastes 
showed the potential to develop energy-efficient brick materials that also had good thermo 
mechanical behaviour. The bricks that were produced incorporating the agro-wastes were 
observed to be cost-effective, durable, lightweight, having low thermal conductivity, and 
environmentally friendly. The incorporation of sugarcane bagasse ash and rice husk ash in the 
production of brick materials were reviewed in detail, SBA and RHA being two agro-waste that 
are produced in large quantities in India. The physical and mechanical properties of the different 
construction building materials were analyzed. 
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10. Hariharan.S, Jebaraj.G had studied � M̂anufacture of Bricks with Partial Replacement of 
�&�O�D�\���:�L�W�K���:�D�V�W�H���*�O�D�V�V���3�R�Z�G�H�U�´ In this the glass powder is used as partial replacement of clay. 
It reviewed that the properties of bricks can be changed and strength was increased. By this study 
it is clear that a greater amount of waste glass can be used in the form of a powder as a partial 
replacement in clay bricks. 

 

11. A. Sumathi, K. Saravana Raja Mohan had studied �³Compressive Strength of Fly Ash 
Brick with Addition of Lime,Gypsum and Quarry Dust�´ they had investigated that the materials 
like lime, Gypsum, Quarry dust as partial replacement of fly ash to study the mechanical 
properties of that bricks. The strength was increased at certain proportions compared to the 
normal fly ash bricks.  

13. A Jayaraman, V Senthilkumar �K�D�G���V�W�X�G�L�H�G���R�Q���³Development of Red Mud Paver Blocks 
Prepared from Nuclear Power Plant�´ that they investigated that the Addition of red mud leads to 
a significant increase in the characteristic strength and durability of paver block. The partial 
replacement of 10 % of red mud with cement paver blocks is found to be 7.955 % water 
absorption value decreased compare with conventional paver block. And also the compressive 
strength is increased by 94.5%, 91.9%, 89.4%, and 74% upon addition of 10%, 15%, 20% and 
25% of Red Mud on 28 days curing respectively. 

14. Alaa.A.Shakir, Sivakumar Naganathan, Kamal Nasharuddin Bin Mustapha had 
�V�W�X�G�L�H�G���R�Q���³Development of Bricks from Waste Materi�D�O�´ that they investigated that the 
various wastes that are currently recycled in bricks manufacturing have been reviewed. The 
effects of those wastes on the bricks properties are reviewed. Enhance performance in terms of 
making more environmental and an economical brick neither consumes energy resources nor 
emits pollutant gases gives an economical option to design the green building. Certain bricks are 
produced without firing which is an advantage over other manufacturing of bricks in terms of 
low embodied energy material. The study in turn is useful for various resource persons involved 
in using industrial or agricultural waste material to develop sustainable construction material. 
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CHAPTER �± 3 

BURNT CLAY BRICKS  

3.1. GENERAL : 

Burnt clay bricks are the classic form of brick, created by pressing wet clay into molds, 
then drying and firing them in kilns. This is a very old building material�² the type of brick found 
in many of the ancient structures of the world. In appearance, these bricks are solid blocks of 
hardened clay, usually reddish in color. 

Burnt clay bricks are typically sold in four classes, with first-class offering the best 
quality and most strength. These high-grade burnt clay bricks have no noticeable flaws, but 
�W�K�H�\�¶�U�H���D�O�V�R���J�R�L�Q�J���W�R���F�R�V�W���P�R�Ue. 

When these bricks are used in walls, they require plastering or rendering with mortar. Uses for 
burnt clay bricks include: 

�x Masonry walls 
�x Foundations 
�x Columns 

Fired bricks are burned in a kiln which makes them durable. Modern, fired, clay bricks 
are formed in one of three processes �± soft mud, dry press, or extruded process. The fired clay 
bricks are baked in kilns. The bricks are fired to high temperatures for about ten days. This 
process is done in many different ways according to the utility of the bricks. In this project the 
brick is manufactured with partial replacement of Waste Glass Powder, ceramic, fly ash, lime. 

In this brick the waste materials are partially replaced in varying proportions to increase 
strength, properties of brick and to reduce the environmental pollution by reducing the landfills 
for waste materials and these lands can be used for any other purposes like agriculture land.  

3.2. RAW MATERIALS REQUIRED  

3.2.1. CLAY:  

Clay is a fine-grained natural rock or soil material that combines one or more clay 
minerals with traces of metal oxides and organic matter. Clays are plastic due to their water 
content and become hard, brittle, and non�±plastic upon drying or firing. Geologic clay deposits 
are mostly composed of phyllosilicate minerals containing variable amounts of water trapped in 
the mineral structure. Depending on the content of the soil, clay can appear in various colors, 
from white to dull gray or brown to a deep orange-red. 
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PROPERTIES OF CLAY MINERALS  

�x Clay is a fine-grained soil particle having a size of fewer �W�K�D�Q���������P�� 
�x The color of clay soil is brown to a deep orange-red. 
�x It is sticky in nature while wet and hard when dry. 

 

                                  

 

 

 

         

                                                             Fig 3.0 clay soil 

 

3.2.2. GLASS POWDER: 

Waste Glass Powder is obtained from the different glasses which are formed by grinding. 
Grinding is done by the machines which are meant for grinding. The different glass vessels, 
window glasses, cool-drinks bottles, etc. These materials are taken to the industries for breaking 
into small pieces by manual activities. 

 

 

 

 

 

 

 

Fig 3.1 Glass Powder 
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3.2.3. CERAMIC POWDER:  

Ceramic material is an inorganic, non-metallic, often crystalline oxide, nitride or carbide 
material. Some elements, such as carbon, or silicon, may be considered ceramics. Ceramic 
materials are brittle, hard, strong in compression, and weak in shearing and tension. Ceramic 
wastes are generated as a waste during the process of dressing and polishing. Ceramic waste can 
be used as a partial replacement of cement or as a partial replacement of clay brick as a 

supplementary addition to achieve different properties of bricks. 

 

 

 

 

 

 

 

                                                        Fig 3.2 Ceramic Powder 

3.2.4. FLY ASH : 

Fly ash is a finely divided residue resulting from the combustion of powdered coal 
transported by the flue gases and collected by electrostatic precipitators.  Fly Ash is the inorganic 
mineral residue obtained after the burning of coal/lignite in the boilers. Fly Ash is the portion of 
ash that is coll�H�F�W�H�G�� �I�U�R�P�� �W�K�H�� �K�R�S�S�H�U�V�� �R�I�� �(�6�3�¶�V��and pond ash is collected from the ash ponds. 
Bottom ash is the portion of ash that can be collected from the bottom portion of the boilers. 

 

 

 

 

 

 

                                                                Fig 3.3 Fly Ash 
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3.2.5. LIME POWDER : 

Lime is an important binding material in building construction. It is basically Calcium 
oxide (CaO) in natural association with magnesium oxide (MgO). The Lime reacts with fly ash 
at ordinary temperature and forms a compound possessing cementitious properties. After 
reactions between lime and fly ash, calcium silicate hydrates are produced which are responsible 
for the high strength of the compound. 

 

 

 

 

 

 

 

                                                            Fig 3.4 Lime Powder 

 

 

3.3. MIX PROPORTIONS:  

 

                                   Table 3.1- Mix Proportions of Clay Bricks 

 

 

Trial no.  Clay and 
silt 

Fly ash Ceramic 
powder 

Glass 
powder 

lime 

Trial 1  100% 0% 0% 0% 0% 
Trial 2  90% 4% 1% 1% 4% 
Trial 3  80% 8% 2% 2% 8% 
Trial 4  70% 12% 3% 3% 12% 
Trial 5  60% 16% 4% 4% 16% 
Trail 6  50% 20% 5% 5% 20% 
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3.4. METHODOLOGY:  

 

                                                Flow Chart 3.1 Methodology of Clay Bricks 
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3.5. MANUFACTURING  PROCESS: 

There are four different operations are involved in the process of manufacturing of bricks: 

1. Batching 
2. Mixing 
3. Moulding 
4. Drying 

Batching: 

The ingredients are an accurate and precise measurement of materials for making cement 
is known as batching. Weigh batching is the accurate methodology used globally for measuring 
the materials. For significant mix is the manufacturing of bricks. 

 

 

 

 

                     

                  

                                                                Fig 3.5 Batching 

Mixing : 

              The materials are ceramic waste, glass powder, clay, fly ash, and lime these are mixed 

and to get a uniform color then water is added to the mix it is getting a good uniform color. Work 

at the site with the use of brick-making. Mixing is most important in the manufacturing of bricks. 

 

 

 

 

                                                

                                                                   Fig 3.6 Mixing 
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Moulding:  

The mould is placed at the ground and the standard size of the brick mould is 
190*90*90mm. Apply the oil to the mould and place the mortar in the mould and compacting the 
mortar in the mould. After 5 minutes mould is removed from the bricks, and then placed in the 
sunlight. Within two days bricks will be harder. 

 

 

 

 

 

 

                                                                Fig 3.7 Moulding 

 

Drying:  

Dehydration of bricks at a lower temperature is carried out for sufficient strength. To 
avoid crack or crumble while holding, carrying and any in the constructional phrase they must 
preserve and sustain sufficient strength and shape while the conveyance and loading operations 
during construction. Therefore drying of the bricks is important to process. And then bricks are 
burnt at optimum temperature at about1200 C in a tunnel-like structure where the temperature is 
maintained. 

 

 

 

 

 

 

 

                                                                  Fig 3.8 Drying 
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CHAPTER �± 4 

FLY ASH BRICKS  

4.1. GENERAL : 

 �)�O�\�� �D�V�K�����D�O�V�R���F�D�O�O�H�G���D�V���³�S�X�O�Y�H�U�L�]�H�G���I�X�H�O���D�V�´���� �,�W���L�V���W�K�H���E�\-product of coal combustion and 
that contains particulates. Coal collected by the electrostatic separators or by mechanical 
methods from the fuel of gases of thermal power plants. Here pulverization means the coal 
powder. Depending on the source and composition of the coal used in combustion, the 
constituents of fly ash, which contain an equitable mixture of silicon dioxide (SiO2)aluminum 
oxide (Al2O3) and calcium oxide (CaO), and other mineral compounds present in coal-bearing 
rock strata. 

Fly ash is a finely divided residue resulting from the combustion of powdered coal and 
transported by the flue gases and collected by electrostatic precipitator. ASTM broadly classifies 
fly ash into two classes Class F: Fly ash normally produced by burning anthracite or bituminous 
coal, usually has less than 5% CaO. Class F fly ash has pozzolanic properties only. Class C: Fly 
ash normally produced by burning lignite or sub-bituminous coal. Some class C fly ash may have 
CaO content in excess of 10%. In addition to pozzolanic properties, class C fly ash also 
possesses cementitious properties. 

Fly ash causes severe pollution of air and water, and its disposal gobbles up large tracts 
of land. Well-planned programs for proper management of fly ash are therefore being undertaken 
to enhance the use of fly ash in various applications, so that our already perilously imbalanced 
environment can be protected. 

4.2. RAW MATERIALS REQUIRED:  

4.2.1. FLY ASH AND GYPSUM : 

�������� �R�I�� �,�Q�G�L�D�¶�V�� �S�R�Z�H�U��plants are coal-based. These power stations generate nearly 40 
million tones of fly ash annually. Fly ash contains Co2 emitted from Thermal power plants, 
industries using coal as fuel emits unwanted ash and smoke from which fly ash is produced. In 
all the power plants and industries, they separate the fly ash by using the cyclone converter. This 
fly ash is then used as a raw material for the manufacture of bricks. 

Gypsum is a non- hydraulic binder occurring naturally as soft crystalline rock or sand. 
Gypsum has valuable properties like small bulk density, incombustibility, good sound-absorbing 
capacity, good fire resistance, rapid drying and hardening with negligible shrinkage, superior 
surface finish, etc. Also it can strengthen material or increase viscosity. 
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                                                       Fig 4.1 Fly Ash and Gypsum 

4.2.2. GLASS POWDER: 

Glass is a solid material that is normally lustrous and transparent in appearance and that 
shows great durability under exposure to the natural elements. These three properties�² luster, 
transparency, and durability make glass a favored material for such household objects as 
windowpanes, bottles, and light bulbs. 

Waste Glass Powder is obtained from the different glasses which are formed by grinding. 
Grinding is done by the machines which are meant for grinding. The different glass vessels, 
window glasses, cool-drinks bottles, etc. These materials are taken for breaking into small pieces 
by manual activities. 

 

 

 

 

 

 

Fig 4.2 Glass Powder 

 

4.2.3. EGGSHELL POWDER:  

Eggs have been used as foods, drugs, cosmetics, and foodstuffs. Unfortunately, eggshells 
are an egg product industry residue that contributes to environmental pollution as it favors 
microbial actions. Eggshell is one kind of source of calcium carbonate (CaCO3) known as calcite 
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which is the more stable polymorph at room temperature. An eggshell is a rich source of mineral 
salts, mainly calcium carbonate (94%), calcium phosphate (1%), magnesium carbonate (91%), 
and organic substances (4%) [2]. However, an important component of the eggshell is the 
calcium carbonate, which can be used in various material applications: dielectrics, dental and 
bone implantation, gypsum, catalysts, and also fillers used for in a variety industries such as 
rubber, ink, foodstuff, cosmetic, pharmaceutical, and fertilization. Brick is a ceramic material 
mainly used. Eggshell powder is prepared by crushing the eggshells by making them powder 
form. 

 

 

 

 

 

 

                                                           Fig 4.3 Eggshell Powder 

4.2.4. LIME : 

Lime is an important binding material in building construction. It is basically Calcium 
oxide (CaO) in natural association with magnesium oxide (MgO). The Lime reacts with fly ash 
at ordinary temperature and forms a compound possessing cementations properties. After 
reactions between lime and fly ash, calcium silicate hydrates are produced which are responsible 
for the high strength of the compound. 

 

 

 

 

 

Fig 4.4 Lime Powder 
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4.2.5. QUARRY DUST: 

It is residue taken from a granite quarry. Due to excessive cost of transportation from 
natural sources locally available river sand is expensive. It also creates environmental problems 
of large-scale depletion of these sources. The use of river sand in construction becomes less 
attractive; a substitute or replacement product for concrete industry needs to be found. Whose 
continued use has started posing serious problems with respect to its availability, cost, and 
environmental impact. In such a case the Quarry rock dust can be an economic alternative to the 
river sand. Usually, Quarry Rock Dust is used on a large scale in the highways as a surface 
finishing material and also used for the manufacturing of hollow blocks and lightweight concrete 
prefabricated Elements. After processing fine particles of size less than 4.75 mm is used in this 
work. 

 

 

 

 

 

                                                               Fig 4.5 Quarry Dust 

 

4.3. MIX PROPORTION : 

Trial No.  Fly Ash & 
Gypsum 

Glass 
Powder 

Eggshell 
Powder 

Quarry 
Dust 

Lime 

TRIAL 1  100 0 0 0 0 
TRIAL 2  90 1 2 2 5 
TRIAL 3  80 2 4 4 10 
TRIAL 4  70 3 6 6 15 
TRIAL 5  60 4 8 8 20 
TRIAL 6  50 5 10 10 25 

 

Table 4.1 Mix Proportion o f Fly Ash Brick  

 

 



22 
 

4.4. METHODOLOGY:  

 

                                    Flow Chart 4.1 Methodology of Fly Ash Bricks   
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4.5. MANUFACTURING  PROCESS: 

There are four different operations are involved in the process of manufacturing of bricks: 

1. Batching 
2. Mixing 
3. Moulding 
4. Drying 

Batching: 

The ingredients are an accurate and precise measurement of materials for making cement 
is known as batching. Weigh batching is the accurate methodology used globally for measuring 
the materials. For significant mix in the manufacturing of bricks. 

Mixing : 

The materials are fly ash, eggshell powder, glass powder, quarry dust, and lime these are 
mixed and to get a uniform color then water is added to the mix it is getting a good uniform 
color. Work at the site with the use of brick making. Mixing is most important in the 
manufacturing of bricks 

Moulding: 

 The normal hand mould is used to cast the bricks with a standard size of 230mm x 
110mm x90mm. They were cast according to the standard procedure with various mix 
proportions arrived. Then the prepared mix was poured into the mould and it is compacted. After 
compaction gets over then the mould is removed. 

 

 

 

 

 

 

  

                                                   Fig 4.6 Moulding of Fly Ash Brick  
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Drying:  

Dehydration of bricks at lower temperature is carried out for sufficient strength. To avoid 
crack or crumble while holding, carrying and any in the constructional phrase they must preserve 
and sustain sufficient strength and shape while the conveyance and loading operations during 
construction. Therefore drying of the bricks is an important process. And then Natural Drying it 
is done by exposing the bricks to air circulation generally avoided the direct Sun-light. Then the 
wet brick was kept under air curing for 2 days and then bricks were water cured for a period of 
7,14,21 days.  

 

 

 

 

 

 

 

                                               Fig 4.7 Curing of Fly Ash Bricks 

 

 

 

 

 

 

 

Fig 4.8 Fly Ash Bricks 
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CHAPTER �± 5 

TESTS CONDUCTED ON BRICKS 

It is necessary to check the quality of brick before using it in any construction activities. There 
are some field tests that we can conduct in the field in order to check the quality of bricks. These 
tests are as follows. 

�¾ Compressive strength test 
�¾ Water absorption test 
�¾ Hardness test 
�¾ Soundness test 
�¾ Efflorescence test 
�¾ Structure test 

5.1. COMPRESSIVE STRENGTH TEST: 

Compression stress induced in a body, when subjected to two equal and opposite pushes 
as a result of which there is a decrease in length of the body, is known as compressive stress. 
And the ratio of decrease in length to the original length is known as compressive strain. The 
compressive stress acts normal to the area and it pushes on the area. 

TEST PROCEDURE: The testing of specimens for the failure load with CTM. 

STEP 1: The specimen is placed on the platform by the face of 190 x 90 mm. 

STEP 2: After placing the specimen on the platform the oil pumping unit is 

  closed and then the motor is started for loading on the brick. 

STEP 3: The load is applied to the brick specimen. The reading on the dial gauge is noted for       
further calculations.  

 

 

 

 

 

 

                                          Fig 5.1 Compressive Strength Test 
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5.2. WATER ABSORPTION TEST: 

Immerse completely dried specimen in clean water at a temperature of 27 f 2°C for 24 
hours. Remove the specimen and wipe out any traces of water with a damp cloth and weigh the 
specimen. Complete the weighing 3 minutes after the specimen has been removed from the 
water. Water absorption shall not be more than 20 percent by weight up to class 12'5 and 15 
percent by weight for higher classes.  

Water absorption (%) =W2-W1/W1 *100 

 

 

 

 

 

 

                                                    Fig 5.2 Water Absorption Test 

 

 

5.3. HARDNESS TEST: 

In this test, a scratch is made on a brick surface with the help of a fingernail. If no 
impression is left on the surface, brick is treated as to be sufficiently hard. 

 

5.4. SOUNDNESS TEST: 

Two bricks are taken, one in each hand, and they are struck with each other lightly. A 
brick of good quality should not break and a clear ringing sound should be produced. 
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5.5. EFFLORESCENCE TEST: 

This test should be conducted in a well-ventilated room. The brick is placed vertically in 
a dish 30 cm x 20 cm approximately in size with 2.5 cm immersed in distilled water. The whole 
water is allowed to be absorbed by the brick and evaporated through it. After the bricks appear 
dry, a similar quantity of water is placed in the dish, and the water is allowed to evaporate as 
before.  

The brick is to be examined after the second evaporation and reported as follows: 

�9 Nil: When there is no perceptible deposit of salt 
�9 Slight: When not more than 10% of the area of brick is covered with salt 
�9 Moderate: When there is heavy deposit covering 50% of the area of the brick but 

unaccompanied by powdering or flaking of the surface. 
�9 Heavy: When there is heavy deposit covering more than 50% of the area of the brick 

accompanied by powdering or flaking of the surface. 
�9 Serious: When there is a heavy deposit of salts accompanied by powdering and/or flaking 

of the surface and this deposition tends to increase in the repeated wetting of the 
specimen. 

Bricks for general construction should not have more than slight to moderate efflorescence. 

 

5.6. STRUCTURE TEST: 

A brick is broken and its structure is examined. It should be homogeneous, compact, and 
free from any defects such as holes, lumps, etc. 

 

5.7. VISUAL  INSPECTION 

In this test bricks are closely inspected for its shape. The bricks of good quality should be 
uniform in shape and should have a truly rectangular shape with sharp edges. 
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CHAPTER �± 6 

EXPERIMENTAL PROGRAM  

6.1. CLAY BRICKS:  

6.1.1. COMPRESSIVE STRENGTH   (IS: 3495-Part 1-1992): 

The compression test is done with the help of a compression testing machine. The 
compressive strength is obtained by applying a crushing load on the bricks. As per IS:3495-Part 
1-1992, removed unevenness observed in the bed faces to provide two smooth and parallel faces 
by grinding. The test results are as follows 

 

 

 

 

 

 

                               Table 6.1 Compressive Strength Results of Clay Bricks 

                                  

Fig 6.1 Compressive Strength Vs % Replacement of Clay 

TRAIL 
NO. 

COMPRESSIVE 
STRENGTH 

Kg/Cm2 
1 45.016 
2 92.99 
3 106.52 
4  85.105 
5 78.02 
6 69.92 
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6.1.2. WATER ABSORPTION  (IS: 3495-Part 2-1992): 

This test is carried out to determine the amount of water absorbed by the brick. As per  
IS:3495-Part 2-1992  after immersed in cold water for a period of 24 hours the test results are 
below 

S.NO. DRY WEIGHT O F 
SAMPLE 

KG 

WET WEIGHT O F 
SAMPLE 

KG 

WATER 
ABSORPTION IN  

% 
1 1.965 2.17 10.43 
2 2.315 2.7 16.63 
3 2.23 2.52 13.0 
4 2.335 2.62 12.20 
5 2.475 2.92 18.38 
6 2.655 3.0 12.99 

                                   Table 6.2 Water Absorption Results of Clay Bricks  

 

Fig 6.2 Water Absorption Value for Clay Bricks 

6.1.3. VISUAL  INSPECTION: 

The manufactured bricks are visually inspected for shape, size, and color. 

Shape - The shape of the bricks was found that it had sharp edges with fine finishing. 

Size - The size of the brick is optimum. 
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Color - The color of the bricks is reddish-brown. 

6.1.4. EFFLORESCENCE (IS: 3495-Part 3-1992): 

STEP 1: A container of size 30x20 cm is taken. 

STEP 2: The brick is placed vertically in the container. 

STEP 3: Distilled water is taken in the container for a depth of 2.5 cm of brick. The container is 
kept in open space at 300C. 

STEP 4: The water gets absorbed and evaporated. Again the depth of 2.5 cm water is poured to 
evaporate the same way and inspected. 

TRAIL NO.  EFFLORESCENCE 

1 Slight 

2 Nil  

3 Slight 

4 Slight 

5 Slight 

6 Slight 
                                   Table 6.3 Efflorescence Test Results of Clay Bricks 

Inference 

There is a Slight efflorescence (When not more than 10% of the area of brick is covered 
with salt). 

6.1.5. HARDNESS: 

The brick sample is taken and scratched with the fingernail as shown in the figure. If any 
scratch marks were observed on the brick is considered as bad quality otherwise good quality. 

 

                                                               

 

 

  

Fig 6.3 Hardness Test 
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Table 6.4 Hardness Test Results of Clay Bricks 

Inference 

The brick sample was scratched with the fingernail; maximum there was no scratch mark 
on the brick. 

6.1.6. SOUNDNESS: 

Two bricks were taken in the hand and it was stricken against each other. 

 

 

 

 

                                                         

                                          

Fig 6.4 Soundness Test 

 

TRIAL NO.  SOUNDNESS 
1 Good quality 
2 Good quality 
3 Good quality 
4 Good quality 
5 Good quality 
6 Bad quality 

 

Table 6.5 Soundness Test Results of Clay Bricks 

TRIAL NO.  HARDNESS 
1 Good Quality 
2 Good Quality 
3 Good Quality 
4 Good Quality 
5 Bad Quality 
6 Good Quality 
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Infer ence 

After striking the bricks did not break and a clinging sound was obtained. 

6.1.7. STRUCTURE TEST: 

 A brick was taken randomly and broken into two pieces to check its structure for any 
flaws. If flaws, cracks, or holes appeared on the broken face are considered bad quality otherwise 
it is good quality brick.  

 

 

 

 

 

 

                                                      Fig 6.5 Structure Test 

 

 

                                                            

 

 

                                                 Table 6.6 Structure Test Results 

Inference 

There was no structural defect in the brick. 

6.2. FLY ASH BRICKS: 

6.2.1. COMPRESSIVE STRENGTH TEST (IS 12894: 2002) : 

The compressive strength of fly ash brick is three times greater than the normal clay 
brick. The minimum compressive strength of clay brick is 3.5 N/mm². So as the fly ash brick has 
a compressive strength of 10-12 N/mm². Bricks to be used for different works should not have 
compressive strength less than as mentioned above. The universal testing machine is used for 

TRIAL NO.  STRUCTURE TEST 
1 Good Quality 
2 Good Quality 
3 Good Quality 
4 Good Quality 
5 Bad Quality 
6 Good Quality 
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testing the compressive strength of bricks. After the curing period gets over bricks are kept for 
testing. To test the specimens the bricks are placed in the calibrated Compression testing 
machine of capacity 3000 KN applied a load uniform at the rate of 2.9 KN/min. The load at 
failure is the maximum load at which the specimen fails to produce any further increase in the 
indicator reading on the testing machine. In that three numbers of bricks were tested for each mix 
proportion. Each brick may give different strengths. 

 

 

 

 

 

                            

                          Table 6.7 Compressive Strength Test Results of Fly Ash Bricks 

 

 

 

 

     

 

 

 

 

 

 

 

Fig 6.6 Comparison of Compressive Strength vs. Age of Fly Ash Bricks 

TRIAL 
NO. 

7 DAYS(N/mm2) 14 DAYS(N/mm2) 28 DAYS(N/mm2) 

1 1.81 4.43 7.97 
2 1.44 6.08 9.98 
3 2.22 6.8 10.34 
4 3.03 5.97          10.04 
5 3.12 4.5 11.14 
6 4.21 3.67 9.28 
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Fig 6.7 Variation of Compressive Strength with Percentage Replacement of Fly Ash 

6.2.2. WATER ABSORBTION TEST  (IS 12894: 2002): 

Fly ash Bricks should not absorb water by more than 12%. The bricks to be tested should 
be dried in an oven at a temperature of 105 to 115o C till attains constant weight cool the bricks 
to room temperature and weight (W1). Immerse completely dried and weighed W1 brick in clean 
water for 24 hrs at a temperature of 27±20 Degree Celsius. Remove the bricks and wipe out any 
traces of water and weigh immediately (W2).  

Water absorption in % by weight = (W2 �± W1/W1) x 100 

 Our bricks absorb 12.6 % of water only; it has less water absorption property. 

Calculations of water absorption for various proportions are given in the Table 

Trial No.  Dry Weight 
W1(Kg) 

Wet Weight 
W2 

W2-W1 (W2-W1)/W1 (W2-
W1)/W1x100 

1 3.71 4.18 0.47 0.126 12.6 
2 3.75 4.25 0.50 0.133 13.3 
3 3.69 4.25 0.56 0.151 15.1 
4 3.71 4.29 0.58 0.156 15.6 
5 3.75 4.34 0.59 0.157 15.7 
6 3.69 4.29 0.60 0.162 16.2 

Table 6.8 Water Absorption Results of Fly Ash Bricks 
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Water absorption= (W2-W1)/W1x100 

= [(4.18-3.71)/3.71]x100 

= 0.126x100 

= 12.6% 

 

6.2.3. EFFLORESCENCE (IS 12894: 2002): 

For this test, brick was placed vertically in the water with one end immersed. The depth 
of immersion in water being 2.5 cm, then this whole arrangement should be kept in a warm-well-
ventilated room temperature of 20-30 0 C until all evaporates. When the water in the dish is 
absorbed by the brick and surplus water evaporates. When the water is completely absorbed and 
evaporated place a similar quantity of water in the dish and allows it to absorb and evaporate as 
before. Examine the brick after this and find out the percentage of white spots to the surface area 
of brick. If any difference is observed because of the presence of any salt deposit then the rating 
�L�V���U�H�S�R�U�W�H�G���D�V���µ�H�I�I�O�R�U�H�V�F�H�G�¶���� �,�I�� �Q�R���G�L�I�I�H�U�H�Q�F�H���L�V���Q�R�W�H�G�����W�K�H���U�D�W�L�Q�J���L�V���U�H�S�R�U�W�H�G���D�V���µ�Q�R�W���H�I�I�O�R�U�H�V�F�H�G�¶����
Percentage of white spot in the bricks = Nil 

 

6.2.4. HARDNESS TEST: 

The hardness test for fly ash bricks was conducted, test brick was taken and scratch was 
made on bricks surface with the help of fingernail and found no impression after scratching. 

 

6.2.5. STRUCTURE TEST:  

The structure test is done for fly ash bricks to examine the structure of a brick when the 
brick is broken and it was found that the bricks are free from any defects such as holes, lumps, 
etc. 
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CHAPTER -7 

RESULTS AND DISCUSSION 

 

7.1. ANALYSIS OF TESTS: 

 ABSORPTION TEST: 

 

Fig 7.1 Water Absorption (%) of Bricks 

 

The average absorbed moisture content of clay bricks is found to be 13.94% and for fly 
ash bricks are found to be 14.75%. Thus there is a net 5.49% decrease in moisture absorbed for 
clay bricks as a part to fly ash bricks. 
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Fig.7.2 Comparison of Water Absorption of Bricks with % Replacement of Fly Ash and 
Clay 

 

 

HARDNESS TEST:  

The hardness test for clay bricks and fly ash bricks were conducted, test brick was taken 
and scratch was made on bricks surface with the help of fingernail and found no impression after 
scratching in both the cases. 

 

 

EFFLORESCENCE TEST: 

 The Efflorescence test for clay bricks and fly ash bricks were conducted and the results 
were compared in which Grey or white deposits are slight in normal bricks and less than 10% on 
the surface area in fly ash bricks. 
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STRUCTURE TEST:  

The Shape and Size test is done for clay and fly ash bricks to examine the structure of a 
brick when the brick is broken and it was found both types of bricks are free from any defects 
such as holes, lumps, etc. but fly ash bricks are compact and homogeneous. 

 

CRUSHING STRENGTH TEST:  

Crushing strength test for clay bricks and fly ash bricks was conducted and the results are 
compared in Table: 

TYPE OF BRICKS AVERAGE CRUSHING 
STRENGTH 

% INCREASE IN 
AVERAGE CRUSHING 

STRENGTH 

Clay Bricks 7.804 - 
Fly Ash Bricks 9.8 20.36 

 

Table 7.1 Comparison of Compressive Strength Values of Bricks 

The crushing strength of clay bricks is found to be 7.804 N/mm2 and fly ash bricks are 
found to be 7.45 N/mm2. Thus there is a net 20.36% increase is crushing strength for clay bricks 
as a part to fly ash bricks. 
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CHAPTER �±8 

CONCLUSION 

�‡ Based on the view of strength and durability characteristics of these green bricks, it can 
be used in the place where the fly ash, lime, quarry dust, eggshell powder, glass powder 
available in more quantity to solve the consequences of pollution and at the same time to 
build houses economically by utilizing industrial wastes. 

�‡ The possibility to use those wastes as an alternative raw material in the production of clay 
and fly ash �±based products leads to relief on waste disposal concerns. 

�‡ The compressive strength of bricks of all mix proportions of was above 35 kg/cm2, 
which is much higher than the compressive strength of conventional burnt clay bricks as 
per IS 3495(part 1): 1992 (>35 kg/cm2).  

�‡ The water absorption property of all proportion of bricks is lesser than the water 
absorption of normal good quality bricks (<20%) as per IS 3495 (part 2): 1992. 

�‡ The mechanical properties of fly ash such as compressive strength were studied for 
different mix proportions, at different curing ages. From the results it was inferred that 
among the six proportions the maximum optimized compressive strength is obtained for 
optimal mix percentage of Flyash-60% Lime-20% Quarry dust-8% glass -4/% eggshell 
powder-8% as 11.14 N/mm2.  

�‡ The maximum compressive strength of all six proportions in clay bricks obtained for 
optimal mix percentage of clay-80% fly ash-8% ceramic-2% glass powder-2% lime-8% 
as 106.52kg/cm2. 

�‡ The hardness of the bricks of both is normal. 

�‡  The dimension and the structure test have shown that the brick is hard and there is no 
defect in the brick. 

�‡ Fly Ash Bricks were found to be sufficiently hard as scratching by the fingernail on the 
surface left no impression on it as compared to normal fly ash bricks. 

�‡  The Efflorescence of all bricks tested was found to be slight as white or grey deposits 
were less than 10% on the surface of the bricks which is almost the same as that in the 
normal bricks. 
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�‡ The soundness of the bricks is also good in clay bricks to give a clear ringing sound 
without breakage. 

�‡  A ringing sound in the Fly ash Bricks was observed to be far better than that in normal 
bricks. 

�‡  Structure of the bricks was found to be compact, homogeneous, and free from any 
defects like holes, lumps, etc as compared to normal bricks. 

�‡ The average absorbed moisture content of clay bricks is found to be 13.94% and for fly 
ash bricks are found to be 14.75%. Thus there is a net 5.49% decrease in moisture 
absorbed for clay bricks as a part to fly ash bricks. 

�‡ The crushing strength of clay bricks is found to be 7.804 N/mm2 and fly ash bricks are 
found to be 7.45 N/mm2. Thus there is a net 20.36% increase is crushing strength for clay 
bricks as a part to fly ash bricks. 

. 
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ABSTRACT 

 

Water is a precious national resource. The development of surface as well as ground 

water for increasing the agricultural production to meet the growing requirement of Indian 

population is a must. The estimation of water requirements of crop is essential for irrigation 

planning and management and it is the basis on which an irrigation project designed. 

Irrigating a crop according to its water requirement is the best way to increase irrigation 

efficiency. The increasing demand and scarcity of water makes it important to use the 

available water in the most economical way. The key to effectiveness irrigation water 

management lies in proper estimation of crop water requirements, which are primarily 

based on cropping pattern, rainfall in the area and other climatic factors. 

 
Minor irrigation schemes play an important role in the rural livelihoods and economy of 

Andhra Pradesh state. The state has 12,351 MI tanks with an individual 

ayacutexceeding40hacommandingatotalayacutof 12.5 lakh hectares. The majority of 

these tanks are non-system fed tanks receiving inflows entirely from rainfall. In this paper 

it is attempted to study the assessment of physical benefits of one such non-system fed 

tank viz. Chittivalasa MI tank located in Bheemunipatnam mandal in Visakhapatnam 

�G�L�V�W�U�L�F�W���R�I���$�Q�G�K�U�D���3�U�D�G�H�V�K�����,�Q�G�L�D���W�K�U�R�X�J�K���K�\�G�U�R�O�R�J�L�F�D�O���V�L�P�X�O�D�W�L�R�Q���I�R�U���������\�H�D�U�V�����6�W�U�D�Q�J�H�¶�V��

runoff model is used to compute inflows in to the tank. Modified penman method is used 

to compute crop water requirements. Such studies become necessary for the design of new 

MI tanks or for taking up rehabilitation of existing MI tanks for carrying out techno-

economic feasibility to examine whether sufficient inflows are available from the 

upstream catchment areas for the prevailing spatial and temporal distribution of rainfall. 

 

Keywords - Minor irrigation tanks, Hydrological Simulation, Assessment of 

�S�K�\�V�L�F�D�O�� �E�H�Q�H�I�L�W�V���� �6�W�U�D�Q�J�H�¶�V�� �U�X�Q�R�I�I�� �P�R�G�H�O���� �0�R�G�L�I�L�H�G���S�H�Q�P�D�Q�� �P�H�W�K�R�G�� �I�R�U�� �F�R�P�S�X�W�L�Q�J�� �F�U�R�S��

water requirement 
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CHAPTER-1 

INTRODUCTION  

 

Minor irrigation schemes have been the backbone of agriculture in Andhra Pradesh as is 

the case with India as a whole. The importance of these schemes in the Indian agriculture 

sector was highlighted by the First Irrigation Commission (1901-03) and the Royal 

commission of Agriculture (1928). The crucial role that minor irrigation could play in 

�D�X�J�P�H�Q�W�L�Q�J�� �I�R�R�G�� �S�U�R�G�X�F�W�L�R�Q�� �Z�L�W�K�L�Q�� �D�� �V�K�R�U�W�� �W�L�P�H�� �Z�D�V�� �V�S�H�F�L�D�O�O�\�� �U�H�F�R�J�Q�L�]�H�G�� �L�Q�� �W�K�H�� �³�*�U�R�Z��

�P�R�U�H�´���I�R�R�G���F�D�P�S�D�L�J�Q���O�D�X�Q�F�K�H�G���L�Q���������� 

The planning commission, since its inception, has been stressing the importance of minor 

irrigation schemes in increasing food production. Page 251 of first five-year plan says 

�W�K�D�W�� �³�W�K�H�\�� ���P�L�Q�R�U�� �L�U�U�L�J�D�W�L�R�Q�� �V�F�K�H�P�H�V���� �S�U�R�Y�L�G�H�� �O�D�U�J�H�� �D�P�R�X�Q�W�� �R�I�� �G�L�V�S�H�U�V�D�O�� �H�P�S�O�R�\�P�H�Q�W����

They involve smaller outlay and can be executed in a comparatively shorter period. Being 

spread all over the country they confer widespread benefit and it is therefore easier to 

�P�R�E�L�O�L�]�H�� �S�X�E�O�L�F�� �F�R�R�S�H�U�D�W�L�R�Q�� �L�Q�� �W�K�H�L�U�� �F�R�Q�V�W�U�X�F�W�L�R�Q�´���� �7�K�H�� �I�R�R�G�� �J�U�D�L�Q�� �H�Q�T�X�L�U�\�� �F�R�P�P�L�W�W�H�H��

(1952) also reiterated the need for paying greater attention to the MI works for the purpose 

of encouraging food production. 

 

1.1 Description about Andhra Pradesh 

Andhra Pradesh state ranked fifth in both area and population of the country. About 75 

�S�H�U�F�H�Q�W���R�I���W�K�H���V�W�D�W�H�¶�V���S�R�S�X�O�D�W�L�R�Q���O�L�Y�H�V���L�Q���U�X�U�D�O���D�U�H�D�V���D�Q�G���W�K�H�\���O�D�U�J�H�O�\���G�H�S�H�Q�G���R�Q���D�J�U�L�F�X�O�W�X�U�H��

for their sustenance. The state has a geographical area of 16.205 million ha. 

 

1.2 Agriculture Sector in Andhra Pradesh 

The state cultivates a net sown area of 106.4 lakhs ha accounting for 38.8% of the total 

geographical area of the state. The share of agriculture sector in the gross state domestic 

product (GSDP) stands at 28.3%. The average annual growth rate of agriculture sector 

during the last five-year period stands at 3.9 percent. Negative growth rate was observed 

in the years 1994-95 and 1997-98. 



 

 

2 

 

 

1.3 Irrigation Sector in Andhra Pradesh 

Aided by 40% of net sown area under irrigation, AP has a cropping intensity of 122 

percent. The net irrigated area of 44.5 lakhs ha is contributed from canals (38%) and 

tanks (17%); and the balance by wells, tube wells and other wells (45%). In the last 

three decades, net irrigated area has increased from 29.6 lakhs ha to 41.5 lakhs ha. 

Canal irrigated area has gone up from 13.02 lakhs ha to 15.7 lakhs ha during this period 

but its share in net irrigated area has come down from 45 to 38%. Tanks with a net 

irrigated area of 10.7 lakhs ha accounted for 36% of the net irrigated area in triennium 

ending 1968. But in triennium ending 1998, tanks irrigated only 7.2 lakhs ha 

accounting for only 17% of the net irrigated area. 

Figure 1. Declining trend in area irrigated by tanks in AP, 5-�\�H�D�U���P�R�Y�L�Q�J���D�Y�H�U�D�J�H�����µ��������

ha) 

 

1.4  Minor Irrigation Sector in Andhra Pradesh  

Minor Irrigation schemes occupy a prominent place in the history of irrigation 

development in the state of Andhra Pradesh. The state has 12,351 MI sources as of now 
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commanding a total ayacut of 12.5 lakh hectares which is maintained by Irrigation 

department. In addition to these, there are small tanks commanding an ayacut of less than 

40 ha. About 70, 474 such small tanks commanding a total ayacut of over 6 lakh ha is 

maintained by Panchayat Raj department. During the last decade, only 9,147 MI sources 

out of the total of 12,351 MI sources were actually functioning in the state indicating that 

nearly one-fourth of the MI tanks failed to irrigate any area during this period. 

 

1.5 Degeneration of MI Tanks 

Degeneration in tank irrigation system is an established trend. This is because of 

deterioration in the components of these tank systems from the originally designed 

standards. The affected components are feeder channels, bunds, revetment of bund, 

sluices, shutters, irrigation canals and surplus courses. As a consequence, they have 

become inefficient in receiving the due share of waters from the upstream catchment 

areas, in holding the storage at designed levels at different stages of irrigation or in 

distributing the waters in the envisaged command areas. To study the performance of 

these tanks, it is necessary to examine whether the designed inflows are available from 

the upstream catchment areas for the prevailing spatial and temporal distribution of 

rainfall. Further it is necessary to examine even in case adequate flows are forthcoming, 

whether the tanks with ideal conditions of the components, will be able to alter the inflow 

hydrology to the desired outflow patterns. 

 

1.6 Identification of Problem  

In the above context, it is proposed to take up hydrological analysis of a typical minor 

irrigation tank located in a rain fed area to study its inflow hydrology and desired outflow 

patterns. 

 

1.7 Problem Definition 

For studying the inflow hydrology and desired outflow patterns of an MI tank, it is 

necessary to carryout hydrological simulation using appropriate model for runoff 

computation. In the present study�����6�W�U�D�Q�J�H�¶�V���U�X�Q�R�I�I���P�R�G�H�O���L�V���L�G�H�Q�W�L�I�L�H�G���D�Q�G���D�G�R�S�W�H�G���I�R�U���W�K�L�V��
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purpose. 

 

1.8 Study Area 

One minor irrigation tank known as Large tank (Pedda Cheruvu in Telugu) existing in the 

Chittivalasa village (Latitude �± 17o �����¶�������´�����/�R�Q�J�L�W�X�G�H���± 83o �����¶�������´�����R�I���%�K�H�H�P�X�Q�L�S�D�W�Q�D�P��

Mandal in Visakhapatnam district of Andhra Pradesh state, India is selected as the study 

area. The tank is maintained by Irrigation and Command area development department of 

Government of Andhra Pradesh. 

The climate in the study area is normally hot and humid. The temperature ranges from 

18oC in December to 37oC in May. Sandy loamy soils are present in the study area. The 

study area is influenced by South-West and North-East monsoons. The study area 

experiences drought conditions often, as no major irrigation system exists to cushion the 

vagaries of the monsoon. Hence farmers here mostly depend on the rain fed MI tanks for 

irrigating their fields. 

 

1.9 Objective of the Study 

The objective of the present study is to carryout hydrological simulation for the 

assessment of physical benefits of a typical rain fed minor irrigation tank located in 

Chittivalasa village of Bheemunipatnam Mandal in Visakhapatnam district of Andhra 

Pradesh, India. 

 

1.10 Scope and Limitations of the Study 

The scope and limitations of the present study are given below. 

1. To carryout hydrological simulation for the assessment of physical benefits of MI tank 

at Chittivalasa for 30 years from 1984-85 to 2013-14. 

2. The MI tank is assumed to be in ideal conditions 

3. Bheemunipatnam rain gauge station is assumed to be the only available influencing 

rain gauge station in the catchment area. 

4. ������ �\�H�D�U�V�¶�� �P�R�Q�W�K�O�\�� �U�D�L�Q�I�D�O�O�� �G�D�W�D�� �U�H�F�R�U�G�H�G�� �D�W�� �%�K�H�H�P�X�Q�L�S�D�W�Q�D�P�� �U�D�L�Q�� �J�D�X�J�H�� �V�W�D�W�L�R�Q�� �L�V����������������

considered as the basic input 
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5. The effective catchment area is calculated by considered 100% of free catchment area 

and 50% of intercepted catchment area. 

6. �6�W�U�D�Q�J�H�¶�V���U�X�Q�R�I�I���P�R�G�H�O���L�V���V�H�O�H�F�W�H�G���I�R�U���F�R�P�S�X�W�L�Q�J���U�X�Q�R�I�I���\�L�H�O�G�V�� 

7. Two cropping seasons kharif and rabi are considered for assessing benefits. 

8. Paddy is the only identified cropping pattern in the study area. 

9. Modified penman method is used to calculate the crop water requirement.
 

 

1.11 Significance of the Study 
 
The study assumed special significance in the context of assessing the benefits of an MI 

tank which will be carried out in a systematic manner. For the design of new MI tanks 

or for taking up rehabilitation measures for the existing MI tanks, it is necessary to study 

he techno-economic feasibility of the projects before making investments. For carrying 

out such techno- economic feasibility studies, it is necessary to examine whether 

sufficient inflows are available in the upstream catchment areas for the prevailing spatial 

and temporal distribution of rainfall. Further it becomes necessary to examine even 

incase adequate flows are forthcoming, whether the tanks with ideal conditions of the 

components will be able to alter the inflow hydrology to the desired outflow patterns. 
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CHAPTER-2 

THEORY AND LITERATURE REVIEW  

 

2.1 Hydrological simulation:  

Hydrological simulation model may be defined as generalization of an organized 

methodology based on standard techniques which are repetitive and iterative in nature.  

 

2.2 Rainfall: 

In the present hydrological simulation model, it is proposed to assess the actual year 

wise simulated physical benefits of MI tanks rather than considering the 75% and 50% 

dependability rainfall. The monthly rainfall data recorded at Bheemunipatnam rain gauge 

station has been collected for 30 years from 1984-85 to 2013-14. The data is arranged in 

sequence from June to May as the hydrological year starts from June in the study area. 

Annual rainfall is computed and presented in the following tables. It is observed that 

highest annual rainfall is recorded during 1994-95 with a magnitude of 2137.2 mm and the 

lowest annual rainfall is recorded during 1999-2000 with a magnitude of 727.1 mm. The 

annual rainfall of above 1000 mm is recorded in another 23 years during 1985-86 (1284 

mm), 1987-88 (1176.4mm), 1988-89 (1468.6 mm), 1989-90 (2117.9 mm), 1990-90 

(1671.6 mm), 1991-92 (1918.6 mm), 1993-94 (1426.9 mm), 1994-95 (2137.2 mm), 1995-

96 (1098 mm), 1996-97 (1337.3 mm), 1997-98 (1421.4 mm), 1998-99 (1698.7 mm), 2000-

01 (1139.6 mm), 2001-02 (1623.9 mm), 2003-04 (2031.4 mm), 2005-06 (1359.5 mm), 

2006-07(1168.8 mm), 2007-08 (1693.0 mm), 2009-10 (1210.3 mm), 2010-11 (1437.9mm), 

2011-12 (1174.1 mm), 2012-13 (1523 mm), 2013-14 (1467.7 mm), Below normal rainfall 

of less than 1000 mm is recorded in another 5 years during 1986-87 (959.6 mm), 1992-93 

(967.3 mm), 2002-03 (936.4 mm), 2004-05 (818.9 mm), 2008-09 (857.8 mm). 

Mean monthly rainfall distribution shows that the study area is receiving most of 

the rainfall during 5 months starting from June to October in any year. Maximum amount 

of mean monthly rainfall is observed highest in October followed by August, September, 

June and July. But the standard deviation is fluctuating from 64.47 in July to 258.13 in 
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August while the coefficient of variation is fluctuating from 0.53 in July to 1.28 in August. 

The 3-year moving average shows a maximum value of 1799.9 mm and a minimum value 

of 701.8 mm, and 5- year moving average shows a maximum value of 1545.94 mm and 

�������������P�P�����$�F�F�R�U�G�L�Q�J���W�R���:�H�L�E�X�O�O�¶�V���S�O�R�W�W�L�Q�J���S�R�V�L�W�L�R�Q�����W�K�H�����������G�H�S�H�Q�G�D�E�L�O�L�W�\���U�D�L�Q�I�D�O�O���Z�R�U�N�V��

out to be 628 mm and 50% dependability rainfall works out to be 940.6 mm. 

2.3 Run-off:  

Surface runoff (also known as overland flow) is the flow of water that occurs when 

excess storm water, meltwater, or other sources flow over the Earth's surface. This can 

occur when the soil is saturated to full capacity, and rain arrives more quickly than soil can 

absorb it. Surface runoff often occurs because impervious areas (such 

as roofs and pavement) do not allow water to soak into the ground. Surface runoff is a major 

component of the water cycle. It is the primary agent of water. The land area producing 

runoff that drains to a common point is called a drainage basin. 

Runoff that occurs on the ground surface before reaching a channel can be a nonpoint 

source of pollution, as it can carry man-made contaminants or natural forms of pollution 

(such as rotting leaves). Man-made contaminants in runoff 

include petroleum, pesticides, fertilizers and others. 

In addition to causing water erosion and pollution, surface runoff in urban areas is a primary 

cause of urban flooding, which can result in property damage, damp and mold 

in basements, and street flooding. 

 

2.4 Evapotranspiration: 

Evaporation is the process whereby liquid water is converted to water vapor 

(vaporization) and removed from the evaporating surface (vapor removal). Water 

evaporates from a variety of surfaces, such as lakes, rivers, pavements, soils and wet 

vegetation. Transpiration consists of the vaporization of liquid water contained in plant 

tissues and the vapor removal to the atmosphere. Crops predominately lose their water 

through stomata.These are small openings on the plant leaf through which gases and water 

vapor pass. The combination of two separate processes whereby water is lost on the one 
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hand from the soil surface by evaporation and on the other hand from the crop by 

transpiration is referred to as evapotranspiration (ET).Evaporation and transpiration occur 

simultaneously and there is no easy way of distinguishing between the two processes. Apart 

from the water availability in the topsoil, the evaporation from a cropped soil is mainly 

determined by the fraction of the solar radiation reaching the soil surface. This fraction 

decreases over the growing period as the crop develops and the crop canopy shades more 

and more of the ground area. When the crop is small, water is predominately lost by soil 

evaporation, but once the crop is well developed and completely covers the soil, 

transpiration becomes the main process. At sowing nearly 100% of ET comes from 

evaporation, while at full crop cover more than 90% of ET comes from transpiration. The 

evapotranspiration rate is normally expressed in millimeters (mm) per unit time. The rate 

expresses the amount of water lost from a cropped surface in units of water depth. The time 

unit can be an hour, day, decade, month or even an entire growing period or year.  

 

2.5  Consumptive Use: 

Consumptive use of water by a crop is the depth of water consumed by evaporation 

and transpiration during crop growth, including water consumed by accompanying weed 

growth. Since the water used in the actual metabolic process is significant, the term 

consumptive use is generally taken equivalent to evapotranspiration.  

 

2.6 Measurement of Evapotranspiration: 

Evapotranspiration can be measured by using field techniques and also by use of 

equations. 

2.6.1 By use of field techniques:  

    1) Tank and Lysimeter method 

    2) Field experimental plots 

    3) Soil moisture studies 

    4) Integration method 

    5) Inflow and outflow studies for larger area 
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2.6.2 By use of equations: 

    1) Blaney- Criddle method 

    2) Penman- monteith method 

    3) Hargreaves class A pan evaporation method 

 

2.7 Crop Coefficient (K C): 

 These coefficients represent the water need of a crop growth under optimum 

conditions to produce maximum yield. The Kc values are same for any given crop period 

and change with the stage of the crop. Crop characteristics like variety, duration, growing 

season, stage of crop growth, depth of routing, method of irrigation, plant population, 

fertilization, plant protection, and weed control etc. on crop water requirements is accounted 

by crop coefficients. For a selected crop based on time of sowing, stage of development and 

the preventive climatic conditions, crop coefficients can be determined using field 

experiments. The crop coefficient values are low during the early stages of crop growth and 

increase as the plant approaches grand period of growth and are constant for some time and 

then decline gradually. Selection of crop coefficient is most important in determining the 

irrigation needs of a particular place. The crop coefficient gives relationship between the 

Reference evapotranspiration and crop water requirement of specific crops. Various 

climatic factors should be considered in the determination of crop coefficients.  

 Crop coefficient (Kc) together with ETo is used to estimate specific crop 

evapotranspiration rate. The resulting ETcrop is highly helpful for the effective irrigation 

management. These dependent on the stage of growth and the rate of growth of crop. 

The growth period it therefore divided into four stages: 

1) Initial stage: Germination period and early growth of the crow when the soil cover 

by the crop is less than 10%. 

2) Crop development stage: The end of initial stage till the soil cover by the crop is 

about 70 to 80%. 
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3) Midseason stage: From the end of crop development stage to the start of maturity, 

whichis indicated by discoloring of falling off the leaves. For most crops this may 

extend well past the following stage. 

4) Late season stage: From end of mid-season stage to the full maturity or harvesting. 

 

2.8 Effective Rainfall: 

Not all rainfall is effective and a part may be lost by surface runoff, deep percolation 

or evaporation. Only the portion of rainfall, which contributes to the crop water needs, is 

the effective rainfall. 

 

2.9 Literature Review:  

Though exhaustive literature review is available on various aspects related to irrigation, 

only the review of most limited and relevant literature to the present work is furnished 

below. The literature review is presented under suitable headlines, here under. 

2.9.1 Hydrological Modelling 

 E Arivoli , N K Ambujam [1] conducted a study on Performance Evaluation of 

Rehabilitated Irrigation Tanks using Hydrological Modelling.  From the hydrological 

modelling it was  concluded that there is no significant impact of rehabilitation on both the 

tanks. One significant finding from the study is there should be an efficient field channel to 

deliver the water form tank to the field till its end. Thus field channel is one of the most 

significant tank components to be rehabilitated. The climatic components such as rainfall 

pattern, temperature range are also the factors which alter the performance of the tank. Well 

irrigation plays a significant role in the remaining seasons of the selected tanks. 

2.9.2 Irrigation Indices  

Evapotranspiration (ET) equations such as the theoretically based Penman 

combination are available to account for the effects of solar radiation, temperature, dryness 

and movement of the air environment on the evapotranspiration process by considering 

energy and aerodynamic transfer. The lack of availability of climatological data in many 
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areas and during the historical periods necessitates the use of approaches which incorporate 

the effects of temperature and day length only. The FAO Blaney-Criddle method (FAO-

BC) is unique from the original and in a study conducted by Richard G .Allen et al. (1986) 

[3], practical procedures and necessary conditions for obtaining a reasonable estimate of 

consumptive use with the FAO Blaney-Criddle formula are discussed. Richard 

G.Allen(1998) [4] suggested that soil moisture may have considerable effect on 

evapotranspiration & potential evapotranspiration was equal to actual evapotranspiration 

that would occur when there was an adequate supply of soil moisture at all times.  

2.9.3 CROPWAT 8.0 

The Penman-Monteith equation is the most common method for estimating 

reference crop evapotranspiration (ETo). However, this method needs full weather data, but 

few stations with complete weather data exist in Fars province of Iran. In a study, conducted 

by Hamid Reza Fooladmand et al. (2007)  using the weather data of seven synoptic stations 

in Fars province in Iran and seven synoptic stations outside the province, the Hargreaves 

equation was calibrated based on the Penman-Monteith method for every month of the year 

and for a yearly time step. The results indicated that different coefficients should be used 

for each month of year and yearly time step instead of the original coefficient of 0.0023 in 

the Hargreaves equation.  

CROPWAT 8.0 is a computer model for the calculation of crop water and irrigation 

requirements from the existing climatic and crop data and using the reference 

evapotranspiration (ETo). The ETo to be used in this CROPWAT is to be evaluated using 

Penman-Monteith formula. One such work was done Waseem Raja(2010) [5] with Kashmir 

valley as the study area. 

 

 .
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CHAPTER-3 

METHODOLOGY  

3.1 Data Collection 
 The data w.r.t. various parameters are collected from the relevant government agencies the 

following text includes the details of the different parameters and the respective 

governmental agencies from which they are collected. 

3.1.1 Data Inputs 

Data is collected on Tank Geometry, Rainfall, Pan Evaporation, Potential 

evapotranspiration values of the study area from various agencies. The collected data is 

analyzed using standard techniques and the inputs for the model were prepared. 

3.1.2 Tank Geometry 

Table 1: Tank Geometry of Chittivalasa MI tank 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basin Gosthani 
Sub basin  

Catchment area �± Free 2.3175 sq.km 
Intercepted area 1.420 Sq.km 

Effective Catchment area 2.5175 + 20% (1.42) = 2.8015 
Sq.C10km 

Effective Catchment area 
considered for simulation 

2.5175 + 50% (1.42) = 3.2275 
Sq.km 

Water spread Area 10.2 hectares = 0.102 M.sq.m 
Live storage of Tank 5.3 Mcft = 0.145 M.Cum 
Gross storage of tank 0.145 x 1.1 = 0.165 M.cum 
Registered Ayacut 40 hectares 
Tank Bund length 643 m 
Bund top width 1.2 m 

Bund bottom width 8 m 
Slopes 1.5 : 1 �± Water front side 

2 : 1 �± Rear side 
Full tank Level = FTL 15.85 m 

Maximum Water Level = MWL 16.45 m 

Tank Bund Level = TBL 17.04 m 
Length of Surplus Weir 15.30 m 

Number of sluices 3, +8.75 m, +8.52 m, +8.33 m 
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The Chittivalasa MI tank is situated in the latitude of 17o �����¶�������´���D�Q�G���O�R�Q�J�L�W�X�G�H���R�I������o�����¶��

�����´���K�D�V���W�K�H�� �I�R�O�O�R�Z�L�Q�J���G�L�P�H�Q�V�L�R�Q�V�����7�K�H���W�D�Q�N�� �E�X�Q�G�� �L�V���R�I�� �K�R�P�R�J�H�Q�H�R�X�V���H�P�E�D�Q�N�P�H�Q�W���W�\�S�H����

The bund has a length of 643 meters. The top width of the bund is 1.2 meters and bottom 

width is 8 meters. The capacity of the tank at FTL is 0.165 M.cu.m. The water spread area 

of the tank at FTL is 0.1020 M. sq.m. 

 
 

 
 

Figure 2:  A view of water spread area of Chittivalasa MI tank 

3.1.3 Catchment Area 

The free catchment area of the tank is measured as 2.5175 sq.km and intercepted 

catchment area is found to be 1.42 sq.km. The effective catchment area is worked out 

using the following formula. 

Effective catchment area = Free catchment area + (20%* Intercepted catchment area) 

The effective catchment area comes to around 2.8015 sq. km. 

3.1.4 CommandArea 

The Registered ayacut of the tank is 40 ha. Usual cropping pattern in the command area 

is Paddy in both Kharif and Rabi. A part of the command area of the MI tank is shown 

below. 
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Figure 3: A view of command area of Chittivalasa MI tank 
 

3.2Rainfall Data 

 The monthly rainfall data both normal and actual is obtained from The Directorate 

of Economics and Statistics, Government of Andhra Pradesh, from 1984 to 2014. 

The effective monthly rainfall values (dependable rain) for the period 2007 to 

2011are calculated using, Food and Agriculture Organization (FAO/AGLW) (AGLW is a 

Water management and irrigation systems group) formula which is an empirical formula 

based on analysis carried out for different climatic data to determine the dependable 

effective rainfall i.e. dependable rainfall at 80% probability corrected for assumed losses 

due to runoff and percolation.  (CROPWAT8.0 Software) as stated below. 

Peff = 0.6 x P �± 10/3 �I�R�U���3�P�R�Q�W�K���”�������������P�P 

Peff = 0.8 x P �± 24/3 for Pmonth>70/3 mm 

Where: Peff      = effective rainfall (mm), Pmonth=monthly rainfall (mm) 
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Table 2: 30 years Rainfall data 



 16 

 

3.2.1 Meteorological Data: 

 The meteorological data is obtained from the meteorological centers located at 

Hyderabad and Machilipatnam. 

 The temperature data is obtained as monthly minimum, and maximum from 2007 

to 2011. The data w.r.t. sunshine hours, wind speed and relative humidity are also collected 

for the period 2007 to 2011. 

 
3.2.2 Crop Coefficient: 

The crop coefficient Kc and crop periods for all the principle crops are obtained at 

different growth stages of crops i.e. initial, crop development, mid-season and late 

season/harvest stages from FAO Irrigation. 

 

3.3 Analysis of Data and Calculation of Irrigation Indices: 

The Data collected on various parameters as depicted above, is analyzed and various indices 

w.r.t. to irrigation potential in the study area are calculated as given below. 

3.3.1Calculation of Runoff Using Strange Table 

Mr. W. L. Strange carried out investigations on catchments in South India and worked 

out Runoff yields for given rainfall events according to the nature of the catchments. 

The catchments prone to producing higher yields were categorized as good catchments.  

The catchments producing low yields are categorized as bad catchments. The 

intermediate type was called as average catchments. The values of rainfall events and 

�W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���U�X�Q�R�I�I���H�Y�H�Q�W�V���Z�H�U�H���J�L�Y�H�Q�� �L�Q���W�D�E�O�H�����7�K�H���V�W�U�D�Q�J�H�¶�V���U�D�L�Q�I�D�O�O���H�Y�Hnts and 

runoff yields were plotted for Good, Average and Bad catchments as shown in figure 

and an average polynomial relationship of order 2 is approximately established as given 

below with in the acceptable range of mean square distance. 

�6�W�U�D�Q�J�H�¶�V���Uelationship for good catchments is given by  

y = 5E-07x2 - 1E-04x + 0.006, R² = 0.998 

 �6�W�U�D�Q�J�H�¶�V���U�H�O�D�W�L�R�Q�V�K�L�S���I�R�U���D�Y�H�U�D�J�H���F�D�W�F�K�P�H�Q�W�V���L�V���J�L�Y�H�Q���E�\ 
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y = 3E-07x2 - 6E-05x+ 0.002,    R² =0.999 

�6�W�U�D�Q�J�H�¶�V���U�H�O�D�W�L�R�Q�V�K�L�S���I�R�U���E�D�G���F�D�W�F�K�P�H�Q�W�V���L�V���J�L�Y�H�Q���E�\�� 

y = 2E-07x2 - 4E-05x + 0.002, R² =0.999 

�6�W�U�D�Q�J�H�¶�V���U�H�O�D�W�L�R�Q�V�K�L�S���I�R�U���F�D�W�F�K�P�H�Q�W�V���Z�L�W�K�����������*�R�R�G���D�Q�G�����������$�Y�H�U�D�J�H���F�R�Q�G�L�W�L�R�Q�V���L�V���J�L�Y�H�Q��

by 

y = 4E-07x2 - 8E-05x+ 0.004,   R² = 0.999 

�6�W�U�D�Q�J�H�¶�V���U�H�O�D�W�L�R�Q�V�K�L�S���I�R�U���F�D�W�F�K�P�H�Q�W�V���Z�L�W�K�����������$�Y�H�U�D�J�H���D�Q�G�����������%�D�G���F�R�Q�G�L�W�L�R�Q�V���L�V���J�L�Y�H�Q��

by 

y = 3E-07x2 - 5E-05x + 0.002, R² = 0.999 

�7�K�H�� �\�L�H�O�G���U�D�W�H���S�H�U���V�T�����N�P�� �L�V���H�V�W�L�P�D�W�H�G���X�V�L�Q�J���W�K�H���V�W�U�D�Q�J�H�¶�V�� �P�H�W�K�R�G���I�R�U���W�K�H���J�L�Y�H�Q�� �Q�D�W�X�U�H���R�I��

catchment. The yield rates multiplied by the effective catchment area will give rise to 

inflows during that month. 

 

3.3.2 Crop Water Requirement 

The modified penman method is used to compute the crop water requirements. The crop 

coefficient for paddy is taken as 1.1 for first 3 months and 0.95 for the fourth month in both 

kharif and rabi. Monthly water requirement in mm is obtained by multiplying the PET value 

with crop coefficient. A provision of 40 mm for nursery is made during the first month in 

both kharif and rabi. An allowance of 90 mm for land preparation during the first month is 

considered in both kharif and rabi. An allowance of 90 mm for four months in both kharif 

and rabi is provided for deep percolation at the rate of 3 mm per day. An allowance of 50 

mm for 2 months is provided for minimum depth in kharif and rabi. After making all the 

above allowances the gross monthly water requirement is found out in mm. Considering 

50% of actual rainfall during the corresponding month as effective rainfall, it is subtracted 

from the gross monthly water requirement to obtain net irrigation requirement. Assuming 

80% field efficiency and 90% conveyance efficiency, the total crop water requirement is 

found out in mm and subsequently the total requirement per ha in cu.m. is found out. 
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3.3.3 Calculation of ETo and Effective Rainfall using CROPWAT 8.0 

CROPWAT 8.0 is a computer model for the calculation of crop water and irrigation 

requirements from the existing climatic and crop data and using the reference 

evapotranspiration (ETo). The ETo to be used in this CROPWAT is to be evaluated using 

Penman-Monteith formula. One such work was done at Bheemunipatnam in 

Visakhapatnam as the study area. 

Effective Rainfall is calculated by using Constant Percentage Method. 

 

3.4 Evaporation Losses 

Average Monthly evaporation losses = (Average Storage / Gross Storage) * Water 

Spread Area * Pan Evaporation. 

  Only 50% of the inflows of June month every year are considered as inflows for June. 

 

3.5 Hydrological Simulation 

After computing the month-wise inflows, the crop water requirements and losses, the end 

storage during any month is calculated by adding the inflows to the initial storage and 

subtracting from it the crop water requirement and the losses. If the end storage is greater 

than the gross capacity of the tank at FTL, then the tank will retain the water up to its gross 

capacity and the remaining water goes as surplus. If the sum of crop water requirement and 

losses during any month exceeds the sum of initial storage and inflows, then the difference 

of two sums will represent deficit for that particular month. 
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CHAPTER-4 

RUNOFF 

4.1 Run-off 

Runoff has been computed from the catchment using 4 Methods. 

�¾ Rational Method: 

This is a most common method used to compute the peak runoff rate from the small 

watershed. The peak runoff is defined as the maximum runoff to be used as capacity for 

design of a given structure that must carry the runoff. 

Rational method involves following formula for computing the design runoff: 

 

Where, 

Qpeak = peak runoff rate, m3/s, 

C = runoff coefficient, 

I = rainfall intensity (mm/h) for the duration equal to time of concentration of watershed 

and for a given recurrence interval, 

A = watershed area, hectare. 

1. �&�R�R�N�¶�V���0�H�W�K�R�G�� 

This method consists of evaluating the four watershed characteristics, i.e., relief, infiltration 

rate, vegetal cover and surface storage to determine the runoff rate. For these individual 

characteristics, numerical values are assigned. Numerical values are mainly given on the 

basis of observation and comparison of their features with the similar conditions of the 

watershed. 

Q = PRFS 

 
Where, 

Q = peak runoff rate for a specified geographic location and desired recurrence interval. 

P = uncorrelated value of runoff, i.e., obtained from the runoff-curve. 
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R = geographic rainfall factor. 

F = recurrence interval factor. 

S = shape factor of the watershed. 

2. Curve Number Method: 

It computes the direct runoff (depth) or rainfall excess, storm-wise. This method is based 

on the potential retention capacity (S) of the water-shed., which is determined based on the 

wetness of the watershed, i.e. the antecedent moisture condition and physical characteristics 

of the watershed. 

3. �6�W�U�D�Q�J�H�¶�V���5�X�Q�R�I�I���7�D�E�O�H�� 

Crop water requirements were calculated using Modified penman method. Evaporation 

losses have been appropriately assumed and the Hydrological Simulation has been carried 

out for 30 years. 

 

4.2 Strange Table: 

Mr. W. L. Strange carried out investigations on catchments in South India and 

worked out Runoff yields for given rainfall events according to the nature of the 

catchments. The catchments prone to producing higher yields were categorized as good 

catchments.  The catchments producing low yields are categorized as bad catchments. 

The intermediate type were called as average catchments. The values of rainfall events 

and the corresponding runoff events were given in table. Th�H���V�W�U�D�Q�J�H�¶�V���U�D�L�Q�I�D�O�O���H�Y�H�Q�W�V��

and runoff yields were plotted for Good, Average and Bad catchments as shown in figure 

and an average polynomial relationship of order 2 is approximately established as given 

below with in the acceptable range of mean square distance. The polynomial relationship 

of order 2 established between Rainfall in mm to Runoff in M.cu.m for various types of 

catchments are shown in below graphs 

�x �6�W�U�D�Q�J�H�¶�V���U�H�O�D�W�L�R�Q�V�K�L�S���I�R�U���J�R�R�G���F�D�W�F�K�P�H�Q�W�V���L�V���J�L�Y�H�Q���E�\ 

y = 5E-07x2 - 1E-04x + 0.006, R² = 0.998 
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�x �6�W�U�D�Q�J�H�¶�V���U�H�O�D�W�L�R�Q�V�K�L�S���I�R�U���D�Y�H�U�D�J�H���F�D�W�F�K�P�H�Q�W�V���L�V���J�L�Y�H�Q���E�\�� 

y = 3E-07x2 - 6E-05x+ 0.002,   R² =0.999 

 

�x �6�W�U�D�Q�J�H�¶�V���U�H�O�D�W�L�R�Q�V�K�L�S���I�R�U���E�D�G���F�D�W�F�K�P�H�Q�W�V���L�V���J�L�Y�H�Q���E�\ 

y = 2E-07x2 - 4E-05x + 0.002,    R² =0.999 

 

�x �6�W�U�D�Q�J�H�¶�V�� �U�H�O�D�W�L�R�Q�V�K�L�S�� �I�R�U�� �F�D�W�F�K�P�H�Q�W�V�� �Z�L�W�K�� �������� �*�R�R�G�� �Dnd 50% 
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Average conditions is given by 

y = 4E-07x2 - 8E-05x+ 0.004, R² = 0.999 

 

�x �6�W�U�D�Q�J�H�¶�V���U�H�O�D�W�L�R�Q�V�K�L�S���I�R�U���F�D�W�F�K�P�H�Q�W�V���Z�L�W�K�����������$�Y�H�U�D�J�H���D�Q�G�����������%�D�G��

conditions is given by 

y = 3E-07x2 - 5E-05x + 0.002, R² = 0.999 

 
The yield rate per sq. km is estimated �X�V�L�Q�J�� �W�K�H�� �V�W�U�D�Q�J�H�¶�V�� �P�H�W�K�R�G�� �I�R�U�� �W�K�H��

given nature of catchment. The yield rates multiplied by the effective 

catchment area will give rise to inflows during that month. 
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�7�D�E�O�H���������6�W�U�D�Q�J�H�¶�V���U�X�Q�R�I�I���\�L�H�O�G���S�H�U���V�T�����N�P���R�I���F�D�W�F�K�P�H�Q�W�V���Z�K�L�F�K���D�U�H���J�R�R�G�����D�Y�H�U�D�J�H�����E�D�G��

etc. 
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Table 4: Sample calculation of Runoff by using Strange Table 

 

 
 

4.3 Validation of Runoff Yield Rates: 

Observed flows are not available for any period during the last 30 years. Hence it is 

attempted to validate the runoff yield �U�D�W�H�V���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H���V�W�U�D�Q�J�H�¶�V���U�X�Q�R�I�I���P�R�G�H�O���Z�L�W�K��

the inflows per sq. km of a nearby major irrigation project. The variation of computed and 

observed yield rates is found to be within ±5%. 
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CHAPTER 5 

CROPWATER REQUIREMENT  

5.1 Crop water-requirements: 

 Two crop seasons are identified in the study area viz. kharif and rabi. The identified 

cropping pattern in the study area is Paddy only. The modified penman method is used to 

compute the crop water requirements. The Potential Evapotranspiration values of Ranga 

Reddy district are collected from the IMD through Irrigation department. The values are 

given in the following: 

Table 5: Potential Evapotranspiration values of Visakhapatnam district 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The modified penman method is used to compute the crop water requirements. The crop 

coefficient for paddy is taken as 1.1 for first 3 months and 0.95 for the fourth month in both 

kharif and rabi. Monthly water requirement in mm is obtained by multiplying the PET value 

with crop coefficient. A provision of 40 mm for nursery is made during the first month in 

both kharif and rabi. An allowance of 90 mm for land preparation during the first month is 

considered in both kharif and rabi. An allowance of 90 mm for four months in both kharif 

S. No Month PET value in mm 

KHARIF  

1 July 106.64 

2 August 103.85 

3 September 111.90 

4 October 108.5 

RABI  

5 December 75.95 

6 January 83.08 

7 February 94.36 

8 March 129.27 
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and rabi is provided for deep percolation at the rate of 3 mm per day. An allowance of 50 

mm for 2 months is provided for minimum depth in kharif and rabi.  

After making all the above allowances the gross monthly water requirement is found out in 

mm. Considering 50% of actual rainfall during the corresponding month as effective 

rainfall, it is subtracted from the gross monthly water requirement to obtain net irrigation 

requirement. Assuming 80% field efficiency and 90% conveyance efficiency, the total crop 

water requirement is found out in mm and subsequently the total requirement per ha in 

cu.m. is found out.  The model calculation of crop water requirements is shown in table 7 

and 8 for kharif and rabi respectively. 

 

     Table 6.  Model calculation of crop water requirement , kharif   

Crop Water Requirement in 1984 - 1985 

KHARIF PADDY 

S. No Description of the Item July August Septembe
r 

October Total 

1 E.T Value in mm 108.5 118.5 109.74 95.48  

2 Kc (Crop Co-efficient) 1.1 1.1 1.1 1.1  

3 Monthly Water 
Requirement 

119.35 130.35 120.714 90.7  

4 Add for Nursery 40 0 0 0  

5 Add for Land 
Preparation 

160 0  0  

6 Add for deep 
precipitation (3mm per 
day) 

90 90 90 90  

7 Add for minimum depth 50 0 50 0  

8 Gross total monthly 
requirement in mm 

459.35 220.35 26.714 180.7 887.114 
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9 Monthly Rainfall during 
1984-85 

203.2 246.5 135.4 82.8  

10 Effective Rainfall 50% 
of Rainfall during 1984-
85 

101.6 123.2 67.2 41.4 333.4 

11 Net Irrigation 
Requirement 

357.75 97.15 193.514 139.3 787.714 

12 Requirement @80% 
Field Efficiency 

447.187 121.43 241.892 174.125 984.634 

13 Monthly Requirement  
@Canal Head @90%  
efficiency 

496.87 134.922 268.769 193.47 1094.031 

14 Total Requirement in 
mm 

496.87 134.922 268.769 193.47 1094.031 

15 Total Requirement per 
Ha in Cubic Meters 

496.87 134.922 268.769 193.47 1094.031 

 

   

Table 7:  Model calculation of crop water requirement for the year, Rabi 

Crop Water Requirement in 1984 - 1985 

RABI PADDY 

S.No Description of the Item July Augus
t 

September October Total 

1 E.T Value in mm 70.06 80.6 97.16 117.8  

2 Kc (Crop Co-efficient) 1.1 1.1 1.1 1.1  

3 Monthly Water Requirement 77.066 88.66 106.876 129.58  

4 Add for Nursery 40 0 0 0  

5 Add for Land Preparation 160 0 0 0  
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6 Add for deep precipitation (3mm 
per day) 

90 90 90 90  

7 Add for minimum depth 50 0 50 0  

8 Gross total monthly requirement 
in mm 

417.066 178.66 246.76 219.58 1062.066 

9 Monthly Rainfall during 1984-85 54.1 60.6 8.3 3.5  

10 Effective Rainfall 50% of Rainfall 
during 1984-85 

27.1 30.3 4.2 1.7 63.3 

11 Net Irrigation Requirement 389.966 148.3
6 

242.676 217.88 998.882 

12 Requirement @80% Field 
Efficiency 

487.45 185.45 303.345 272.35 1248.595 

13 Monthly Requirement  @Canal 
Head @90%  efficiency 

541.619 206.05 337.05 302.611 1387.33 

14 Total Requirement in mm 541.619 206.05 337.05 302.611 1387.33 

15 Total Requirement per Ha in 
Cubic Meters 

541.619 206.05 337.05 302.611 1387.33 

 

 

5.2 Evapotranspiration: 

Evaporation is the process whereby liquid water is converted to water vapor 

(vaporization) and removed from the evaporating surface (vapor removal). Water 

evaporates from a variety of surfaces, such as lakes, rivers, pavements, soils and wet 

vegetation. Transpiration consists of the vaporization of liquid water contained in plant 

tissues and the vapor removal to the atmosphere. Crops predominately lose their water 

through stomata. These are small openings on the plant leaf through which gases and water 

vapor pass. The combination of two separate processes whereby water is lost on the one 

hand from the soil surface by evaporation and on the other hand from the crop by 

transpiration is referred to as evapotranspiration (ET). Evaporation and transpiration occur 

simultaneously and there is no easy way of distinguishing between the two processes. Apart 
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from the water availability in the topsoil, the evaporation from a cropped soil is mainly 

determined by the fraction of the solar radiation reaching the soil surface. This fraction 

decreases over the growing period as the crop develops and the crop canopy shades more 

and more of the ground area. When the crop is small, water is predominately lost by soil 

evaporation, but once the crop is well developed and completely covers the soil, 

transpiration becomes the main process. At sowing nearly 100% of ET comes from 

evaporation, while at full crop cover more than 90% of ET comes from transpiration. The 

evapotranspiration rate is normally expressed in millimeters (mm) per unit time. The rate 

expresses the amount of water lost from a cropped surface in units of water depth. The time 

unit can be an hour, day, decade, month or even an entire growing period or year.  

 

5.3 Consumptive Use 

Consumptive use of water by a crop is the depth of water consumed by evaporation 

and transpiration during crop growth, including water consumed by accompanying weed 

growth. Since the water used in the actual metabolic process is significant, the term 

consumptive use is generally taken equivalent to evapotranspiration.  

 

5.4 Measurement of Evapotranspiration: 

Evapotranspiration can be measured by using field techniques and also by use of 

equations. 

5.4.1 By use of field techniques:  

�x Tank and Lysimetric method 

�x Field experimental plots 

�x Soil moisture studies 

�x Integration method 

�x Inflow and outflow studies for larger area 

 

 

5.4.2 By use of equations: 

�x Blaney-Criddle method: 
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ETo = p (0.46 T mean +8) 

Where, ETo = Reference crop evapotranspiration (mm/day) 

Tmean = mean daily temperature (°C) 

p = mean daily percentage of annualdaytime hours. 

Kc = crop-specific coefficient. 

As we can notice from the equation above, this method takes into account only the 

measurement of temperature. Therefore, it is not a very accurate estimation of the reference 

evapotranspiration rate. 

�x Penman- monteith method: 
The reference rate, ET0, is calculated using the Penman Equation, which takes into 

account the climatic parameters of temperature, solar radiation, wind speed and 

humidity. A variation of this equation, published by the FAO is: 

  

Where: ETo  reference evapotranspiration [mm day-1], 

Rn  net radiation at the crop surface [MJ m-2 day-1], 

G  soil heat flux density [MJ m-2 day-1], 

T  air temperature at 2 m height [°C], 

u2  wind speed at 2 m height [m s-1], 

es  - saturation vapour pressure [kPa], 

ea  - actual vapour pressure [kPa], 

es  - ea saturation vapour pressure deficit [kPa], 

D  - slope vapour pressure curve [kPa °C-1], 

g  - psychometric constant [kPa °C-1]. 

 

�x Hargreaves class A pan evaporation method: 

The modified penman method is used to compute the crop water requirements. The 

crop coefficient for paddy is taken as 1.1 for first 3 months and 0.95 for the fourth 

month in both kharif and rabi. Monthly water requirement in mm is obtained by 
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multiplying the PET value with crop coefficient. A provision of 40 mm for nursery 

is made during the first month in both kharif and rabi. An allowance of 90 mm for 

land preparation during the first month is considered in both kharif and rabi. An 

allowance of 90 mm for four months in both kharif and rabi is provided for deep 

percolation at the rate of 3 mm per day. An allowance of 50 mm for 2 months is 

provided for minimum depth in kharif and rabi. After making all the above 

allowances the gross monthly water requirement is found out in mm. Considering 

50% of actual rainfall during the corresponding month as effective rainfall, it is 

subtracted from the gross monthly water requirement to obtain net irrigation 

requirement. Assuming 80% field efficiency and 90% conveyance efficiency, the 

total crop water requirement is found out in mm and subsequently the total 

requirement per ha in cu.m. is found out.  

 

5.5 Crop Coefficient (KC) 

These coefficients represent the water need of a crop growth under optimum conditions to 

produce maximum yield. The Kc values are same for any given crop period and change with 

the stage of the crop. Crop characteristics like variety, duration, growing season, stage of 

crop growth, depth of routing, method of irrigation, plant population, fertilization, plant 

protection, and weed control etc. on crop water requirements is accounted by crop 

coefficients. For a selected crop based on time of sowing, stage of development and the 

preventive climatic conditions, crop coefficients can be determined using field experiments. 

The crop coefficient values are low during the early stages of crop growth and increase as 

the plant approaches grand period of growth and are constant for some time and then decline 

gradually. Selection of crop coefficient is most important in determining the irrigation 

needs of a particular place. The crop coefficient gives relationship between the Reference 

evapotranspiration and crop water requirement of specific crops. Various climatic factors 

should be considered in the determination of crop coefficients. One such study on crop 

coefficients is conducted by G.H. Shankar Reddy and T. Elliana Reddy (1985) of Andhra 

Pradesh Agriculture University, in their work on efficient use of irrigation development.  
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 Crop coefficient (Kc) together with ETo is used to estimate specific crop 

evapotranspiration rate. The resulting ETcrop is highly helpful for the effective irrigation 

management. These dependent on the stage of growth and the rate of growth of crop. 

The growth period it therefore divided into four stages: 

5) Initial stage: Germination period and early growth of the crow when the soil cover 

by the crop is less than 10%. 

6) Crop development stage: The end of initial stage till the soil cover by the crop is 

about 70 to 80%. 

7) Midseason stage: From the end of crop development stage to the start of maturity, 

which is indicated by discoloring of falling off the leaves. For most crops this may 

extend well past the following stage. 

8) Late season stage: From end of mid-season stage to the full maturity or harvesting. 

 

5.6 Irrigation Indices 

Evapotranspiration (ET) equations such as the theoretically based Penman combination are 

available to account for the effects of solar radiation, temperature, dryness and movement 

of the air environment on the evapotranspiration process by considering energy and 

aerodynamic transfer. The lack of availability of climatological data in many areas and 

during the historical periods necessitates the use of approaches which incorporate the 

effects of temperature and day length only. The FAO Blaney-Criddle method (FAO-BC) is 

unique from the original and in a study conducted by Richard G. Allen et al. (1986), 

practical procedures and necessary conditions for obtaining a reasonable estimate of 

consumptive use with the FAO Blaney-Criddle formula are discussed. RichardG. Allen 

(1948) suggested that soil moisture may have considerable effect on evapotranspiration & 

potential evapotranspiration was equal to actual evapotranspiration that would occur when 

there was an adequate supply of soil moisture at all times.  

 In the calculation of crop water requirements an important factor contributing is 

rainfall occurring in the study area. The amount of rainfall which can be depended upon in 

one out four or five years corresponding to a 75% or 80% probability of exceedance and 

representing a dry year. The dependable rainfall (80%) is used for design of irrigation 
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system capacity. The rainfall with 20%, 50%, 80% probability of exceedance representing 

a wet, normal and dry year is useful for the programming of irrigation supply and simulation 

of irrigation management conditions as per the document per FAO irrigation and drainage 

�S�D�S�H�U�� �1�R�������� ���������������� �(�U�L�F�� �+�D�U�P�V�H�Q�� �������������� �G�H�I�L�Q�H�G�� �S�R�W�H�Q�W�L�D�O�� �H�Y�D�S�R�W�U�D�Q�V�S�L�U�D�W�L�R�Q�� �D�V�� �³�W�K�H��

evapotranspiration that occurs when the vapor pressure at the evaporating surface is at the 

�V�D�W�X�U�D�W�L�Q�J���S�R�L�Q�W�´�� 

The widely used Penman Monteith equation to estimate crop evapotranspiration 

(ET) has limited utility in many areas of the world due to its requirement for full 

meteorological data. Legal and engineering water agencies commonly use the original 

�%�O�D�Q�H�\�(�&�U�L�G�G�O�H�� �P�H�W�K�R�G�� �������������� �L�Q�� �W�K�H�L�U�� �H�I�I�R�U�W�V�� �W�R�� �P�D�Q�D�J�H�� �F�R�P�S�H�W�L�Q�J�� �Z�D�W�H�U�� �G�H�P�D�Q�G�V�� �L�Q��

mountain basins, both for its long time familiarity and minimal data requirements. The 

original Blaney Criddle equation predicts crop ET based solely on readily available mean 

monthly air temperature, t, and percentage of daylight hours. However, in semi arid, high 

elevation environments, Blaney Criddle underestimates crop ET. Keeping this in view 

Darcy Getal. (2011), evaluated three modifications of the Blaney Criddle temperature 

expression against the original equation with mean t, and another temperature method, 

Hargreaves, using Lysimeter measurements from nine irrigated grass meadow sites in the 

upper Gunnison River basin of Colorado (1999�±2003). Two of the modified temperature 

expressions resulted in improved correlation of Blaney Criddle estimated crop ET with 

Lysimeter ET. Similar improvements were observed when estimating with Hargreaves, 

which incorporates an additional term, Tdiff, the difference between maximum and 

minimum daily temperature. It was opined that, these modifications to the original Blaney 

Criddle can be applied successfully throughout Colorado mountain basins, and may be 

�J�O�R�E�D�O�O�\���D�S�S�O�L�F�D�E�O�H���W�R���K�L�J�K�(�H�O�H�Y�D�W�L�R�Q���D�U�H�D�V�� 

5.7 CROPWAT 8.0: 

The Penman-Monteith equation is the most common method for estimating reference crop 

evapotranspiration (ETo). However, this method needs full weather data, but few stations 

with complete weather data exist in Fars province of Iran. In a study, conducted by Hamid 

Reza Fooladmand2 et al. (2007) using the weather data of seven synoptic stations in Fars 

province in Iran and seven synoptic stations outside the province, the Hargreaves equation 
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was calibrated based on the Penman-Monteith method for every month of the year and for 

a yearly time step. The results indicated that different coefficients should be used for each 

month of year and yearly time step instead of the original coefficient of 0.0023 in the 

Hargreaves equation. CROPWAT 8.0 is a computer model for the calculation of crop water 

and irrigation requirements from the existing climatic and crop data and using the reference 

evapotranspiration (ETo). The ETo to be used in this CROPWAT is to be evaluated using 

Penman-Monteith formula. One such work was done Waseem Raja (2010) with Kashmir 

valley as the study area. 

 

Figure 4: CROPWAT 8.0 
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CHAPTER 6 

                                      EFFECTIVE RAINFALL  

Not all rainfall is effective and a part may be lost by surface runoff, deep percolation 

or evaporation. Only the portion of rainfall, which contributes to the crop water needs, is 

the effective rainfall. 

 

Figure 5: Calculation of Rainfall in CROPWAT 8.0 

 

6.1 Methods for calculating of Effective Rainfall: 

 Numerous approaches for estimating effective rainfall have been proposed in the past, 

including: direct measurement techniques, empirical relationships, and soil water balance 

approach (including modeling approach). The approaches also used variable time-frame for 

such calculation. The direct monitoring or measurement provides the most accurate results 

for estimating effective rainfall. But it is expensive, require some level of technical 

knowledge. Some researchers calculated effective rainfall for year-round, based on long-

term average weather condition, but without considering crops or crop period. But this type 

of calculation has little value for present or future crop, as the present or future weather 

condition and crop type may differ significantly from past conditions. A good method must 

account satisfactorily for surface run-off, water storage changes in the soil, 

evapotranspiration and crop characteristics. For field use, the method should be simple, 
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inexpensive, rapid and accurate. It should be useful for broad regional planning, as well as 

for precise irrigation scheduling under a given set of conditions. There are relative merits 

and limitations of different methods. Before going to critical evaluation and suggestions for 

improvement, an overview of the methods would be useful. Hence, a brief overview of the 

common methods is given below.  

4. �8�6�'�$�(�6�&�6�� �0�H�W�K�R�G: The USDA-SCS Re method was developed with water 

balance calculations based on 50 years of weather data from 22 stations within the 

United States. A daily soil moisture balance incorporating crop evapotranspiration, 

rainfall, and irrigation was used to determine the evapotranspiration effectiveness. 

The resulting equation for estimating effective precipitation is:  

Pe = SF (0.70917 Pt 0.82416 �± 0.11556) (10 0.2426ETc) 

Where, Pe is the average monthly effective precipitation (inch);  

Pt is the monthly mean precipitation (in);  

ETc is the average monthly crop evapotranspiration (in);  

SF is the soil water storage factor.  

The soil water storage factor was defined by:  

SF = (0.531747 + 0.295164 D - 0.057697 D2 + 0.003804 D3)  

Where D is the usable soil water storage (in inches). The term D was generally 

calculated as 40 to 60 percent of the available soil-water capacity in the crop root zone, 

depending on the irrigation management practices used. The average monthly 

effective precipitation calculated by the above equation cannot exceed either the 

average monthly rainfall (Pm) or average monthly evapotranspiration (ETo). If 

application of this equation results in a value of Pe that exceeds either one, the Pe must 

be reduced to the lesser of the two.  

The procedures in USDA-SCS were designed for a monthly time step and did not 

include rainfall intensity or frequency factor, irrigation, and soil slope factor. The 

USDA-SCS method is generally recognized as applicable to areas receiving low 

intensity rainfall and to soils that have a high infiltration rate. As this method does not 
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take into account the soil type and the net depth of irrigation, it gives a lower 

estimation of effective rainfall compared to the water balance and is not very accurate.  

5. ET-rainfall Ratio Method : This simple semi-empirical method used in some 

projects in India. A ratio of potential evapotranspiration (taken as 0.8 of the U.S. 

Class-A pan data), to the total rainfall for a certain group of days during the growing 

season is computed. The number of days in a group is based broadly on a soil type 

or soil moisture properties as well as general weather conditions or ET rates. 

The maximum number of days in a group is 15 during warm weather and 30 

during cool weather for crops other than rice. The lower the water holding capacity 

of the soil and/or the higher the ET rate, the shorter the period in the group. The 

ratios (ri) are expressed in a percentage for each period. Rainless periods are deleted 

from the calculations. The monthly means (rm) are then computed and from these 

(ri), and then the grand mean ratio (rg) is obtained for the entire growing season:  

ri = 100 (PET/Ri) = (100×0.8 Epan) /Ri 

rm � �������Ui /n 

 rg � �����Um /m  

Re = rg × Rt 

Where, Ri is the total rainfall for the group-days;  

Re is the effective rainfall for the growing period;  

Rt is the total growing season rainfall;  

n is the number of group in a month;  

m is the number of months in the growing period.  

Precise knowledge on soil properties or aridity is not essential for the method. There 

can be some under- or over-estimation depending upon the distribution of rainfall. 

This method may be good for broad planning purposes, but may not be suited for 

instantaneous uses in different crops under different soil and climatic conditions.  
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6. U.S. Bureau of Reclamation Method: This method is recommended for arid and 

semiarid regions. It uses mean seasonal precipitation of the five driest consecutive 

years. In this method, percentage marks are given to increments of monthly rainfall 

ranging from greater than 90 percent for the first 25 mm or fraction thereof, to 0 

percent for precipitation increments above some 150 mm, as is shown in Table 2. 

For example, if monthly rainfall during the past 5 years in the month of April is 50, 

55, 60, 65 and 75 cm, the mean is 61 cm. From the table, the effective rainfall value 

for the month of April will be 67 mm. 

It is an empirical method. The method does not take into account the type of soil, 

nature of the crop, frequency and distribution of rain, and degree of aridity. This 

method can be used for broad planning purposes, but may not be suited for 

instantaneous uses as climatic condition in the present or future may greatly deviate 

from the past. In addition, there can be some under or over-estimation depending 

upon the distribution of rainfall. The method is not considered satisfactory.  

7. Soil Water Balance Approach (or Water Balance Method):Soil-water balance is 

an accurate way to estimate effective rainfall. This approach requires 

evapotranspiration (ET), soil water storage (SWS) and runoff characterization. The 

ET computation requires significant input of meteorological data; SWS requires 

frequent monitoring of moisture within crop root zone; and runoff estimation 

requires detail knowledge of soil-crop-rainfall intensity and their interactions. 

Overall, the water balance approach is highly data demanding. Although models 

can be used to calculate Re, the accuracy of Re depends of the accuracy of the above 

inputs.  
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Table 8: Number of days in a group for different soil types and climatic conditions 

Crop Mean 

monthly 

ETp 

(mm/day) 

Number of days for soil texture and water storage 

capacity (mm/m 

  Light 

(below 40) 

Medium 

(40 to 80) 

Heavy 

(80 to 120) 

Very 

heavy 

(over 

120) 

Rice 3 to 12 2 3 4 7 

Other Over 6 4 7 10 15 

crops Below 6 7 10 15 30 

 

Table 9:  Effective precipitation based on increments of monthly rainfall (U.S. 

�%�X�U�H�D�X���R�I���5�H�F�O�D�P�D�W�L�R�Q�¶��method) 

Precipitation 

increment 

range (mm) 

Percent Effective precipitation accumulated 

range (mm) 

0.0 - 25.4  90-100 22.9 - 25.4 

25.4- 50.8 85-95 44.4 - 49.5 

50.8-76.2 75-90 63.5 - 72.4 

76.2-101.6 50-80 76.2 - 92.7 

101.6-127.0 30-60 83.8 - 107.9 

127.0-152.4 10-40 86.4 - 118.1 

Over 152.4 0-10 86.4 - 120.6 

 

8. Renfro Equation: Renfro, as quoted by Chow (1964) [13], suggested the following 

equation for estimating effective rainfall:  

Re = (E× Rg) + A 
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Where, Re is effective rainfall, 

Rg is growing season rainfall, 

A is average irrigation application, 

E is the ratio of consumptive use of water (CU) to rainfall during the growing 

season (values are given by Renfro). 

The E value implies degree of rain likely to be utilized in meeting consumptive 

water needs. The greater the E value, the higher the value of effective rainfall. The 

method is empirical and may not suit in many situations.  

9. Other Empirical Methods:  Different empirical methods of estimating effective 

rainfall for irrigation schedules are used in different countries, both for non-rice and 

rice crops. They are based on long experience and have been found to work quite 

satisfactorily in the specific conditions where they were developed, but may not 

work in other conditions. Here, some of the empirical formulae are described. 

�x For rice: 

o Indian-1 method: In this approach, a percent of total rainfall varying from 

50 to 80 percent is assumed effective. That is,  

Re = P × a 

where, P is the growing season rainfall 

�µ�D�¶���L�V���F�R�H�I�I�L�F�L�H�Q�W�������������± 0.8) 

o Indian-2 method: In this approach, rainfall less than 6.25 mm on any day 

is considered as ineffective. Similarly, any amount over 75 mm/day, and 

rainfall in excess of 125 mm in 10 days is treated as ineffective. That is, For 

daily case: Re = 0    when P< 6.25mm 

Re = P   when 6.25<P<= 75 

Re = P- (P-75)   when P>75  

For 10 days:  Re = P    when P<= 125 mm  

Re = P �± (P-125)  when P>125 mm  

o Japanese method: In this approach, for submerged rice, the year having the 

lowest rainfall over the past 10 to 15 years is selected. Depending upon local 

conditions, an amount of 50 to 80 mm is considered as ineffective. The rest 

is all effective. That is:  
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Re = Pmin-15 �± Pc  

where: Pmin-15 = lowest rainfall over the past 10 to 15 years  

Pc= ineffective rainfall = 50 ~ 80 mm  

o Vietnam method: The water holding capacity of rice soils is assumed to be 

50 mm. Daily rainfall below 5 mm and above 50 mm is disregarded. If daily 

evapotranspiration is 10 mm, a two-days' successive rainfall of up to 60 mm 

is taken as effective and excess over this limit is disregarded. Similarly, three 

days' successive rainfall of up to 70 mm is taken as effective and the excess 

is disregarded. The same procedure is followed for more rainy days. 

For daily case:   Re = 0   when P<P50  

    Re = P   when 5<P<50mm 

    Re = P �± (P-50) when P>50 

For 2 days consideration: Re = P  when P<=60, and ET = 10 mm 

o Burma method: Here, rainfall below 0.5 in is considered as ineffective. 

Above 0.5 in, 80 percent of the amount in excess is considered as effective. 

That is, Re = 0   For P 0.5 inch 

Re = (P-0.5) ×0.8  For P> 0.5 inch 

o Pakhale.G (2010) equation: Pakhale.G used the following form of 

equation:  

Re = 0.0011 P2 + 0.4422 P  

Where, P is the total rainfall in mm.  

o Chapagain and Hoektra equation: Chapagain and Hoektra used the 

following form of USDA-SCS equation:  

Re = (125 + 0.1 ×P) For P>=250 mm  

Where, P is the total rainfall in the concern period. 

 

 

 

6.2 Evaporation  Losses: 

The monthly pan evaporation data pertaining to Visakhapatnam district is collected from 
IMD and are presented here. The losses are calculated using the formula given below. 
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Average Monthly evaporation losses = (Average Storage / Gross Storage) * Water Spread 

Area * Pan Evaporation. 

Only 50% of the inflows of June month every year are considered as inflows for June. 

 

Table 10: Monthly pan evaporation data of Visakhapatnam district 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Month Pan Evaporation in m 

June 0.187 

July 0.156 

August 0.136 

September 0.129 

October 0.143 

November 0.126 

December 0.127 

January 0.149 

Febraury 0.169 

March 0.246 

April  0.238 

May 0.239 
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CHAPTER 7 

HYDROLOGICAL SIMULATION  

 After computing the month-wise inflows, the crop water requirements and losses, the 

end storage during any month is calculated by adding the inflows to the initial storage and 

subtracting from it the crop water requirement and the losses. If the end storage is greater 

than the gross capacity of the tank at FTL, then the tank will retain the water up to its gross 

capacity and the remaining water goes as surplus. If the sum of crop water requirement and 

losses during any month exceeds the sum of initial storage and inflows, then the difference 

of two sums will represent deficit for that particular month. 

It is with this mechanism in mind, a simulation exercise has been carried out in MS-Excel 

package to compute the maximum possible cropping area for each year under kharif and 

rabi seasons in such a way that there is no deficit and no surplus (or minimum surplus). The 

model run of the hydrological simulation for one year during 1978-79. 

Table 11: Hydrological simulation 
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It is observed from the simulation run that the tank could irrigate 1 hectare during kharif 

and 0 hectares during rabi. The end storage of 0.0088 M.cu.m during May of hydrological 

year 1978-79 will be carry forwarded as e initial storage for the next hydrological year 

starting with June 1979-80. 

The simulation exercise has been continued for the subsequent 29 hydrological years and 

each year the simulated irrigated area details are found out and tabulated in table 12 given 

under results.  

 

 

 



 45 

CHAPTER 8 

RESULTS 

8.1 Run-off:  
Table 12: 30 years Run-off 
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8.2 Crop Water Coefficient: 
 
Table 13: Computed monthly crop water requirement for 30 years from 1984-85 to 

2013-14, kharif and rabi 
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8.3 Surplus History of MI tank 

The surplus history of the MI tank is presented in following table: 

Table 14: The results of the simulation of 30 years 

Year Regd. Ayacut in ha Simulated Ayacut in ha 
  Kharif Rabi 

1984-85 40 5 0 
1985-86 40 14 0 
1986-87 40 9 0 
1987-88 40 8 0 
1988-89 40 36 0 
1989-90 40 40 1 
1990-91 40 37 0 
1991-92 40 40 1 
1992-93 40 4 0 
1993-94 40 18 0 
1994-95 40 9 0 
1995-96 40 21 0 
1996-97 40 13 0 
1997-98 40 32 0 
1998-99 40 23 0 
1999-00 40 1 0 
2000-01 40 16 0 
2001-02 40 27 0 
2002-03 40 8 0 
2003-04 40 23 0 
2004-05 40 3 0 
2005-06 40 25 0 
2006-07 40 18 0 
2007-08 40 35 0 
2008-09 40 6 0 
2009-10 40 13 0 
2010-11 40 8 10 
2011-12 40 19 0 
2012-13 40 13 10 
2013-14 40 65 0 
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CHAPTER 9 

CONLUSIONS 

1. The results indicate that the MI tank has received sufficient inflows only for 3 years 

during 1989-90,1991-92 and 2013-14 to irrigate entire registered ayacut of 40 

hectares. 

2. However, in Rabi, the tank has received inflows to irrigate an ayacut of only 1 

hectare each in 1989-90,1991-92 and 10 hectares each in 2010-11,2012-13. 

3. 1990-91 tank has received an inflow to irrigate 37 hectares,1988-89 received 36 

hectares 2007-08 it has received 35 hectares 1997-98 with 32 hectares which is 

nearly sufficient. 

4. The tank has underperformed and did not irrigated required hectares i..e.,1995-

96(21ha) 2003-04 (23 ha) 2005-06(25ha)1998-99(23ha) rest of all years irrigated 

below 20 hectares. 

5. The results indicate that the living conditions of the people whose livelihoods are 

linked to this Chittivalasa MI tank were pathetic since many years owing to the 

vagaries of monsoon. 

6. It is because of the good efforts and timely intervention of the successive 

governments in Andhra Pradesh state in terms of providing various drought relief 

measures and welfare schemes to these people that made them keep going in their 

routine life. 

7. It is always advisable to convert such a rainfed tank into a system-fed tank by 

constructing a feeder channel to the tank from a nearby major irrigation project. 
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�)�L�J�X�U�H���� �*�U�D�S�K�R�Q�&�R�P�S�D�F�W�L�R�Q�&�X�U�Y�H�I�R�U�5�L�F�H�+�X�V�N�$�V�K ����
�)�L�J�X�U�H���� �*�U�D�S�K�R�Q�&�R�P�S�D�F�W�L�R�Q�&�X�U�Y�H�I�R�U�)�O�\ �$�V�K ����
�)�L�J�X�U�H���� �*�U�D�S�K�R�Q�&�%�5 �&�X�U�Y�H�I�R�U�%�O�D�F�N�&�R�W�W�R�Q�V�R�L�O ����
�)�L�J�X�U�H���� �*�U�D�S�K�R�Q�&�%�5 �6�W�D�E�L�O�L�]�D�W�L�R�Q�E�\ �X�V�L�Q�J�W�K�H�F�R�P�E�L�Q�D�W�L�R�Q�R�I

�%���&���6���5�+�$�	 �)�$ ����
�)�L�J�X�U�H���� �*�U�D�S�K�R�Q�8�&�&�I�R�U�%�O�D�F�N�F�R�W�W�R�Q�V�R�L�O ����
�)�L�J�X�U�H���� �*�U�D�S�K�I�R�U�: �H�W�V�L�H�Y�H�D�Q�D�O�\�V�L�V�R�Q�5�L�F�H�+�X�V�N�$�V�K ����
�)�L�J�X�U�H���� �*�U�D�S�K�I�R�U�: �H�W�V�L�H�Y�H�$�Q�D�O�\�V�L�V�R�Q�%�O�D�F�N�&�R�W�W�R�Q�V�R�L�O ����
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�7�D�E�O�H�� �*�H�R�W�H�F�K�Q�L�F�D�O�S�U�R�S�H�U�W�L�H�V�R�I�5�D�Z �%�O�D�F�N�&�R�W�W�R�Q�V�R�L�O ����
�7�D�E�O�H�� �3�U�R�S�H�U�W�L�H�V�R�I�6�R�L�O ����
�7�D�E�O�H�� �*�H�R�W�H�F�K�Q�L�F�D�O�S�U�R�S�H�U�W�L�H�V�R�I�5�+�$ ����
�7�D�E�O�H�� �3�K�\�V�L�F�D�O�3�U�R�S�H�U�W�L�H�V�R�I�5�+�$ ����
�7�D�E�O�H�� �&�K�H�P�L�F�D�O�3�U�R�S�H�U�W�L�H�V�R�I�5�+�$ ����
�7�D�E�O�H�� �4�X�D�U�U�\ �' �X�V�W�3�K�\�V�L�F�D�O�3�U�R�S�H�U�W�L�H�V ����
�7�D�E�O�H�� �6�O�X�P�S�Y�D�O�X�H�I�R�U�0���� �Z�L�W�K�' �L�I�I�H�U�H�Q�W�S�U�R�S�R�U�W�L�R�Q ����
�7�D�E�O�H�� �' �H�W�D�L�O�V�R�I���V�W�V�W�D�J�H�R�I�W�H�V�W�V�F�R�Q�G�X�F�W�H�G ����
�7�D�E�O�H�� �&�R�P�S�U�H�V�V�L�Y�H�V�W�U�H�Q�J�W�K�D�W�� �G�D�\�V�D�Q�G���� �G�D�\�V ����
�7�D�E�O�H���� �6�S�O�L�W�W�H�Q�V�L�O�H�V�W�U�H�Q�J�W�K�D�W���� �G�D�\�V ����
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�,�Q�&�H�P�H�Q�W�&�R�Q�F�U�H�W�H���&�&�� �3�D�Y�H�P�H�Q�W�V�Z�H�V�W�X�G�\ �D�E�R�X�W�U�H�S�O�D�F�H�P�H�Q�W�R�I�F�H�P�H�Q�W�D�Q�G�V�W�D�E�L�O�L�]�D�W�L�R�Q

�E�O�D�F�N�F�R�W�W�R�Q�V�R�L�O�� �5�R�D�G�V�K�D�Y�H�E�H�H�Q�U�X�Q�Q�L�Q�J �W�K�U�R�X�J�K�V�H�Y�H�U�D�O�S�U�R�E�O�H�P�D�W�L�F�V�R�L�O�V�� �,�Q�U�R�D�G�V

�F�R�Q�V�W�U�X�F�W�H�G�R�Q�E�O�D�F�N�F�R�W�W�R�Q�V�R�L�O�V�D�V�V�X�E���J�U�D�G�H�D�Q�G�I�L�O�O�P�D�W�H�U�L�D�O�V�X�E�M�H�F�W�H�G�G�X�H�W�R�O�R�W�R�I

�V�K�U�L�Q�N�L�Q�J���F�U�D�F�N�L�Q�J�D�Q�G�O�D�U�J�H�D�P�R�X�Q�W�R�I�6�R�L�O�F�D�Q�Q�R�W�E�H�U�H�S�O�D�F�H�G�Z�L�W�K�J�R�R�G�V�R�L�O�H�Y�H�U�\�Z�K�H�U�H�D�V

�L�W�L�V�Y�H�U�\ �F�R�V�W�O�\ �D�Q�G�L�Q�F�U�H�D�V�H�W�K�H�S�U�R�M�H�F�W�F�R�V�W�� �7�K�L�V�S�U�R�E�O�H�P �F�D�Q�E�H�R�Y�H�U�F�R�P�H�Z�L�W�K

�L�P�S�U�R�Y�H�P�H�Q�W�L�Q�S�U�R�S�H�U�W�L�H�V�R�I�V�R�L�O�U�H�F�\�F�O�H�G�D�Q�G�Z�D�V�W�H�P�D�W�H�U�L�D�O�V�O�L�N�H�I�O�\ �D�V�K���U�L�F�H�K�X�V�N�D�V�K�F�D�Q

�E�H�X�V�H�G�I�R�U�V�R�L�O�V�W�D�E�L�O�L�]�D�W�L�R�Q�W�R�L�P�S�U�R�Y�H�S�K�\�V�L�F�D�O�D�Q�G�F�K�H�P�L�F�D�O�S�U�R�S�H�U�W�L�H�V�R�I�V�R�L�O���7�K�H�F�R�Q�F�H�S�W

�R�I �U�H�S�O�D�F�H�P�H�Q�W�R�I �Q�D�W�X�U�D�O�I�L�Q�H�D�J�J�U�H�J�D�W�H�E�\ �T�X�D�U�U�\ �G�X�V�W�Z�K�L�F�K�L�V�K�L�J�K�O�L�J�K�W�H�G�L�Q�W�K�H�V�W�X�G�\

�F�R�X�O�G�E�R�R�V�W�W�K�H�F�R�Q�V�X�P�S�W�L�R�Q�R�I �T�X�D�U�U�\ �G�X�V�W�J�H�Q�H�U�D�W�H�G�I�U�R�P �T�X�D�U�U�L�H�V�� �%�\ �U�H�S�O�D�F�H�P�H�Q�W�R�I

�T�X�D�U�U�\ �G�X�V�W���W�K�H�U�H�T�X�L�U�H�P�H�Q�W�R�I�O�D�Q�G�I�L�O�O�D�U�H�D�F�D�Q�E�H�U�H�G�X�F�H�G�D�Q�G�F�D�Q�D�O�V�R�V�R�O�Y�H�W�K�H�S�U�R�E�O�H�P �R�I

�Q�D�W�X�U�D�O�V�D�Q�G�V�F�D�U�F�L�W�\�� �' �X�H�Q�D�W�X�U�D�O�V�D�Q�G�V�F�D�U�F�L�W�\ �W�K�H�D�Y�D�L�O�D�E�L�O�L�W�\ �R�I �V�D�Q�G�D�W�O�R�Z �F�R�V�W�D�V�D�I�L�Q�H

�D�J�J�U�H�J�D�W�H�L�Q�F�R�Q�F�U�H�W�H�L�V�Q�R�W�V�X�L�W�D�E�O�H�D�Q�G�W�K�D�W�L�V�W�K�H�U�H�D�V�R�Q�W�R�V�H�D�U�F�K�I�R�U�D�Q�D�O�W�H�U�Q�D�W�L�Y�H�P�D�W�H�U�L�D�O��

�4�X�D�U�U�\ �G�X�V�W�F�R�Q�V�L�V�W�L�Q�J �R�I �V�L�P�L�O�D�U�S�U�R�S�H�U�W�L�H�V�R�I �Q�D�W�X�U�D�O�V�D�Q�G�V�D�W�L�V�I�L�H�V�W�K�H�U�H�D�V�R�Q�E�H�K�L�Q�G�W�K�H

�D�O�W�H�U�Q�D�W�L�Y�H�P�D�W�H�U�L�D�O�D�V�D�V�X�E�V�W�L�W�X�W�H�I�R�U�V�D�Q�G�D�W�Y�H�U�\ �O�R�Z �F�R�V�W�,�W�H�Y�H�Q�F�D�X�V�H�V�D�E�X�U�G�H�Q�W�R�G�X�P�S

�W�K�H�F�U�X�V�K�H�U�G�X�V�W�D�W�R�Q�H�S�O�D�F�H�Z�K�L�F�K�F�D�X�V�H�V�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�S�R�O�O�X�W�L�R�Q�� �)�U�R�P �W�K�H�U�H�V�X�O�W�V�R�I

�H�[�S�H�U�L�P�H�Q�W�D�O�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�F�R�Q�G�X�F�W�H�G�� �L�W�L�V�F�R�Q�F�O�X�G�H�G�W�K�D�W�W�K�H�T�X�D�U�U�\ �G�X�V�W�F�D�Q�E�H�X�V�H�G�D�V�D

�U�H�S�O�D�F�H�P�H�Q�W�I�R�U�I�L�Q�H�D�J�J�U�H�J�D�W�H���)�L�Q�H�D�J�J�U�H�J�D�W�H�Z�L�O�O�E�H�U�H�S�O�D�F�H�G�E�\ �T�X�D�U�U�\ �G�X�V�W�D�F�F�R�U�G�L�Q�J�O�\ �L�Q

�W�K�H�U�D�Q�J�H�R�I ���� ������ ������ ������ �E�\ �Z�H�L�J�K�W�I�R�U�0������ �P�L�[���&�R�P�S�U�H�V�V�L�Y�H�V�W�U�H�Q�J�W�K���V�S�O�L�W�W�H�Q�V�L�O�H

�V�W�U�H�Q�J�W�K�W�H�V�W�V�I�R�U�� �G�D�\�V�D�Q�G���� �G�D�\�V�G�X�U�D�W�L�R�Q�Z�H�U�H�V�W�X�G�L�H�G��
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������ �* �H�Q�H�U�D�O

�&�L�Y�L�O�H�Q�J�L�Q�H�H�U�L�Q�J �L�V�D�Q�H�Q�J�L�Q�H�H�U�L�Q�J �G�L�V�F�L�S�O�L�Q�H�Z�K�L�F�K�G�H�D�O�V�Z�L�W�K�G�H�V�L�J�Q�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �D�Q�G

�P�D�L�Q�W�H�Q�D�Q�F�H�R�I �W�K�H�S�K�\�V�L�F�D�O�D�Q�G�Q�D�W�X�U�D�O�O�\ �E�X�L�O�W�H�Q�Y�L�U�R�Q�P�H�Q�W�� �L�Q�F�O�X�G�L�Q�J �Z�R�U�N�V�O�L�N�H�U�R�D�G�V��

�E�U�L�G�J�H�V�� �F�D�Q�D�O�V�� �G�D�P�V�� �D�Q�G�E�X�L�O�G�L�Q�J�V�� �+�L�J�K�Z�D�\ �S�D�Y�H�P�H�Q�W�L�V�F�D�U�U�L�H�G�R�X�W�W�R�P�D�N�H�W�U�D�Y�H�O�O�L�Q�J

�F�R�Q�Y�H�Q�L�H�Q�W�� �5�R�D�G�F�R�Q�V�W�U�X�F�W�L�R�Q�U�H�T�X�L�U�H�V�W�K�H�F�U�H�D�W�L�R�Q�R�I �D�Q�H�Q�J�L�Q�H�H�U�H�G�F�R�Q�W�L�Q�X�R�X�V�U�L�J�K�W���R�I��

�Z�D�\ �R�U�U�R�D�G�E�H�G���R�Y�H�U�F�R�P�L�Q�J�J�H�R�J�U�D�S�K�L�F�R�E�V�W�D�F�O�H�V�W�K�D�W�Z�L�O�O�P�D�N�H�W�K�H�I�R�X�Q�G�D�W�L�R�Q�V�W�D�E�O�H�D�Q�G

�K�D�Y�L�Q�J �J�U�D�G�H�V�O�R�Z �H�Q�R�X�J�K�W�R�S�H�U�P�L�W�Y�H�K�L�F�O�H�R�U�I�R�R�W�W�U�D�Y�H�O�D�Q�G�P�D�\ �E�H�U�H�T�X�L�U�H�G�W�R�P�H�H�W

�V�W�D�Q�G�D�U�G�V�V�H�W�E�\ �O�D�Z �R�U�R�I�I�L�F�L�D�O�J�X�L�G�H�O�L�Q�H�V�� �$�I�W�H�U�S�D�Y�H�P�H�Q�W�� �6�W�R�U�P �G�U�D�L�Q�D�J�H�L�V�G�H�V�L�J�Q�H�G�W�R

�G�U�D�L�Q�H�[�F�H�V�V�U�D�L�Q�D�Q�G�J�U�R�X�Q�G�Z�D�W�H�U�I�U�R�P �L�P�S�H�U�Y�L�R�X�V�V�X�U�I�D�F�H�V�R�I �W�K�H�U�R�D�G�W�R�I�L�[ �G�H�I�H�F�W�V�D�Q�G

�S�U�H�V�H�U�Y�H�W�K�H�S�D�Y�H�P�H�Q�W�
�V�V�W�U�X�F�W�X�U�H�D�Q�G�V�H�U�Y�L�F�H�D�E�L�O�L�W�\��

�' �U�D�L�Q�D�J�H �T�X�D�O�L�W�\ �L�V �D�Q �L�P�S�R�U�W�D�Q�W�S�D�U�D�P�H�W�H�U�Z�K�L�F�K �D�I�I�H�F�W�V �W�K�H �K�L�J�K�Z�D�\ �S�D�Y�H�P�H�Q�W

�S�H�U�I�R�U�P�D�Q�F�H�� �7�K�H�H�[�F�H�V�V�L�Y�H�Z�D�W�H�U�F�R�Q�W�H�Q�W�L�Q�W�K�H�S�D�Y�H�P�H�Q�W�E�D�V�H�� �V�X�E���E�D�V�H�� �D�Q�G�V�X�E�J�U�D�G�H

�V�R�L�O�V�F�D�Q�F�D�X�V�H�H�D�U�O�\ �G�L�V�W�U�H�V�V�D�Q�G�O�H�D�G�W�R�D�V�W�U�X�F�W�X�U�D�O�R�U�I�X�Q�F�W�L�R�Q�D�O�I�D�L�O�X�U�H�R�I �S�D�Y�H�P�H�Q�W�� �$

�W�\�S�L�F�D�O�U�R�D�G�F�R�Q�V�W�U�X�F�W�L�R�Q�L�V�P�X�O�W�L���O�D�\�H�U�H�G�L�Q�I�R�U�P�� �F�R�Q�V�L�V�W�L�Q�J �R�I �X�Q�E�R�X�Q�G�P�D�W�H�U�L�D�O�V�� �7�R

�X�Q�G�H�U�V�W�D�Q�G�D�Q�G�D�Q�D�O�\�V�H�W�K�H�F�R�Q�G�L�W�L�R�Q�V�X�Q�G�H�U�Z�K�L�F�K �W�K�H�S�D�Y�H�P�H�Q�W�P�X�V�W�I�X�Q�F�W�L�R�Q�� �W�K�H

�G�H�V�L�J�Q�H�U�Q�H�H�G�V�L�Q�I�R�U�P�D�W�L�R�Q�R�Q�K�L�J�K�Z�D�\ �J�H�R�P�H�W�U�L�F�V�� �V�X�U�I�D�F�H�G�U�D�L�Q�D�J�H�D�Q�G�Q�R�Q���S�D�Y�H�G

�V�X�E�V�X�U�I�D�F�H�G�U�D�L�Q�D�J�H�� �F�O�L�P�D�W�H���D�Q�G�V�R�L�O�S�U�R�S�H�U�W�L�H�V�� �7�K�H�V�H�G�D�W�D�H�Q�D�E�O�H�W�K�H�G�H�V�L�J�Q�H�U�W�R�S�U�H�G�L�F�W

�W�K�H�D�P�R�X�Q�W�R�I �I�U�H�H�Z�D�W�H�U�W�K�D�W�Z�L�O�O�H�Q�W�H�U�W�K�H�S�D�Y�H�P�H�Q�W�V�W�U�X�F�W�X�U�H�� �W�R�S�U�H�G�L�F�W�W�K�H�I�U�H�H�Z�D�W�H�U

�V�X�U�I�D�F�H���D�Q�G�W�R�H�V�W�D�E�O�L�V�K�W�K�H�G�H�V�L�J�Q�V�X�E�J�U�D�G�H�P�R�L�V�W�X�U�H�F�R�Q�W�H�Q�W��

�2�Y�H�U�W�K�H�W�L�P�H�V���F�H�P�H�Q�W�D�Q�G�O�L�P�H�D�U�H�W�K�H�W�Z�R�P�D�L�Q�P�D�W�H�U�L�D�O�V�X�V�H�G�I�R�U�V�W�D�E�L�O�L�]�L�Q�J�V�R�L�O�V���7�K�H�V�H

�P�D�W�H�U�L�D�O�V�K�D�Y�H�U�D�S�L�G�O�\ �L�Q�F�U�H�D�V�H�G�L�Q�S�U�L�F�H�G�X�H�W�R�W�K�H�V�K�D�U�S�L�Q�F�U�H�D�V�H�L�Q�W�K�H�F�R�V�W�R�I �H�Q�H�U�J�\��

�7�K�X�V�W�K�H�X�V�H�R�I �D�J�U�L�F�X�O�W�X�U�D�O�Z�D�V�W�H�V�X�F�K�D�V�5�L�F�H�+�X�V�N�$�V�K���5�+�$�� �Z�L�O�O�F�R�Q�V�L�G�H�U�D�E�O�\ �U�H�G�X�F�H

�W�K�H�F�R�V�W�R�I �F�R�Q�V�W�U�X�F�W�L�R�Q�D�Q�G�D�V�Z�H�O�O�D�V�U�H�G�X�F�L�Q�J�W�K�H�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�K�D�]�D�U�G�V�W�K�H�\ �F�D�X�V�H���5�L�F�H

�K�X�V�N�L�V�D�Q�D�J�U�L�F�X�O�W�X�U�D�O�Z�D�V�W�H�R�E�W�D�L�Q�H�G�I�U�R�P �P�L�O�O�L�Q�J�R�I�U�L�F�H���$�E�R�X�W������ �W�R�Q�V�R�I�U�L�F�H�K�X�V�N�V�D�U�H
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EXTERNAL EXAMINER  



PROGRAM OUTCOMES  

Engineering Graduates will be able to: 
 
 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 

 
2. Problem analysis: Identify, formulate, review research literature, and analyze complex 
engineering problems reaching substantiated conclusions using first principles of 
mathematics, natural sciences, and engineering sciences. 

 
3. Design/development of solutions: Design solutions for complex engineering problems 
and design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety, and the cultural, societal, and environmental 
considerations. 

 
4. Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, and 
synthesis of the information to provide valid conclusions. 

 
5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
modern engineering and IT tools including prediction and modeling to complex engineering 
activities with an understanding of the limitations. 

 
6. The engineer and society: Apply reasoning informed by the contextual knowledge to 
assess societal, health, safety, legal and cultural issues and the consequent responsibilities 
relevant to the professional engineering practice. 

 
7. Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 
for sustainable development. 

 
8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice. 

 
9. Individual and team work: Function effectively as an individual, and as a member or 
leader in diverse teams, and in multidisciplinary settings. 

 
10. Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and 
write effective reports and design documentation, make effective presentations, and give and 
receive clear instructions. 

 
11. Project management and finance: Demonstrate knowledge and understanding of the 
engineering and management principles and apply these to �R�Q�H�¶�V own work, as a member and 
leader in a team, to manage projects and in multidisciplinary environments. 

 
12. Life-long learning: Recognize the need for, and have the preparation and ability to 
engage in independent and life-long learning in the broadest context of technological change. 



PROGRAMME SPECIFIC OUTCOMES (PSOs) 

Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway 
alignments and conduct geotechnical and geological investigations of the project. 

2. Test, analyse and design various substructures and superstructures by 
considering the environmental and societal issues. 

3. Organize various construction projects considering modern construction 
techniques, equipment and management issues. 

 

 
PROJECT MAPPING  

 
Note: Tick Appropriate category. 

 
 

 
Classification 

of 
Project 

Application  Product Research Review 
 
 

 

 
 

 

  
 

 

 
Student will be able to: 

 
 

Course Outcomes 
Outcome 1 Work in a team and select the broad statement of the problem for project work 

. 
Outcome 2 Review and evaluate the available literature on the chosen problem 

Outcome 3 Formulate the methodology to solve the identified problem by satisfying the 
ethical and societal conditions 

Outcome 4 Develop a mathematical or engineering model 

Outcome 5 Use of various techniques, engineering knowledge and skills, and modern 
engineering tools for analysis and design of structures. 

Outcome 6 Validate the obtained data with standard norms and prepare the report 

 
CO-PO Mapping 

Course Program Outcomes (POs) PSOs 
Outco 
mes PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 
1         3       
2  3              

3    2  3 2 3       2 
4  3 3  3           

5 2 3 3           3  
6          3 2 2 1   



Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based on 

level of mapping as follows: 1-Slightly (Low) mapped 2-Moderately (Medium) mapped 

3- Substantially (High) mapped. 



 

JUSTIFICATION  
 
 

�0�\���3�U�R�M�H�F�W���H�Q�W�L�W�O�H�G���³���$�Q�D�O�\�V�L�V���D�Q�G���G�H�V�L�J�Q���R�I���0�L�Q�L�V�W�H�U�¶�V���+�H�D�G�T�X�D�U�W�H�U�V�´���K�D�G���V�D�W�L�V�I�L�H�G��
all the NBA outcome requirements as the work carried out as a team work by equally 
distributing the work , sharing the knowledge among ourselves ,in our project we collected 
the literature from various standard books, journals, and analysed critically and collected the 
data from standard code books, developed the plan and methodology and applied for chosen 
problem and analysed and designed the sub and super structures both manually and modern 
tool usage, our project is mainly aimed by designed by following the professional ethics by 
keeping view the safety of the public and environment sustainable materials are 
recommended for construction, our project can future extend in considering different 
�F�R�P�E�L�Q�D�W�L�R�Q�V���R�I���O�R�D�G�V�����V�L�W�H���F�R�Q�G�L�W�L�R�Q�V���V�R���W�K�D�W���L�W�¶�V���D���O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���R�I���D���Q�H�Z���W�K�L�Q�J�V�� 
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fy : Characteristic strength of steel 

Ld : Development length 

L : Unsupported length of column 

lef : Effective span of beam/slab 

M : Bending moment 

Mu : Factored bending moment 

P : Axial load on compression member 

Pu : Factored axial load 

S : Spacing of stirrups 

V : Shear force 

Vu : Factored shear force 

Vus : Net factored shear force to be resisted by The stirrups 

�2c : Allowable shear stress of concrete 

�2c max : Maximum allowable shear stress of concrete 
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ABSTRACT 
 

In this growing world, as a civil engineering student one needs to be fully aware of 
structural elements and the safety parameters before and during execution of project. Indoor 
stadium is a closed area which is usually used for indoor sports like basketball, ice hockey, 
volleyball etc., Indira Gandhi Arena (New Delhi), Dandamudi Indoor Stadium (Vijayawada), 
Saroornagar Indoor Stadium (Hyderabad) etc., are the examples of indoor stadiums. Indoor 
stadium is usually designed to accommodate multitude number of spectators, so the sitting 
arrangement is provided for that. 

This project mainly deals with analysis and design of Indoor stadium 
consists of G+2 floors using STAAD PRO. The ground floor consists of volleyball court, the 
first floor consists of badminton court and the second floor consists of yoga, carroms, table 
tennis, gym and office room. The guidelines being followed are as per IS 456: 2000. All the 
structural elements are designed as per codal provisions, STAAD PRO and AUTOCAD features 
contains powerful graphical interface with modelling, analytical, and design procedures. It is 
quick and very easy for simple structures. It can handle the largest and most complex building 
models. 

 

 
Key Words: Analysis , Design, Codal Provisions, STAAD PRO and AUTOCAD 
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CHAPTER- 1 

INTRODUCTION  

 
1.1 INTRODUCTION  

Now a days everyone is using mobile phones. They are sitting in the same room and 

playing games, using social media, browsing net. They are becoming lazy and 

neglecting the fitness of body. They have an intention to play games or sports but they 

�G�R�Q�¶�W��have suitable place for �S�O�D�\�L�Q�J���D�Q�G���S�O�D�\�H�U�V���D�O�V�R�����7�K�D�W�¶�V���Z�K�\���Z�H���S�U�R�S�R�V�H�G���W�K�L�V��

project. 

An Indoor Stadium is an enclosed area. It is composed of a large open space 

surrounded on most or all sides by tiered seating for spectators, and may be covered 

by a roof The first indoor arena was Madison Square Garden in New York City. It 

was completed in 1890 to replace a converted railroad terminal that had been used for 

public events since 1874 

The principle objective of this project is to Plan, analyze and design of an educational 

building manually and also compare the manually obtained results with the results 

obtained by using the STAAD Pro software. We propose use M30 concrete and Fe415 

bars for all structural components like slabs, beams, columns and Foundation. We 

have used the AUTO CAD for effective representation of the plans. 

Thus we feel that structure fulfils the basic requirements of good designing and 

planning by using effectively every inch of space available and also justifies its name 

by increasing the beauty of landscape. 

 

1.2 TYPES OF THE BUILDING: - 
 

1.Based on occupancy 2. Based on type of construction 

The following are the types of buildings 
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1.2.1 BASED ON OCCUPANCY:  
 

Residential buildings: - 

The building in which sleeping accommodation is provided for normal 

residential purposes are called residential buildings. 

Educational / institutional buildings: - 

The building used for school, college or day care purposes are called education 

/ institutional building. 

Assembly Buildings: - 

The buildings which are constructed for the purposes to gathering of the 

people for their respective purposes i.e. social, religious, civil, political is called 

assembly buildings. 

Business Buildings: -The buildings used for transaction of business, for the keeping 

of accounts and records and other similar purposes called business buildings. 

 
Mercantile Buildings: - 

The buildings used for display of merchandise, either wholesale or retail are 

called Mercantile Buildings. 

 
Industrial buildings: - 

The buildings in which products or materials of all kinds and properties are 

fabricated, assembled or processed are called industrial buildings. 

Storage buildings: - 

The buildings used primary for the storage, handling or shattering of goods 

and wares or merchandise, vehicles and animals are called storage buildings. 

Hazardous buildings: - 

The buildings used for storage, handling manufacturing or processing of 

highly combustible or explosive material are called Hazardous buildings. Our hospital 

building will come under institutional building. 
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1.2.2 CLASSIFICATION BASED ON TYPE OF CONSTRUCTION  : 

Building with type 1 construction: - 

In these building the design and material used const. are such that all 

structural components have about 4 hours fire resistance. 

Buildings with type 2 construction: - 

In these building the design any type of material used in their construction 

are such that all structural components have 3 hours fire resistance 

Buildings with type 3 construction: - 

In these building the design and types of the materials used in their 

construction are such that all structural components have 3 hours fire resistance. 

Buildings with type 4 construction: - 

In these buildings the design and the type of material used in their 

construction are such that all structural components have 4 hours fire resistance. 

 

1.3 PARTS OF A BUILDING  
 

A building can be divided into two parts: - 

�x Sub structure 

�x Super structure 

1.3.1 Sub structure: -The part of a building constructed beneath the ground level is 

known as Sub structure. 

1.3.2 Super structure: - 

The part of the building constructed above ground level is known as super 

structure. It is second part of a building. All the activities of the building construction 

take place after the making of sub-structure. Flooring, wall roofing are the example of 

super structure of a building. 
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1.4 COMPONENTS OF A BUILDING  
 

1.4.1 Foundation: - 
 

It is the lowest part of a structure below the ground level which is direct contact 

with ground and transmitted all the dead, live and other loads to the soil on which the 

structure rests. 

1.4.2 Plinth:  - 

The portion of a building and the top of the floor immediately above the 

ground is known as plinth. The level of the surrounding ground is known as formation 

level of the ground floor of the building is known as plinth level. 

1.4.3 Walls: - 

Walls are provided to enclose or divide the floor space desired pattern in addition wall 

provided privacy security and give protection against sun, rain, cold and other 

undesired effect of the weather. 

 
1.4.4 Column: - 

A column may be defined as an isolated load bearing member, the width of 

which is neither less than its thickness. It carries the axially compressive load. 

1.4.5 Floors: - 

Floors are flat supporting elements of a building. They divided a building into 

different levels. There by creating more accommodation on a given plot of land. The 

basic purpose of a floor is to provide a firm and other items like stores, furniture, 

equipment etc. 

 
 
 
 

1.4.6 Doors, Windows and Ventilators: - 

A door may be defined as a barrier secured in an opening left in a wall to 

provide usual means of access to a building, room or passage. Windows and 

ventilators are provided for sun light, fresh air and ventilation purposes. 

1.4.7 Roof: - 

It is the uppermost component of a building and its function is to cover the 

space below it of a room and protect it from rain, snow, sun, wind etc. 

1.4.8 Buildings Finishes: - 
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A building is considered incomplete till such time the surface of its 

components is given appropriate treatment 

 
1.5 GENERAL  CONSIDERATIONS 

 
�x The structure consists of 3 stories (ground+2 floors) 

�x The floor diaphragms are assumed to be rigid. 

�x For all structural elements, M30 grade concrete is used. 

�x Steel is considered to be of Fe415 grade. 

�x All dimensions are in m, unless specified. 

�x��

��
1.6 MAIN OBJECTIVES OF THE DESIGN OR PROJECT  : 

 
The objective of the structural design is to plan a structure which meets the 

basic requirements. The project is to Analysis and design of an indoor stadium 

without compromising safety. 

 
�x Safety: �,�W�¶�V has been the prime requirement of structural design and construction 

that a structure shall be so designed that it will not collapse in any way during its 

expected life span. 

 
�x Strength and stability: Besides strength, ductility of structure is also nowadays 

considered to be an additional desired quality from a view point that if at all failure 

occurs, it should not be sudden but should give prior warning of its probable 

occurrence so as to enable one to minimize the consequences of collapse ad avoid 

loss of human life. 

 
�x Economy: The economy shall be of material by optimum utilization of its strength 

or it may be the economy of cost of construction as well of cost of maintenance and 

repairs. 

 
�x Aesthetic: The structure should not only be safe, durable but should also give a 

pleasing appearance 
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CHAPTER �± 2 

LITERATURE REVIEW  

 
�³�3�U�D�P�R�G���N�U�����&�K�L�W�K�U�D���6�����*�D�\�D�W�K�U�L���5�����5�H�Y�D�W�L���$���0�����6�L�Q�G�X�U�D�S�U�L�\�D���%�����$�Q�D�O�\�V�L�V���D�Q�G��

Design of Indoor using ETABS proposed at Sapthagiri college of Engineering, 

�%�D�Q�J�D�O�R�U�H�´�� 

In this project ETABS software is used to analyze a structure. It 

can handle the largest and complex structures. Revit Architecture is used to design it 

aesthetic appearance. Before a test on safe bearing capacity of soil was obtained. 

�³�$�O�L�F�H���7�9�����+�D�U�L�V�D�Q�N�Dr S, JithinUK, Soorya S R, Sukanya Krishnan. Planning 

�D�Q�G���$�Q�D�O�\�V�L�V���R�I���D�Q���$�U�F�K�H�G���,�Q�G�R�R�U���V�W�D�G�L�X�P�´�� 

In this paper arched structures is used which significantly reduces 

moments and forces. It is also used for long spans and cost effective than plane 

frame structures. 

�³�7���6�X�E�U�D�P�D�Q�L�����3���6�D�Q�N�D�U�����.���$�Q�Q�D�G�X�U�D�L�����3���-�R�W�K�L�N�D�Q�Q�D�Q���5���5�D�M�D�����3�O�D�Q�Q�L�Q�J����

�$�Q�D�O�\�]�L�Q�J���D�Q�G���'�H�V�L�J�Q�L�Q�J���R�I���D�Q���,�Q�G�R�R�U���V�W�D�G�L�X�P���E�X�L�O�G�L�Q�J���E�\���X�V�L�Q�J���V�W�D�D�G�S�U�R�´�� 

In this paper design and analysis of Indoor stadium building is 

done. The Study includes design and analysis of columns, beams, footings and slabs 

by using well known civil engineering software named as STAAD.PRO. 

4. T. Sasidhar, T.B manideep, Analyzing and designing of a high rise 

building(G+10) by STAAD.PRO 

In this paper a hospital building is analyzed and designed by 

using staad pro. 
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CHAPTER- 3 

PRESENTATION OF PROBLEM  

3.1 GENERAL  

Building planning is mostly done by architects. But even Engineers some time have 

to perform this job. Hence knowledge of building planning in its board prospective is 

essential for all the civil engineers also. There may be two conditions of planning for 

a architect or engineer. 

�x When site plan is given 

�x When site plan is yet to be decided in the latter case, architect can show his full 

competence by suitably selecting the site, orientation, planning and designing 

the building. 

 
3.2 REGULATION AND BYE LAWS OF THE  SACTIONING 

AUTHORITY  

 
�x Layout plans, site plan, width of roads and open spaces. 

�x Building-up area and FAR (Floor Area Ratio). 

�x Marginal distance around building open space. 

�x Height of the building. 

�x Maximum number of stories. 

�x Room areas i.e., minimum room dimensions. 

�x Ventilation i.e., minimum area of window opening 
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Figure 3.1 : Line Diagram 
 
 
 

 
Figure 3.2 : Ground Floor Plan 
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Figure 3.3 : First Floor Plan 
 
 

 
Figure 3.4 : Second Floor Plan 
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Figure 3.5 : Column Positioning 
 
 

3.3 PREMILINARY DATA  : 

The plan of Indoor Stadium Building 38m x 25m size is shown in figure 3.1. 

The dimensions and size of individual elements are presented in table 3.1 and the 

properties of materials and gravity loads are presented in table 3.2. 

 

Table 3.1 Sizes of structural elements 
 
 
 

Parameter Dimensions in meters 

Height of Each storey : 

Ground Floor 

1st Floor 

2nd Floor 

 
8.5m 

8.5m 

4.2m 

No. of Stories 3 

Columns 0.6m x 0.3m 

0.3m x 0.6m 

Beams 0.3m x 0.9m 
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Slab Thickness 0.15m 

Parapet Wall Height 1m 

Wall Thickness 0.23m 

 

Table 3.2 Properties of materials and gravity loads 
 

Property of Materials Load 

Grade of Concrete M30 

Grade of Steel Fe 415 

Unit Weight of Concrete 25 KN/m3 

Unit weight of brick 19 kN/m3 

Live Load (Floor Level) 5 KN/m2 

Live Load (Roof Level) 1.5 KN/m2 

Floor Finish Load 1.0 KN/m2 

Roof Finish Load 1.5 KN/m2 

 
3.4 PRELIMINARY STATIC  ANALYSIS  

3.4.1 Load Distribution from slab : 

 
The distribution of loads is calculated by using the IS 456:2000 Codal 

Provisions as shown in figure 3.5 and simple mathematical expression are in the 

table 3.3 

 
 

 
Figure No : 3.6: Load Carried by Supporting Beam A & B 
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The load calculation on beams and columns can be based on the load distribution 

which is taken on the principle of 45 degrees principle. Based on this the load 

distribution can be mainly in two ways. They are 

�x Trapezoidal loading 

�x Triangular loading 
 
 
 

Table 3.3 Load Distribution of Beams 
 
 

 
TYPE OF LOAD  SHEAR FORCE 

CRITERIA  

BENDING MOMENT 

CRITERIA  

TRIANGULAR LOAD 
 

 

 

 

TRAPEZOIDAL LOAD wlx/2[1-1/3(lx/ly)^2] wlx/2ly[ly -(lx/2)] 

 

 
Load calculations sheets that are prepared for each beam connected to the 

critical column A3 is A2A3, A3A4, A3B3 and for C5 is B5C5, C4C5, C5C6, C5D5 are 

presented in APPENDIX �± I. Loads obtained from Bending moment consideration are 

used for Analysis of beam and the loads obtained from shear force consideration 

values are used the analysis of column. 
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3.4.2 Calculation of equivalent udl on the beam : 

 
Loads on the beam are considered as trapezoidal section of slab/ triangular 

section of the slab or both from one side. 

 
�x From wall, if any 

 
�x Self-weight of the rib or beam 

 
�x Parapet wall at roof level 

 
The load calculation on C5 and A3 column is presented in table no 3.4 and 3.5 

respectively 

 
 

Table 3.4 Load on Column C5 at Different Levels 
 

Elevation 
( m ) 

Load 
From 
(C1C5) 
(KN)  

Load 
From 
(B5C5) 
(KN)  

Load 
From 
(C5D5) 
(KN)  

Load 
From 
(C5C6) 
(KN)  

Self 
Weight 

Of 
column 
(KN)  

Total 
Load 
(KN)  

Cumul 
ative 
Load 
(KN)  

21.2 267.95 32.88 33.19 38.04 14.85 386.91 386.91 

17 351.07 69.32 69.88 49.94 34.2 574.41 961.32 

8.5 351.07 103.70 104.45 49.94 34.2 643.36 1604.68 

 
 
 

Total Load on Column C5 = 1604.68 KN 
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Table 3.5 Load on Column A3 at Different Levels 
 

Elevation 
( m ) 

Load 
From 
(A3H3) 
(KN)  

Load 
From 
(A2A3) 
(KN)  

Load 
From 
(A3A4) 
(KN)  

Self 
Weight 

Of 
column 

(KN)  

Total 
Load 
(KN)  

Cumulat 
ive Load 

(KN)  

21.2 471.53 36.16 36.16 14.85 558.7 558.7 

17 618.78 64.17 64.17 34.2 781.32 1340.02 

8.5 618.78 104.12 104.12 34.2 861.22 2201.24 

 
 

Total Load on Column A3 = 2201.24 KN 
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3.4.2 Calculation of Ultimate Load and Uniaxial Load : 
 
 
 
 
 

 
Figure 3.7 Joint Column A3 

Load on Column A3 [ P ] = 2201.24 KN 

Ultimate Uniaxial Load  [ Pu  ]   =   1.5 x 2201.24 = 3301.86 KN 

 
The load calculation on critical column C5 and A3 results are presented in 

APPENDIX-I 

 
3.4.3 Calculations of Final moments : 

 
By using Kanis Method 

 
3.4.3.1 In  X-Direction:  

Critical frame in X- direction is chosen for analysis of frame for column and beam 

moments and the frame is shown in figure 3.6 
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Figure 3.8 : Load distribution in X direction 
 

Fixed end moments 
 

 
MAB = MBC = MCD  = MDE = -30.10 KN-m 

MBA = MCB  = MDC = MED = +30.10 KN-m 

MFE = +25.33 KN-m 
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MEF 

 
MGH = MHI 

 
 
= MIJ = MJK 

= 
 

= 

-25.33 KN-m ; 
 
-51.17 KN-m 

MHG = MIH = MJI = MKJ = +51.17 KN-m 

MMN = MNO = MOP = MPQ = -79.77 KN-m 

MNM = MON = MPO = MQP = +79.77 KN-m 

MKL  
 

= -44 KN-m 

MLK 
 

= +44 KN-m 

MQR 
 

= -69.33 KN-m 

MRQ 
 

= +69.33 KN-m 
 
 
 

 

Figure 3.9 : Analysis Of Frame In X Direction 
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Table 3.6 End Moments for beam 
 

FINAL 
MOMENT  

OF  
MEMBER  

CALCULATION OF 
BEAM  

MOMENTS  

END 
MOMENT  

VALUE  
kN-m 

STAAD 
PRO 

VALUE  

KN-m 

PERCENTAGE 
OF CHANGE 

MAB -30.10+2(5.86)+(-0.85) -19.23 -20.56 6.91 

MBA 30.10+2(-0.85)+5.86 34.26 32.55 -4.99 

MBC -30.10+2(-0.85)+0.14 -31.66 -28.34 10.48 

MCB 30.10+2(0.14)-0.85 29.53 30.96 4.84 

MCD -30.10+2(0.14)+0.08 -29.74 -32.03 7.70 

MDC 30.10+2(0.08)+0.14 30.4 29.64 -2.50 

MDE -30.10+2(0.08)-0.77 -30.71 -27.98 -8.88 

MED 30.10+2(-0.77)+0.08 28.64 28.4 -0.83 

MEF -25.33+2(-0.40)+0 -26.13 -22.75 -12.93 

MGH -51.17+2(7.18)-0.69 -37.5 -33.46 -10.77 

MHG 51.17+2(-0.69)+7.19 56.98 56.64 -0.59 

MHI  -51.17+2(-0.69)+0.04 -52.51 -49.15 -6.39 

MIH 51.17+2(0.04)-0.69 50.56 46.52 -7.99 

MIJ -51.17+2(0.04)+0.11 -50.98 -49.32 -3.25 

MJI 51.17+2(0.11)+0.04 51.43 54.88 -6.70 

MJK -51.17+2(0.11)-0.9 -51.85 -53.75 3.66 

MKJ 51.17+2(-0.9)+0.11 49.48 46.88 -5.25 

MKL -44+2(-0.47)+0 -44.94 -41.07 -8.61 

MMN -79.77+2(19.87)-3.33 -43.46 -42.84 -1.42 

MNM 79.77+2(-3.33)+19.87 -66.56 -68.06 2.25 

MNO -79.77+2(-3.33)+0.51 -85.92 -89.19 -3.66 

MON 79.77+2(0.51)+(-3.33) 77.46 72.15 -6.85 
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MOP -79.77+2(0.51)+0.23 -78.56 -83.77 6.63 

MPO 79.77+2(0.23)+0.51 80.74 135.24 67.50 

MPQ -79.77+2(-0.23)-2.01 -82.24 -96.12 16.87 

MQP 79.77+2(-2.01)+0.23 75.98 61.57 -18.96 

MQR -69.33+2(-1.07)+0 -71.47 -75.36 5.44 

MAG 0+2(5.95)+7.25 19.15 24.50 27.93 

MGA 0+2(7.25)+5.95 20.45 16.89 -17.40 

MBH 0+2(-0.87)-0.70 -2.44 -3.87 58.60 

MHB 0+2(-0.70)-0.87 -2.27 -2.41 6.16 

MCI 0+2(0.14)+0.04 -0.32 0.45 40.62 

MDJ 0+2(0.08)+0.11 0.27 0.36 -25 

MJD 0+2(0.11)+0.08 0.3 0.41 36.66 

MEK 0+2(-0.77)-0.91 -2.45 -2.98 21.63 

MGM 0+2(3.57)+9.85 16.99 15.56 -8.41 

MMG -0+2(9.85)+3.57 23.57 20.45 -13.23 

MHN 0+2(-0.34)-1.66 -2.34 -2.48 5.98 

MIO 0+2(0.02)+0.25 0.29 0.34 17.24 

MJP 0+2(0.057)+0.11 0.224 0.16 -27.27 

MNH 0+2(-1.66)-0.34 -3.66 -2.46 -32.78 

MOI 0+2(0.25)+0.02 0.52 0.71 36.53 

MPJ 0+2(0.11)+0.057 0.277 0.26 -3.70 

MKQ 0+2(-0.44)-1.00 -1.88 -1.52 -19.14 

MQK 0+2(-1.00)-0.44 -2.44 -3.58 46.72 

MMS 0+2(9.93)+0 19.86 20.65 3.97 

MNT 0+2(-1.66)+0 -3.32 -2.74 -17.46 

MOU 0+2(0.25)+0 0.5 0.43 -14 

MPV 0+2(0.11)+0 0.22 0.19 -13.63 

MQW 0+2(-1.00)+0 -2.00 -2.19 9.5 
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MSM 0+0+9.93 9.93 8.01 -19.33 

MTN 0+0-1.66 -1.66 -1.27 -23.49 

MUO 0+0+0.25 0.25 0.22 -12 

MVP 0+0-0.11 0.11 0.12 9.09 

MWQ 0+0-1.00 -1.00 -0.86 -14 
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Table 3.7 End Moments for Column 
 

 
FINAL 

MOMENT  
OF  

MEMBER  

 
CALCULATION OF 

COLUMN  

MOMENTS  

 
END 

MOMENT  
VALUE 
KN-m 

 
STAAD 

PRO 
VALUE  

 
KN-m 

 
PERCENTAGE 
OF CHANGE 

MAG 0+2(5.95)+7.25 19.15 17.68 -7.67 

MGA 0+2(7.25)+5.95 20.45 19.31 -5.57 

MBH 0+2(-0.87)-0.70 -2.44 -2.20 -9.83 

MHB 0+2(-0.70)-0.87 -2.27 -3.46 52.42 

MCI 0+2(0.14)+0.04 -0.32 -0.24 -25 

MDJ 0+2(0.08)+0.11 0.27 0.18 -33.33 

MJD 0+2(0.11)+0.08 0.3 0.35 16.66 

MEK 0+2(-0.77)-0.91 -2.45 -2.48 1.22 

MGM 0+2(3.57)+9.85 16.99 15.89 -6.47 

MMG -0+2(9.85)+3.57 23.57 22.94 -2.67 

MHN 0+2(-0.34)-1.66 -2.34 -2.60 11.11 

MIO 0+2(0.02)+0.25 0.29 0.32 10.34 

MJP 0+2(0.057)+0.11 0.22 0.15 -31.81 

MNH 0+2(-1.66)-0.34 -3.66 -3.42 -6.55 
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MOI 0+2(0.25)+0.02 0.52 0.48 -7.69 

MPJ 0+2(0.11)+0.057 0.27 0.22 -18.51 

MKQ 0+2(-0.44)-1.00 -1.88 -1.71 -9.04 

MQK 0+2(-1.00)-0.44 -2.44 -2.87 17.62 

MMS 0+2(9.93)+0 19.86 15.56 -21.65 

MNT 0+2(-1.66)+0 -3.32 -3.33 0.30 

MOU 0+2(0.25)+0 0.5 0.81 62 

MPV 0+2(0.11)+0 0.22 0.25 13.63 

MQW 0+2(-1.00)+0 -2.00 -1.35 -32.5 

MSM 0+0+9.93 9.93 9.34 -5.94 

MTN 0+0-1.66 -1.66 -1.38 -16.86 

MUO 0+0+0.25 0.25 0.36 44 

MVP 0+0-0.11 0.11 0.16 45.45 

MWQ 0+0-1.00 -1.00 -0.82 18 



23 
 

3.4.3.2 In Y -Direction : 

Critical frame in Y- direction is chosen for analysis of frame for column and beam 

moments and the frame is shown in figure 5.4. 

 
 

 
Figure 3.10 : Load distribution in Y direction 
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Fixed end moments 
 

 
MAB = MBC =  -21.20 KN-m 

 
MBA = MCB =  +21.20 KN-m 

 
MCD =  -21.44 KN-m 

 
MDE =  -12.75 KN-m 

 
MDC =  +21.44 KN-m 

 
MED =  +12.75 KN-m 

 
MFG = MGH =  -35.72 KN-m 

 
MGF = MHG = +35.72 KN-m 

 
MHI =  -36.11 KN-m 

 
MIH =  +36.11 KN-m 

 
MIJ =  -22.5 KN-m 

 
MJI =  +22.5 KN-m 

 
MKL  = -56.93 KN-m 

 
MLK  = MML = +56.93 KN-m 

 
MMN = -57.55 KN-m 

 
MNM = +57.55 KN-m 

 
MNO = -36.75 KN-m 
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MON = +12.75 KN-m 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 3.11 : Analysis Of Frame In Y Direction 
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Table 3.8 : End Moments for beam 
 

 

FINAL 
MOMENT  

OF  
MEMBER  

 
 

CALCULATION OF 
BEAM  

MOMENTS  

 

END 
MOMENT  

VALUE  
kN-m 

 
 

STAAD 
PRO 

VALUE  

 
 

PERCENTAGE 
OF CHANGE 

MAB -21.20+2(4.54)-0.75 -12.87 -11.51 -10.56 

MBA 21.20+2(-0.75)+4.54 24.24 22.65 -6.55 

MBC -21.20+2(-0.75)+0.36 -22.34 -20.84 -6.71 

MCB 21.20+2(0.36)-0.75 21.17 23.34 10.25 

MCD -21.44+2(0.36)-1.42 -22.14 -22.08 -0.27 

MDC 21.44+2(-1.42)+0.36 18.96 15.45 -18.51 

MDE -12.75+2(-0.86)+0 -14.47 -12.98 -10.29 

MFG -35.78+2(-5.61)+0.61 -25.17 -23.74 -5.68 

MGF 35.78+2(-0.61)+5.61 40.17 36.18 -9.93 

MGH -35.78+2(-0.61)+0.34 -36.64 -34.79 -5.04 

MHG 35.78+2(0.34)-0.61 35.85 36.87 2.84 

MHI -36.11+2(0.34)-2.20 -37.63 -35.75 -4.99 

MIH 36.11+2(-2.20)+0.34 32.05 30.81 -3.86 

MIJ -22.5+2(-0.32)+0 -23.14 -21.98 -5.01 

MKL  -56.93+2(15.43)-2.88 -28.95 -27.12 -6.32 

MLK 56.93+2(-2.88)+15.43 66.6 70.48 5.82 

MLM -56.93+2(-2.88)+1.33 -61.36 -60.81 -0.89 

MML 56.93+2(1.33)-2.88 56.71 53.78 -5.16 

MMN -57.55+2(1.32)-4.27 -59.18 -62.93 6.33 

MNO -36.75+2(-2.60)+0 -41.95 -43.58 3.88 

MNM 57.55+2(-4.27)+1.32 50.33 46.18 -8.24 
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Table 3.9 : End Moments for column 
 

 
 

FINAL 
MOMENT  

OF  
MEMBER  

 
 

CALCULATION OF 
COLUMN 

MOMENTS  

 
 

END 
MOMENT  

VALUE  
kN-m 

 
 

 
STAAD 

PRO 
VALUES 

 
 

PERCENTAGE 
OF CHANGE 

MAF 0+2(3.95)+4.88 12.78 11.35 -11.18 

MFA 0+2(4.88)+3.95 13.71 12.67 -7.58 

MBG 0+2(-0.65)-0.53 -1.83 -1.52 -16.93 

MGB 0+2(-0.53)-0.65 -1.71 -1.86 8.77 

MCH 0+2(0.31)+0.30 0.92 0.65 -29.34 

MHC 0+2(0.30)+0.31 0.9 0.76 -15.55 

MDI 0+2(-1.25)-1.93 -4.43 -4.24 -4.28 

MID 0+2(-1.93)-1.25 -5.11 -5.95 16.43 

MFK 0+2(2.40)+6.59 11.39 10.01 -12.11 

MKF 0+2(6.59)+2.40 15.58 12.89 -17.26 

MGL 0+2(-0.26)-1.23 -1.75 -1.34 -23.42 

MLG 0+2(-1.23)-0.26 -2.72 -2.49 -8.45 

MHM 0+2(0.15)+0.57 0.87 0.68 -21.83 

MMH 0+2(0.57)+0.15 -1.29 -1.35 4.65 

MIN 0+2(-0.94)+1.84 -3.72 -3.15 -15.32 

MNI 0+2(-1.84)-0.94 -4.62 -4.45 -3.67 

MKP 0+2(6.59)+0 13.18 12.87 -2.35 

MPK 6.59 6.59 6.38 -3.18 

MLQ 0+2(-1.23)+0 -2.46 -2.15 -12.60 

MQL 0+0-1.23 -1.23 -1.47 19.51 
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MMR 0+2(0.57) 1.14 1.05 -7.89 

MRM 0+0+0.57 0.57 0.49 -14.03 

MNS 0+2(-1.84)+0 -3.68 -2.98 -19.02 

MSN 0+0-1.84 -1.84 -1.65 -10.32 

 
 
 
 

Analysing Both Longitudinal Direction and Transverse Direction Moments to Get 
 

Maximum +ve Moment = 80.74 KN-m 

Maximum -ve Moment = 85.92 KN-m 

Maximum +ve Ultimate Moment = 121.11 KN-m 

Maximum -ve Ultimate Moment = 128.88 KN-m 
 
 
 
 

 
DESIGN MOMENTS  KN-m 

+ve Ultimate Moment 121.11 

-ve Ultimate Moment 128.88 

 
 

Table 3.10 : Maximum Final End Moments 
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CHAPTER 4 

STAAD PRO ANALYSIS  

4.1 INTRODUCTION :  
 

STAAD PRO is a structural analysis and design computer software developed by 

Bentley Systems Inc. STAAD features state of the art user interface, visualisation 

tools, powerful analysis and design engines with advanced finite element (FEM) and 

dynamic analysis capabilities. From model generation, analysis and design to 

visualisation and result verification STAAD PRO is the professional first choice. 

 
4.1.1 Important Features : 

 
�x Analytical Modelling 

 
�x STAAD Building Planner 

 
�x Steel Auto Drafter 

 
�x Advanced Concrete Design 

 
�x Earthquake Mode 

 
�x Advanced Slab Design 
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4.2 ANALYSIS OF  STRUCTURE: 
 
 
 
 

 

Figure 4.1 : STAAD Frame 
 
 

 
Figure 4.2 : 3D Rendering View 
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Figure 4.3 : Application of Self Weight on Wall 

 
 
 
 

 

Figure 4.4 Load Distribution Diagram 
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Figure 4.5 Application of Live load 
 
 
 

 

 
Figure 4.6 : Shear Force Diagram 



33 
 

 

 
 
 
 

 
Figure 4.7 : Bending Moment Diagram 

 
 
 
 
 
 
 
 

 
 

Figure 4.8 : Deflection Diagram 
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Table 4.1 Maximum Shear Force, Bending Moment and Deflection 
 
 

 Positive Negative 

Shear Force 118.51 KN 111.48 KN 

Bending Moment 135.24 KN-m 89.190 KN-m 

Deflection 0 6.720 
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CHAPTER 5 
 

DESIGN PHILOSOPHY BY USING STAAD PRO 
 
 
 
 
 
 

 
Figure 5.1 : Ground Floor Column Design 

 
 
 

 
 

 
Figure 5.2 : 1st Floor Column Design 
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Figure : 5.3 2nd Floor Column Design 
 
 
 
 
 
 
 
 

 
Figure 5.4 : Beam Design 
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CHAPTER- 6 
 

DESIGN PHILOSOPHIES ( MANUAL DESIGN  ) 
 

6.1 INTRODUCTION TO LIMIT STATE  DESIGN: 
 

Before the last two decades the structural designers of reinforced concrete 

were concerned more with safety against failure of the structure than with durability 

under service conditions. The theoretical calculations for design of R.C.C structures 

were based on classical elastic theory, fictitious modulus of elasticity of concrete, 

permissible working stresses and recent developments lead to limit state design. 

Otherwise called strength and performance criteria, based on the recommendation of 

International code of practice, different countries started changing their codes 

introducing limit state design for the design of reinforced concrete structures. 

 
India introduced limit state design for the design during the revised IS: 456- 

2000 along with working stress method of design. IS:456-2000 permits design of 

R.C.C Structural design by both working stress method and limit state method. 

 
As has happened in the other scientific fields new ways of thinking replace old ways. 

In scientific circles this is generally referred as Paradigm shift limit  state design should 

therefore looked upon as a paradigm a better way of explaining certain aspects reality 

and new way of thinking about old problems. Thus the design should be learnt and 

taught with own philosophy and not as an extension of old elastic theory. 

 

Since the rational approach to design of reinforced concrete did not mean 

simply adopting the existing method of elastic and ultimate theories, new concepts 

with a semi probabilistic approach to design were found necessary the proposed new 

method had to provide a framework, which would allow a design to be economical 

and safe. The new philosophy of design was called the limit state method of design. 

 
6.2 CONCEPT OF LIMIT  STATES: 

 
In the method of design based on limit state concepts the structure shall be 

designed to withstand safely all loads to act on it throughout its life, it shall also Satisfy 

the serviceability requirements such as limitations on deflection and 
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cracking. The acceptable limit for the safety and serviceability requirements before 

failure occurs is called limit state. The aim of the design is to achieve acceptable 

probabilities that the structure will not became unfit for the use for which it is 

intended, i.e., that it will not reach a limit state. 

 
All relevant limit states shall be considered in design to ensure an adequate degree of 

safety and serviceability. In general the structure shall be designed on the basis of the 

most critical limit state and shall be checked for other limit  states. 

 
For ensuring above objective, the design should be based on characteristic values for 

material strengths and in the loads to be supported, the characteristic values should be 

based on statistical data; if available where such data are not available they should be 

based on experience. The design values are derived from the characteristic values 

through the use of partial safely factors, one for material strengths and other for load. 

In the absence of special consideration these factors have values given in IS:456 �± 

2000 according to the material the type of loading and the limit  state being considered. 

 
6.3 LOAD FACTORS AND PARTIAL SAFETY  FACTOR:  

 
Ultimate load theory is based on the assumption that a structure reaches a 

collapse condition forming a mechanism when a certain load is applied. The load 

factor has been judiciously selected giving due considerations to the various factors 

contributing the failure. The load factor is used in estimating ultimate loading. 

6.3.1 Partial Safety Factors: 
 

Partial safety factor for material, strength should account for, 
 

�x Possibility of deviation of the strength of material. 

�x Deviation of structural dimensions. 

�x Deviation of structural dimensions. 

�x Accuracy of the calculations procedure. 

�x Partial safety factor for concrete = 1.5 

�x Partial safety factor for steel = 1.15 

Partial safety factors for loads should account for 

�x Unusual increasing loads beyond that using for deriving characteristic 
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values. 

�x Unforeseen stress distribution. 

�x In accurate assessment of the effect of loading. 

 
Partial safely factors of loads under different conditions are given in clause 35.4 of 

IS: 456�±2000. 

 
6.4 LIMIT STA TE OF COLLAPSE:  

 
The limits state of collapse of collapse or the structure or part of the structure could 

be assumed from rupture of one more critical section and from backing due to elastic 

or plastic instability (including the effects of sway where appropriate) or overturning. 

The resistance to bending, shear, torsion and axial loads at every section produced by 

the probable most unfavorable combination of loads on the structure using the 

appropriate partial safety factors. 

 
6.4.1 Flexure: 

 
Assumptions: 

 
�x Plane sections normal to the axis remain plane after bending. 

�x The maximum strain in concrete at the outermost compression fiber is taken 
as 0.0035 in bending. 

For design purposes, the compressive strength of concrete in the structure shall be 
assumed to be 0.67 times the characteristic streng 
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6.1 Stress-Strain Curve in Limit State Design 
 
 
 

6.4.2 Stress Block Parameters 
Area of stress block = 0.36 fck Xu 

 
Depth of cement of compressive force from the extreme fiber in compression 

= 0.42Xu 

Xu : Depth of neutral axis. 

fck : characteristic compressive strength of concrete. 
The tensile strength of concrete is ignored. 

 
Table 6.1 The limiting values of depth of neutral axis for different grades of steel 

fy (Xu max/d) 
250 0.53 
415 0.48 
500 0.46 

 
6.4.3 Limit State of Serviceability : 

 
6.4.3.1 Control of deflection: 

 
The deflection of a structure or part there of shall not adversely affect the appearance 

or efficiency of the structure or finished partitions the deflection shall generally be 

limited to the following. 

The final deflection due to all loads including the 4 effects of temperature, creep and 

shrinkage and measured from the as-cast level of the supports of floors, roofs, and all 

other horizontal members should not normally exceed "span/250". 

¾ The deflection including the effects of temperature, creep and shrinkage. 

¾ Occurring after erection of partitions and the application of finished. 

�ô���6�K�R�X�O�G���Q�R�W���Q�R�U�P�D�O�O�\���H�[�F�H�H�G���Š���V�S�D�Q�����������R�U�������P�P���Z�K�L�F�K�H�Y�H�U���L�V���O�H�V�V�� 
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6.4.3.2 Limit state of Cracking:  
 

Cracking of concrete should not adversely affect the appearance or durability of 

structure. The surface for width of cracks should not, in general, exceed 0.3mm 

surface width of cracks at points nearest to main reinforcement should not exceed 

0.004 times the nominal cover the main reinforcement. 

 
6.4.4 Characteristics, Design Values and Partial Safety Factors : 

 
6.4.4.1 Characteristic strength of materials: 

 
The term characteristic strength means that value of the strength of material below 

which, not more than 5% of the test results are expected to fall. 

6.4.4.2 Characteristic loads: 

�7�K�H���W�H�U�P���F�K�D�U�D�F�W�H�U�L�V�W�L�F���O�R�D�G�V�µ���P�H�D�Q�V���W�K�D�W���Y�D�O�X�H���R�I���O�R�D�G�����Z�K�L�F�K���K�D�V���D����������

probability of not being exceeded during the life of structure. 

 
6.5 DESIGN VALUES: 

 
Materials: The design strength of materials, fd = (f/Ym) 

Where f : Characteristic strength of material and 

Ym: Partial safety factor appropriate to the material and the limit State being 

considered.(Strength reduction factor) 

Loads : The design load is given by, Fd= F (Yf) 

Where F : Characteristic load and 

Yf: Partial safety factor appropriate tothe nature of loading and the limit 

state being considered.(Load enhancing factor) 

Partial safety factors: 

1. Y = 1.5 for concrete 

2. Y = 1.15 for steel 
 

Load 

Combination 

Limit state of 

Collapse 

Limit state of 

Serviceability 

D.L L.L W.L D.L L.L W.L 

D.L + L.L 1.5 1.5 1.0 1.0 1.0 - 

D.L + W.L 1.5 - 1.5 1.0 - 1.0 

D.L+L.L+W.L 1.2 1.2 1.2 1.0 0.8 0.2 
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6.6 DESIGN OF SLABS : 

 
Slabs are plate elements forming floors and roofs of buildings and carrying 

distributed loads primarily by flexure. A slab can be subjected to various kinds of 

external forces in plane, across the plane or about the plane. Each type of force can 

generate a system of internal forces in plane, shear, flexure and torsion. 

Slabs in multi-storied buildings also act as deep horizontal girders to resist wind and 

earthquake forces in addition to supporting normal loads on its surface. Slabs action 

as rigid diaphragm of large stiffness reduces lateral deformation of multi-storied 

frames. 

The principle type of loading considered on a slab is uniformly distributed load due 

to self-weight, finishes and live load. IS-875 provides the recommended loading 

standards. 

The flexure action of slab due to the imposed loads depends on the condition of 

support and aspect ratio (ly/lx) of the slab. Based on this, the slabs are classified as 

One-way slabs, simply supported, cantilevered or continuous bending in one direction 

only (ly/lx> 2). 

Two-way slabs, simply supported, cantilevered or continuous bending in two 

directions only (ly/lx �”�������� 

In the design of slabs, bending moments are derived from coefficients given in 

appendix C of IS: 456- 2000 for various end conditions. 

 
6.6.1 IS: 456-2000 Code Provision For Design of Slab: 

 

�x The clear cover for the tensile reinforcement should not be less than 20mm. or 
diameter of the bar. 

�x Slabs spanning in two directions: 

 
Slabs are considered as divided in each direction into middle strips and edge strips as 

shown in Fig. The middle strip being three-quarters of the width and each edge strip 

one-eighth of the width. 
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Figure 6.2 : Division Of Slab Into Middle And Edge Strips 
 

The maximum moments calculated apply only to the middle strips and no 

redistribution shall be made. 

Tension reinforcement provided at mid-span in the middle strip shall extend in the 

lower part of the slab to within 0.25 l of a continuous edge, or 0.15 l of a discontinuous 

edge. 

Over the continuous edges of a middle strip, the tension reinforcement shall extend in 

the upper part of the slab a distance of 0.15 l from the support, and at least 50 percent 

shall extend a distance of 0.3 l. 

At a discontinuous edge, negative moments may arise. They depend on the degree of 

fixity  at the edge of the slab but, in general, tension reinforcement equal to 50 percent 

of that provided at mid-span extending 0.1 l into the span will be sufficient. 

The minimum area of steel should not be less than 0.15% of gross cross sectional area, 

in case of mild steel bars; whereas, it is 0.12% of gross cross sectional area in case of 

HYSD bars diameter of reinforcement bars shall not exceed 1/8th of total thickness of 

slab. 

Maximum size of coarse aggregate shall not exceed 1/4th of total thickness of slab. 

Commonly 20 mm are used. 

The horizontal distance between two parallel bars shall not less than the greatest of 

the following: 

The diameter of bar if the diameters are equal or the diameter of the largest bar if the 

diameters are unequal. 

5mm. more than the nominal maximum size of coarse aggregate 
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6.7 DESIGN OF BEAMS 
 
 

Beams are structural elements carrying transverse external loads that cause 

bending moment and shear force along their span. These are generally supported on 

bearing walls or columns and are subjected to roof or floors loads and are reinforced 

to take up stresses. 

 
The reinforced concrete breams in which the steel reinforced is placed only on 

tension side are known as singly reinforced beams. The failure of singly reinforced 

beams may be caused in one of the two ways either in compression or in tension. In 

case the cross-sectional area of the steel bars provided for reinforcement is moderate 

or small, at some values of the load, the steel bars will attain their yield point. When 

it yields, the depth of neutral axis reduces. That is the strength increases in the lever 

arm and the moment of resistance in the remaining compressions zone 

of the concrete increases to such a degree that the crushing of the concrete (the 

secondary compressions failure) begins only at a load only slightly larger than that 

which caused the steel bars to yield. Such a yield failure at the steel bars is preferred 

as it is gradual with adequate working of collapse. 

 
In case the cross-sectional area of steel reinforcing bars is large or the normal 

cross-sectional area of steel reinforcing bars of high strength is provided, the 

compression strength of concrete will be exhausted prior to the steel bars start 

yielding. In such a case, the depth at neutral axis increases considerably. It causes an 

increase in the compressive force. The failure of concrete in compression occurs by 

crushing. The crushing failure of concrete is sudden, explosive in nature and occurs 

without warning and hence it is not preferred. 

 
If a beam is limited in cross-section and ending moment is more than the 

moment of resistance of the singly reinforced section, the concrete can develop the 

compressive force to resist the given bending moment. In such a case, the beams are 

strengthened by providing reinforcement in compression zone and the resulting 

section is called doubly reinforced beam. 



45 
 

6.7.1 IS: 456-2000 Codal Provision for Design of Beam : 
 

A slab which is assumed to act as a compression flange of a T-beam or L-beam shall 

satisfy the following: 

 
�x The slab shall be cast integrally with the web, or the web and the slab shall 

be effectively bonded together in any other manner; and 
 

�x If the main reinforcement of the slab is parallel to the beam, transverse 

reinforcement shall be provided as in Fig 5.3; such reinforcement shall not 

be less than 60 percent of the main reinforcement at mid span of the slab. 

 
 
 
 
 
 
 
 

Figure 6.3 : Cross Section Of T Beam 
 
 
 

6.7.2 Tension Reinforcement : 

 
�x Minimum reinforcement: The minimum area of tension reinforcement shall be 
not less than-that given by the following: 

AS =0.85bdw/fy 
 

Where 
AS = minimum area of tension reinforcement 
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b = breadth of beam or the breadth of the web of T beam 

d = effective depth, and 

fy = characteristic strength of reinforcement in N/mm2 
 

�x Maximum reinforcement: The maximum area of tension reinforcement 

shall not exceed 0.04 bD. 

6.7.3 Transverse Reinforcement in Beams For Shear and Torsion: 

 
�x The transverse reinforcement in beams shall be taken around the outer-most 

tension and compression bars. 

 
�x In T-beams and I-beams, such reinforcement shall pass around longitudinal 

bars located close to the outer face of the flange. 
 

6.7.4 Maximum spacing of shear reinforcement: 

 
The maximum spacing of shear reinforcement measured along the axis of the 

member shall not exceed 0.75 d for vertical stirrups and d for inclined stirrups at 

�����•�����Z�K�H�U�H���G���L�V���W�K�H���H�I�I�H�F�W�L�Y�H���G�H�S�W�K���R�I���W�K�H���V�H�F�W�L�R�Q���X�Q�G�H�U��consideration. In no case 

shall the spacing exceed 300 mm. 

 
6.7.5 Minimum shear reinforcement: 

 
Minimum shear reinforcement in the form of stirrups shall be provided such that: 

ASv/bSv > 0.4/0.87fy 

Where 
 

Asv = cross-sectional area of stirrup legs effective in shear, 

bsv = stirrup spacing along the length of the member, 

fy = yield strength of the stirrup reinforcement in N/mm 
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6.8 DESIGN OF COLUMNS 
 
 

A column is designed as a structural member subjected to compression force in 

a direction parallel to its longitudinal axis. Vertical members from multi-storied 

buildings are column member subjected to compressive loads from floors and beams. 

As per IS: 456-2000, the columns or struts are defined as compression members, the 

effective length of which exceeds three times the least lateral dimension. When the 

effective length of compression members does not exceed three times the least lateral 

dimensions, then such compression member is called a pedestal. 

When the compression members are overloaded, then their failure may take place in 

direct compression (in crushing), excessive bending combined with twisting. The 

failure of columns depends upon their slenderness ratios. The load required to cause 

those types of failures decreases as the length of compression member increases, cross 

sectional area of members remaining constant. Therefore, the columns are classified 

as short and slender (long) members. 

The compression members are considered as short when both the slenderness ratios 

(lex/D) and (ley/b) are less than 12, where lex and ley are the effective lengths with 

respect to the major axis. In the short reinforced concrete columns, the lateral 

deflections are not significant. The columns and the compression members are treated 

as slender when the slenderness ration is more than 12. However, the slenderness ratio 

of columns should not exceed 60. In the slender reinforced columns, the lateral 

deflections have an importance on the strength of the columns. 

The concrete columns are reinforced by longitudinal and transverse reinforcement is 

generally in the form of lateral ties or closely spaced stirrups. In limit state design, a 

structural member is usually designed for the ultimate limit load and checked for the 

serviceability limit states of cracking and excessive deflection. For the particular case 

of short braced columns (that is columns which are restrained in position at both the 

ends), it is generally not necessary to check deflections and crack widths in design. 
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All the columns in the plan are rectangular in section and all of them are subjected to 

axial load and some moment, which may be either due to eccentricity of axial loads 

or due to unsymmetrical loading conditions at the same end of the column of either 

side. 

6.8.1 IS: 456-2000 Code provisions for design of Column: 
 

The cross-sectional area of longitudinal reinforcement shall not be less than 0.8% of 

the gross cross-sectional area of column & shall not be greater than 4% of the gross 

cross-sectional area of column. 

In any column that had a larger cross-sectional area than that required to support the 

load, the minimum percentage of steel shall be based on the area of concrete required 

to resist the direct stress and not on the actual area. 

�x The minimum number of longitudinal bars provided shall be four in 

rectangular columns and six in circular columns. 

�x The diameter of the bars shall not be less than 12 mm. 
 

�x Pitch and diameter of lateral ties 
 

Pitch-The pitch of transverse reinforcement shall be not more than the least of the 

following distances: 

�9The least lateral dimension of the compression members; 
 

�9Sixteen times the smallest diameter of the longitudinal reinforcement bar to be 

tied; and 

�9300 mm diameter the diameter of the polygonal links or lateral ties shall be 

not less than one fourth of the diameter of the largest longitudinal bar, and in 

no case less than 16 mm. 

 
 

Designs for Continuous Slab, Flexural Member and Column are in the APPENDIX- 
III  
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CHAPTER �± 7 

RESULTS AND DISCUSSIONS 

7.1 DISCUSSION : 
 

We chosen the particular location that is Vijayawada for 
Planning, Analyzing and Designing of indoor Stadium. Indoor Stadium is consists of 
Ground floor plus Two storeys. Ground Floor for Badminton Court, Second Floor 
for Volleyball Court and Top floor is for small games like caroms, Table Tennis, 
Yoga Room and Office Room. We calculated Final End moments manually by using 
Kanis Method and calculated bending moment, shear force, and displacement by 
using STAAD PRO Software and we also Designed the beams , columns by Manual 
and by using STAAD PRO Software and compared the both the results. 

 
�x We calculated Final End Moments in Longitudinal and Lateral 

Directions by using kanis method and we got maximum Positive and 

Negative Final End Moments as 80.74 KN-m and 85.92 KN-m 

Respectively. 

�x By using STAAD PRO Software we got maximum Positive and 

Negative Final End Moments as 135.24 KN-m and 89.190 KN-m as 

shown in table 4.1. 

 

 
Figure 7.1 : Graph on variation of Moments 
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�x Maximum Positive and Negative Shear force we got in the STAAD 

PRO Software is 118.51 KN and 111.48 KN as shown in table 4.1. 

 

 
Figure 7.2 : Graph on variation of Shear Force 

 
�x Maximum Downward Deflection we got in STAAD PRO Software is 

6.720mm as shown in table 4.1. 

�x We designed Continuous slab by manual and found out the 
Reinforcement to be provided in the slab 

 
 

i. We got 10mm bars at 150mm c/c spacing along X-axis at 
Supports 

i. We got 10mm bars at 150mm c/c spacing along X-axis at Mid 
Span 

ii.  We got 10mm bars at 150mm c/c spacing along Y-axis at 
Supports 

iv. We got 10mm bars at 150mm c/c spacing along Y-axis at Mid 
Span 

v. We got 8mm dia bars 200mm c/c spacing as Torsional 
Reinforcement 
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�x We designed T Beam by manual calculations and found out the 

Reinforcement provided in �W�K�H���%�H�D�P���D�V�������Q�R�¶�V�������P�P���G�L�D���E�D�U�V��in 

tension zone and Shear Reinforcement as 2legged 8mm dia stirrups 

@ 80mm c/c spacing. 

�x In STAAD PRO Software we got reinforcement provided in Tension 

�=�R�Q�H���D�V�������Q�R�¶�V�������P�P���G�L�D���E�D�U�V���D�Q�G��in �&�R�P�S�U�H�V�V�L�R�Q���=�R�Q�H���D�V�������Q�R�¶�V��

10mm dia bars as shown in figure 5.4. 

�x In column design by manual calculations we got reinforcement 

details as ���Q�R�¶�V 18mm dia bars and 5mm dia lateral ties provided at 

280mm c/c spacing. 

�x In STAAD PRO Software we got the reinforcement details as 

 
i. �,�Q���*�U�R�X�Q�G���I�O�R�R�U�������Q�R�¶�V�������P�P���G�L�D���E�D�U�V���D�U�H���S�U�R�Y�L�G�H�G���D�V���V�K�R�Z�Q��in 

figure 5.1. 

ii. In 1st �)�O�R�R�U�������Q�R�¶�V�������P�P���G�L�D���E�D�U�V���D�U�H���S�U�R�Y�L�G�H�G���D�V���V�K�R�Z�Q��in figure 

5.2. 

iii.  In 2nd �)�O�R�R�U�������Q�R�¶�V�����Q�R�¶�V�������P�P���G�L�D���E�D�U�V���D�U�H���S�U�R�Y�L�G�H�G���D�V���V�K�R�Z�Q��in 
figure 5.3. 
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CHAPTER �± 8 

CONCLUSION 

 
8.1 CONCLUSION :  

 
�x In this Project we did Planning, Analysis and design for G + 3 Indoor 

Stadium. 
�x Material used are M30 grade Concrete and Fe415 steel. 
�x Used AutoCAD 2017 for effective representation of drawings. 

�x For accuracy, we went for exact method of analysis i.e., we analyzed a critical frame by 
�X�V�L�Q�J���N�D�Q�L�¶�V���P�H�W�K�R�G���R�I analysis. 

�x The load on critical column is 2201.24 KN which is safe checked when 
checked in Staad PRO. 

�x It was observed that the bending moment values obtained from manual 
calculation is less than the 15% of total average of the bending moment 
values obtained from Staad PRO. 

�x The design of Slab, Beam and Columns are done in Limit State Method 
which is safe at control of deflection and in all aspects. 

�x STAAD PRO V8i Advanced Software which provides us a fast, efficient, 
easy to use and accurate platform for analyzing and designing structure. 

�x Compared to manual Designs, STAAD PRO designs are more accurate. 
 
 

8.2 SCOPE OF FUTURE WORK:  

Further, This Project can be �D�Q�D�O�\�]�H�G���X�V�L�Q�J���D�Q�R�W�K�H�U���6�R�I�W�Z�D�U�H�¶�V��like 
SAP, E-TABS and results are Compared between STAAD PRO, SAP and E-TABS. 
By the results, we conclude which software will give more accurate values. 
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APPENDIX �± I  
 
 

LOAD CALCULATION AT FLOOR AND ROOF LEVEL DUE 
TO GRAVITY LOADS  

 
 

Load At Roof Level    

Self weight of slab 

Roof finishes 

Live load 

= 0.15 x 25 

= 1.5 kN/ m2 

= 1.5 kN/ m2 

= 3.75 kN/ m2 
 

Total W roof = 6.75 kN/ m2 
  

Load At Floor Level:  
   

Self weight of slab 

Floor finishes 

Live load 

= 0.15 x 25 

= 1kN/ m2 

= 5 kN/ m2 

= 3.75 kN/ m2 
 

Total W floor =9.75 kN/ m2 
  

LOAD CALCULATION FOR COLUMN C 5: 

Beams C1C2 : (AT ELEVATION 21.2 m )  

At Roof Level    

Panel 1 : lx = 3.66 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 

Panel 2 : lx = 3.68 m, ly = 4.25 m, Wroof = 6.75 kN/ m2 

Bending moment consideration: 

From slab panel 1  = 9.29 KN/m 

From slab panel 2 
 

= 9.31 KN/m 

From rib of beam 
 

= 5.62 KN/m 

Total 
 

= 24.23 KN/m 

S.F consideration: 
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From slab panel 1 = 7.03 KN/m 

From slab panel 2 = 7.04 KN/m 

From rib of beam = 5.62 KN/m 

Total = 19.7 KN/m 

At Floor Level (At Elevation 8.5 m ) 
  

Panel 1 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 13.43 KN/m 

From slab panel 2 = 13.45 KN/m 

From rib of beam = 5.62 KN/m 

Total = 32.51 KN/m 
 
 
 
 
 

S.F consideration:  

From slab panel 1 = 10.15 KN/m 

From slab panel 2 = 10.17 KN/m 

From rib of beam = 5.62 KN/m 

Total = 25.95 KN/m 

Beams C2C3 : (AT ELEVATION 21.2 m )  
 

At Roof Level 

Panel 1 : lx = 3.66 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 

Panel 2 : lx = 3.68 m, ly = 4.25 m, Wroof = 6.75 kN/ m2 

Bending moment consideration: 
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From slab panel 1 = 9.29 KN/m 

From slab panel 2 = 9.31 KN/m 

From rib of beam = 5.62 KN/m 

Total = 24.23 KN/m 

S.F consideration: 
  

From slab panel 1 = 7.03 KN/m 

From slab panel 2 = 7.04 KN/m 

From rib of beam = 5.62 KN/m 

Total = 19.7 KN/m 

At Floor Level (At Elevation 8.5 m ) 
  

Panel 1 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 13.43 KN/m 

From slab panel 2 = 13.45 KN/m 

From rib of beam = 5.62 KN/m 

Total = 32.51 KN/m 
 
 
 
 
 

S.F consideration:   

From slab panel 1 = 10.15 KN/m 

From slab panel 2 = 10.17 KN/m 

From rib of beam = 5.62 KN/m 
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Total 

 
c) Beams C3C4 : (AT ELEVATION 21.2 m )  

= 25.95 KN/m 

At Roof Level 
  

Panel 1 : lx = 3.66 m, ly =4.25 m, Wroof= 6.75 kN/ m2. 

Panel 2 : lx = 3.68 m, ly = 4.25 m, Wroof = 6.75 kN/ m2 

  

Bending moment consideration:   

From slab panel 1 = 9.29 KN/m 

From slab panel 2 = 9.31 KN/m 

From rib of beam = 5.62 KN/m 

Total = 24.23 KN/m 

S.F consideration: 
  

From slab panel 1 = 7.03 KN/m 

From slab panel 2 = 7.04 KN/m 

From rib of beam = 5.62 KN/m 

Total = 19.7 KN/m 

At Floor Level (At Elevation 8.5 m ) 
  

Panel 1 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 
  

Panel 2 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 
  

Bending moment consideration:   

From slab panel 1 = 13.43 KN/m 

From slab panel 2 = 13.45 KN/m 

From rib of beam = 5.62 KN/m 

Total = 32.51 KN/m 
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S.F consideration:  

From slab panel 1 = 10.15 KN/m 

From slab panel 2 = 10.17 KN/m 

From rib of beam = 5.62 KN/m 

Total = 25.95 KN/m 

d) Beams C4C5 : (AT ELEVATION 21.2 m )  
  

At Roof Level 
  

Panel 1 : lx = 3.66 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 
  

Panel 2 : lx = 3.68 m, ly = 4.25 m, Wroof = 6.75 kN/ m2 

Bending moment consideration: 

  

From slab panel 1 = 9.29 KN/m 

From slab panel 2 = 9.31 KN/m 

From rib of beam = 5.62 KN/m 

Total = 24.23 KN/m 

S.F consideration: 
  

From slab panel 1 = 7.03 KN/m 

From slab panel 2 = 7.04 KN/m 

From rib of beam = 5.62 KN/m 

Total = 19.7 KN/m 

At Floor Level (At Elevation 8.5 m ) 
  

Panel 1 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 
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Panel 2 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 
 
 

Bending moment consideration: 

From slab panel 1 = 13.43 KN/m 

From slab panel 2 = 13.45 KN/m 

From rib of beam = 5.62 KN/m 

Total = 32.51 KN/m 

 
 

S.F consideration: 

  

From slab panel 1 = 10.15 KN/m 

From slab panel 2 = 10.17 KN/m 

From rib of beam = 5.62 KN/m 

Total = 25.95 KN/m 

 

e) Beams C5C6 : (AT ELEVATION 21.2 m )  

At Roof Level 
  

Panel 1 : lx = 3.66 m, ly =4 m, Wroof = 6.75 kN/ m2. 

Panel 2 : lx = 3.68 m, ly = 4 m, Wroof = 6.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 8.90 KN/m 

From slab panel 2 = 8.91 KN/m 

From rib of beam = 5.62 KN/m 

Total = 23.43 KN/m 



60 
 

S.F consideration:   

From slab panel 1 = 6.70 KN/m 

From slab panel 2 = 6.70 KN/m 

From rib of beam = 5.62 KN/m 

Total = 19.02 KN/m 

At Floor Level (At Elevation 8.5 m ) 
  

Panel 1 : lx =3.66 m, ly =4 m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.68 m, ly =4 m, W floor = 9.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 12.86 KN/m 

From slab panel 2 = 12.87 KN/m 

From rib of beam = 5.62 KN/m 

Total = 31.35 KN/m 
 
 
 
 
 

S.F consideration:   

From slab panel 1 = 9.68 KN/m 

From slab panel 2 = 9.67 KN/m 

From rib of beam = 5.62 KN/m 

Total = 24.97 KN/m 

f) Beams B5C5 : (AT ELEVATION 21.2 m ) 

At Roof Level 

 

Panel 1 : lx = 3.66 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 
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Panel 2 : lx = 3.66 m, ly = 4.00 m, Wroof = 6.75 kN/ m2 
 
 

Bending moment consideration: 

From slab panel 1 = 8.23 KN/m 

From slab panel 2 = 8.23 KN/m 

From rib of beam = 5.62 KN/m 

Total = 22.09 KN/m 

S.F consideration: 
  

From slab panel 1 = 6.17 KN/m 

From slab panel 2 = 6.17 KN/m 

From rib of beam = 5.62 KN/m 

Total = 17.97 KN/m 

At Floor Level ( At Elevation 17 m ) 
  

Panel 1 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.66 m, ly =4.00m, W floor = 9.75 kN/ m2 

 
Bending moment consideration: 

  

From slab panel 1 = 11.89 KN/m 

From slab panel 2 = 11.89 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 14.42 KN/m 

Total = 43.83 KN/m 
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S.F consideration:   

From slab panel 1 = 8.92 KN/m 

From slab panel 2 = 8.92 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 14.42 KN/m 

Total = 37.88 KN/m 

At Floor Level ( At Elevation 8.5 m ) 
  

Panel 1 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.66 m, ly =4.00m, W floor = 9.75 kN/ m2 

 
Bending moment consideration: 

  

From slab panel 1 = 11.89 KN/m 

From slab panel 2 = 11.89 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 33.21 KN/m 

Total = 62.62 KN/m 

 
 

S.F consideration: 

  

From slab panel 1 = 8.92 KN/m 

From slab panel 2 = 8.92 KN/m 

From rib of beam = 5.62 KN/m 
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From wall 

Total 

g) Beams C5D5 : (AT ELEVATION 21.2 m )  

= 

 
= 

33.21 KN/m 

 
56.67 KN/m 

At Roof Level 
  

Panel 1 : lx = 3.68 m, ly =4.25 m, Wroof= 6.75 kN/ m2. 

Panel 2 : lx = 3.68 m, ly = 4.00 m, Wroof = 6.75 kN/ m2 

  

Bending moment consideration:   

From slab panel 1 = 8.28 KN/m 

From slab panel 2 = 8.28 KN/m 

From rib of beam = 5.62 KN/m 

Total = 22.15 KN/m 

S.F consideration: 
  

From slab panel 1 = 6.21 KN/m 

From slab panel 2 = 6.21 KN/m 

From rib of beam = 5.62 KN/m 

Total = 18.04 KN/m 

At Floor Level ( At Elevation 17 m ) 
  

Panel 1 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 
  

Panel 2 : lx =3.68 m, ly =4.00m, W floor = 9.75 kN/ m2 
  

 
Bending moment consideration: 

  

From slab panel 1 = 11.96 KN/m 

From slab panel 2 = 11.96 KN/m 



64 
 

From rib of beam 

From wall 

Total 
 
 
 

S.F consideration: 

= 

 
= 

 
= 

5.62 KN/m 

 
14.42 KN/m 

 
43.96 KN/m 

From slab panel 1 = 8.97 KN/m 

From slab panel 2 = 8.97 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 14.42 KN/m 

Total = 37.98 KN/m 

At Floor Level ( At Elevation 8.5 m ) 
  

Panel 1 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.68 m, ly =4.00m, W floor = 9.75 kN/ m2 

 
Bending moment consideration: 

  

From slab panel 1 = 11.96 KN/m 

From slab panel 2 = 11.96 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 33.21 KN/m 

Total = 62.75 KN/m 
 
 
 

 
S.F consideration: 
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From slab panel 1  = 8.97 KN/m 

From slab panel 2 
 

= 8.97 KN/m 

From rib of beam 
 

= 5.62 KN/m 

From wall 
 

= 33.21 KN/m 

Total 
 

= 56.77 KN/m 

Point Loads Due To Bending Moment : 

Point Load at C2 At Roof Level = 82 KN 

Point Load at C3 At Roof Level = 82 KN 

Point Load at C4 At Roof Level = 82 KN 

Point Load at C2 At Floor Level = 109 KN 

Point Load at C3 At Floor Level = 109 KN 

Point Load at C4 At Floor Level = 109 KN 

Point Loads Due To Shear Force : 

Point Load at C2 At Roof Level = 67 KN 

Point Load at C3 At Roof Level = 67 KN 

Point Load at C4 At Roof Level = 67 KN 

Point Load at C2 At Floor Level = 87 KN 

Point Load at C3 At Floor Level = 87 KN 

Point Load at C4 At Floor Level = 87 KN 
 

Distribution of load from beams : 

 
Load on column C5 from beam C1C5 At Roof Level ( Elevation 21.2 m) 
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= ((19.7 X 17) / 2) + ((67 + 67 + 67) / 2) 

 
= 267.95 KN 

 
Load on column C5 from beam C1C5 At Floor Level ( Elevation 8.5m & 17m ) 

 
= ((25.95 X 17) / 2) + ((87 + 87 + 87) / 2) 

 
= 351.07 KN 

 
Load on column C5 from beam B5C5 At Roof Level ( Elevation 21.2m ) 

 
= (( 17.97 X 3.66 ) / 2) 

 
= 32.88 KN 

 
Load on column C5 from beam B5C5 At Floor Level ( Elevation 17 m ) 

 
= (( 37.88 X3.66 ) / 2) 

 
= 69.32 KN 

 
Load on column C5 from beam B5C5 At Floor Level ( Elevation 8.5 m ) 

 
= (( 56.67 X 3.66 ) / 2) 

 
= 103.70 KN 

 
 
 

Load on column C5 from beam C5D5 At Roof Level ( Elevation 21.2m ) 

 
= (( 18.04 X 3.68 ) / 2) 

 
= 33.19 KN 

 
Load on column C5 from beam C5D5 At Floor Level ( Elevation 17 m ) 

 
= (( 37.98 X 3.68 ) / 2) 

 
= 69.88 KN 
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Load on column C5 from beam C5D5 At Floor Level ( Elevation 8.5 m ) 

 
= (( 56.77 X 3.68 ) / 2) 

 
= 104.45 KN 

 
Load on column C5 from beam C5C6 At Roof Level ( Elevation 21.2 m) 

 
= ((19.02 X 4) / 2) 

 
= 38.04 KN 

 
Load on column C5 from beam C5C6 At Floor Level ( Elevation 8.5m & 17m ) 

 
= ((24.97 X 4) / 2) 

 
= 49.94 KN 

 
 
 
 
 

Load calculations for column A3:   

a) Beams A3B3 & B3C3 : (AT ELEVATION 21.2 m )  

At Roof Level 
  

Panel 1 : lx = 3.66 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 

Panel 2 : lx = 3.66 m, ly = 4.25 m, Wroof = 6.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 8.23 KN/m 

From slab panel 2 = 8.23 KN/m 

From rib of beam = 5.62 KN/m 

Total = 22.09 KN/m 

S.F consideration: 
  

From slab panel 1 = 6.17 KN/m 
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From slab panel 2 

From rib of beam 

Total 

At Floor Level (At Elevation 8.5 m ) 

= 

 
= 

 
= 

6.17 KN/m 

 
5.62 KN/m 

 
17.97 KN/m 

Panel 1 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 11.89 KN/m 

From slab panel 2 = 11.89 KN/m 

From rib of beam = 5.62 KN/m 

Total = 29.41 KN/m 
 
 
 
 
 

S.F consideration:   

From slab panel 1 = 8.92 KN/m 

From slab panel 2 = 8.92 KN/m 

From rib of beam = 5.62 KN/m 

Total = 23.46 KN/m 

b) Beams C3D3 : 
  

At Roof Level ( At Elevation 21.2 m ) 
  

Panel 1 : lx = 3.68 m, ly =4.25 m, Wroof= 6.75 kN/ m2. 

Panel 2 : lx = 3.68 m, ly = 4.25 m, Wroof = 6.75 kN/ m2 

Bending moment consideration:   

From slab panel 1 = 8.28 KN/m 
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From slab panel 2 

From rib of beam 

Total 

S.F consideration: 

= 

 
= 

 
= 

8.28 KN/m 

 
5.62 KN/m 

 
22.18 KN/m 

From slab panel 1 = 6.21 KN/m 

From slab panel 2 = 6.21 KN/m 

From rib of beam = 5.62 KN/m 

Total = 18.04 KN/m 

At Floor Level (At Elevation 8.5 m ) 
  

Panel 1 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 11.96 KN/m 

From slab panel 2 = 11.96 KN/m 

From rib of beam = 5.62 KN/m 

Total = 29.54 KN/m 
 
 
 
 
 

S.F consideration:   

From slab panel 1 = 8.97 KN/m 

From slab panel 2 = 8.97 KN/m 

From rib of beam = 5.62 KN/m 

Total = 23.56 KN/m 
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c) Beams D3E3 : 

 
At Roof Level ( At Elevation 21.2 m ) 

  

Panel 1 : lx = 3.00 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 

Panel 2 : lx = 3.00 m, ly = 4.25 m, Wroof = 6.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 6.75 KN/m 

From slab panel 2 = 6.75 KN/m 

From rib of beam = 5.62 KN/m 

Total = 19.12 KN/m 

S.F consideration: 
  

From slab panel 1 = 5.06 KN/m 

From slab panel 2 = 5.06 KN/m 

From rib of beam = 5.62 KN/m 

Total = 15.74 KN/m 

At Floor Level (At Elevation 8.5 m &17 m ) 

Panel 1 : lx =3.00 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.00 m, ly =4.25m, W floor = 9.75 kN/ m2 

Bending moment consideration:   

From slab panel 1 = 9.75 KN/m 

From slab panel 2 = 9.75 KN/m 

From rib of beam = 5.62 KN/m 

Total = 25.12 KN/m 
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S.F consideration:  

From slab panel 1 = 7.31 KN/m 

From slab panel 2 = 7.31 KN/m 

From rib of beam = 5.62 KN/m 

Total = 20.24 KN/m 

d) Beams E3F3 : 

  

At Roof Level ( At Elevation 21.2 m ) 
  

Panel 1 : lx = 3.68 m, ly =4.25 m, Wroof= 6.75 kN/ m2. 
  

Panel 2 : lx = 3.68 m, ly = 4.25 m, Wroof = 6.75 kN/ m2   

Bending moment consideration:   

From slab panel 1 = 8.28 KN/m 

From slab panel 2 = 8.28 KN/m 

From rib of beam = 5.62 KN/m 

Total = 22.18 KN/m 

S.F consideration: 
  

From slab panel 1 = 6.21 KN/m 

From slab panel 2 = 6.21 KN/m 

From rib of beam = 5.62 KN/m 

Total = 18.04 KN/m 

At Floor Level (At Elevation 8.5 m ) 
  

Panel 1 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.68 m, ly =4.25m, W floor = 9.75 kN/ m2 
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Bending moment consideration:   

From slab panel 1 = 11.96 KN/m 

From slab panel 2 = 11.96 KN/m 

From rib of beam = 5.62 KN/m 

Total = 29.54 KN/m 
 
 
 
 
 

S.F consideration:   

From slab panel 1 = 8.97 KN/m 

From slab panel 2 = 8.97 KN/m 

From rib of beam = 5.62 KN/m 

Total = 23.56 KN/m 

e) Beams F3G3 & G3H3 : (AT ELEVATION 21.2 m )  

At Roof Level 
  

Panel 1 : lx = 3.66 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 

Panel 2 : lx = 3.66 m, ly = 4.25 m, Wroof = 6.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 8.23 KN/m 

From slab panel 2 = 8.23 KN/m 

From rib of beam = 5.62 KN/m 

Total = 22.09 KN/m 

S.F consideration: 
  

From slab panel 1 = 6.17 KN/m 
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From slab panel 2 

From rib of beam 

Total 

At Floor Level (At Elevation 8.5 m ) 

= 

 
= 

 
= 

6.17 KN/m 

 
5.62 KN/m 

 
17.97 KN/m 

Panel 1 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 

Panel 2 : lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 

Bending moment consideration: 

From slab panel 1 = 11.89 KN/m 

From slab panel 2 = 11.89 KN/m 

From rib of beam = 5.62 KN/m 

Total = 29.41 KN/m 
 
 
 
 
 

S.F consideration:   

From slab panel 1 = 8.92 KN/m 

From slab panel 2 = 8.92 KN/m 

From rib of beam = 5.62 KN/m 

Total = 23.46 KN/m 

f) Beams A2A3 : 
  

At Roof Level ( At Elevation 21.2 m ) 
  

lx = 3.66 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 

Bending moment consideration: 

From slab = 9.29 KN/m 
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From rib of beam 

From Parapet Wall 

Total 

S.F consideration: 

= 

 
= 

 
= 

5.62 KN/m 

 
4.37 KN/m 

 
19.29 KN/m 

From slab = 7.03 KN/m 

From rib of beam = 5.62 KN/m 

From Parapet wall = 4.37 KN/m 

Total = 17.02 KN/m 

At Floor Level ( At Elevation 17 m ) 
  

lx =3.66 m, ly =4.25m, W floor = 9.75 kN/ m2 
  

 
Bending moment consideration: 

 
From slab 

 
 
 

= 

 
 
 

13.43 KN/m 

From rib of beam = 5.62 KN/m 

From parapet wall = 14.42 KN/m 

Total = 33.47 KN/m 

 
 

S.F consideration: 

  

From slab = 10.15 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 14.42 KN/m 
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Total 

 
At Floor Level ( At Elevation 8.5 m ) 

= 30.20 KN/m 

lx =3.66 m, ly =4.25m, Wfloor = 9.75 kN/ m2 
  

Bending moment consideration: 
  

From slab = 13.43 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 33.21 KN/m 

Total = 52.27 KN/m 

Shear Force consideration: 
  

From slab = 10.15 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 33.21 KN/m 

Total = 49.00 KN/m 

g) Beams A3A4 : 
  

At Roof Level ( At Elevation 21.2 m ) 
  

lx = 3.66 m, ly =4.25 m, Wroof = 6.75 kN/ m2. 

Bending moment consideration: 

  

From slab = 9.29 KN/m 

From rib of beam = 5.62 KN/m 

From Parapet Wall = 4.37 KN/m 

Total = 19.29 KN/m 
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S.F consideration:   

From slab = 7.03 KN/m 

From rib of beam = 5.62 KN/m 

From Parapet wall = 4.37 KN/m 

Total = 17.02 KN/m 

At Floor Level ( At Elevation 17 m ) 
  

lx =3.66 m, ly =4.25m, Wfloor = 9.75 kN/ m2 
  

 
Bending moment consideration: 

From slab 

 
 
 

= 

 
 
 

13.43 KN/m 

From rib of beam = 5.62 KN/m 

From parapet wall = 14.42 KN/m 

Total = 33.47 KN/m 

 
 

S.F consideration: 

  

From slab = 10.15 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 14.42 KN/m 

Total = 30.20 KN/m 

At Floor Level ( At Elevation 8.5 m ) 
  

lx =3.66 m, ly =4.25m, Wfloor = 9.75 kN/ m2 
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Bending moment consideration: 

From slab 

 

= 

 

13.43 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 33.21 KN/m 

Total = 52.27 KN/m 

SF consideration: 

From slab 

 

 
= 

 

 
10.15 KN/m 

From rib of beam = 5.62 KN/m 

From wall = 33.21 KN/m 

Total = 49.00 KN/m 

Point Loads Due To Bending Moment : 
  

Point Load at B3 At Roof Level = 103 KN 

Point Load at C3 At Roof Level = 104 KN 

Point Load at D3 At Roof Level = 100 KN 

Point Load at E3 At Roof Level = 100 KN 

Point Load at F3 At Roof Level = 104 KN 

Point Load at G3 At Roof Level = 103 KN 

Point Load at B3 At Floor Level = 139 KN 

Point Load at C3 At Floor Level = 139 KN 

Point Load at D3 At Floor Level = 133 KN 

Point Load at E3 At Floor Level = 133 KN 
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Point Load at F3 

 
Point Load at G3 

At Floor Level 

 
At Floor Level 

= 

 
= 

139 KN 

 
139 KN 

Point Loads Due To Shear Force : 

Point Load at B3 At Roof Level = 84 KN 

Point Load at C3 At Roof Level = 84 KN 

Point Load at D3 At Roof Level = 82 KN 

Point Load at E3 At Roof Level = 82 KN 

Point Load at F3 At Roof Level = 84 KN 

Point Load at G3 At Roof Level = 84 KN 

Point Load at B3 At Floor Level = 111 KN 

Point Load at C3 At Floor Level = 111 KN 

Point Load at D3 At Floor Level = 108 KN 

Point Load at E3 At Floor Level = 108 KN 

Point Load at F3 At Floor Level = 111 KN 

Point Load at G3 At Floor Level = 111 KN 
 

Distribution of load from beams : 

 
Load on column A3 from beam A3H3 At Roof Level ( Elevation 21.2 m) 

 
= { ( (4 X (17.97 X 3.66) ) + (2 X (18.04 X 3.68 ) ) + (15.74 X 3)) / 2} 

 
+ { ( (4 X 84) +(2 X 82) ) / 2) } 

 
= 471.53 KN 

 
Load on column A3 from beam A3H3 At Floor Level ( Elevation 8.5m & 17m ) 
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= { ( (4 X (23.46 X 3.66) ) + (2 X (23.56 X 3.68 ) ) + (20.24 X 3)) / 2} 

 
+ { ( (4 X 111) +(2 X 108) ) / 2) } 

 
= 618.78 KN 

 
Load on column A3 from beam A2A3 At Roof Level ( Elevation 21.2m ) 

 
= (( 17.02 X 4.25 ) / 2) 

 
= 36.16 KN 

 
Load on column A3 from beam A2A3 At Floor Level ( Elevation 17 m ) 

 
= (( 30.20 X 4.25 ) / 2) 

 
= 64.17 KN 

 
Load on column A3 from beam A2A3 At Floor Level ( Elevation 8.5 m ) 

 
= (( 49.00 X 4.25 ) / 2) 

 
= 104.12 KN 

 
Load on column A3 from beam A3A4 At Roof Level ( Elevation 21.2m ) 

 
= (( 17.02 X 4.25 ) / 2) 

 
= 36.16 KN 

 
Load on column A3 from beam A3A4 At Floor Level ( Elevation 17 m ) 

 
= (( 30.20 X 4.25 ) / 2) 

 
= 64.17 KN 

 
Load on column A3 from beam A3A4 At Floor Level ( Elevation 8.5 m ) 

 
= (( 49.00 X 4.25 ) / 2) 

 
= 104.12 KN 
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APPENDIX-II  
 

1. STAAD SPACE 
2. START JOB INFORMATION 
3. ENGINEER DATE 16-Apr-20 
4. END JOB INFORMATION 
5. INPUT WIDTH 79 
6. UNIT METER KN 
7. JOINT COORDINATES 
8. 1 0 0 0; 2 4.25 0 0; 3 8.5 0 0; 4 12.75 0 0; 5 17 0 0; 6 21 0 0; 7 25.25 0 0; 
9. 8 29.5 0 0; 9 33.75 0 0; 10 38 0 0; 11 0 8.5 0; 12 4.25 8.5 0; 13 8.5 8.5 0; 
10. 14 12.75 8.5 0; 15 17 8.5 0; 16 21 8.5 0; 17 25.25 8.5 0; 18 29.5 8.5 0; 
11. 19 33.75 8.5 0; 20 38 8.5 0; 21 0 17 0; 22 4.25 17 0; 23 8.5 17 0; 
12. 24 12.75 17 0; 25 17 17 0; 26 21 17 0; 27 25.25 17 0; 28 29.5 17 0; 
13. 29 33.75 17 0; 30 38 17 0; 31 0 21.2 0; 32 4.25 21.2 0; 33 8.5 21.2 0; 
14. 34 12.75 21.2 0; 35 17 21.2 0; 36 21 21.2 0; 37 25.25 21.2 0; 38 29.5 21.2 0; 
15. 39 33.75 21.2 0; 40 38 21.2 0; 41 0 0 3.66; 45 17 0 3.66; 46 21 0 3.66; 
16. 50 38 0 3.66; 51 0 8.5 3.66; 52 4.25 8.5 3.66; 53 8.5 8.5 3.66; 
17. 54 12.75 8.5 3.66; 55 17 8.5 3.66; 56 21 8.5 3.66; 57 25.25 8.5 3.66; 
18. 58 29.5 8.5 3.66; 59 33.75 8.5 3.66; 60 38 8.5 3.66; 61 0 17 3.66; 
19. 62 4.25 17 3.66; 63 8.5 17 3.66; 64 12.75 17 3.66; 65 17 17 3.66; 
20. 66 21 17 3.66; 67 25.25 17 3.66; 68 29.5 17 3.66; 69 33.75 17 3.66; 
21. 70 38 17 3.66; 71 0 21.2 3.66; 72 4.25 21.2 3.66; 73 8.5 21.2 3.66; 
22. 74 12.75 21.2 3.66; 75 17 21.2 3.66; 76 21 21.2 3.66; 77 25.25 21.2 3.66; 
23. 78 29.5 21.2 3.66; 79 33.75 21.2 3.66; 80 38 21.2 3.66; 81 0 0 7.32; 
24. 85 17 0 7.32; 86 21 0 7.32; 90 38 0 7.32; 91 0 8.5 7.32; 92 4.25 8.5 7.32; 
25. 93 8.5 8.5 7.32; 94 12.75 8.5 7.32; 95 17 8.5 7.32; 96 21 8.5 7.32; 
26. 97 25.25 8.5 7.32; 98 29.5 8.5 7.32; 99 33.75 8.5 7.32; 100 38 8.5 7.32; 
27. 101 0 17 7.32; 102 4.25 17 7.32; 103 8.5 17 7.32; 104 12.75 17 7.32; 
28. 105 17 17 7.32; 106 21 17 7.32; 107 25.25 17 7.32; 108 29.5 17 7.32; 
29. 109 33.75 17 7.32; 110 38 17 7.32; 111 0 21.2 7.32; 112 4.25 21.2 7.32; 
30. 113 8.5 21.2 7.32; 114 12.75 21.2 7.32; 115 17 21.2 7.32; 116 21 21.2 7.32; 
31. 117 25.25 21.2 7.32; 118 29.5 21.2 7.32; 119 33.75 21.2 7.32; 120 38 21.2 

7.32; 
32. 121 0 0 11; 125 17 0 11; 126 21 0 11; 130 38 0 11; 131 0 8.5 11; 
33. 132 4.25 8.5 11; 133 8.5 8.5 11; 134 12.75 8.5 11; 135 17 8.5 11; 
34. 136 21 8.5 11; 137 25.25 8.5 11; 138 29.5 8.5 11; 139 33.75 8.5 11; 
35. 140 38 8.5 11; 141 0 17 11; 142 4.25 17 11; 143 8.5 17 11; 144 12.75 17 11; 
36. 145 17 17 11; 146 21 17 11; 147 25.25 17 11; 148 29.5 17 11; 149 33.75 17 

11; 
37. 150 38 17 11; 151 0 21.2 11; 152 4.25 21.2 11; 153 8.5 21.2 11; 
38. 154 12.75 21.2 11; 155 17 21.2 11; 156 21 21.2 11; 157 25.25 21.2 11; 
39. 158 29.5 21.2 11; 159 33.75 21.2 11; 160 38 21.2 11; 161 0 0 14; 165 17 0 

14; 
40. 166 21 0 14; 170 38 0 14; 171 0 8.5 14; 172 4.25 8.5 14; 173 8.5 8.5 14; 
41. 174 12.75 8.5 14; 175 17 8.5 14; 176 21 8.5 14; 177 25.25 8.5 14; 
42. 178 29.5 8.5 14; 179 33.75 8.5 14; 180 38 8.5 14; 181 0 17 14; 182 4.25 17 

14; 
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43. 183 8.5 17 14; 184 12.75 17 14; 185 17 17 14; 186 21 17 14; 187 25.25 17 
14; 

44. 188 29.5 17 14; 189 33.75 17 14; 190 38 17 14; 191 0 21.2 14; 192 4.25 21.2 
14; 

45. 193 8.5 21.2 14; 194 12.75 21.2 14; 195 17 21.2 14; 196 21 21.2 14; 
46. 197 25.25 21.2 14; 198 29.5 21.2 14; 199 33.75 21.2 14; 200 38 21.2 14; 
47. 201 0 0 17.68; 205 17 0 17.68; 206 21 0 17.68; 210 38 0 17.68; 211 0 8.5 

17.68; 
48. 212 4.25 8.5 17.68; 213 8.5 8.5 17.68; 214 12.75 8.5 17.68; 215 17 8.5 

17.68; 
49. 216 21 8.5 17.68; 217 25.25 8.5 17.68; 218 29.5 8.5 17.68; 219 33.75 8.5 

17.68; 
50. 220 38 8.5 17.68; 221 0 17 17.68; 222 4.25 17 17.68; 223 8.5 17 17.68; 
51. 224 12.75 17 17.68; 225 17 17 17.68; 226 21 17 17.68; 227 25.25 17 17.68; 
52. 228 29.5 17 17.68; 229 33.75 17 17.68; 230 38 17 17.68; 231 0 21.2 17.68; 
53. 232 4.25 21.2 17.68; 233 8.5 21.2 17.68; 234 12.75 21.2 17.68; 
54. 235 17 21.2 17.68; 236 21 21.2 17.68; 237 25.25 21.2 17.68; 
55. 238 29.5 21.2 17.68; 239 33.75 21.2 17.68; 240 38 21.2 17.68; 241 0 0 

21.34; 
56. 245 17 0 21.34; 246 21 0 21.34; 250 38 0 21.34; 251 0 8.5 21.34; 
57. 252 4.25 8.5 21.34; 253 8.5 8.5 21.34; 254 12.75 8.5 21.34; 255 17 8.5 

21.34; 
58. 256 21 8.5 21.34; 257 25.25 8.5 21.34; 258 29.5 8.5 21.34; 259 33.75 8.5 

21.34; 
59. 260 38 8.5 21.34; 261 0 17 21.34; 262 4.25 17 21.34; 263 8.5 17 21.34; 
60. 264 12.75 17 21.34; 265 17 17 21.34; 266 21 17 21.34; 267 25.25 17 21.34; 
61. 268 29.5 17 21.34; 269 33.75 17 21.34; 270 38 17 21.34; 271 0 21.2 21.34; 
62. 272 4.25 21.2 21.34; 273 8.5 21.2 21.34; 274 12.75 21.2 21.34; 
63. 275 17 21.2 21.34; 276 21 21.2 21.34; 277 25.25 21.2 21.34; 
64. 278 29.5 21.2 21.34; 279 33.75 21.2 21.34; 280 38 21.2 21.34; 281 0 0 25; 
65. 282 4.25 0 25; 283 8.5 0 25; 284 12.75 0 25; 285 17 0 25; 286 21 0 25; 
66. 287 25.25 0 25; 288 29.5 0 25; 289 33.75 0 25; 290 38 0 25; 291 0 8.5 25; 
67. 292 4.25 8.5 25; 293 8.5 8.5 25; 294 12.75 8.5 25; 295 17 8.5 25; 
68. 296 21 8.5 25; 297 25.25 8.5 25; 298 29.5 8.5 25; 299 33.75 8.5 25; 
69. 300 38 8.5 25; 301 0 17 25; 302 4.25 17 25; 303 8.5 17 25; 304 12.75 17 25; 
70. 305 17 17 25; 306 21 17 25; 307 25.25 17 25; 308 29.5 17 25; 309 33.75 17 

25; 
71. 310 38 17 25; 311 0 21.2 25; 312 4.25 21.2 25; 313 8.5 21.2 25; 
72. 314 12.75 21.2 25; 315 17 21.2 25; 316 21 21.2 25; 317 25.25 21.2 25; 
73. 318 29.5 21.2 25; 319 33.75 21.2 25; 320 38 21.2 25; 321 21 4.25 25; 
74. 322 19.5 0 17.68; 323 19.5 4.25 25; 324 18.5 4.25 25; 325 17 4.25 25; 
75. 326 18.5 8.5 17.68; 327 21 4.25 26.5; 328 17 4.25 26.5; 329 21 12.75 25; 
76. 330 17 12.75 25; 331 21 12.75 26.5; 332 17 12.75 26.5; 333 19.5 8.5 17.68; 
77. 334 19.5 12.75 25; 335 18.5 12.75 25; 336 18.5 17 17.68; 337 21 19.1 25; 
78. 338 19.5 17 21.34; 339 19.5 19.1 25; 340 17 19.1 25; 341 21 19.1 26.5; 
79. 342 17 19.1 26.5; 343 18.5 19.1 25; 344 18.5 21.2 21.34; 345 17 23.8 21.34; 
80. 346 21 23.8 21.34; 347 17 23.8 25; 348 21 23.8 25; 349 17 8.5 1.83; 
81. 350 21 8.5 1.83; 351 17 17 1.83; 352 21 17 1.83; 353 17 21.2 1.83; 
82. 354 21 21.2 1.83; 355 17 0 1.83; 356 21 0 1.83; 357 17 23.8 0; 358 21 23.8 

0; 
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83. 359 17 23.8 1.83; 360 21 23.8 1.83; 361 17 21.2 26.5; 362 21 21.2 26.5; 
84. 363 18.5 17 21.34; 
85. MEMBER INCIDENCES 
86. 1 11 12; 2 12 13; 3 13 14; 4 14 15; 5 15 16; 6 16 17; 7 17 18; 8 18 19; 
87. 9 19 20; 10 21 22; 11 22 23; 12 23 24; 13 24 25; 14 25 26; 15 26 27; 16 27 

28; 
88. 17 28 29; 18 29 30; 19 31 32; 20 32 33; 21 33 34; 22 34 35; 23 35 36; 24 36 

37; 
89. 25 37 38; 26 38 39; 27 39 40; 28 1 11; 29 2 12; 30 3 13; 31 4 14; 32 5 15; 
90. 33 6 16; 34 7 17; 35 8 18; 36 9 19; 37 10 20; 38 11 21; 39 12 22; 40 13 23; 
91. 41 14 24; 42 15 25; 43 16 26; 44 17 27; 45 18 28; 46 19 29; 47 20 30; 48 21 

31; 
92. 49 22 32; 50 23 33; 51 24 34; 52 25 35; 53 26 36; 54 27 37; 55 28 38; 56 29 

39; 
93. 57 30 40; 58 51 52; 59 52 53; 60 53 54; 61 54 55; 62 55 56; 63 56 57; 64 57 

58; 
94. 65 58 59; 66 59 60; 67 61 62; 68 62 63; 69 63 64; 70 64 65; 71 65 66; 72 66 

67; 
95. 73 67 68; 74 68 69; 75 69 70; 76 71 72; 77 72 73; 78 73 74; 79 74 75; 80 75 

76; 
96. 81 76 77; 82 77 78; 83 78 79; 84 79 80; 85 41 51; 89 45 55; 90 46 56; 94 50 

60; 
97. 95 51 61; 99 55 65; 100 56 66; 104 60 70; 105 61 71; 109 65 75; 110 66 76; 
98. 114 70 80; 115 91 92; 116 92 93; 117 93 94; 118 94 95; 119 95 96; 120 96 

97; 
99. 121 97 98; 122 98 99; 123 99 100; 124 101 102; 125 102 103; 126 103 104; 
100. 127 104 105; 128 105 106; 129 106 107; 130 107 108; 131 108 109; 132 

109 110; 
101. 133 111 112; 134 112 113; 135 113 114; 136 114 115; 137 115 116; 138 

116 117; 
102. 139 117 118; 140 118 119; 141 119 120; 142 81 91; 146 85 95; 147 86 

96; 
103. 151 90 100; 152 91 101; 156 95 105; 157 96 106; 161 100 110; 162 101 

111; 
104. 166 105 115; 167 106 116; 171 110 120; 172 131 132; 173 132 133; 174 

133 134; 
105. 175 134 135; 176 135 136; 177 136 137; 178 137 138; 179 138 139; 180 

139 140; 
106. 181 141 142; 182 142 143; 183 143 144; 184 144 145; 185 145 146; 186 

146 147; 
107. 187 147 148; 188 148 149; 189 149 150; 190 151 152; 191 152 153; 192 

153 154; 
108. 193 154 155; 194 155 156; 195 156 157; 196 157 158; 197 158 159; 198 

159 160; 
109. 199 121 131; 203 125 135; 204 126 136; 208 130 140; 209 131 141; 213 

135 145; 
110. 214 136 146; 218 140 150; 219 141 151; 223 145 155; 224 146 156; 228 

150 160; 
111. 229 171 172; 230 172 173; 231 173 174; 232 174 175; 233 175 176; 234 

176 177; 
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112. 235 177 178; 236 178 179; 237 179 180; 238 181 182; 239 182 183; 240 
183 184; 

113. 241 184 185; 242 185 186; 243 186 187; 244 187 188; 245 188 189; 246 
189 190; 

114. 247 191 192; 248 192 193; 249 193 194; 250 194 195; 251 195 196; 252 
196 197; 

115. 253 197 198; 254 198 199; 255 199 200; 256 161 171; 260 165 175; 261 
166 176; 

116. 265 170 180; 266 171 181; 270 175 185; 271 176 186; 275 180 190; 276 
181 191; 

117. 280 185 195; 281 186 196; 285 190 200; 286 211 212; 287 212 213; 288 
213 214; 

118. 289 214 215; 290 215 326; 291 216 217; 292 217 218; 293 218 219; 294 
219 220; 

119. 295 221 222; 296 222 223; 297 223 224; 298 224 225; 299 225 336; 300 
226 227; 

120. 301 227 228; 302 228 229; 303 229 230; 304 231 232; 305 232 233; 306 
233 234; 

121. 307 234 235; 308 235 236; 309 236 237; 310 237 238; 311 238 239; 312 
239 240; 

122. 313 201 211; 317 205 215; 318 206 216; 322 210 220; 323 211 221; 327 
215 225; 

123. 328 216 226; 332 220 230; 333 221 231; 337 225 235; 338 226 236; 342 
230 240; 

124. 343 251 252; 344 252 253; 345 253 254; 346 254 255; 347 255 256; 348 
256 257; 

125. 349 257 258; 350 258 259; 351 259 260; 352 261 262; 353 262 263; 354 
263 264; 

126. 355 264 265; 356 265 363; 357 266 267; 358 267 268; 359 268 269; 360 
269 270; 

127. 361 271 272; 362 272 273; 363 273 274; 364 274 275; 365 275 344; 366 
276 277; 

128. 367 277 278; 368 278 279; 369 279 280; 370 241 251; 374 245 255; 375 
246 256; 

129. 379 250 260; 380 251 261; 384 255 265; 385 256 266; 389 260 270; 390 
261 271; 

130. 394 265 275; 395 266 276; 399 270 280; 400 291 292; 401 292 293; 402 
293 294; 

131. 403 294 295; 404 295 296; 405 296 297; 406 297 298; 407 298 299; 408 
299 300; 

132. 409 301 302; 410 302 303; 411 303 304; 412 304 305; 413 305 306; 414 
306 307; 

133. 415 307 308; 416 308 309; 417 309 310; 418 311 312; 419 312 313; 420 
313 314; 

134. 421 314 315; 422 315 316; 423 316 317; 424 317 318; 425 318 319; 426 
319 320; 

135. 427 281 291; 428 282 292; 429 283 293; 430 284 294; 431 285 325; 432 
286 321; 

136. 433 287 297; 434 288 298; 435 289 299; 436 290 300; 437 291 301; 438 
292 302; 
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137. 439 293 303; 440 294 304; 441 295 330; 442 296 329; 443 297 307; 444 
298 308; 

138. 445 299 309; 446 300 310; 447 301 311; 448 302 312; 449 303 313; 450 
304 314; 

139. 451 305 340; 452 306 337; 453 307 317; 454 308 318; 455 309 319; 456 
310 320; 

140. 457 11 51; 458 12 52; 459 13 53; 460 14 54; 461 15 349; 462 16 350; 
463 17 57; 

141. 464 18 58; 465 19 59; 466 20 60; 467 21 61; 468 22 62; 469 23 63; 470 
24 64; 

142. 471 25 351; 472 26 352; 473 27 67; 474 28 68; 475 29 69; 476 30 70; 
477 31 71; 

143. 478 32 72; 479 33 73; 480 34 74; 481 35 353; 482 36 354; 483 37 77; 
484 38 78; 

144. 485 39 79; 486 40 80; 487 51 91; 488 52 92; 489 53 93; 490 54 94; 491 
55 95; 

145. 492 56 96; 493 57 97; 494 58 98; 495 59 99; 496 60 100; 497 61 101; 
498 62 102; 

146. 499 63 103; 500 64 104; 501 65 105; 502 66 106; 503 67 107; 504 68 
108; 

147. 505 69 109; 506 70 110; 507 71 111; 508 72 112; 509 73 113; 510 74 
114; 

148. 511 75 115; 512 76 116; 513 77 117; 514 78 118; 515 79 119; 516 80 
120; 

149. 517 91 131; 518 92 132; 519 93 133; 520 94 134; 521 95 135; 522 96 
136; 

150. 523 97 137; 524 98 138; 525 99 139; 526 100 140; 527 101 141; 528 
102 142; 

151. 529 103 143; 530 104 144; 531 105 145; 532 106 146; 533 107 147; 534 
108 148; 

152. 535 109 149; 536 110 150; 537 111 151; 538 112 152; 539 113 153; 540 
114 154; 

153. 541 115 155; 542 116 156; 543 117 157; 544 118 158; 545 119 159; 546 
120 160; 

154. 547 131 171; 548 132 172; 549 133 173; 550 134 174; 551 135 175; 552 
136 176; 

155. 553 137 177; 554 138 178; 555 139 179; 556 140 180; 557 141 181; 558 
142 182; 

156. 559 143 183; 560 144 184; 561 145 185; 562 146 186; 563 147 187; 564 
148 188; 

157. 565 149 189; 566 150 190; 567 151 191; 568 152 192; 569 153 193; 570 
154 194; 

158. 571 155 195; 572 156 196; 573 157 197; 574 158 198; 575 159 199; 576 
160 200; 

159. 577 171 211; 578 172 212; 579 173 213; 580 174 214; 581 175 215; 582 
176 216; 

160. 583 177 217; 584 178 218; 585 179 219; 586 180 220; 587 181 221; 588 
182 222; 

161. 589 183 223; 590 184 224; 591 185 225; 592 186 226; 593 187 227; 594 
188 228; 
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162. 595 189 229; 596 190 230; 597 191 231; 598 192 232; 599 193 233; 600 
194 234; 

163. 601 195 235; 602 196 236; 603 197 237; 604 198 238; 605 199 239; 606 
200 240; 

164. 607 211 251; 608 212 252; 609 213 253; 610 214 254; 611 215 255; 612 
216 256; 

165. 613 217 257; 614 218 258; 615 219 259; 616 220 260; 617 221 261; 618 
222 262; 

166. 619 223 263; 620 224 264; 621 225 265; 622 226 266; 623 227 267; 624 
228 268; 

167. 625 229 269; 626 230 270; 627 231 271; 628 232 272; 629 233 273; 630 
234 274; 

168. 631 235 275; 632 236 276; 633 237 277; 634 238 278; 635 239 279; 636 
240 280; 

169. 637 251 291; 638 252 292; 639 253 293; 640 254 294; 641 255 295; 642 
256 296; 

170. 643 257 297; 644 258 298; 645 259 299; 646 260 300; 647 261 301; 648 
262 302; 

171. 649 263 303; 650 264 304; 651 265 305; 652 266 306; 653 267 307; 654 
268 308; 

172. 655 269 309; 656 270 310; 657 271 311; 658 272 312; 659 273 313; 660 
274 314; 

173. 661 275 315; 662 276 316; 663 277 317; 664 278 318; 665 279 319; 666 
280 320; 

174. 667 321 296; 669 325 295; 670 326 333; 672 325 328; 673 321 327; 675 
325 321; 

175. 676 329 306; 677 330 305; 678 330 332; 679 329 331; 680 330 335; 681 
333 216; 

176. 682 334 329; 683 335 334; 684 336 226; 688 337 316; 689 338 266; 691 
340 315; 

177. 692 340 343; 693 340 342; 694 337 341; 696 343 337; 697 344 276; 699 
275 345; 

178. 700 276 346; 701 315 347; 702 316 348; 703 345 346; 704 347 348; 705 
347 345; 

179. 706 348 346; 707 349 55; 708 350 56; 709 351 65; 710 352 66; 711 353 
75; 

180. 712 354 76; 713 349 350; 714 351 352; 715 353 354; 716 353 351; 717 
351 349; 

181. 718 350 352; 719 352 354; 720 349 355; 721 350 356; 722 35 357; 723 
36 358; 

182. 724 353 359; 725 354 360; 726 357 359; 727 358 360; 728 357 358; 729 
359 360; 

183. 730 315 361; 731 316 362; 739 363 338; 
184. ELEMENT INCIDENCES SHELL 
185. 668 321 323 322 206; 671 324 325 215 326; 674 325 321 327 328; 
186. 685 329 334 333 216; 686 335 330 225 336; 687 330 329 331 332; 
187. 690 266 338 339 337; 695 340 342 341 337; 698 343 344 275 340; 
188. 732 315 316 362 361; 733 11 15 295 291; 734 296 16 20 300; 735 349 

350 216 215; 
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189. 736 21 25 305 301; 737 26 30 310 306; 738 351 352 226 225; 740 336 
363 266 226; 

190. 741 31 35 315 311; 742 316 36 40 320; 743 353 354 276 275; 744 345 
346 348 347; 

191. 745 357 359 360 358; 
192. SURFACE INCIDENCE 
193. 5 6 358 357 SURFACE 1 
194. 5 355 359 357 SURFACE 2 
195. 358 360 356 6 SURFACE 3 
196. ELEMENT PROPERTY 
197. 668 671 674 685 TO 687 690 695 698 732 TO 738 740 TO 745 

THICKNESS 0.15 
198. DEFINE MATERIAL START 
199. ISOTROPIC CONCRETE 
200. E 2.17185e+007 
201. POISSON 0.17 
202. DENSITY 23.5616 
203. ALPHA 1e-005 
204. DAMP 0.05 
205. TYPE CONCRETE 
206. STRENGTH FCU 27579 
207. END DEFINE MATERIAL  
208. MEMBER PROPERTY AMERICAN 
209. 1 TO 27 58 TO 84 115 TO 141 172 TO 198 229 TO 255 286 TO 312 

343 TO 369 400 - 
210. 401 TO 426 457 TO 666 670 672 673 675 678 TO 684 689 692 TO 694 

696 697 703 - 
211. 704 TO 715 726 TO 731 739 PRIS YD 0.9 ZD 0.3 
212. 29 TO 36 39 TO 46 49 TO 56 428 TO 435 438 TO 445 448 TO 455 667 

669 676 677 - 
213. 688 691 701 702 722 723 PRIS YD 0.3 ZD 0.6 
214. 28 37 38 47 48 57 85 89 90 94 95 99 100 104 105 109 110 114 142 146 

147 151 - 
215. 152 156 157 161 162 166 167 171 199 203 204 208 209 213 214 218 

219 223 224 - 
216. 228 256 260 261 265 266 270 271 275 276 280 281 285 313 317 318 

322 323 327 - 
217. 328 332 333 337 338 342 370 374 375 379 380 384 385 389 390 394 

395 399 427 - 
218. 436 437 446 447 456 699 700 716 TO 721 724 725 PRIS YD 0.6 ZD 

0.3 
219. SURFACE PROPERTY 
220. 1 TO 3 THICKNESS 0.23 
221. CONSTANTS 
222. MATERIAL CONCRETE ALL  
223. SURFACE CONSTANTS 
224. MATERIAL CONCRETE ALL  
225. SUPPORTS 
226. 1 TO 10 41 45 46 50 81 85 86 90 121 125 126 130 161 165 166 170 201 

205 206 - 
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227. 210 241 245 246 250 281 TO 290 322 355 356 FIXED 
228. LOAD 1 LOADTYPE Dead TITLE DL 
229. SELFWEIGHT Y -1 LIST ALL  
230. MEMBER LOAD 
231. 10 TO 13 15 TO 18 409 TO 417 467 476 497 501 502 506 527 531 532 

536 557 561 - 
232. 562 566 587 591 592 596 617 621 622 626 647 651 652 656 709 - 
233. 710 UNI GY -14.42 
234. 1 TO 4 6 TO 9 400 TO 408 457 466 487 491 492 496 517 521 522 526 

547 551 552 - 
235. 556 577 581 582 586 607 611 612 616 637 641 642 646 707 708 UNI 

GY -33.21 
236. 19 TO 22 24 TO 27 418 TO 421 423 TO 426 477 486 507 516 537 546 

567 576 597 - 
237. 606 627 636 657 666 UNI GY -4.37 
238. 422 661 662 UNI GY -7.42 
239. LOAD 2 LOADTYPE Live REDUCIBLE TITLE LL 
240. FLOOR LOAD 
241. YRANGE 8.5 17 FLOAD -5 GY 
242. YRANGE 20 22 FLOAD -1.5 GY 
243. LOAD 3 LOADTYPE Roof Live REDUCIBLE TITLE RL 
244. FLOOR LOAD 
245. YRANGE 20 22 FLOAD -1.5 GY 
246. YRANGE 8.5 17 FLOAD -1 GY 
247. PERFORM ANALYSIS PRINT ALL  
248. START CONCRETE DESIGN 
249. CODE INDIAN  
250. DEPTH 0.9 MEMB 1 TO 27 58 TO 84 115 TO 141 172 TO 198 229 TO 

255 286 TO 312 - 
251. 343 TO 369 400 TO 426 457 TO 666 670 672 673 675 678 TO 684 689 

692 TO 694 - 
252. 696 697 703 TO 715 726 TO 731 739 
253. FC 30000 ALL  
254. FYMAIN 415000 ALL  
255. FYSEC 415000 ALL  
256. WIDTH 0.3 MEMB 1 TO 27 58 TO 84 115 TO 141 172 TO 198 229 

TO 255 286 TO 312 - 
257. 343 TO 369 400 TO 426 457 TO 666 670 672 673 675 678 TO 684 689 

692 TO 694 - 
258. 696 697 703 TO 715 726 TO 731 739 
259. DESIGN BEAM 1 TO 27 58 TO 84 115 TO 141 172 TO 198 229 TO 

255 286 TO 312 343 - 
260. 344 TO 369 400 TO 426 457 TO 666 670 672 673 675 678 TO 684 689 

692 TO 694 - 
261. 696 697 703 TO 715 726 TO 731 739 
262. DESIGN COLUMN 28 TO 57 85 89 90 94 95 99 100 104 105 109 110 

114 142 146 147 - 
263. 151 152 156 157 161 162 166 167 171 199 203 204 208 209 213 214 

218 219 223 - 
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264. 224 228 256 260 261 265 266 270 271 275 276 280 281 285 313 317 
318 322 323 - 

265. 327 328 332 333 337 338 342 370 374 375 379 380 384 385 389 390 
394 395 399 - 

266. 427 TO 456 667 669 676 677 688 691 699 TO 702 716 TO 725 
267. DESIGN ELEMENT 668 671 674 685 TO 687 690 695 698 732 TO 

738 740 TO 745 
268. CONCRETE TAKE 
269. END CONCRETE DESIGN 
270. PERFORM ANALYSIS PRINT ALL  
271. PERFORM ANALYSIS PRINT ALL  
272. PERFORM ANALYSIS PRINT ALL  
273. FINISH 
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APENDIX �± III  
 
I ) DESIGN OF CONTINUOUS SLAB 
 
Condition :  
   
  Continuous over three edges and Discontinuous over Shorter Edge. 
 
 Ly = 4.25m   Lx = 3m   
 
Slab thickness as per IS code 456: 2000 (Clause 24.1 note)  
 
Span/ Depth      = 40 (For Fe415 modification factor 
0.8)  
 
Span/ Depth      = 0.8 x 40 = 32  
 
Effective Depth = Shorter Span / 32   =  93.75 mm . 
 
Let us take 125mm as effective depth 
 
Nominal cover      = 25mm  
 
Overall depth        = 125 + 25 =  150 mm  
 
Effective span:  
 
Width of support      = 300 mm 
 
In X-direction : 
 

Lx    =   Clear Span + Half of Support + Half of Support 
 
        =    3000 + (300/2) + (300/2) 
 
       =    3300mm. 
 

Lx    =   Clear Span + Effective Depth 
   
       =    3000 + 125 
 
       =    3125mm. 
 
Take least value of above as effective span i.e., 3125mm 
 
In Y-direction : 
 

Ly    =   Clear Span + Half of Support + Half of Support 
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        =    4250 + (300/2) + (300/2) 
 
       =    4550mm. 
 

Ly    =   Clear Span + Effective Depth 
 
       =    4250 + 125 
 
       =    4375mm. 
 
Least value of above is 4375mm. 
 
Span ratio       = Ly/Lx = 4375 / 3125 = 1.4 < 2  
 
Note: �,�I���W�K�H���V�S�D�Q���U�D�W�L�R���L�V���”�������L�W���L�V���G�H�V�L�J�Q�H�G���D�V���W�Z�R-way slab.  
If the span ratio is >2 then it is designed as one-way slab.  
Hence it is designed as Two-way  continuous slab.  
 
Loads per meter width of slab : 
 
Self-weight of slab (D.L)    = 0.15x 25 = 3.75 kN/m2  
  
Floor Finishing (D.L)        = 1 kN/m2  
 

 Live load on slab (L.L)        = 5.0 kN/m2  
 
Total Load ( W )      =  5 + 1 +3.75 
 
       =  9.75 KN/m2  
 
Factored Load          =  1.5 X  9.75 
 
       =   14.625 KN/m2    
 

Bending moments :   
 

 (As per (Annex D) D-2.1) 
 

Mx = �.x W Lx
2 

 
My = �.y W Lx

2 

 
  Span ratio       = Ly/Lx = 4375 / 3125 = 1.4 
 
  As per IS Code 456:2000 Table No 26 
 
   �.x- = 0.055     �.x+ = 0.041 
 
   �.y- = 0.037     �.y+ = 0.028 
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Mx

+ =  �.x+  W Lex
2 

    
    =  0.041 x 14.625 x 3.1252 

 
       =   5.855 KN-m  

 
Mx

-     =  �.x-  W Lex
2 

 
        =  0.055 x 14.625 x 3.1252 
 
          =   7.855 KN-m  
 

My
+    =  �.y+  W Lex

2 
 
         =  0.028 x 14.625 x 3.1252 
 
          =  3.999 KN-m  
 
 

My
-      =  �.y-  W Lex

2 
 
           =  0.037 x 14.625 x 3.1252 
 
            =   5.284 KN-m  
 
 
Depth required for strength:  
 
Assume width of slab as 1m.  
 
For Fe415  
 

Mu limit   =  0.138 fck bd2  

 

=  0.138 x 30 x 1000 x d2 x 7.855x106   
 

=  0.138 x 30 x1000 x d2  

 
d = 43.55 mm < 125mm  

 
Hence provided depth is adequate  

 
Calculation of Reinforcement :  
 

M = 0.87 fy Ast d (1- fy Ast /fck b d) 
 

Mx
+ = 0.87 fy Astx

+
 d (1- fy Astx

+
 / fck b d) 
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5.855x106   =  0.87 x 415 x Astx
+
 x125 (1- 415 x Astx

+
 / 30 x 1000 x 125) 

 
Astx

+ = 131.64 mm2 

 
Mx

- = 0.87 fy Astx
-
 d (1- fy Astx

-
 / fck b d) 

 
7.855x106   =  0.87 x 415 x Astx

-
 x125 (1- 415 x Astx

-
 / 30 x 1000 x 125) 

 
Astx

- = 177.53 mm2 

 
My

+  =  0.87 fy Asty
+
 d (1- fy Asty

+
 / fck b d) 

 
3.999x106   =  0.87 x 415 x Asty

+
 x125 (1- 415 x Asty

+
 / 30 x 1000 x 125) 

 
Asty

+ = 89.49 mm2 

 
My

- = 0.87 fy Asty
-
 d (1- fy Asty

-
 / fck b d) 

 
5.284x106 = 0.87 x 415 x Asty

-
 x125 (1- 415 x Asty

-
 / 30 x 1000 x 125) 

 
Asty

- = 118.63 mm2 

 
Minimum Reinforcement for Slab   =  0.12% of bD 
 
      = (0.12/100) x 1000 x 150 
 
      =  180mm2 

 
So Provide minimum reinforcement where the reinforcement is less than 180mm2 
  
Using 10mm diameter bars, spacing of bars  
   
Spacing at supports (X-direction)    =   (ast/Astx

-) x 1000  
 
      =   78.53/180 x 1000 
 
      =  436.27mm 
 
Spacing at Mid Span (X-direction)  =  (ast/Astx

+) x 1000 
 
      =  78.53/180 x 1000  
 
      = 436.27mm 
 
Spacing at supports (Y-direction)    =  (ast/Asty

-) x 1000 
 
      = 78.53/180 x 1000  
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      = 436.27mm 
 
Spacing at Mid Span (X-direction)  = (ast/Asty

+) x 1000 
 
      = 78.53/180 x 1000  
 
      = 436.27mm  
 
Maximum spacing is 
 

�x 3d = 3x120=360mm 
 

�x 300mm which ever is less 
 
Provide 10mm bars at 150mm c/c spacing along X-axis at Supports  
 
Provide 10mm bars at 150mm c/c spacing along X-axis at Mid Span 
 
Provide 10mm bars at 150mm c/c spacing along Y-axis at Supports 
 
Provide 10mm bars at 150mm c/c spacing along Y-axis at Mid Span 
  
 
Distribution reinforcement:  
 
   Ast        = (0.12/100) x b x D = (0.12/100) x1000x150  
 
      Ast     = 180mm2 
     
Using 8mm diameter bars, spacing of bars  
   

S      =   ast/Ast x 1000 
 

      = 50.26/180 x 1000 = 279.25mm 
 
Maximum spacing is 
 

5d = 5x120=600mm 
 

450mm which ever is less 
 

Hence provide 8mm bars at 270mm c/c spacing 
 
Check for deflection: 
 
As per IS code 456: 2000 (Clause 24.1 note)  
 

Span/ Depth = �. �� ������ �/ 
 



94 

 
 

 

(Lex / d)  =  (3.125/0.125)  =  25 
 

�.����� �������������$�V���S�H�U���,�6���&�R�G�H���������������������������&�O�D�X�V�H���Q�R�������������������)�R�U���&�R�Q�W�L�Q�X�R�X�V���V�O�D�E���� 
 

������� �������������������P���V�S�D�Q���� 
 

��  =  1 
 

�/  =  1 (Not Flanged) 
 

For p =0.36% and fs = 0.58x415 ( 131.64 / 450.28 ) = 70.36 ; 
 

from fig 4: IS-456 value of ����� �������� 
 

Span/depth provided = 30.9 < 26 x 1 x 1 x 2.0 =52 
 

Hence safe against deflection 
Check for shear: 
 
Maximum shear force Vu = wLex / 2 = (14.625 x 3.125) / 2 = 22.85kN 
 
�1�R�P�L�Q�D�O���V�K�H�D�U���2v =Vu/bd = (22.85 x1000) / (1000x125) = 0.182 N/mm2  
 
From IS 456:2000; Table 19;  
 

For Pt =0.36% 
 

�2c for 0.25 Pt  is 0.37 
 

for 0.50 Pt  is 0.50 
 

By interpolation �2c is 0.427 
 

From IS-456:2000 Table 20;  
 

�2c max = 3.5N/mm2 
 

From IS Code 456 : 2000, Clause 40.2.1.1 
 

�2 per m  =  k. �2c =  1.3 x 0.427  =  0.555 > �2c max 
 

�2v < �2c < �2c max 
 

Hence it is safe in shear. 
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Development Length :  
 

Ld   =  ( �¥���1s ) / ( 4�2bd )     (As per IS Code 456:2000, Clause no 26.2.1) 
 

=  10(0.87 X 415)/(4 X 2.4) 
 

   =  376.09mm 
 
Check for Development Length :  
 

M1  = 0.87 x fy x ( Ast /2 ) x d [ 1 �± (( fy x ( Ast /2 )) / (fck x b x d) ) 
 

M1  = 0.87 x 415 x ( 450.28 /2 ) x 125 [ 1 �± (( 415 x ( 450.28 /2 )) / (30x1000x125) ) 
 

= 9.907 x 106 KN-m 
 

1.3 ( M1/V  )     ( As per IS Code 456:2000, Clause 26.2.3.3) 
 

1.3 ( M1/V )    =   (1.3 x 9.907) / 22.85  =   0.56m  =  560mm 
 

Ld < 1.3 ( M1/V )     ( So Anchorage length has not be prepared ) 
 

Torsion Reinforcement : 
  
 Length of Torsion bar    =  (1/5) x Lx 
 
     = (1/5) x 3.125 
   
     =0.625m  or   625mm 
 
 Spacing of Torsion bar   =  (4/3) x 175  
  
     = 233.3mm 
 
 No. of bars required       =  ( Length/Spacing ) + 1 
  
     =  ( 625/233.3) + 1 
      

     =  3.67 �§��4 
 
 �3�U�R�Y�L�G�H�������Q�R�¶�V�����P�P���G�L�D���E�D�U�V���#���������P�P���F���F���V�S�D�F�L�Q�J���I�R�U�������������/�H�Q�J�W�K 
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7.2 Slab Reinforcement Details 
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II ) DESIGN OF FLEXURAL MEMBER : (Beam C 1C5) 

 
Let us assume the depth as 900 mm. 
 

Assume cover as 50 mm 
 
Effective Depth        =   Overall Depth - Cover 

  
       =    900 �± 50    =  850mm 
 
Depth of Flange        =  150mm 
 
Spacing          =   4.25m  
 
End Bearing Width        =   300mm 
 
Assume Breadth   bw     =    (1/3) x d 
 
            =   (1/3) x 850 
 
             =   283.33mm 
 
Effective Span :   
 
 

Effective Span   =   Clear Span + Half of Support 
 

            =  17 + 0.85  =  17.85m 
  

Effective span    =  Clear Span + Half of Support + Half of Support 
 
                  = 17 + (0.3/2) + (0.3/2)   =   17.3m 
    

Consider the least of the above as Effective Span i.e., 17.3m or 17300mm 
 
Flange Width : 
 
   bf       =  ( L0/6 ) + bw + 6Df 
 
  bf                =  ( 17300 / 6 ) + 300 + ( 6x150) 
 
            =  4083.33mm �§ 4083mm  
     
  c/c adjacent slabs    =  4250mm 
 
 Least of the above is considered as bf   i.e., 4083mm 
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Load Calculations : 
 

a) Load from slab  
 

Self weight of slab    =  0.15 x 25  =  3.75KN/m2 
 
Weight of Floor Finish    =  1 KN/m2 

    
   Live Load     =  5 KN/m2 
    
   Total Load from slab    =  9.75 KN/m2  
 

Since the slab width is 4.25m 
 

   Load on the beam from slab  =  9.750 x 4.25  =  41.43KN/m 
  

b) Self weight of rib    =    (0.9-0.15) x 0.3 x 25 
 

=     5.625KN/m 
 
   
  Total Load on Beam     =  41.43 + 5.625    
 

=   47.055 KN/m 
 
  Factored Load      =   1.5 x 47.055    
 

=   70.58 KN/m 
 
Design Bending Moment  : 
 

 
Mu       =   ( Wu L2 ) /8 

 
    =   ( 70.58 x 17.32 ) / 8 

    
                  =   2640.48 KN/m 
 
Design Shear Force :  
 
 

Vu  =  0.5 Wu L 
 

     =  0.5 x 70.58 x 17.3 
 
                =  610.51 KN/m 
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Design of Longitudinal bars :  
 

Xu limit   =   0.48d 
 

=   0.48 x 850   = 408mm 
 
       Neglecting Contribution of rib and assuming uniform compression flange  
 
 Mu limit     =  0.446 fck bf Df (d �± 0.5Df) 
 
        =   0.446 x 30 x 4083 x 150 x ( 850 �± ( 0.5 x 150 ))   
 
         =  6350.80 x 106 N-mm 
 
  Mu < Mu limit   It can be designed as singly reinforced section 
 

Assuming neutral axis coincides with flanges  
 

        Xu  =  Df   =  125mm 
 

Mu
1   =   0.36 fck bf Df ( d �± 0.42 Df ) 

  
   =   0.36 x 30 x 4083 x 150 x ( 850 �± ( 0.42 x 150 )) 
    
   =   5205.58 x 106 N-mm 

 
Thus Mu < Mu

1  i.e., depth of N.A is within the flange. Equating Moment of 
Resistance 
 

Mu  =  0.87 fy Ast d ( 1 �± (Ast fy) / (b d fck ) ) 
 

2640.48 x 106  =  0.87 x 415 x Ast x 850 x (1 �± (Ast fy) / (4083 x 850 x 30)) 
 

Ast   =   8920.32 mm2 
 
    Provide 32mm dia bars 
 

Area   =    ( �Œ x 322 ) / 4     =     804.24mm2 
 

No. of bars   =   (8920.32 / 804.24)    =   11.90  �§  �������Q�R�¶�V 
 

Design for Shear :   
 
 

    �2v            =   Vu / bd 
 
                     =   ( 610.51 x 1000 ) / ( 300 x 850 ) 
 
                 =    2.39 N/mm2 



100 

 
 

 

 
  Ast provided             =    ( 12 x �Œ  x 322 )/4 
 
                =    9650.97mm2 
 
    Pt          =  (9650.97/(300 x 850)) x 100   
 
           =   3.78% 
      

    �2c   =  0.96 N/mm2 

    �2c max        =  3.5 N/mm2 
 

    �2c < �2v < �2c max 
 

Shear Reinforcement is to be designed      
    
 

    Vus     =   Vu �± �2c bd  
 
               =  610.51 x 103  -  ( 0.96 x 300 x 850 ) 
 
               =   365.71 x 103 N    =   365.71 KN 
 
Using2 legged 8mm dia fe415 steel as vertical stirrups spacing Sv can be found from 
 
the relation 
 
    Vus   =  0.87 fy Asv d / Sv 
 
            365.71 x 103      =   ( 0.87 x 415 x 2 x (�Œ/4) x 82 x 850 ) / Sv 
 
             Sv   =    84.36mm 
 
Maximum spacing allowed    =   0.75 x d 
  
            =    637.5mm 
 
      (or)  300mm  
 
    Whichever  is  less 
 

Hence provide 2legged 8mm dia stirrups @ 80mm c/c spacing
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8.2 T-Beam Reinforcement detail 
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III ) DESIGN OF AXIALLY LOADED WITH UNIAXIAL BENDING FOR   

COLUMN  A3 

 
 Length of Column    =  4.2 �± 0.9  =  3.3m 
 
 Effectively held in Position, Restrained against Rotation at both ends 
 
   Leff     =  0.65 x L  
 
              =  0.65 x 3.3 
 
              =   2.145m ( or )  2145mm 
 
Slenderness Ratio : 
 
   ��x     =   Leff / Least Lateral Dimension 
 
           =   2145 / 300 
 
           =   7.15 < 12 Hence ok 
 
   ��y      =   Leff  /  Least Lateral Dimension 
 
             =   2145 / 682 
         
             =  3.14 < 12 Hence ok 
 
                                      It is Short Column 
 
Minimum Eccentricity :   
 
   ex min     =   (Lex / 500) + ( Dx / 30) 
 
        =   (2145 / 500) + (300 / 30) 
 
        =  14.29mm 
    
          0.05 Dx   =  0.05 x 300   =  15mm 
 
     14.29 < 15  Hence ok 
 
   ey min      =   (Ley / 500) + (Dy / 30) 
 
         =  ( 2145 / 500 ) + (682 / 30) 
 
          =  27.02mm 
 
    0.05 Dy   =  0.05 x 682  =  34.1mm 
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              27.02 mm  <   34.1mm 
 
      Hence Ok 
 

It is Subjected to Uni - axial Bending 
 

Fck  =  30N/mm2  Fy  =  415N/mm2 
 

      P  =  2201.2 KN 
 
  One side of column  [ b ]   =  300mm 
 
Design Load :  
 
     Pu    =  1.5 P 
 
            =  1.5 x 2201.24 
 
             =   3301.86 KN 
 
     Asc    =  1% of Ag 
 
              =   0.01 Ag 
 
     Ac     =  Ag - Asc 
 
              =  Ag �± 0.01Ag 
 
              =   0.99 Ag 
  

Pu    =  0.45 Fck Ac + 0.67 Fy Asc 
 

3301.86 x 103  =  ( 0.45 x 30 x 0.99 Ag ) + ( 0.67 x 415 x 0.01Ag ) 
 
             Ag    =   204506.51mm2 
 
        b x d     =    204506.51mm2 
   

d        =  681.68 mm  �§  682 mm 
 
                    Asc    =    0.01 Ag 
 
            =   2045 mm2 
 

            Ac     =   0.99Ag     
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=   0.99 x 204506.51 
 
           =   202461.44mm2 
  

Area of Steel    =   2045 mm2 
 

 i ) Provide 20mm dia bars  
 
   No. os bars    =  (2045 / ((�Œ / 4) x 202 )) 
 
       =   2045 / 314.15 
 
       =   6.5 bars �§ 7 bars 
ii ) Provide 18mm dia bars  
 
   No. of bars    =  (2045 / ((�Œ / 4) x 182 )) 
 
      =  8.03 �§ 8 bars 
 
Lateral Ties :  
 
 Diameter Should be Least of the following : 
 
  i ) dia /4  =  20/4  =  5mm   (or)   dia / 4  =   18 / 4   =   4.5mm 
 
  ii ) 5mm 
  
   Provide Lateral Ties of 5mm Diameter 
 
Spacing :  
 
 It should be minimum of following  : 
 
  i ) 300mm 
 
  ii ) Least Lateral Dimension  =  300mm 
 
  iii ) 16 x Dia  =   16 x 20  =  320mm   ( or )  16 x 18  =  288mm 
 
   Provide 5mm dia Lateral ties @ 280mm c/c Spacing 
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Column Reinforcement Details 
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PROGRAM OUTCOMES:  
Engineering Graduates will be able to: 

Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 

 
Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 
mathematics, natural sciences, and engineering sciences. 

 
Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety, and the cultural, societal, and environmental 
considerations. 

 
Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis 
of the information to provide valid conclusions. 

 
Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 

engineering and IT tools including prediction and modeling to complex engineering 
activities with an understanding of the limitations. 

 
The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal and cultural issues and the consequent responsibilities relevant 
to the professional engineering practice. 

 
Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and 
need for sustainable development. 

 
Ethics: Apply ethical principles and commit to professional ethics and responsibilities and  

norms of the engineering practice. 
 

Individual and team work: Function effectively as an individual, and as a member or leader in 
diverse teams, and in multi-disciplinary settings. 

 
Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 
write effective reports and design documentation, make effective presentations, and give and 
receive clear instructions. 

 
Project management and finance: Demonstrate knowledge and understanding of the 

�H�Q�J�L�Q�H�H�U�L�Q�J�� �D�Q�G�� �P�D�Q�D�J�H�P�H�Q�W�� �S�U�L�Q�F�L�S�O�H�V�� �D�Q�G�� �D�S�S�O�\�� �W�K�H�V�H�� �W�R�� �R�Q�H�¶�V�� �R�Z�Q�� �Z�R�U�N���� �D�V�� �D�� �P�H�P�E�H�U��
and leader in a team, to manage projects and in multidisciplinary environments. 
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Life-long learning: Recognize the need for, and have the preparation and ability to engage in 
independent and life-long learning in the broadest context of technological change. 

 
PROGRAMME SPECIFIC OUTCOMES (PSOs) 

Students will be able to: 

1. Survey, plot and prepare layout for buildings, dams, canals and highway alignments and 
conduct geotechnical and geological investigations of the project. 

2. Test, analyze and design various   substructures and super structures by 
considering the environmental and societal issues. 

3. Organize various construction projects considering modern construction 
techniques, equipment and management issues. 

 
PROJECT MAPPING 

 
Note: Tick Appropriate category. 

 
Classification of 

Project 
Application Product Research Review 

 
�9 

 
�9 

  
�9 

Student will be able to: 
 

Course Outcomes 

Outcome 1 Identify and solve challenging civil engineering problems. 

Outcome 2 Analyze and design civil engineering structures 

Outcome 3 Conduct experimental studies on various specialized areas of civil engineering. 

Outcome 4 Present project reports 
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CO-PO Mapping 
 

ANALYSIS 
& DESIGN 
TYPE 
PROJECTS 

Statement 
(Students will 
be able to:) 

 
 

PO1 

 
 

PO2 

 
 

PO3 

 
 

PO4 

 
 

PO5 

 
 

PO6 

 
 

PO7 

 
 

PO8 

 
 

PO9 

 
 

PO10 

 
 

PO11 

 
 

PO12 

 
 

PsO1 

 
 

PsO2 

 
 

PsO3 
CO1 Work in a 

team and 
select the 
broad 
statement of 
the problem 
for project 
work 

 3 2 2 3    2    2 3  

CO2 Review and 
evaluate the 
available 
literature on 
the chosen 
problem 

 3 2 2 3    2    2 3  

CO3 Formulate the 
methodology 
to solve the 
identified 
problem by 
satisfying the 
ethical and 
societal 
conditions 

 3 2 2 3    2    2 3  

CO4 Develop a 
mathematical 
or engineering 
model 

 3 2 2 3    2    2 3  

CO5 Use of various 
techniques, 
engineering 
knowledge 
and skills, and 
modern 
engineering 
tools for 
analysis and 
design of 
structures. 

 3 2 2 3    2    2 3  

CO6 Validate the 
obtained data 
with standard 
norms and 
prepare the 
report 

 3 2 2 3    2    2 3  

NOTE: 

1. Every CO should map at least with one PO/PSOS 

2. All the POS& PSOS should mandatorily mapped 

3. Mapping shall be represented with 1,2,3 
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NOTATIONS  
 
 
 

Ast = Area of Tensile reinforcement 

B = Breadth of beam/shorter dimension of a rectangular column 

D = Overall depth of the beam/slab/longer dimension of rectangular column 

D = Effective depth of a beam/slab 

d' = Effective cover in Beams and Columns 

E = Eccentricity 

fck = Characteristic strength of concrete 

fy = Characteristic strength of steel 

Ld = Development length 

L = Unsupported Length of column 

Lef = Effective span of beam/slab 

M = Bending moment 

Mu = Factored bending moment 

P = Axial load on a compression member 

Pu = Factored axial load 

S = Spacing of stirrups 

V = Shear force 

Vu = Factored shear force 

Vus = Net factored shear force to be resisted by the stirrups 

�	 c =Allowable shear stress of concrete 
�	 cmax = Maximum allowable shear stress of concrete 
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ABSTRACT 

Generally, in the seismic design of ordinary middle/high-rise buildings, the structural 

characteristics are kept uniform in a building in order to avoid damage concentration to certain 

stories. However, it is extremely difficult to incorporate the structural design suited for the 

characteristics of each function adequately in general for the multifunctional building. For a base- 

isolated structure capable of reducing seismic force to a building, the degree of freedom in the 

structural design of an upper building gets somewhat high. We are living in the 21st century, number 

of complex and irregular structures are designed to resists the earthquake, wind and need to analyse, 

�G�H�V�L�J�Q���W�K�H���V�W�U�X�F�W�X�U�H���E�\���W�K�H���Y�D�U�L�R�X�V���V�R�I�W�Z�D�U�H�¶�V���O�L�N�H��ETABS, STAAD-Pro, ANSYS, SAP etc. 

 
In this project, the analysis and design of various components of a commercial building 

(Basement+G+3) is done by using STAAD-Pro. STAAD-Pro is an analysis, design and detailing 

software for superstructure (Beams, Columns) of any building. For the design of a commercial 

building, the dead load, live load, wind load and earthquake load are considered along with their 

combination on each structural element of the building. Although, the software is capable of doing 

linear-static, linear-dynamic, nonlinear- static and nonlinear-dynamic analysis, the scope of study is 

limited to only linear static analysis. The software is even capable of detailing each structural  

element in substructure and superstructure, but it is attempted to do the detailing by using 

AUTOCAD. 



1 `  

CHAPTER 1 

INTRODUCTION  
 

Building constitutes a part of the definition of civilizations, a way of life advanced by the 

people. The construction of buildings should be looked upon as a process responded to human 

requirements rather than as a product to be designed and built a great expense. Building construction 

is an ancient human activity. It began with the purely functional need for a controlled environment to 

moderate the effects of climate. Constructed shelters where one means by which human beings were 

able to adapt themselves to a wide variety of climates and become a global species. Human shelters 

were at first very simple and perhaps lasted only a few days or months. 

Over time, however, even temporary structures evolved into such highly refined forms as  

the  igloo.  Gradually  more  durable  structures  began  to  appear,   particularly  after   the  advent   

of agriculture, when people began to stay in one place for long periods. 

The first shelters were dwellings, but later other functions, such as food storage and 

ceremony, housed in separate buildings. Some structures began to have symbolic as well as 

functional value, marking the beginning of the distinction between architecture and building. The 

Building construction today is a significant part of industrial culture, a manifestation of its diversity 

and complexity and a measure of its mastery of natural forces, which can produce a widely varied 

built environment to serve the diverse needs of society. 

Amaravati is the capital of Andhra Pradesh (India). There are many shopping malls in and 

surrounding of Amaravati. So, we have adopted the design of Shopping mall which is having 

rectangular shape in plan. This project concerns with the planning, structural analysis and designing 

of rectangular building. The building is planned by considering the functional requirements of it. The 

structure is basically five storied structure. 

The cellar is given for parking. Ground, first and second stories are allotted for shopping. 

Third floor allotted for gaming zone and food court; fourth floor allotted for shopping. In that 

opening two stair cases are provided. All the shops are connected with corridor and all of them are 

connected with each other. Sufficient numbers of bathrooms are also provided. Planning of the 

structure is done according to National Building Code of India. 
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1.1 OBJECTIVES AND SCOPE OF THE STUDY 
 

OBJECTIVES 

To perform the analysis and design of a structure without any type of failures, the following 
objectives are to be fulfilled. 

 
1. To understand the basic principles of structures by using Indian standard codes 

2. To understand the parameters of the design for beams, columns, slabs and other structural 
components 

3. To prepare a 3D model of the structure by using the STAAD Pro software for detailed 
analysis and design 

 
SCOPE 

The scope of the study is to produce a good structural work for performing analysis and design for a 

Shopping mall. 
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CHAPTER 2 

SOFTWARES USED 

2.1 GENERAL:  
Computers have entered the field of engineering and have come to a stage that engineering 

industry cannot survive without them. This is most predominantly seen in civil and mechanical fields. 
This is commonly termed as CADD (Computer Aided Drafting and design). 

 
2.1.1 USE OF CADD IN CIVIL  ENGINEERING:  

Any type of structure can be designed by keeping two things in view. One of the major 
advantages of CAD is the optimization of the structural sizes, which is very important in  the 
economy point of view. 

 
1. Functionality 
2. Esthetic 

Various permutations and combinations can achieve the objects, which are extremely difficult 
manually. For this purpose, many companies around the world have been developing various 
�V�R�I�W�Z�D�U�H�¶�V���I�R�U���W�K�H���O�D�V�W���������\�H�D�U�V�����1�R�Z�����Z�L�W�K���P�D�Q�\���Y�H�U�V�L�R�Q�V���D�Q�G���H�Q�K�D�Q�F�H�P�H�Q�W�V the engineering industry 
is well settled with many latest and advanced techniques. Creeping into the CAD software, which  
can think the way we design. 

 
2.2 COMPUTER GRAPHICS  SOFTWARE: 

The graphics software is a collection of programs written to make it convenient for the user 
to operate the computer graphics system. The graphics software can be divided into three models 
depending upon the accuracy to concept the model. They are 

�ƒ The graphic package 
�ƒ The application programs 
�ƒ The application database 

 
2.3 APPLICATIONS  OF COMPUTERS FOR DESGIN: 

Various design related tasks which are performed by a modern CADD system could be grouped into 
four areas. 

�x Automated drafting 
�x Structural analysis 
�x Design review and evaluation 
�x Estimations and costing 



 

2.4 WHAT is  STAAD-Pro? 
 

STAAD-STRUCTURAL ANALYSIS AND DESIGN  
 

STAAD-Pro offers general purpose structural analysis and design along integrated in one 
common graphical user interface (GUI). The objective of this project is to familiarize with the basic 
principles involved in the implementation of the various analysis/design facilities offered by the 
STAAD engine. As a general rule, the sequence in which the facilities are discussed follows the 
recommended sequence is their usage in the input file. 

 
2.4.1 Input  Generation: 

 
The user communicates with STAAD through an input file. The input file is a text File 

consisting of a series of commands, which are executed sequentially. The commands contain either 
instructions or data pertaining to analysis and /or design. 

The STAAD input file can be created through a text editor or the modeling facility. In 
general, any text editor may be utilized to create the input file. The modeling facility creates the input 
file through an interactive menu-driven graphics-oriented procedure. 

 
2.5 Types of Structures: 

i. A STRUCTURE can be defined as an assemblage of elements. STAAD is capable of 
analyzing and designing structures consisting of both frame plate/shell and solid elements. 
Almost any type of structure can be analyzed by STAAD. 

ii. A SPACE structure, which is a three-dimensional framed structure with loads applied in any 
plane, is the most general. 

iii.  A PLANE structure is bound by a global x-y coordinate system with loads in the same plane. 
iv. A TRUSS structure consists of truss members, which can have only axial member forces  

and bending in the members. 
 
 

2.5.1 Post Processing: 
The post processing mode of STAAD-Pro offers facilities for on-screen visualization and 

verification of the analysis and design. The page in this mode allows you to view displacements, 
forces, and stresses, etc, both graphically and numerically. Most of the menu items in the Post 
Processing Mode are same as in the Modeling mode. Please note that the displayed results are  
derived only from the last analysis run. If you have modified any geometry, load, support or other 
structural data you have to perform Run analysis once again for the changes to take effect. 

 
2.5.2 The Post Processing Mode: 

The Post Processing Mode offers graphical result verification and visualization facilities.  
A comprehensive custom report generation facility is also incorporated. The customized reports may 
contain tabular results as well as graphics. You may take snapshots of any screen using the Take 
�3�L�F�W�X�U�H���R�S�W�L�R�Q�����7�K�H�V�H���S�L�F�W�X�U�H�V���J�R���L�Q�W�R���D�Q���³�D�O�E�X�P�´�����'�X�U�L�Q�J���W�K�H���F�X�V�W�R�P���U�H�S�R�U�W���V�H�W�X�S�����W�K�H���S�L�F�W�X�U�H�V���L�Q���W�K�H��
album are available for inclusion in the report. 

 
 
 

Plane 4 
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Floor 
 
 
 
 

2.6.1 Member Properties: 
 

The following types of member property specifications are available in STAAD 
 

�x PRISMATIC property specifications. 
�x Standard steel shapes form built-in section library 
�x User created steel tables 
�x Tapered sections 
�x Through ASSIGN command 

 
2.6.2 Materials Constants: 

�7�K�H���P�D�W�H�U�L�D�O���F�R�Q�V�W�D�Q�W�V���D�U�H�����0�R�G�X�O�X�V���R�I���H�O�D�V�W�L�F�L�W�\�����(�������Z�H�L�J�K�W���G�H�Q�V�L�W�\�����'�(�1�������3�R�L�V�V�R�Q�¶�V���U�D�W�L�R��
(POISS); co-efficient of thermal expansion (ALPHA), composite damping ratio, and beta angle 
(BETA) or coordinates for any reference (REF) point. 

 
E value for members must be provided or the analysis will not be performed. Weight density 

(DEN) is used only when self-�Z�H�L�J�K�W�� �R�I�� �W�K�H�� �V�W�U�X�F�W�X�U�H�� �L�V�� �W�R�� �E�H�� �W�D�N�H�Q�� �L�Q�W�R�� �D�F�F�R�X�Q�W���� �3�R�L�V�V�R�Q�¶�V�� �U�D�W�L�R��
(POISS) is used to calculate the shear modulus (commonly Known �D�V���*�����E�\���W�K�H���I�R�U�P�X�O�D�����,�I���3�R�L�V�V�R�Q�¶�V��
ratio is not provided, STAAD will assume a value for this quantity based on the value of Coefficient 
of thermal expansion (ALPHA) is used to calculate the expansion of the members if temperature 
loads are applied. The temperature unit for temperature load and ALPHA has to be the same. 

 
Composite damping ratio is used to compute the damping ratio for each mode in a dynamic 

solution. This is only useful if there are several materials with different damping ratios. 
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Note: 

 
P�R�L�V�V�R�Q�¶�V ratio must always be defined after the modulus of the elasticity for a given 

member/element. 
 
 

2.7 Supports: 
 
 

STAAD allow specifications of supports that are parallel as well as inclined to the global 
axes. Supports are specified as PINNED, FIXED or FIXED with different releases. A pinned support 
has restraints against all translational movement and none against rotational movement. In other 
words, a pinned support will have reactions for all forces but will resist no moments. A fixed support 
has restraints against all direction of movement. The restraints of a fixed support can also be released 
in any desired direction. Translational and rotational springs can also be specified. The springs are 
represented in terms of their spring constants. A translational spring constant is defined as the forces 
to displace a support joint one length unit in the specified global direction. Similarly, a rotational 
spring constant is defined as the force to rotate the support joint one-degree around the specified 
global direction. 

 
2.8 Loads: 
 

Load in a structure can be specified as joint load, member load, and temperature Load. 
STAAD can also generate the self- weight of the structure and use it as uniformly distributed member 
load s in analysis. Any fraction of this self-weight can also be applied in any desired direction. 

 
2.8.1 Joint Load: 
 

Joint loads, both forces and moments, may be applied to any free joint of a structure. These 
loads act in the global coordinate system of the structure. Positive force act in the positive coordinate 
directions. Any number of loads may be applied on a single Joint, in which case the loads will be 
additive on that joint. 

 
2.8.2 Member Load: 
 

Three types of member loads may be applied directly to a member of a structure. These 
loads are uniformly distributed loads, concentrated load, and linearly varying Loads (including 
trapezoidal). Uniform loads act on the full or partial length of a member Concentrated loads act at  
any intermediate specified point. Linearly varying loads act over the length of a member. Trapezoidal 
loads are converted into a uniform load and several concentrated loads. 
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2.8.3 Load Combination 

 
As per the limit state design of reinforced concrete structures, the following load combinations has 
been taken. 

1. 1.5 (DL + LL) 

2.   1.2 (DL + LL ± Ex) 

3.   1.2 (DL + LL ± Ey) 

4.   1.5 (DL ± Ex) 

5.   1.5 (DL ± Ey) 

6.   0.9DL ± 1.5Ex 

7.   0.9DL ± 1.5Ey 
 

2.9 STAAD Commands and Input Instructions:  

The section of the manual describes in dental various commands and related instructions for 
STAAD. The user utilizes a commands language format to communicate instructions to the program. 
Each of these commands either supplies some data to the program or instructs it to perform some 
calculations using the data already specified. 

 
Although the STAAD input can be created through the modeling mode, it is very important 

to understand the command language. With the Knowledge of this language, it is easy to understand 
the problem and add or comment data as necessary. The general sequence in which the commands 
should appear in an input file should ideally follow the same sequence in which they are presented in 
this section. The commands are executed in the sequence entered obviously then the data needed for 
proper execution of a command must precede the command (e. g print results after perform Analysis). 
Otherwise, the commands can be provided any order with after following exceptions. 

 
2.10 Design Operations: 

 
STAAD has the capability of performing concrete design. It will calculate the reinforcement 

needed for any concrete section. All the concrete design calculations are based on limit state method 
of IS: 456(1978). 

 
2.10.1 Section Types for Concrete Design: 

 
The following types of cross sections for concrete members can be designed. 

�x For Beams Prismatic (Rectangular & Square), and L-shapes 
�x For columns prismatic (Rectangular, square and circular) 
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2.10.2 Member Dimensions: 
Concrete members, which will be designed by the program must have certain section 

properties in put under the MEMBER PROPERTY command. The following example shows the 
required input. 

 
2.10.3 Design Parameters: 

The program contains a number of parameters, which are needed to perform design as per is 
456(1978). Default parameter values have been selected such that they are frequently used numbers 
for conventional design requirements. These values may be changed to suit the particular design 
being performed. It is necessary to declare length and force units as Millimeter and Newton before 
performing the concrete design. 

 
2.10.4 Beam Design: 

Beams are designed for flexure, shear and torsion. If required, the effect the axial force may 
be taken into consideration. For all these forces, all active beams loading is prescreened to identify 
the critical load cases at different sections of the beams. The total number of sections considered is 
13(e.g.0, .1,.2,.25,.3,.4,.5,.6,.7,.75,.8,.9and1). All of these sections are scanned to determine the 
design force envelopes. 

 
2.10.5 Design for Flexure: 

Maximum sagging (creating tensile stress at bottom face of the beam) and hogging (creating 
tensile stress at the top face) moments are calculated for all active load Cases at each of the 
abovementioned sections. Each of these sections is designed to resist both of these critical sagging 
and hogging moments. Wherever the rectangular section is inadequate as singly reinforced section, 
doubly reinforced section is tried. 

 
2.10.6 Design for  Shear: 

Shear reinforcement is calculated to resist both shear forces and torsional Moments. Shear 
design are performed at 11 equally spaced sections (0.to 1.) for the maximum shear forces amongst 
the active load cases and the associated torsional moments. Shear capacity calculation at different 
sections without the shear reinforcement is based on the actual tensile reinforcement provide by 
STAAD program. Two-legged stirrups are provided to take care of the balance shear forces acting on 
these sections. 

 
2.10.7 Column Design: 

Columns are designed for axial forces and biaxial moments at the ends. All active load cases 
are tested to calculate reinforcement. The loading, which yields maximum reinforcement, is called  
the critical load. Column design is done for square, rectangular and circular sections. By default, 
square and rectangular columns and designed with reinforcement distributed on each side equally for 
the section under biaxial. 
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CHAPTER 3 
 

LITERATUREREVIEW  
 

The Literature survey is conducted, referred many journals related to the area and the following 
observations are made. 

 
1. �'�K�H�H�N�V�K�L�W�K�� �D�Q�G�� �3�U�H�H�M�H�V�K���� �³�$�1�$�/�<�6�,�6�� �$�1�'�� �(�9�$�/�8�$�7�,�2�1�� �2�)�� �$�� �&�2�0�0�(�5�&�,�$�/�� �	��

RESIDENTIAL BUILDING (G+5) BY USING STAAD -�3�U�R�´���� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �5�H�V�H�D�U�F�K��
Journal of Engineering and Technology (IRJET) ISSN: 2395-0056 Volume 05, Issue 06, 
JUNE 2018, IRJET.  

�¾ All kinds of errors in the structural elements can be identified and are given the best  
section with software. 

�¾ The calculation results which are obtained from both manual and software gives almost the 
same results. 

�¾ Design and Analysis of an Institutional Building. 
 

2. �6�R�Q�L�D�� �/�R�Q�J�M�D�P�� �D�Q�G�� �6���� �$�U�D�Y�L�Q�G�D�Q���� �³�$�1�$�/�<�6�,�6�� �$�1�'�� �'�(�6�,�*�1�� �2�)�� �6�+�2�3�3�,�1�*�� �0�$�/�/��
�$�*�$�,�1�6�7�/�$�7�(�5�$�/�� �)�2�5�&�(�6�´���� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �(�Q�J�L�Q�H�H�U�L�Q�J�� �6�F�L�H�Q�F�H�� �,�Q�Y�H�Q�W�L�R�Q��
(IJESI) ISSN: 2319-6726 

�¾ The plan using AutoCAD, modeling of the structure, analysis by seismic coefficient 
method and design of some selective parts of the shopping mall using ETABS and manual 
design calculation satisfying the necessary requirements as per BIS specification as well as 
various Indian standard code specifications have been presented. 

 
3. �0�R�X�Q�L�N�D�� �S�D�O�O�D�S�R�O�X�� �D�Q�G�� �$�T�X�L�O�D�� �$�Q�J�H�O���� �³�$�1�$�/�<�6�,�6�� �$�1�'�� �'�(�6�,�*�1�� �2�)�� �&�2�0�0�(�5�&�,�$�/��

�%�8�,�/�'�,�1�*�´�����,�Q�W�H�U�Q�D�W�L�R�Q�D�O���-�R�X�U�Q�D�O���R�I���&�L�Y�L�O���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���D�Q�G���7�H�F�K�Q�R�O�R�J�\���9�R�O���������,�V�V�X�H��������
April  2017. 

�¾ In this project to conclude that the loads acting on the actual building can resist or not is 
clearly shown. 

�¾ The results of these combinations consist of maximum and minimum support reactions. 
�¾ The various elements like beams, columns, slabs etc., were designed manually as per IS 

456:2000 guidelines. 
 

4. Syed Faheem Uddin, Mohammed Imran, Noman Fahad, Mohammed Hakeem Pasha 
�³�$�1�$�/�<�6�,�6�� �$�1�'�� �'�(�6�,�*�1�� �2�)�� �0�8�/�7�,-�6�7�2�5�(�<�(�'�%�8�,�/�'�,�1�*�´�� �8���*�� �6�W�X�G�H�Q�W�V�� �Z�L�W�K����
Prof. Mohammed Khaja Moinuddin, Assistant Professor, Department of Civil Engineering, 
AHCET  Hyderabad. 
�¾ A building situated in HyderabadwhichisG+2 in height, has been taken for the study, 

manually the tributary loads distribution of floors to corresponding beams have been done, 
middle frame of the building has been selected because max amount of floor loads will be 
transfer on this, all the necessary loads have been worked out and distributed with respect to 
�V�W�R�U�\�� �O�H�Y�H�O�V���� �0�D�Q�X�D�O�O�\�� �O�L�Q�H�D�U�� �V�W�D�W�L�F�� �D�Q�D�O�\�V�L�V�� �K�D�V�� �E�H�H�Q�� �G�R�Q�H�� �X�V�L�Q�J�� �.�$�1�,�¶�6�� �0�H�W�K�R�G�� �R�I��
Rotational contribution. 
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5. ANOOP. A, FOUSIYA HUSSIAN, NEERAJA.R, RAHUL CHANDRAN, SHABINA.S, 
�9�$�5�6�+�$���6���³�3�/�$�1�1�,�1�*�����$�1�$�/�<�6�,�6���$�1�'���'�(�6�,�*�1���2�)���0�8�/�7�,���6�7�2�5�,�(�'���%�8�,�/�'�,�1�*��
�%�<�� �6�7�$�$�'�� �3�5�2�9���,�´�� �8�Q�G�H�U�J�U�D�G�X�D�W�H�� �F�L�Y�L�O�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �V�W�X�G�H�Q�W�V�� �Z�L�W�K�� �$�1�-�$�/�,���$����
Asst.Professor, UKF Engineering College, India. 
�¾ The aim of the project is to design a multi storied building of G+ 5 floors, at Kalakoda about 

4 km from Paravoor. The design is done by taking into account the requirements and  
standards recommended by IS code, Kerala building rules and national building rules. 
Planning is done using the 3D modeling software Revit 2011 with the help of Auto CAD 2014. 
The structure analysis and design are done using STAAD.PRO.V8i and a cross check is done 
for selected members using limit state method of design as per IS456-2000. 

 
6. M.Meenakshi, K. Sivanandhini, S. Subasree, R. Preethika �³�)�(�$�6�,�%�,�/�,�7�<�� �6�7�8�'�<�� �2�)��

�+�(�;�$�*�2�1�$�/�� �%�8�,�/�'�,�1�*�� �3�5�2�-�(�&�7�6�´���� �$�V�V�L�V�W�D�Q�W�� �3�U�R�I�H�V�V�R�U���� �'�H�S�D�U�W�P�H�Q�W�� �R�I�� �&�L�Y�L�O��
Engineering, Sri Ramakrishna Institute of Technology, Coimbatore, Tamilnadu. India. 
�¾ The design of Hexagonal building is based on IS 456:2000 and National buildings code (NBC) 

the loads are taken from IS 875.The design of hexagonal building is similar to the normal 
square building. The only challenging factor is that the design of cross beams. As the moment 
value is less the Ast is also less. Hence the hexagonal structure is economical than square 
building. The T beam and L beam is highly preferable which reduced the depth of the beam in 
case of large column spacing to provide isolated footing. 

 
7. �5�D�V�K�P�L�� �5�� �*�K�D�O�L���� �9�L�N�U�D�P���� �0�D�G�K�X�V�X�G�D�Q�D���� �9�L�M�D�\�D�O�D�N�V�K�P�L���� �³�$�Q�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�D�O��study of 

commercial building- �F�D�V�H�� �V�W�X�G�\�´���� �$�V�V�L�V�W�D�Q�W�� �S�U�R�I�H�V�V�R�U�V���� �'�H�S�D�U�W�P�H�Q�W�� �R�I�� �F�L�Y�L�O�� �(�Q�J�L�Q�H�H�U�L�Q�J����
JSSATE, Bangalore, Karnataka, India. 
�¾ It takes less time to design a building accurately in ETABS and SAFE. 
�¾ Revision of loads and redesigning of structural elements is easier in ETABS compared to 

manual design. 
�¾ Documentation of result is systematic, effective and in a proper sequence which lags in case 

of manual design. 
�¾ Creating and saving of reports in ETABS in digital format is much more safe and efficient 

way. 
�¾ Comparison of results of Software and manual values are obtained approximately same. 
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CHAPTER4 
 

PLANNING  

Planning is the process of thinking about the activities required to achieve a desired goal. It 
is the first and foremost activity to achieve desired results. It involves the creation and maintenance 
of a plan, such as psychological aspects that require conceptual skills. 

Table: 4.1 Area requirements of a shopping mall as per NBC 
 

S. No Type of shopping mall Area 

1. Regional Mall 4,00,000 to 8,00,000 feet2 
  (37,000to 74,000 m2) 

2. Super Regional 8,00,000 feet2 (74,000 m2) 

  80,000 to 2,50,000 feet2 

3. Vertical Malls (7,400 to 23,200 m2) 

 
4. 

 
Strip Malls 5,000 to 1,00,000 feet2 

 
5 

 
Outlet Malls 

 
75,000 to 1,50,000 feet2 

 
 

Table: 4.2 Area requirements of a shopping mall as per NBC 
 
 

S. No Type of parameters Area in meters 

 
1. 
2. 

Structural models 
Small shops 
Large space users 

 
5.3 to 6.0 m2 
7.3 to 9.2 m2 

 
1. 
2. 

Clear ceiling 
Small shops 
Large space users 

 
3.3 to 3.8 m2 

3.2 to 3.6 m2 

 
1. 
2. 

Car parking  
Super markets 
Shopping centers 

 
10 to 12 m2 

4 to5 m2 
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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.1 Plan of Cellar for parking 
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Fig.4.2 Plan of ground floor +3 Floors 
 
 
 
 

 

4.3 LAYOUT 
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CHAPTER 5 
LOAD CALCULATIONS  

 
Loads considered: 

Dead load: 
�¾ This is mainly comprising of the self wt. of the walls, partitions if any floors, roofs and 

includes the weights of all permanent fixtures (floor finishes). 

�¾ Dead loads are predominant loads that are to be resisted by the common engineering 
structures. 

According to IS: 875-1987 part �±1 code unit weight of building materials. 
 
 

Material  Unit wt.  

Brick masonry 19KN/m3 

R.C.C 25 KN/m3 

Plane concrete 20 KN/m3 

Floor finishes 1KN/m2 

Live load: 
According to IS-875 part 2 from Table 1 

All  rooms =3KN/m2 

Toilet and bathrooms =2KN/m2 

Corridor, Passages, Stair case Including steps =5KN/m2 

Other rooms =3KN/m2 

On to the roof = 1.5 KN/m2 
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Table 5.1 Load Distribution on beams 
 
 

 
TYPE OF LOAD  SHEARFORCE 

CRITERIA  

BENDING 
MOMENT 
CRITERIA  

Triangular Load Wlx/4 Wlx/3 

Trapezoidal Load Wlx/2ly[ly-lx/2] Wlx/2[1-0.33(lx/ly)2] 

 
 

Loads on Beams: 
For Beam G8 G10(Elevation=17.5m) 

 
SF considerations: 

 
Table 5.1 Load carried by supporting beams 

Load from Slab2 = 12.659 KN/m 
Load from Slab4 = 12.659 KN/m 
From Rib of Beam = (0.5-0.15) x 0.3 x 25 =2.62 KN/m 
From Parapet Wall = 1x0.12x19 = 2.28 KN/m 
Total load = 30.21 KN/m Say 31 KN/m 

 
B.M considerations: 

Load from Slab2 = 15.48 KN/m 
Load from Slab4 =15.48 KN/m 
From Rib of Beam = (0.5-0.15) x 0.3 x 25 =2.62 KN/m 
From Parapet Wall = 1x0.12x19 = 2.28 KN/m 
Total load = 35.86 KN/m Say 36 KN/m 

For Beam G8 G10(Elevation=14m) 

SF considerations: 
Load from Slab2 = 16.40 KN/m 
Load from Slab4 = 16.40 KN/m 
From Rib of Beam = (0.5-0.15) x 0.3 x 25 =2.62 KN/m 
From Wall = (3.5-0.5) x0.3x19 = 17.1KN/m 
Total load = 52.52 KN/m Say 53 KN/m 

 
B.M considerations: 

Load from Slab2 = 20.05 KN/m 
Load from Slab4 = 20.05 KN/m 
From Rib of Beam = (0.5-0.15) x 0.3 x 25 =2.62 KN/m 
From Wall = (3.5-0.5) x0.3x19 = 17.1KN/m 
Total load = 59.82 KN/m Say 60 KN/m 



16 `  

For Beam G8 H8(Elevation=17.5m) 
 

SF considerations: 

Load from Slab3 = 8.43 KN/m 
Load from Slab4 = 8.43 KN/m 
From Rib of Beam = (0.5-0.15) x 0.3 x 25 =2.62 KN/m 
From Parapet Wall = 1x0.12x19 = 2.28 KN/m 

Total load = 21.76 KN/m Say 22 KN/m 

 
B.M considerations: 

Load from Slab3 =11.25 KN/m 
Load from Slab4 =11.25 KN/m 

From Rib of Beam = (0.5-0.15) x 0.3 x 25 =2.62 KN/m 

From Parapet Wall = 1x0.12x19 = 2.28 KN/m 

Total load = 27.4 KN/m Say 28 KN/m 

For Beam G8 G10(Elevation=(14m) 

SF considerations: 
Load from Slab3 = 10.93 KN/m 
Load from Slab4 = 10.93 KN/m 
From Rib of Beam = (0.5-0.15) x 0.3 x 25 =2.62 KN/m 
From Wall = (3.5-0.5) x0.3x19 = 17.1KN/m 
Total load = 41.58 KN/m Say 42 KN/m 

 
B.M considerations: 

Load from Slab3 = 14.58 KN/m 
Load from Slab4 = 14.58 KN/m 
From Rib of Beam = (0.5-0.15) x 0.3 x 25 =2.62 KN/m 
From Wall = (3.5-0.5) x0.3x19 = 17.1KN/m 
Total load = 48.88 KN/m Say 50 KN/m 
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Table 5.2 Load calculation on columns (G8) 
 

Elevation Load Load Load Load Self-wt.   

(m) From From From From of 
Total 
load 

Cumulative 
Load 

 Beam Beam Beam Beam column   

 
G8 G10 
(KN) 

G8H8 
(KN) 

G8G6 
(KN) 

G8G10 
(KN) 

 
(KN) 

 
(KN) 

 
(KN) 

 
17.5 

 
155 

 
55 

 
55 

 
55 

 
11.25 

 
331.25 

 
331.25 

 
14 

 
265 

 
105 

 
105 

 
105 

 
11.25 

 
591.25 

 
922.5 

 
10.5 

 
265 

 
105 

 
105 

 
105 

 
11.25 

 
591.25 

 
1513.75 

 
7 

 
265 

 
105 

 
105 

 
105 

 
11.25 

 
591.25 

 
2105 

 
3.5 

 
265 

 
105 

 
105 

 
105 

 
11.25 

 
591.25 

 
2696.25 

       
TOTAL 

 
= 2696.25 
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CHAPTER 6 

STRUCTURAL ANALYSIS  

INTRODUCTION:  
 

Structural analysis deals with the behavior of structure in the given loading conditions. 
Depending upon the nature of loading, the structure may respond in number of ways. The structure 
may deform statistically, might yield and may vibrate or buckle. Structures carrying static loading  
can be classified as statically determinate and statically indeterminate structure. If all reactions and 
internal forces in a structure can be found using the equilibrium conditions along that is, 

 
�™�)x � �������™�)y � �������™�)z=0, �™�0y � �������™�0z =0. 

 
Then the structure is statically determinate, if not it is statically indeterminate of redundant 

various methods popularly used for analysis includes 
 

�¾ Moment distribution method 
�¾ �.�$�1�,�¶�V method 
�¾ Substitute frame method 
�¾ Slope deflection method 
�¾ Matrix methods 

 
RULES FOR CALCULATING ROTATION CONTRIBUTIONS:  

 
Case-1: Without side sway: 

Definition: �³�5�H�V�W�U�D�L�Q�H�G�� �P�R�P�H�Q�W�� �D�W�� �D�� �M�R�L�Q�W�� �L�V�� �W�K�H�� �D�O�J�H�E�U�D�L�F�� �V�X�P�� �R�I�� �)�(�0�¶�V�� �R�I�� �G�L�I�I�H�U�H�Q�W��
�P�H�P�E�H�U�V�� �P�H�H�W�L�Q�J�� �D�W�� �W�K�D�W�� �M�R�L�Q�W�´���� �6�X�P�� �R�I�� �W�K�H�� �U�H�V�W�U�D�L�Q�H�G�� �P�R�P�H�Q�W�� �R�I�� �D�� �M�R�L�Q�W�� �D�Q�G�� �D�O�O�� rotation 
contributions of the far ends of members meeting at that joint is multiplied by respective rotation 
factors to get the required near end rotation contribution. For the first cycle when far end 
contributions are not Known, they may be taken as zero (1stapproximation) By repeated application  
of this calculation procedure and proceeding from joint to joint in an arbitrary sequence but in a 
specific direction, all rotation contributions are Known. The process is usually stopped when end 
moment values converge. This normally happens after three or four cycles. But values after 2nd cycle 
may also be acceptable for academic. 

 
Case 2: With side sway (joint translations): 

In this case in addition to rotation contribution, linear displacement contributions (Sway 
contributions) of columns of a particular storey are calculated after every cycle as follows: 
For the first cycle: 

 
(A) �:���/�L�Q�H�D�U���'�L�V�S�O�D�F�H�P�H�Q�W���&�R�Q�W�U�L�E�X�W�L�R�Q��(LDC) of a column = Linear displacement factor (LDF) 

of a particular column of a storey multiplied by [storey moment + contributions at the ends of 
columns of that storey] 
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Linear displacement factor (LDF) for columns of a storey = - 3/2 

Linear displacement factor of a column = -�����������.���™�.����
Where K= stiffness of the column being considered and 
���.���L�V���W�K�H���V�X�P���R�I���V�W�L�I�I�Q�H�V�V���R�I���D�O�O���F�R�O�X�P�Q�V���R�I���W�K�D�W���V�W�R�U�H�\�� 

(B) �:���6�W�R�U�H�\���P�R�P�H�Q�W��� story shear × (1/3) of storey height. 

(C) Storey shear: It may be considered as reaction of column at horizontal beam / slab levels due to 
lateral loads by considering the columns of each storey as simply supported beams in vertical 
�G�L�U�H�F�W�L�R�Q�����³�,�I���D�S�S�O�L�H�G���O�R�D�G���J�L�Y�H�V�������5���Y�D�O�X�H�����D�F�F�R�U�G�L�Q�J���W�R���V�L�J�Q���F�R�Q�Y�H�U�V�L�R�Q���R�I���V�O�R�S�H���G�H�I�O�H�F�W�L�R�Q���P�H�W�K�R�G������
�V�W�R�U�H�\���V�K�H�D�U���L�V�����Y�H���R�U���Y�L�F�H���Y�H�U�V�D�����³�&�R�Q�V�L�G�H�U���D���J�H�Q�H�U�D�O���V�Z�D�\ case 

 
Rules for calculation of final end moments (side sway cases): 

 
For beams, 
End moment = FEM+2×near end contribution far end contributions. 
For columns, 
End moment = FEM+2×near end contribution + far end contributions +linear displacement 

contribution of that column for the latest cycle. 
 
 

Fig 6.1 Sign convention 

NOTE: 

For Mid span moment =WL2/ 8 �± sum of moments at supports/2 

For beams, End moment = FEM+2×near end contribution+far end contributions. 
 

For columns, End moment = FEM+2×near end contribution+far end contributions +linear 
displacement contribution of that column for the latest cycle. 
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5.3 Comparison of manual analysis results with the STAAD Pro results: 

The analysis results are comparatively shown in the following table: The variation 
between the manual analysis values and the STAAD Pro analysis values is at max 
10.25%. Hence for the remaining frames the analysis is carried out by using the 
STAAD Pro software. 

 

�)�L�J�����������$�Q�D�O�\�V�L�V���R�I���I�U�D�P�H���E�\���N�D�Q�L�¶�V���P�H�W�K�R�G 
 
 

FIXED END MOMENTS:  
 

 

MAB 

 
= 

�?�Ð�Å�t
��

�5�6��
 

 
=

�?�6�<�ë�:�9�;�t
��

�5�6��
 

 

= -58.33 KN-m 

MBA = 
�Ð�Å�t

��

�5�6��
 =   

�6�<�ë�:�9�;�t
��

�5�6��
 =58.33 KN-m 

MBC = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�7�:�ë�:�5�4�;�t
��

�5�6��
 =-300 KN-m 

MCB = 
�Ð�Å�t

��

�5�6��
 =   

�7�:�ë�:�5�4�;�t
��

�5�6��
 =300 KN-m 

MCD = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�6�<�ë�:�9�;�t
��

�5�6��
 =-58.33 KN-m 

MDC = 
�Ð�Å�t

��

�5�6��
 =   

�6�<�ë�:�9�;�t
��

�5�6��
 = 58.33 KN-m 
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MEF = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�9�4�ë�:�9�;�t
��

�5�6��
 = -104.167 KN-m 

MFE = 
�Ð�Å�t

��

�5�6��
 =   

�9�4�ë�:�9�;�t
��

�5�6��
 =104.167 KN-m 

MFG = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�:�4�ë�:�5�4�;�t
��

�5�6��
 = -500 KN-m 

M GF = 
�Ð�Å�t

��

�5�6��
 =   

�:�4�ë�:�5�4�;�t
��

�5�6��
 = 500 KN-m 

MGH = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�9�4�ë�:�9�;�t
��

�5�6��
 = -104.167 KN-m 

MHG = 
�Ð�Å�t

��

�5�6��
 =   

�9�4�ë�:�9�;�t
��

�5�6��
 = 104.167 KN-m 

M IJ = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�9�4�ë�:�9�;�t
��

�5�6��
 = -104.167 KN-m 

MJI = 
�Ð�Å�t

��

�5�6��
 =   

�9�4�ë�:�9�;�t
��

�5�6��
 = 104.167 KN-m 

MJK = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�:�4�ë�:�5�4�;�t
��

�5�6��
 = -500 KN-m 

M KJ = 
�Ð�Å�t

��

�5�6��
 =   

�:�4�ë�:�5�4�;�t
��

�5�6��
 = 500 KN-m 

MKL  = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�9�4�ë�:�9�;�t
��

�5�6��
 = -104.167 KN-m 

MLK  = 
�Ð�Å�t

��

�5�6��
 =   

�9�4�ë�:�9�;�t
��

�5�6��
 = 104.167 KN-m 

MMN = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�9�4�ë�:�9�;�t
��

�5�6��
 = -104.167 KN-m 

MNM = 
�Ð�Å�t

��

�5�6��
 =   

�9�4�ë�:�9�;�t
��

�5�6��
 = 104.167 KN-m 

MNO = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�:�4�ë�:�5�4�;�t
��

�5�6��
 = -500 KN-m 

M ON = 
�Ð�Å�t

��

�5�6��
 =   

�:�4�ë�:�5�4�;�t
��

�5�6��
 = 500 KN-m 

MOP = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�9�4�ë�:�9�;�t
��

�5�6��
 = -104.167 KN-m 

MPO = 
�Ð�Å�t

��

�5�6��
 =   

�9�4�ë�:�9�;�t
��

�5�6��
 = 104.167 KN-m 

MQR = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�9�4�ë�:�9�;�t
��

�5�6��
 = -104.167 KN-m 

MRQ = 
�Ð�Å�t

��

�5�6��
 =   

�9�4�ë�:�9�;�t
��

�5�6��
 = 104.167 KN-m 

MRS = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�:�4�ë�:�5�4�;�t
��

�5�6��
 = -500 KN-m 

M SR = 
�Ð�Å�t

��

�5�6��
 =   

�:�4�ë�:�5�4�;�t
��

�5�6��
 = 500 KN-m 

MST = 
�?�Ð�Å�t

��

�5�6��
 =   

�?�9�4�ë�:�9�;�t
��

�5�6��
 = -104.167 KN-m 

MTS = 
�Ð�Å�t

��

�5�6��
 =   

�9�4�ë�:�9�;�t
��

�5�6��
 =104.167 KN-m 
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Fig 6.3 Kanis method 
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�7�D�E�O�H�����������)�L�Q�D�O���(�Q�G���0�R�P�H�Q�W�V���E�\���.�D�Q�L�¶�V���0�H�W�K�R�G 
BEAM END MOMENTS  COLUMN END MOMENTS  

Final moments of End moments 
value (KN -m) 

Final moments of End moments value 
(KN -m) 

MAB -21.09 MAE -24.33 
MBA 128.22 MEA 31.1 
MBC -283.99 MBF 142.71 
MCB 281.17 MFB 128.29 
MCD -134.41 MCG -144.19 
MDC 14.26 MGC -146.2 
MEF -68.027 MDH -13.41 
MFE 158.147 MHD -20.96 
MFG -494.75 MEI 48.38 
MGF 474.89 M IE 41.55 
MGH -180.85 MFJ 143.43 
MHG 48.317 MJF 155.43 
M IJ -69.127 MGK -134.02 
MJI 170.25 MKG -137.37 
MJK -487.6 MHL -14.38 
MKJ 476.71 MLH -17.75 
MKL  -195.147 M IM 49.35 
MLK  -167.147 M IM 45.84 
MMN -79.25 MJN 178.13 
MNM 157.32 MNJ 170.65 
MNO -493.66 MKO -125.13 
MON 472.36 MOK -127.68 
MOP -200.53 MLP 4.45 
MPO 35.77 MPL -3.22 
MQR -117.27 MMQ 42.58 
MRQ 129.307 MQM 19.61 
MRS -489.36 MNR 177.83 
MSR 489.36 MRN 169.27 
MST -258.39 MOS -135.67 
MTS -20.93 MSO -163.13 

  MPT -14.22 
  MTP -40.77 
  MQU 76.72 
  MUQ 101.28 
  MRV 186.1 
  MVR 155.97 
  MSW -48.5 
  MWS 38.67 
  MTX 35.08 
  MXT 80.46 
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CHAPTER 7 

DESIGN PHILOSOPHIES 

 
7.1.1 INTRODUCTION TO LIMIT STATE  DESIGN 

 
Before the last two decades the structural designers of reinforced concrete were concerned 

more with safety against failure of the structure than with durability under service conditions. The 
theoretical calculations for design of R.C.C structure were based on classical elastic theory, fictitious 
modulus of elasticity of concrete and permissible working stresses, recent developments lead to limit 
state design otherwise called strength and performance criteria based on the recommendation of 
International code of practice, different countries started changing their codes introducing limit state 
design for the design of reinforced concrete structures. 

 
7.1.2 CONCEPT OF LIMIT  STATE: 

In the method of design based on limit state concepts the structure shall be designed to 
withstand safely all loads to act on it throughout its life, it shall also satisfy the serviceability 
requirements such as limitations on deflection and cracking. The acceptable limit for the safety and 
serviceability requirements before failure occurs is called limit state. The aim of the design is to 
achieve acceptable probabilities that the structure will not become unfit for the use for which it is 
intended, i.e., that it will not reach a limit state. 

LOAD FACTORS AND PARTIAL SAFETY FACTOR:  

Ultimate load theory is based on the assumption that a structure reaches a collapse condition 
forming a mechanism when a certain load is applied. The load factor has been judiciously selected 
giving due considerations to the various factors contributing the failure. The load factor is used in 
estimating ultimate loading. 

 
7.1.3 PARTIAL SAFETY  FACTORS: 

Partial safety factor for material, strength should account for, 
�¾ Possibility of deviation of the strength of material. 
�¾ Deviation of structural dimensions. 
�¾ Deviation of structural dimensions. 
�¾ Accuracy of the calculation procedure. 
�¾ Partial safety factor for concrete =1.5 
�¾ Partial safety factor for steel =1.15 

 
7.1.4 LIMIT STATE OF  COLLAPSE:  

The limits state of collapse of collapse or the structure or part of the structure could be 
assumed from rupture of one more critical section and from backing due to elastic or plastic 
instability (including the effects of sway where appropriate) or overturning. The resistance to 
bending, shear, torsion and axial loads at every section produced by the probable most unfavorable 
combination of loads on the structure using the appropriate partial safety factors. 
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FLEXURE:  
Assumptions: 

�¾ Plane sections normal to the axis remain plane after bending. 

�¾ The maximum strain in concrete at the outermost compression fiber is taken as 0.0035 in 
bending. 

�¾ For design purposes, the compressive strength of concrete in the structure shall be 
assumed to be 0.67 times the characteristic strength. 

�¾ The partial safety factors Ymshall be applied in addition to this. 

Fig.7.1 Stress-Strain curve in Limit State Design 
 

Table: 7.1 Limiting values of Maximum depth of Neutral axis 
 

Fy (Xu max/d) 

250 0.53 

415 0.48 

500 0.46 

 
7.1.5 LIMIT STATE OF SERVICEABILITY 

Control of deflection: 

The deflection of a structure or part there of shall not adversely affect the appearance or 
efficiency of the structure or finished or finished partitions the deflection shall generally be limited to 
the following. 

�¾ The final deflection due to all loads including the 4 effects of temperature, creep and 
shrinkage and measured from the as-cast level of the supports of floors, roof sand all other 
horizontal members should not normally exceed�Šspan/250. 

�¾ The deflection including the effects of temperature, creep and shrinkage. 

�¾ Occurring after erection of partitions and the application of finished. 

�¾ Should not normally exceed span/350 or 20mm whichever is less. 
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Limit state of Cracking:  

Cracking of concrete should not adversely affect the appearance or durability of structure. 
The surface for width of cracks should not, in general, exceed 0.3 mm surface width of cracks at 
points nearest to main reinforcement should not exceed 0.004 times the nominal covers the main 
reinforcement. 

7.1.6 CHARACTERISTICS, DESIGN VALUES AND PARTIAL SAFETY  FACTORS: 

Characteristic strength of materials: 
�7�K�H���W�H�U�P���³�F�K�D�U�D�F�W�H�U�L�V�W�L�F���V�W�U�H�Q�J�W�K�´���P�H�D�Q�V���W�K�D�W���Y�D�O�X�H���R�I���W�K�H���V�W�U�H�Q�J�W�K���R�I���P�D�W�H�U�L�D�O���E�H�O�R�Z���Z�K�L�F�K����

not more than 5% of the test results are expected to fall. 
 

Characteristic loads: 
�7�K�H���W�H�U�P���³�F�K�D�U�D�F�W�H�U�L�V�W�L�F���O�R�D�G�´���P�H�D�Q�V���W�K�D�W���Y�D�O�X�H���R�I���O�R�D�G�����Z�K�L�F�K���K�D�V���D�����������S�U�R�E�D�E�L�O�L�W�\���R�I���Q�R�W��

being exceeded during the life of structure. 
 

DESIGN VALUES:  
 

Materials: The design strength of materials, fd = (f/Ym) 

Where f: Characteristic strength of material and 

Ym: Partial safety factor appropriate to the material and the limit State being considered. 
(Strength reduction factor) 

 
Partial safety factors: 

Y = 1.5 for concrete 
Y = 1.15 for steel 

 
Table7.2 Partial Safety factors 

 

Load Combination Limit state of Collapse Limit state of serviceability 

 
D.L L.L W. L D.L L.L W. L 

D.L + L. L 1.5 1.5 1.0 1.0 1.0 --- 

D.L + W. L 1.5 --- 1.5 1.0 --- 1.0 

D.L + L.L + W. L 1.2 1.2 1.2 1.0 0.8 0.2 
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DESIGN OF SLAB 
 

7.2.1 INTRODUCTION:  
 

Slabs are plate elements forming floors and roofs of buildings and carrying distributed loads 
primarily by flexure. A slab can be subjected to various kinds of external forces in plane, across the 
plane or about the plane. Each type of force can generate a system of internal forces in plane, shear, 
flexure and torsion. 

 
7.2.2 IS: 456-2000 code provision for design of Slab: 

 

The clear cover for the tensile reinforcement should not be less than 20mm. or diameter of 
the bar. 

Slabs spanning in two directions: 
Slabs are considered as divided in each direction into middle strips and edge strips as shown 

in Fig 7.2. The middle strip being three-quarters of the width and each edge strip one-eighth of the 
width. 

 

 
Fig. 7.2 Division of Slab into Middle and Edge Strips 

The maximum moments calculated apply only to the middle strips and no redistribution  
shall be made. Tension reinforcement provided at mid-span in the middle strip shall extend in the 
lower part of the slab to within 0.25 l of a continuous edge, or 0.15 l of a discontinuous edge. 

 
The horizontal distance between two parallel bars shall not less than the greatest of the 

following: 
 

�¾ The diameter of bar if the diameters are equal or the diameter of the largest bar if the 
diameters are unequal. 

�¾ 5mm. more than the nominal maximum size of coarse aggregate. 
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DESIGN OF BEAMS 
 

7.3.1 INTRODUCTION:  
 

Beams are structural elements carrying transverse external loads that cause bending moment 
and shear force along their span. These are generally supported on bearing walls or columns and are 
subjected to roof or floors loads and are reinforced to take up stresses. 

 
7.3.2 IS: 456-2000 CODE PROVISION FOR DESIGN OF BEAM:  

A slab which is assumed to act as a compression flange of a T-beam or L-beam shall satisfy the 
following: 

�¾ The slab shall be cast integrally with the web, or the web and the slab shall be effectively 
bonded together in any other manner 

�¾ It shall be provided as in Fig. 7.3; such reinforcement shall not be less than 60 percent of the 
main reinforcement at mid span of the slab. 

 

�¾ If the main reinforcement of the slab is parallel to the beam, transverse reinforcement 

Figure 7.3 Transfer Reinforcement in flanges of T- Beam 

7.3.3Tension reinforcement: 

Minimum reinforcement: The minimum area of tension reinforcement shall be not less than-that 

given by the following: 

Maximum reinforcement: The maximum area of tension reinforcement shall not exceed 0.04bD. 

Transverse reinforcement in beams for shear and Torsion: 

�¾ The transverse reinforcement in beams shall be taken around the outer-most tension and 
compression bars. 

�¾ In T-beams and I-beams such as reinforcement shall pass around longitudinal bars located 
close to the outer face of the flange. 
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Maximum spacing of shear reinforcement: 

The maximum spacing of shear reinforcement measured along the axis of the member shall 
�Q�R�W���H�[�F�H�H�G�������������G���I�R�U���Y�H�U�W�L�F�D�O���V�W�L�U�U�X�S�V���D�Q�G���G���I�R�U���L�Q�F�O�L�Q�H�G���V�W�L�U�U�X�S�V���D�W�������•�����Z�K�H�U�H���G���L�V���W�K�H���H�I�I�H�F�W�L�Y�H���G�H�S�W�K��
of the section under consideration. In no case shall the spacing exceed 300 mm. 

 
Minimum shear reinforcement: 

Minimum shear reinforcement in the form of stirrups shall be provided such that 

 �E�q�t

�F�q�t
=   

�4�ä�8

�4�ä�<�;���d�w
 

 

ASV =Total cross-sectional area of stirrup legs effective, 

SV =Stirrups spacing along the length of the member, 

B = Breadth of the beam or breadth of the web of flanged beam and 

fy= The characteristics strength of the stirrup reinforcement in N/mm2which shall not 
be taken greater than 415N/mm2.
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DESIGN OF COLUMN  
 

7.4.1 INTRODUCTION  

A column is designed as a structural member subjected to compression force in a direction 
parallel to its longitudinal axis. Vertical members from multistoried buildings are column member 
subjected to compressive loads from floors and beams. As per IS: 456-2000, the columns or struts are 
defined as compression members, the effective length of which exceeds three times the least lateral 
dimension. When the effective length of compression members does not exceed three times the least 
lateral dimensions, then such compression member is called a pedestal. 

 
7.4.2 IS: 456-2000Code provisions for dsesign of Column: 

 
�¾ The cross-sectional area of longitudinal reinforcement shall not be less than 0.8% of the gross 

cross-sectional area of column & shall not be greater than 4% of the gross cross-sectional area 
of column. 

�¾ In any column that had a larger cross-sectional area than that required to support the load, the 
minimum percentage of steel shall be based on the area of concrete required to resist the direct 
stress and not on the actual area. 

 
 

7.4.3 Pitch and diameter of lateral ties: 

The pitch of transverse reinforcement shall be not more than the least of the following distances 

�¾ The least lateral dimension of the compression members. 

�¾ Sixteen times the smallest diameter of the longitudinal reinforcement bar to be tied; and 

�¾ 300 mm diameter the diameter of the polygonal links or lateral ties shall be not less than one 
fourth of the diameter of the largest longitudinal bar, and in no case less than 16mm. 
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Factored load: 

CHAPTER 8 

DESIGN OF CONTINUOUS SLAB 

Wud = 1.5x4.75 = 7.125 KN/m2 

Wul = 1.5x4 = 6 KN/m2  

Support moments: 

At support next to the end support, 

Mu max(-ve) = (1/10) wud. l2+(1/9) wul. l2 

= (1/10) x7.125 x 52+ (1/9) x 6x52 

=34.47 KN-m 

At middle of end span, 

Mu max(-ve) = (1/12) wud. l2+(1/9) wul. l2 

= (1/12) x 7.125x 52+ (1/9) x6 x 52 

=31.50 KN-m 

Span moments: 

At middle of end span, 

Mu max(+ve) = (1/12) wud. l2+(1/10) wul. l2 

= (1/12) x 7.125x 52+ (1/10) x 6 x 52 

= 29.84KN-m 

At middle of interior span, 

Mumax (+ve) = (1/16) wud. l2+(1/12) wul. l2 

= (1/16) x 7.125x 52+ (1/12) x 6 x 52 

= 23.63 KN-m 

Maximum shear force: 
At support next to the end support, 

Vu = 0.6wudl + 0.6wull 

=0.6 x 7.125x 5 + 0.6 x 6 x 5 

= 39.37 KN 

Depth required for strength: 
Assume 1m width of slabfor fy = 415 N/m2 

Mulim =0.138xfckxbd2 

34.47x106 = 0.138 x 25 x 1000 x d2 

D= 99.95mm < 100mm 

Hence safe 
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Reinforcement at supports: 

Ast = 
�4�ä�9�Ù�Î�Ö

�d�w
�>�sF §�sF

�8�ä�:�Æ

�Ù�Î�Ö�»�×�6
�?�$�@ 

= 0.5 x 25/415[1 - ( (1 - 4.6 x 34.47 x 106/25 x 1000 x 1002)1/2]1000 x 100 

= 1190.43 mm2 
Mu  = 0.87xfyxAstxd [1-

�º�æ�ç�ë�8�5�9
�`�v�b�v�d�a�i

] 

34.47x 106 = 0.87 x 415 x Ast x 100[1-415ast/25 x 1000 x 100] 

34.47x106 = 36105Ast -5.99Ast
2 

Ast= 1189.42 mm2 

Using 12mm diameter of bars, 

Spacing of bars S = (ast/Ast) x1000 

= 113.09/1189.42X1000 

=95.07 mm 

Maximum spacing 

3d = 3 x 100 =300mm 

300 mm whichever is less 

Hence provided 12mm bars at 100mm c/c 

Reinforcement at mid span: 
Mu =�r�ä�z�y�š�ˆ�›�š���•�–�š�†�T�>�sF

�º�æ�ç�ë�8�5�9
�`�v�b�v�d�a�i

] 

29.84x 106= 0.87 x 415 x Ast x 100[1-(415 x Ast/25 x 1000 x 100)] 

29.84x106 = 36105Ast-5.99Ast2 

Ast = 988.63mm2 

Using 12mm diameter of bars, 

Spacing of bars S =(ast/Ast) x1000 

= 113.09/988.63 x 1000 

=114.39mm 

Maximum spacing, 

3d = 3x100 =300mm 

300 mm whichever is less 

Hence provided 12mm bars at 120mm c/c 
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Distribution  reinforcement: 

Ast=0.12 x b x D/100 

= 0.12 x 1000 x 150/100 

=180 mm2 

Using 8mm diameter of bars, 

Spacing of bars S =ast/Astx 1000 

= 50.26/180 x 1000 

=279 mm 

Maximum spacing 

5d=5 x 100=500mm 

450 mm whichever is less 

Hence provide 8mm diameter of bars at 300 mm c/c 

Check for shear: 

Maximum shear force = wl/2 

=6x 5/2 

= 15 KN 

Nominal shear �2v = vu/bd 

= 15 x 103/1000 x 100= 0.15 N/mm2 

From IS 456:2000; Table 19 From M25 

Astat support = 100 Ast/bd 

=100x11190.43/1000x100 

= 1.19 % 
 
 

Pt = 1.19% 

�2c= 0.68 N/mm2
 

From IS 456:2000 

�2cmaxfor M25 

�2cmax= 3.1 N/mm2 

�2v<�2c<�2c max 

Hence it is safe in shear 

Pt �2c 

1.0 0.64 

1.19 ? 

1.25 0.7 
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Check for deflection: 

As per IS 456:2000 (clause 24.1 note) 

Span/depth = k1xk2xk3x40 x 0.8 

For p = 1.19 % 

Fs = 0.58 x 415 = 240 N/mm2 

�)�R�U�P���I�L�J�������,�6�������������������:���N����� �������� 

�)�R�U�P���I�L�J�������,�6���������������������:�����������F�R�P�S�U�H�V�V�L�Y�H���U�H�L�Q�I�R�U�F�H�P�H�Q�W����K2 = 1 

From fi�J�������,�6���������������������:���N3=1 

Span/depth = k1x k2x k3 x 40 x0.8 

Depth=1.5 x 1 x 1 x 40 x 0.8 

Depth = 93.75 mm < 100 mm Hence safe 
 
 

 
Fig. 8.1 Slab Reinforcement Details 
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12 
to 

6 

6 

12 

15 

CHAPTER 9 

�'�(�6�,�*�1���2�)���$���µ�7�¶���%�(�$�0 
 

Df = 150mm  
Spacing = 2.5m 
End bearing width = 300mm 
Clear span = 10m 

2 
fck= 25 N/mm 

2 
fy= 415 N/mm 

 

a) Assume effective depth of beam: 
Depth =�5

�5�6��
�–�‘

�5

�5�9
 of span  

 =
�5

�5�6��
�š�s�r�r�r�r���–�‘��

�5
�5�9��

�š�s�r�r�r�r 

 

 

= 833.33 to 666.67mm 
Let, effective depth = 700mm 

Overall depth by considering 50mm effective cover = 750mm 
 

b) Assume breadth of beam 
 

bw = 1 
1 

 

let bw= 400mm  
c) effective span as per clause.22.2. a 

 
clear span + d = 10+0.7 = 10.7m 
c/c of bearing = 10+0.3 = 10.3m 
effective span = 10.3m 
d)flange width as per clause 23.1.2 

 

a) bf = 
�Å�4
�:��

+ bw + 6Df 
since it is simply supported Lo = 10.3m 

 
bf =

�5�4�7�4�4
+ + 400 + 6x150 

= 3016.67mm 
b) bf = 0.5(L1 + L2) + bw 

c/c of adjacent slabs = 2.5m 
minimum of a) & b) is bf = 2500mm 

d 



` 36  

 

Load Calculation: 
Load from slab 

2 
Self weight of slab = 0.15x25 = 3.75 KN/m 

2 
Weight of floor finish = 1 KN/m 

2 
Live load = 4 KN/m 

2 
Total load = 8.75 KN/m 

 

Since the slab width is 2.5m 
Load on beam from slab = 8.75x2.5 = 21.875KN/m 

 
Self weight of rib 

Width of rib =400 
Depth of rib = 750-150 =600mm 
Self weight pf rib = 0.4x0.6x25 = 6KN/m 
Weight of plaster to rib = 0.5KN/m 
Total load on beam = 21.875 +6 +0.5 =28.375KN/m 
Factored load (wu) = 1.5x28.375 = 42.56 KN/m 

 
Design Bending Moments: 

Mu = 
�Ð�ß�6

�<
 = 

�8�6�ä�9�:�ë�:�5�4�ä�7�;�6

�<
 = 564.39 KN-m 

  Design shear force:  
 
  Vu = 

�Ð�ß
�6

= 
�8�6�ä�9�:�ë�5�4�ä�7

�6
 = 219.18KN 

  

2 2 

Design of longitudinal bars: 
Xulim = 0.48d = 0.48x700 = 336mm 

 
Neglecting contribution of rib and assuming uniform compression in flange 
Mulim = 0.446xfck x bf x D fx (d-0.5Df) 

= 0.446x25x2500x150(700-0.5x150) 

= 2.61x10^9 N-mm 

 

Therefore Mu<Mulim it can be designed as singly reinforced section 
Assuming neutral axis coincides with flange 

Xu = Df = 150mm 

M�‰u = 0.36xfck x bf x Df(d-0.42Df) 

= 0.36x25x2500x150(700-0.42x150) 

= 2.14x10^9 N �± mm 

Thus Mu <M�‰u i.e. depth of N.A is within the flange. Equating moment of resistance,  

Mu = 0.87xfyxAstxd [1-
�º�æ�ç�ë�8�5�9
�`�v�b�v�d�a�i

] 

564.39x106 = 0.87x415xAstx700[1-
�º�æ�ç�ë�8�5�9

�6�9�4�4�v�;�4�4�v�6�9
] 
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564.39x106 = 252.73x103Ast �± 2.39Ast
2 

Ast = 2282.44mm2 

Provide 6 bars of 20mm diameter 

Ast provided = 6x [
��
�8

�T�t�r�t] 

2 
=1885mm 

 

�2v=
�Ï�è
�`�v�b

 =
�6�5�=�ä�5�<�ë�5�4�0�7

�8�4�4�v�;�4�4
 = 0.78 N/mm

2
 

 

Pt = 
�Ï�è
�`�v�b

 = �5�<�<�9
�8�4�4�v�;�4�4

x100 = 0.67
 

c = 0.54 N/mm 

�2cmax 

2 
= 3.1 N/mm 

 

�2c<�2v<�2max 

Shear reinforcement is to be designed 
Vus = Vu �± Tcbd 

 
=219.18x10^3 �± 0.54x400x700 
= 67980N 

 
 
Design of shear reinforcement: 

 
Using 2 legged 8mm diameter Fe415 steel as vertical stirrups spacing Sv can be found 

from the relation 

Vus = 
�4�ä�<�;�ë�d�w�v�E�q�t�v�×

�W�t
 

 

 
   67980 = 

�4�ä�<�;�ë�8�5�9�v�9�4�ä�6�:�v�;�4�4
�W�t

 
 
   Sv = 186.85mm 

Maximum spacing allowed = 0.75x700= 525mm 

As per IS 456:2000 clause 26.5.1.4 = 300mm 

Whichever is less 
Hence provide 2 legged 8mm diameter Fe415 stirrups throughout at 300mm c/c 

Check for deflection control 

Pt �2c 
0.5 0.49 

0.67 ----- 

0.75 0.57 
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d 

d 

As it is simply supported beam 
Basic L/D = 20 
Pt = 0.67 

2 
Ast required = 2282.44mm 

2 
Ast provided = 1885 mm 

 

Fs = �r�ä�w�z�T
�6�6�<�6�ä�8�8

�5�<�<�9
�T�v�s�w 

2 
= 291.45 N/mm 

 

Modification factor F1 = 1 As per IS 456:2000 Fig 4 
 

No compression steel F2 = 1 As per IS 456:2000 Fig 5 
 

                 
�Õ�ê
�`�d

 = 
�8�4�4

�6�9�4�4
 = 0.16 As per IS 456:2000 Fig 

 
 

F3 = 0.8 
Check for deflection control: 

 
�Å
�b��

�/�=�T = F1xF2xF3xbasic value 

�Å
�b��

�/�=�T = 1x1x0.8x20 = 16 

 
�Å
�b��

�2�N�K�R�E�@�A�@ =  
�5�4�7�4�4

�;�4�4
= 14.71mm<16mm 

 

Hence the deflection control is satisfactory. 

 
Fig: 9.1 Reinforcement details of T Beam 
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CHAPTER 10 

DESIG OF A SIMPLY SUPPORTED RECTANGULAR BEAM  
 

Dimensions of the beam 
L = 5m 
Let overall depth of beam = 500mm 
[Assume depth of beam d =  

�Å
�<

�P�K
�Å

�5�4
 = 

�9�4�4�4
�<

�P�K
�9�4�4�4

�5�4
 = 625 to 500mm] 

Width of beam = 400mm  
[Assume width of beam b = 

�½
�6

�P�K
�6�½
�7

 = 
�9�4�4

�6
�P�K

�6�ë�9�4�4
�7

 = 250 to 333.33mm] 
Assume effective cover = 40mm  
So, effective depth of beam d = D �± effective cover 

= 500-40= 460mm 
 

Effective span: 
Effective span of beam will be least of the following 
Distance between c/c of supports 
5 +0.3/2+0.3/2 
5.3m 
Clear span + effective depth = 5+0.46 +5.46m 
Effective span of beam = 5.3m 

 
Loads: 
Self weight of beam (dead load of beam) = bxDx1x25 

= 0.4x0.5x1x25 = 5 KN/m 
Superimposed dead load = 30KN/m  
Total dead load = 35 KN/m 
Live load = 10 KN/m 

Design factored load = 1.5 (D.L + L.L) 
= 1.5 (35+10) 
= 67.5 KN/m 

 

The beam will be designed as balanced section 
For balanced section 

Mu = Mulim 

237.01x10^6 = 0.138xFckxbxd2 
237.01x10^6 = 0.138x25x400xd2 

d = 414.42mm 
d = 450mm 

 
But it is less than assumed value of effective depth = 460mm 
Size of beam = 400x500mm 

 
Steel calculation: 
Ast = 

�4�ä�7�:�ë�¿�Ö�Þ�ë�Õ�ë�Ñ�è�à�Ô�ë
�4�ä�<�;�v�J�w

 

 
Ast =  

�4�ä�7�:�ë�6�9�ë�8�4�4�ë�4�ä�8�<�ë�8�:�4
�4�ä�<�;�v�8�5�9

 
 

Ast = 2201.57mm2 
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�ä�á 

 
 

 

Provide 20mm dia bars 
Area of 20mm dia bar =  

��
�8

�T�t�r�t 

2 
= 314.16mm 
 

Number of bars required= 
�6�6�4�5�ä�9�;
�7�5�8�ä�5�:

= 6.99 = 7  

Area of steel provided = 7x= 
��
�8

�T�t�r�t 

= 2199.11mm2 
Check: 
Minimum area of tensile steel required = 

�4�ä�<�9�Õ�×
�J�w

 

 = 
�4�ä�<�9�ë�8�4�4�ë�8�:�4

�8�5�9
 

= 376.86mm 
 

Maximum area of tensile steel = 0.04bD= 0.04x400x500 
2 

8000 mm 
 

The area of steel provided is more than the minimum and less than maximum required 

Hence ok 

Actual horizontal distance between adjacent steel bars 
 

=
�8�4�4�?�6�ë�8�4�?�8�ë�6�4

�8  
 
=60mm 

It should be more than: 
Diameter of bars = 20mm 
Size of aggregate + 5mm = 25mm 
Thus provide 5 �± 20mm dia bars as shown in figure 

Fig. 10.1 Reinforcement details of Beam 
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CHAPTER 11 

DESIGN OF COLUMN  

 
AXIALLY LOADED WITH UNAXIAL BENDING  

 
For Column G8 
Load on column = 2696.25KN 

Factored Load on column Pu = 1.5 x 2696.25 = 4044.37 KN 

Factored Moment = 1.5X587.25=880.875KN-m 

Fe 415 Steel and M25Grade 
Slenderness of column:  
Along longer side: 

  emin =  
�ß

�9�4�4
 + 

�½
�7�4

 
 
  =  

�9�4�4�4
�9�4�4

 + 
�=�4�4
�7�4

 
  = 40 
 

�c�k�g�l��
�H

 = 
�8�4��
�=�4�4

 = 0.04 <0.05 
  Hence ok 
  Along shorter side: 
  
  emin =  

�ß
�9�4�4

 + 
�»
�7�4

 
 
  =  

�9�4�4�4
�9�4�4

 + 
�9�4�4
�7�4

 
  = 26.67 
  

�c�k�g�l��
�F

 = 
�6�:�:�;
�9�4�4

 = 0.05 = 0.05 
  Hence ok 
 

�T�s��

�Ù�Î�Ö�`�H
  = 

�8�4�8�8�ä�7�;�v�5�4�0�7

�6�9�ë�9�4�4�ë�=�4�4
  = 0.35 

 
�Q�s��

�Ù�Î�Ö�`�H
�6  = 

�<�<�4�ä�<�;�v�5�4�0�:

�6�9�ë�9�4�4�ë�=�4�4�6
  = 0.087 

 
  Effective cover =40 + 20/2 = 50mm 
 

�b��

�H
  = 

�9�4

�=�4�4
  = 0.05 

  From the chart = 
�T��

�Ù�Î�Ö
 = 0.04 

 
  Pt = 0.04x25 = 1 
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Ast = 1%XbxD 
  = 1/100x500x900 

  = 4500mm
2 

 
 Assume 20 ø,2 
 Number of bars = 

�E�q�r
�_�q�r

 = 
�8�9�4�4

�7�5�8
 = 14.3 = 14 

 
Design Lateral tiles: 

  
 Tie dia = 

�Þ

�8
 = 

�6�4

�8
 = 5mm = 6mm 

 
 Hence provided 8mm diameter of bars Pitch of the tiles shall be minimum of 
 Least lateral dimension of column = 300mm 
 
 16 times the diameter of longitudinal bars = 16x20 = 320mm 
 
 Hence provide 6mm lateral tiles of 300mm center to center 

 
 
 

 

Fig. 11.1 Reinforcement details of a column 
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CHAPTER 12 

DESIGN OF STAIR CASE 

 
DESIGN OF DOG LEGGED STAIR CASE:  

 
Assuming 150 mm risers, 

 
Assume width of thread (T) = 250mm. 

 
Space occupied by 14 threads = 15x 250 = 3.75m 

Effective span: 

Leff=4000 + 5000 + 300 
=9300 mm 

 
Thickness / depth of slab: 

d = span / 20 x MF 
=9300 / 20 x 1.4 
= 651~ 650mm 
D = 650+8+20 =678mm 

 
Load calculation: 

 
Dead load: 

 

1. Load on waist slab = 25 x D �[�����¥�52+T2)/T) 

= 25 �[���������������[�������¥������2+2502)/ 250) 

=19.76 KN/m 
 

2. Load of one step = (0.5 x 0.15 x 0.25 x 25)/0.25 

= 1.87 KN/m 
 

Live load = 5 KN/m 
 

Total dead load = 21.63KN/m 
 

Total factored load = 26.63 x 1.5 =39.945 = 40KN/m 
 

Bending Moment: 

Max BM = 0.12 x Wd x Leff 

= 0.12 x 40 x 9.3
2
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6 

=415. 152KN.m 

Check for depth: 
 

M = 0.36.fck. b. Xu max (d-0.42. Xu max) 

415.152 x 106 = 0.36 x 25 x (0.48 x d) x1000 (d - 0.42x 0.48 x d) 
2 

415.152 x 10 = 4320 d - 870.91 d 

D = 2.48 mm < 330 mm 
 

Reinforcement: 

 
Ast = 


Ù�ä
Þ�Œ�‰�‘

���!
�>
ÚF§
ÚF


Ý�ä
ß�y

�Œ�‰�‘�n�Š
Û
�?�n�Š 

 
 

= (0.5 x 25/415) (1 �± ���¥������-(4.6 x 415.152 x 106/25 x 1000x3302)))1000x330 

2 
= 4508.71mm 

 
Provide 16 mm diameter of bars Spacing = (ast/Ast) b 
=44.59 ~ 45 mm 

 
Ast distribution = 0.15bD/100 

 
= (0.15 x 1000 x 678)/100 

 
2 

=1017 mm 
 

Provide 12 mm diameter of bars Spacing =(ast/Ast) b= 111.2mm 

 
Check for maximum spacing 

3d = 3 x 330 = 990 mm or 300 mm 

Whichever is less 
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Fig.12.1 Reinforcement details of stair case 
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CHAPTER 13 

DESIGN OF FOOTING 

 
Given Data: 

Column size = 0.500 x 0.900 m 

Load from column = 2696.25 

= 2700 KN 

Safe bearing capacity of soil = 100 KN 

Self weight of footing= 10% of load 

=10/100 x 2700 

= 270KN 

Total load = 270+2700 

= 2970 KN 

R = 0.138x fck 

= 0.138x 25 

= 3.45N/mm2 

 
Size of the footing: 

Area of footing = Total load / Safe bearing capacity of soil 
= 2970/100 
= 29.7 
= 30 

B/L = 30 
B = 5 m 
L = 6 m 
Hence provide = 5x6 m 

 
Soil reaction for the design load upward pressure: 

Qu = pu /area of footing 

Factored load = 2700x1.5 

= 4050 

Qu = 4050 / 5x6 

Qu =135 KN/m2 

 
Depth of footing: 

M1 = PBx [L�² a] [L�² a] 
2 4 

M1 = 135x5[6�² 0�j9]2 
8 
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M1 = 274.32KN/m2 
M1 = 1.5X274.32KN/m2 
M1 = 411.48KN/m2 

M2 = PLx [B�² b][B�² b] 
2 4 

M2 = 135x6[5�² 0�j5]2 
8 

M2 = 256.28 KN/m2 
M2 = 1.5X256.28KN/m2 
M2 = 384.43KN/m2 

Mu1 >Mu2 
 

Thickness of slab: 
 

d = 
 

= 

= 154.44 mm 

d = 200mm 

D = 260mm 

 
Check for one-way shear: 

 
V = PBx[L�² a-d] 

2 
= 135x5[6�² 0�j9-d] 

2 

Vu= 1.5xV = 675[2.55-d] 

�2v= 

ß�ä
à
Þ�ž
Ú
Ù�0
Þ�:
Û�ä
Þ
Þ�?�Š�;

�9�4�4�4�v�b
 

The % of steel, pt. = 0.3%(assume) 

From IS 456-2000 table 19 
2 

c= 0.386 N/mm 

�2v  = Kx�2c, K = 1 

0.386   =

ß�ä
à
Þ�ž
Ú
Ù�0
Þ�:
Û�ä
Þ
Þ�?�Š�;


Þ
Ù
Ù
Ù� ��  

d =650mm 

Check for two-way shear: 
 

Length of ABCD = 2[(0.9+0.65) + (0.5+0.65)] 

= 5.4m 

Area of ABCD = 1.55+1.15 

= 2.7m 

M 
RB 

411�¾48x10^6 

3�¾45x5000 

�2 Pt �2c 

0.25 0.36 

0.3 ? 
0.5 0.49 
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Punching shear = P[5x6-2.7] 

=135[30-2.7] 

= 3699KN 

Ultimate shear force = 1.5x3685.5 

= 5528.25KN 
 

Shear stress, �2v  = 
�Ï�Õ

�`�b
 

=  
�9�9�6�<�ä�6�9�ë�5�4�0�7

�9�8�4�4�ë�:�9�4
 

= 1.27 N/mm
2 

Allowable shear stress = �2c= 0.25 

2 
= 1.25 N/mm 

K3 = 0.5+0�j 5 

0�j 9 

= 1.05 

�2v<K3�2c Hence ok 

D = 700mm 

d = 650mm 

Design of reinforcement: 
 

Area of steel(Ast1) = 
�4�ä�9�Ù�Î�Ö

�d�w
�>�sF §�sF

�8�ä�:�Æ

�Ù�Î�Ö�»�×�6
�?�$�@ 

   = 
�4�ä�9�ë�6�9

�8�5�9
�>�sF §�sF

�8�ä�:�ë�8�5�5�ä�8�<�ë�5�4�2

�6�9�ë�9�4�4�4�ë�:�9�4�6
�?�w�r�r�r�T�x�w�r 

= 1770.23mm 
By providing 12mm diameter bars required 

= 
�5�;�;�5

�5�5�7�ä�4�=
 

=15.65~ 16 
16 bars have to be distributed uniformly along a width of 5000mm 

Ast2   = 
�4�ä�9�Ù�Î�Ö

�d�w
�>�sF §�sF

�8�ä�:�Æ

�Ù�Î�Ö�»�×�6
�?�.�@ 

= 
�4�ä�9�ë�6�9

�8�5�9
�>�sF §�sF

�8�ä�:�ë�7�<�8�ä�8�7�ë�5�4�2

�6�9�ë�9�4�4�4�ë�:�9�4�6
�?�x�r�r�r�T�x�w�r 

=1650.49  
Ast  = 

�6�ë�E�q�r
�5�>�F

 

=
�6�ë�5�:�9�4�ä�8�=

�5�>�:���9
 

= 1500mm 
Number of bars required = 

�5�9�4�4
�5�5�7�ä�4�=

 

= 13.26 ~ 14 

fck 
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Provide 14 bars of 12mm diameter in the central band of width 2m 

The remaining area =  
�5�:�9�4�?�5�9�4�4

�6
 

 = 75mm 

Each edge band  = 
�;�9

�5�5�7�ä�4�=
  

 = 0.6 ~1 

Minimum 3 bars provided in the edge band as per limit state method 

 
Check for development length: 

 
 Ld.=47ø  

 = 47x 12 

= 564mm  

By providing 60mm as clear cover 

Length available=
�»�?�Õ

�6
F�x�r 

=
�9�4�4�4�?�9�4�4

�6
F �x�r 

  = 2190>564mm 

   Hence ok  

 
 
 

 
 
 

 

Fig. 13.1 Reinforcement details of footing elevation 
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Fig. 13.2 Reinforcement details of footing Plan 
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CHAPTER 14 

STAAD PRO ANALYSIS 

The analysis is carried by using the STAAD Pro software for the same frame. STAAD 
Editor is given in ANNEXURE A. 

Figure 14.1 Displacement diagram from STAAD Pro 
 

Figure 14.2shear force diagram from STAAD Pro 
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Figure: 14.3Bending moment diagram from STAAD Pro 
 
 
 

Figure: 14.4 Bending moment diagram from STAAD pro 
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Figure: 14.5 Axial force diagram from STAAD Pro 
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CHAPTER 15 

COMPARISON OF RESULTS 
 
COMPARISONS OF MANUAL ANALYSIS RESULTS WITH THE STAAD Pro Results:  

 
The analysis results of some beams are shown in the following table 5 by 

comparing both manual and STAAD Pro. The variation between the manual analysis values 
and the STAAD Pro analysis values is varying between 0.29% to 5.5 % as shown below. 
Hence for the remaining frames the analysis is carried out by using the STAAD Pro 
software. 

 
Table15.1 Comparison of Manual Analysis Results with The STAAD Pro 

 

Final 
moments of 

Manual End 
moments 

Value (KN-m) 

STAAD pro 
FEM 

(KN -m) 

 
% of difference 

MAB -21.09 -19.948 1.14 
MBA 128.22 124.305 3.91 
MBC -283.99 -281.76 2.23 
MCB 281.17 278.734 2.44 
MCD -134.41 -129.967 4.44 
MDC 14.26 12.438 1.82 
MEF -68.027 -64.822 3.20 
MFE 158.147 154.038 4.12 
MFG -494.75 .-489.194 5.55 
MGF 474.89 470.98 3.91 
MGH -180.85 -178.59 2.26 
MHG 48.317 44.905 3.41 
M IJ -69.127 -70.609 1.48 
MJI 170.25 166.47 3.78 
MJK -487.6 -481.310 6.29 
MKJ 476.71 474.146 2.56 
MKL  -195.147 -193.257 1.89 
MLK  -167.147 -164.481 3.33 
MMN -79.25 -78.99 0.26 
MNM 157.32 154.104 3.22 
MNO -493.66 -493.249 1.58 
MON 472.36 476.478 4.12 
MOP -200.53 -196.981 3.55 
MPO 35.77 -32.61 3.16 
MQR -117.27 -111.82 5.45 
MRQ 129.307 127.16 2.14 
MRS -489.36 -484.53 4.83 
MSR 489.36 485.17 4.19 
MST -258.39 -255.53 2.86 
MTS -20.93 -17.71 3.22 
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CHAPTER 16 

STAAD PRO DESIGN 

ISOMETRIC VIEW OF BUILDING:  

Figure 16.1 Structural Diagram from STAAD Pro 
 

Figure 16.2 Structural 3D Diagram from STAAD Pro 
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LOADING CONDITION:  
 

Figure 16.3 Loading Diagram from STAAD Pro 
 

SHEAR FORCE DIAGRAM:  
 
 

 

Figure 16.4 Shear Force diagram from STAAD Pro 
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BENDING MOMENT DIAGRAM:  
 

Figure: 16.5 Bending Moment diagram from STAAD Pro 
 

AXIAL FORCE DIAGRAM:  
 

Figure 16.6Axial Force diagram from STAAD Pro 
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DISPLACEMENT DIAGRAM:  
 

 
 

Figure 16.7 Displacement diagram from STAAD Pro 
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BEAM DESIGN ACCORDING TO STAAD -Pro: 
 

 
 

 
Figure: 16.8 Beam Designs from STAAD Pro 
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COLUMN DESIGN ACCORDING TO STAAD -Pro: 
 
 

 
 
 
 
 

 

 

Figure: 16.9 Column Design from STAAD Pro 
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FOUNDATION DESIGN IN STAAD PRO FOUNDATION RESULTS:  
 
 
 

 

Figure 16.10 Foundation Design from STAAD Foundation 
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CHAPTER 17 

BEAM DESIGN RESULTS 

BEAMNO.1276DESIGN RESULTS: 
 

M25 Fe415 (Main) Fe415 (Sec.) 
 

Length: 2500.0 mm Size:   400.0 mm X 500.0 mm Cover: 25.0 mm 
 
 

SUMMARY OF REINF. AREA (Sq.mm):  
 

SECTION 0.0 mm 625.0 mm 1250.0 mm 1875.0 mm 2500.0 mm 

TOP 385.06 385.06 385.06 503.84 1151.34 
REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 

BOTTOM  500.61 385.06 385.06 0.00 0.00 
REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 

 
 

SUMMARY OF PROVIDED REINF. AREA:  
 

SECTION 0.0 mm 625.0 mm 1250.0 mm 1875.0 mm 2500.0 mm 

TOP 
REINF. 

5-10í 
1 layer(s) 

5-10í 5-10í 
1 layer(s) 

7-10í 
1 layer(s) 

15-10í 
1 layer(s) 

 
2 layer(s) 

BOTTOM 
REINF. 

7-10í 
1 layer(s) 

5-10í 
1 layer(s) 

5-10í 5-10í 
1 layer(s) 

5-10í 
1 layer(s) 

 
1 layer(s) 

 
SHEAR 2 legged 8í 2 legged 8í 2 legged 8í2 legged 8í 2legged 8í 
REINF. @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c 

 

 

 
SHEAR DESIGN RESULTS AT DISTANCE d (EFFECTIVE DEPTH) FROM 

FACE OF THE SUPPORT: 
 

Shear Design Results At 911.7 mm Away from End Support 
VY = -120.85, MX = 0.73, LD= 8 
Provide 2 Legged 8í @ 200 mm c/c 
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BEAM NO. 30 DESIGN RESULTS: 

 
M25 Fe415 (Main) Fe415 (Sec.) 

 
Length:5000.0 mm Size:400.0 mm X 500.0 mm Cover:25.0 mm 

 
 

SUMMARY OF REINF. AREA (Sq.mm):  
 

SECTION 0.0 mm 1250.0 mm 2500.0 mm 3750.0 mm 5000.0 mm 
 

TOP 1017.86 384.24 384.24 384.24 1596.30 
REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 
 
BOTTOM  

 
382.60 

 
382.60 

 
564.26 

 
382.60 

 
382.60 

REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 

 
 

SUMMARY OF PROVIDED REINF. AREA:  
 

SECTION 0.0 mm 1250.0 mm 2500.0 mm 3750.0 mm 5000.0 mm 

TOP 
REINF. 

6-16í 
1 layer(s) 

3-16í 
1 layer(s) 

3-16í 3-16í 
1 layer(s) 

8-16í 
1 layer(s) 

 
1 layer(s) 

BOTTOM 
REINF. 

3-16í 
1 layer(s) 

3-16í 3-16í 
1 layer(s) 

3-16í 3-16í 
1 layer(s) 

 
1 layer(s) 

 
1 layer(s) 

SHEAR 2 legged 8í 2 legged 8í 2 legged 8í 2 legged 8í 2 legged 8í 
REINF. @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c 

 

 

 
SHEAR DESIGN RESULTS AT DISTANCE d (EFFECTIVE DEPTH) FROM 

FACE OF THE SUPPORT: 
 

Shear Design Results At 917 mm Away from Start Support 
VY = 125.97, MX = -0.29, LD= 9 
Provide 2 Legged 8í @ 200 mm c/c 

 
Shear Design Results At 917 mm Away from End Support 
VY = -152.37, MX = 0.35, LD= 8 
Provide 2 Legged 8í @ 200 mm c/c 
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BEAM NO.291 DESIGN RESULTS: 

 
M25 Fe415 (Main) Fe415 (Sec.) 

 
Length:10000.0 mm Size:400.0 mm X500.0 mm Cover:25.0 mm 

 
 

SUMMARY OF REINF. AREA (Sq.mm) 
---------------------------------------------------------------------------- 

SECTION 0.0 mm 2500.0 mm 5000.0 mm 7500.0 mm 10000.0 mm 
---------------------------------------------------------------------------- 

TOP 2060.98 382.60 0.00 382.60 2338.49 
REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 

BOTTOM  382.60 382.60 999.78 382.60 382.60 
REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 

---------------------------------------------------------------------------- 
 
 

SUMMARY OF PROVIDED REINF. AREA  
---------------------------------------------------------------------------- 

SECTION 0.0 mm 2500.0 mm 5000.0 mm 7500.0 mm 10000.0 mm 
---------------------------------------------------------------------------- 

TOP 11-16í 3-16í 2-16í 3-16í 12-16í 
REINF. 2 layer(s) 1 layer(s) 1 layer(s) 1 layer(s) 2 layer(s) 

BOTTOM  3-16í 3-16í 5-16í 3-16í 3-16í 
REINF. 1 layer(s) 1 layer(s) 1 layer(s) 1 layer(s) 1 layer(s) 

SHEAR 2 legged 8í 2 legged 8í 2 legged 8í 2 legged 8í 2 legged 8í 
REINF. @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c @ 200 mm c/c 

---------------------------------------------------------------------------- 
 
 

SHEAR DESIGN RESULTS AT DISTANCE d (EFFECTIVE DEPTH) FROM 
FACE OF THE SUPPORT 

----------------------------------------------------------------------------- 
Shear Design Results At 911.2 mm Away from Start Support 
VY = 147.35, MX = 0.00, LD=9 
Provide 2 Legged 8í @ 200 mm c/c 

 
Shear Design Results At 909 mm Away from End Support 
VY = -142.45, MX = -0.02, LD= 8 
Provide 2 Legged 8í @ 200 mm c/c 
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BEAM NO .1267 DESIGN RESULTS: 

 
M25 Fe415 (Main) Fe415 (Sec.) 

 
Length:2500.0 mm Size:400.0 mm X 700.0 mm Cover:25.0 mm 

 
 

SUMMARY OF REINF. AREA (Sq.mm):  
 

SECTION 0.0 mm 625.0 mm 1250.0 mm 1875.0 mm 2500.0 mm 

TOP 548.92 548.92 548.92 548.92 675.73 
REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 
 
BOTTOM 548.92 
REINF. (Sq. mm) 

 
548.92 

 
548.92 548.9 

(Sq. mm) (Sq. mm) 

 
548.92 
(Sq. mm)(Sq. mm) 

 
 

SUMMARY OF PROVIDED REINF. AREA:  
 

SECTION 0.0 mm 625.0 mm 1250.0 mm 1875.0 mm 2500.0 mm 

TOP 
REINF. 

5-12í 
1 layer(s) 

5-12í 5-12í 
1 layer(s) 

5-12í 6-12í 
1 layer(s) 

 
1 layer(s) 

 
1 layer(s) 

BOTTOM 
REINF. 

7-10í 
1 layer(s) 

7-10í 7-10í 
1 layer(s) 

7-10í 7-10í 
1 layer(s) 1 

 
layer(s) 

 
1 layer(s) 

SHEAR 2 legged 8í 2 legged 8í 2 legged 8í 2 legged 8í 2 legged 8í 
REINF. @ 225 mm c/c @ 225 mm c/c @ 225 mm c/c @ 225 mm c/c @ 225 mm c/c 

 

 

 
SHEAR DESIGN RESULTS AT DISTANCE d (EFFECTIVE DEPTH) FROM 
FACE OF THE SUPPORT: 

 

Shear Design Results At 919 mm Away from End Support 
VY = -56.64, MX =13.55, LD= 8 
Provide 2 Legged 8í @ 225 mm c/c 
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BEAM NO.213 DESIGN RESULTS: 

 
M25 Fe415 (Main) Fe415 (Sec.) 

 
Length:5000.0 mm Size:400.0 mm X700.0 mm Cover: 25.0 mm 

 
 

SUMMARY OF REINF. AREA (Sq.mm):  
 

SECTION 0.0 mm 1250.0 mm 2500.0 mm 3750.0 mm 5000.0 mm 

TOP 720.79 548.92 0.00 548.92 1168.94 
REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 

BOTTOM  548.92 548.92 548.92 548.92 548.92 
REINF. (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) (Sq. mm) 

 
 

SUMMARY OF PROVIDED REINF. AREA:  
 

SECTION 0.0 mm 1250.0 mm 2500.0 mm 3750.0 mm 5000.0 mm 

TOP 
REINF. 

10-10í 
1 layer(s) 

7-10í 
1 layer(s) 

7-10í 7-10í 
1 layer(s) 

15-10í 
1 layer(s) 

 
2 layer(s) 

BOTTOM 
REINF. 

7-10í 
1 layer(s) 

7-10í 7-10í 
1 layer(s) 

7-10í 7-10í 
1 layer(s) 

 
1 layer(s) 

 
1 layer(s) 

SHEAR 2 legged 8í 2 legged 8í 2 legged 8í 2 legged 8í 2 legged 8í 
REINF. @ 225 mm c/c @ 225 mm c/c @ 225 mm c/c @ 225 mm c/c @ 225 mm c/c 

 
 

SHEAR DESIGN RESULTS AT DISTANCE d (EFFECTIVE DEPTH) FROM 
FACE OF THE SUPPORT: 

 

Shear Design Results At 920 mm Away From Start Support 
VY =137.58, MX =0.23, LD= 10 
Provide 2 Legged 8í @ 225 mm c/c 

 
Shear Design Results At 911.7 mm Away From End Support 
VY =-175.90, MX =0.26, LD= 8 
Provide 2 Legged 8í @ 225 mm c/c 
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COLUMN DESIGN RESULTS:  
 

COLUMN NO.1355 DESIGN RESULTS: 
 

M25  Fe415 (main)  Fe415 (sec.) 

Length:1000.0mm Cross section:500.0 mm x 900.0 mm Cover:40.0 mm 

Guiding load case:4  End joint:646 

TENSION COLUMN:  
Required Steel Area :3600.00 Sq.mm. 
Required Concrete Area: 446400.00 Sq.mm. 
Main Reinforcement: Provide 32 - 12 dia. (0.80%,3619.11 Sq.mm.) (Equally distributed) 
Tie reinforcement: Provide 8 mm dia. rectangular ties @ 190 mm c/c 

SECTION CAPACITY BASED ON REINFORCEMENT R EQUIRED (KNS-MET):  
 

Puz :6142.50, Muz1:519.76, Muy1:271.48 
Interaction ratio: 0.00 (as per Cl. 39.6, IS456:2000) 

SECTION CAPACITY BASED ON REINFORCEMENT PROVIDED (KNS -MET):  
 

Worst load case:9 
End joint:568, Puz :5470.10, Muz :0.00 Muy :0.00 IR: 0.00 

 
 

COLUMN NO.554 DESIGN RESULTS: 
 

M25 Fe415 (Main) Fe415 (Sec.) 
 

Length:1500.0 mm   Cross section:500.0 mm X 900.0 mm Cover:40.0 mm 

Guiding load case: 6 End joint:315 

TENSION COLUMN:  
Required Steel area: 3600.00 Sq.mm. 
Required Concrete area: 446400.00 Sq.mm. 
Main reinforcement: Provide 32 - 12 dia. (0.80%, 3619.11 Sq.mm.)(Equally distributed) 
Tie reinforcement: Provide 8 mm dia. rectangular ties @ 190 mm c/c 

 
SECTION CAPACITY BASED ON REINFORCEMENT REQUIRED (KNS -MET):  

 

Puz : 6142.50, Muz1 :517.30, Muy1 : 270.16 
Interaction ratio: 0.01 (as per Cl. 39.6, IS456:2000) 

 

SECTION CAPACITY BASED ON REINFORCEMENT PROVIDED (KNS -MET):  
 

Worst load case:9 
End joint:295, Puz :6148.23, Muz :881.42, Muy :465.87, IR: 0.2 
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CONCLUSIONS 
 
 
The following Conclusions are drawn 
 

1. Planning has been done in accordance with the specifications made by NATIONAL BUILDING 
CODE. 

2. AUTOCAD software is used for effective representation of drawings. 
3. The analysis and design of G+B+5 building frame was done by using STAAD Pro software. 
4. The exact method of analysis was also done for accuracy i.e. a critical frame was analyzed by 

�X�V�L�Q�J���.�D�Q�L�¶�V���P�H�W�K�R�G���R�I���D�Q�D�O�\�V�L�V�� 
5. The manual analysis results of a frame are compared with that of STAAD-Pro and the variation 

of the results are found less than 5%. 
6. The designs of all structural members have been done by using both IS-456:2000 and STAAD-

Pro i.e., Limit State method of design is adopted. 
7. The structure is safe against all combination of the loads. 
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STAAD EDITOR  

1000; 2500; 31000; 41500; 52000; 62500; 73000; 83500; 
94000; 104500; 115000; 125500; 136000; 146500; 157000; 
1603.50; 1753.50; 18103.50; 19153.50; 20203.50; 21253.50; 
22303.50; 23353.50; 24403.50; 25453.50; 26503.50; 27553.50; 
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10603.515; 10753.515; 108103.515; 109153.515; 110203.515; 
111253.515; 112303.515; 113353.515; 114403.515; 115453.515; 
116503.515; 117553.515; 118603.515; 119653.515; 120703.515; 
141253.520; 142303.520; 144403.520; 145453.520; 15625025; 
15730025; 15940025; 16045025; 171253.525; 172303.525; 
174403.525; 175453.525; 18625030; 18730030; 18940030; 
19045030; 201253.530; 202303.530; 204403.530; 205453.530; 
20627.5020; 20727.53.520; 20830017.5; 209303.517.5; 
21027.5017.5; 21127.53.517.5; 21242.5020; 21342.53.520; 
21442.53.517.5; 21542.5017.5; 21640017.5; 217403.517.5; 
218253.517.5; 219453.517.5; 23227.53.525; 23342.53.525; 234070; 
235570; 2361070; 2371570; 2382070; 2392570; 2403070; 
2413570; 2424070; 2434570; 2445070; 2455570; 2466070; 
2476570; 2487070; 249075; 250575; 2511075; 2521575; 
2532075; 2542575; 2553075; 2563575; 2574075; 2584575; 
2595075; 2605575; 2616075; 2626575; 2637075; 2640710; 
2655710; 26610710; 26715710; 26820710; 26925710; 27030710; 
27135710; 27240710; 27345710; 27450710; 27555710; 27660710; 
27765710; 27870710; 2790715; 2805715; 28110715; 28215715; 
28320715; 28425715; 28530715; 28635715; 28740715; 28845715; 
28950715; 29055715; 29160715; 29265715; 29370715; 29425720; 
29530720; 29640720; 29745720; 29825725; 29930725; 30040725; 
30145725; 30225730; 30330730; 30440730; 30545730; 30627.5720; 
30730717.5; 30827.5717.5; 30942.5720; 31042.5717.5; 31140717.5; 
31225717.5; 31345717.5; 314255.520; 315305.520; 316405.520; 
317455.520; 318255.521; 319305.521; 320405.521; 321455.521; 
32227.55.521; 32342.55.521; 32427.5725; 32542.5725; 32645020; 
32740020; 32825020; 32930020; 330010.50; 331510.50; 
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3321010.50; 3331510.50; 3342010.50; 3352510.50; 3363010.50; 
3373510.50; 3384010.50; 3394510.50; 3405010.50; 3415510.50; 
3426010.50; 3436510.50; 3447010.50; 345010.55; 346510.55; 
3471010.55; 3481510.55; 3492010.55; 3502510.55; 3513010.55; 
3523510.55; 3534010.55; 3544510.55; 3555010.55; 3565510.55; 
3576010.55; 3586510.55; 3597010.55; 360010.510; 361510.510; 
3621010.510; 3631510.510; 3642010.510; 3652510.510; 3663010.510; 
3673510.510; 3684010.510; 3694510.510; 3705010.510; 3715510.510; 
3726010.510; 3736510.510; 3747010.510; 375010.515; 376510.515; 
3771010.515; 3781510.515; 3792010.515; 3802510.515; 3813010.515; 
3823510.515; 3834010.515; 3844510.515; 3855010.515; 3865510.515; 
3876010.515; 3886510.515; 3897010.515; 3902510.520; 3913010.520; 
3924010.520; 3934510.520; 3942510.525; 3953010.525; 3964010.525; 
3974510.525; 3982510.530; 3993010.530; 4004010.530; 4014510.530; 
40227.510.520; 4033010.517.5; 40427.510.517.5; 40542.510.520; 
40642.510.517.5; 4074010.517.5; 4082510.517.5; 4094510.517.5; 
41025920; 41130920; 41240920; 41345920; 41425921; 41530921; 
41640921; 41745921; 41827.5921; 41942.5921; 42027.510.525; 
42142.510.525; 4220140; 4235140; 42410140; 42515140; 
42620140; 42725140; 42830140; 42935140; 43040140; 43145140; 
43250140; 43355140; 43460140; 43565140; 43670140; 4370145; 
4385145; 43910145; 44015145; 44120145; 44225145; 44330145; 
44435145; 44540145; 44645145; 44750145; 44855145; 44960145; 
45065145; 45170145; 45201410; 45351410; 454101410; 455151410; 
456201410; 457251410; 458301410; 459351410; 460401410; 
461451410; 462501410; 463551410; 464601410; 465651410; 
466701410; 46701415; 46851415; 469101415; 470151415; 
471201415; 472251415; 473301415; 474351415; 475401415; 
476451415; 477501415; 478551415; 479601415; 480651415; 
481701415; 482251420; 483301420; 484401420; 485451420; 
486251425; 487301425; 488401425; 489451425; 490251430; 
491301430; 492401430; 493451430; 49427.51420; 495301417.5; 
49627.51417.5; 49742.51420; 49842.51417.5; 499401417.5; 
500251417.5; 501451417.5; 5022512.520; 5033012.520; 5044012.520; 
5054512.520; 5062512.521; 5073012.521; 5084012.521; 5094512.521; 
51027.512.521; 51142.512.521; 51227.51425; 51342.51425; 
514017.50; 515517.50; 5161017.50; 5171517.50; 5182017.50; 
5192517.50; 5203017.50; 5213517.50; 5224017.50; 5234517.50; 
5245017.50; 5255517.50; 5266017.50; 5276517.50; 5287017.50; 
529017.55; 530517.55; 5311017.55; 5321517.55; 5332017.55; 
5342517.55; 5353017.55; 5363517.55; 5374017.55; 5384517.55; 
5395017.55; 5405517.55; 5416017.55; 5426517.55; 5437017.55; 
544017.510; 545517.510; 5461017.510; 5471517.510; 5482017.510; 
5492517.510; 5503017.510; 5513517.510; 5524017.510; 5534517.510; 
5545017.510; 5555517.510; 5566017.510; 5576517.510; 5587017.510; 
559017.515; 560517.515; 5611017.515; 5621517.515; 5632017.515; 
5642517.515; 5653017.515; 5663517.515; 5674017.515; 5684517.515; 
5695017.515; 5705517.515; 5716017.515; 5726517.515; 5737017.515; 
5742517.520; 5753017.520; 5764017.520; 5774517.520; 5782517.525; 
5793017.525; 5804017.525; 5814517.525; 5822517.530; 5833017.530; 
5844017.530; 5854517.530; 58627.517.520; 5873017.517.5; 
58827.517.517.5; 58942.517.520; 59042.517.517.5; 5914017.517.5; 
5922517.517.5; 5934517.517.5; 594251620; 595301620; 596401620; 
597451620; 598251621; 599301621; 600401621; 601451621; 
60227.51621; 60342.51621; 60427.517.525; 60542.517.525; 
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60665200; 60770200; 60865205; 60970205; 610252020; 611302020; 
612402020; 613452020; 614252025; 615302025; 616402025; 
617452025; 61827.52020; 619302017.5; 62027.52017.5; 62142.52020; 
62242.52017.5; 623402017.5; 624018.50; 625518.50; 6261018.50; 
6271518.50; 6282018.50; 6292518.50; 6303018.50; 6313518.50; 
6324018.50; 6334518.50; 6345018.50; 6355518.50; 6366018.50; 
637018.55; 638018.510; 6397018.510; 640018.515; 641518.515; 
6421018.515; 6431518.515; 6442018.515; 6452518.515; 6464518.515; 
6475018.515; 6485518.515; 6496018.515; 6506518.515; 6517018.515; 
6522518.530; 6533018.530; 6544018.530; 6554518.530; 
MEMBERINCIDENCES 
11617; 21718; 31819; 41920; 52021; 62122; 72223; 82324; 
92425; 102526; 112627; 122728; 132829; 142930; 15116; 16217; 
17318; 18419; 19520; 20621; 21722; 22823; 23924; 241025; 
251126; 261227; 271328; 281429; 291530; 304647; 314748; 324849; 
334950; 345051; 355152; 365253; 375354; 385455; 395556; 405657; 
415758; 425859; 435960; 443146; 453247; 463348; 473449; 483550; 
493651; 503752; 513853; 523954; 534055; 544156; 554257; 564358; 
574459; 584560; 597677; 607778; 617879; 627980; 638081; 648182; 
658283; 668384; 678485; 688586; 698687; 708788; 718889; 728990; 
736176; 746277; 756378; 766479; 776580; 786681; 796782; 806883; 
816984; 827085; 837186; 847287; 857388; 867489; 877590; 
88106107; 89107108; 90108109; 91109110; 92110111; 93111112; 
94112113; 95113114; 96114115; 97115116; 98116117; 99117118; 
100118119; 101119120; 10291106; 10392107; 10493108; 10594109; 
10695110; 10796111; 10897112; 10998113; 11099114; 111100115; 
112101116; 113102117; 114103118; 115104119; 116105120; 122141207; 
125144213; 151171232; 154174233; 165156171; 166157172; 168159174; 
169160175; 180201202; 183204205; 194186201; 195187202; 197189204; 
198190205; 2041646; 2051747; 2061848; 2071949; 2082050; 2092151; 
2102252; 2112353; 2122454; 2132555; 2142656; 2152757; 2162858; 
2172959; 2183060; 2194676; 2204777; 2214878; 2224979; 2235080; 
2245181; 2255282; 2265383; 2275484; 2285585; 2295686; 2305787; 
2315888; 2325989; 2336090; 23476106; 23577107; 23678108; 
23779109; 23880110; 23981111; 24082112; 24183113; 24284114; 
24385115; 24486116; 24587117; 24688118; 24789119; 24890120; 
254111218; 255112209; 257114217; 258115219; 269141171; 270142172; 
272144174; 273145175; 284171201; 285172202; 287174204; 288175205; 
289142144; 290172174; 291202204; 292207142; 293206207; 294209142; 
295208209; 296210211; 297211209; 298211207; 299213145; 300212213; 
301214213; 302215214; 303217144; 304216217; 305217214; 306218141; 
307219145; 325232172; 326233175; 343234235; 344235236; 345236237; 
346237238; 347238239; 348239240; 349240241; 350241242; 351242243; 
352243244; 353244245; 354245246; 355246247; 356247248; 35716234; 
35817235; 35918236; 36019237; 36120238; 36221239; 36322240; 
36423241; 36524242; 36625243; 36726244; 36827245; 36928246; 
37029247; 37130248; 372249250; 373250251; 374251252; 375252253; 
376253254; 377254255; 378255256; 379256257; 380257258; 381258259; 
382259260; 383260261; 384261262; 385262263; 38646249; 38747250; 
38848251; 38949252; 39050253; 39151254; 39252255; 39353256; 
39454257; 39555258; 39656259; 39757260; 39858261; 39959262; 
40060263; 401264265; 402265266; 403266267; 404267268; 405268269; 
406269270; 407270271; 408271272; 409272273; 410273274; 411274275; 
412275276; 413276277; 414277278; 41576264; 41677265; 41778266; 
41879267; 41980268; 42081269; 42182270; 42283271; 42384272; 
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42485273; 42586274; 42687275; 42788276; 42889277; 42990278; 
430279280; 431280281; 432281282; 433282283; 434283284; 435284285; 
436285286; 437286287; 438287288; 439288289; 440289290; 441290291; 
442291292; 443292293; 444106279; 445107280; 446108281; 447109282; 
448110283; 449111284; 450112285; 451113286; 452114287; 453115288; 
454116289; 455117290; 456118291; 457119292; 458120293; 459294306; 
460296309; 461141314; 462142315; 463144316; 464145317; 465298324; 
466300325; 467171298; 468172299; 469174300; 470175301; 471302303; 
472304305; 473201302; 474202303; 475204304; 476205305; 477234249; 
478235250; 479236251; 480237252; 481238253; 482239254; 483240255; 
484241256; 485242257; 486243258; 487244259; 488245260; 489246261; 
490247262; 491248263; 492249264; 493250265; 494251266; 495252267; 
496253268; 497254269; 498255270; 499256271; 500257272; 501258273; 
502259274; 503260275; 504261276; 505262277; 506263278; 507264279; 
508265280; 509266281; 510267282; 511268283; 512269284; 513270285; 
514271286; 515272287; 516273288; 517274289; 518275290; 519276291; 
520277292; 521278293; 522284312; 523285307; 524287311; 525288313; 
526294298; 527295299; 528296300; 529297301; 530298302; 531299303; 
532300304; 533301305; 534295296; 535299300; 536303304; 537306295; 
538207306; 539307295; 540209307; 541211308; 542308307; 543308306; 
544309297; 545213309; 546310309; 547214310; 548311296; 549217311; 
550311310; 551312294; 552313297; 553314294; 554315295; 555316296; 
556317297; 557314315; 558316317; 559324299; 560325301; 578326145; 
579327144; 580328141; 581329142; 585330331; 586331332; 587332333; 
588333334; 589334335; 590335336; 591336337; 592337338; 593338339; 
594339340; 595340341; 596341342; 597342343; 598343344; 599234330; 
600235331; 601236332; 602237333; 603238334; 604239335; 605240336; 
606241337; 607242338; 608243339; 609244340; 610245341; 611246342; 
612247343; 613248344; 614345346; 615346347; 616347348; 617348349; 
618349350; 619350351; 620351352; 621352353; 622353354; 623354355; 
624355356; 625356357; 626357358; 627358359; 628249345; 629250346; 
630251347; 631252348; 632253349; 633254350; 634255351; 635256352; 
636257353; 637258354; 638259355; 639260356; 640261357; 641262358; 
642263359; 643360361; 644361362; 645362363; 646363364; 647364365; 
648365366; 649366367; 650367368; 651368369; 652369370; 653370371; 
654371372; 655372373; 656373374; 657264360; 658265361; 659266362; 
660267363; 661268364; 662269365; 663270366; 664271367; 665272368; 
666273369; 667274370; 668275371; 669276372; 670277373; 671278374; 
672375376; 673376377; 674377378; 675378379; 676379380; 677380381; 
678381382; 679382383; 680383384; 681384385; 682385386; 683386387; 
684387388; 685388389; 686279375; 687280376; 688281377; 689282378; 
690283379; 691284380; 692285381; 693286382; 694287383; 695288384; 
696289385; 697290386; 698291387; 699292388; 700293389; 701390402; 
702392405; 703294410; 704295411; 705296412; 706297413; 707394420; 
708396421; 709298394; 710299395; 711300396; 712301397; 713398399; 
714400401; 715302398; 716303399; 717304400; 718305401; 719330345; 
720331346; 721332347; 722333348; 723334349; 724335350; 725336351; 
726337352; 727338353; 728339354; 729340355; 730341356; 731342357; 
732343358; 733344359; 734345360; 735346361; 736347362; 737348363; 
738349364; 739350365; 740351366; 741352367; 742353368; 743354369; 
744355370; 745356371; 746357372; 747358373; 748359374; 749360375; 
750361376; 751362377; 752363378; 753364379; 754365380; 755366381; 
756367382; 757368383; 758369384; 759370385; 760371386; 761372387; 
762373388; 763374389; 764380408; 765381403; 766383407; 767384409; 
768390394; 769391395; 770392396; 771393397; 772394398; 773395399; 
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774396400; 775397401; 776391392; 777395396; 778399400; 779402391; 
780306402; 781403391; 782307403; 783308404; 784404403; 785404402; 
786405393; 787309405; 788406405; 789310406; 790407392; 791311407; 
792407406; 793408390; 794409393; 795410390; 796411391; 797412392; 
798413393; 799410411; 800412413; 801420395; 802421397; 822422423; 
823423424; 824424425; 825425426; 826426427; 827427428; 828428429; 
829429430; 830430431; 831431432; 832432433; 833433434; 834434435; 
835435436; 836330422; 837331423; 838332424; 839333425; 840334426; 
841335427; 842336428; 843337429; 844338430; 845339431; 846340432; 
847341433; 848342434; 849343435; 850344436; 851437438; 852438439; 
853439440; 854440441; 855441442; 856442443; 857443444; 858444445; 
859445446; 860446447; 861447448; 862448449; 863449450; 864450451; 
865345437; 866346438; 867347439; 868348440; 869349441; 870350442; 
871351443; 872352444; 873353445; 874354446; 875355447; 876356448; 
877357449; 878358450; 879359451; 880452453; 881453454; 882454455; 
883455456; 884456457; 885457458; 886458459; 887459460; 888460461; 
889461462; 890462463; 891463464; 892464465; 893465466; 894360452; 
895361453; 896362454; 897363455; 898364456; 899365457; 900366458; 
901367459; 902368460; 903369461; 904370462; 905371463; 906372464; 
907373465; 908374466; 909467468; 910468469; 911469470; 912470471; 
913471472; 914472473; 915473474; 916474475; 917475476; 918476477; 
919477478; 920478479; 921479480; 922480481; 923375467; 924376468; 
925377469; 926378470; 927379471; 928380472; 929381473; 930382474; 
931383475; 932384476; 933385477; 934386478; 935387479; 936388480; 
937389481; 938482494; 939484497; 940390502; 941391503; 942392504; 
943393505; 944486512; 945488513; 946394486; 947395487; 948396488; 
949397489; 950490491; 951492493; 952398490; 953399491; 954400492; 
955401493; 956422437; 957423438; 958424439; 959425440; 960426441; 
961427442; 962428443; 963429444; 964430445; 965431446; 966432447; 
967433448; 968434449; 969435450; 970436451; 971437452; 972438453; 
973439454; 974440455; 975441456; 976442457; 977443458; 978444459; 
979445460; 980446461; 981447462; 982448463; 983449464; 984450465; 
985451466; 986452467; 987453468; 988454469; 989455470; 990456471; 
991457472; 992458473; 993459474; 994460475; 995461476; 996462477; 
997463478; 998464479; 999465480; 1000466481; 1001472500; 
1002473495; 1003475499; 1004476501; 1005482486; 1006483487; 
1007484488; 1008485489; 1009486490; 1010487491; 1011488492; 
1012489493; 1013483484; 1014487488; 1015491492; 1016494483; 
1017402494; 1018495483; 1019403495; 1020404496; 1021496495; 
1022496494; 1023497485; 1024405497; 1025498497; 1026406498; 
1027499484; 1028407499; 1029499498; 1030500482; 1031501485; 
1032502482; 1033503483; 1034504484; 1035505485; 1036502503; 
1037504505; 1038512487; 1039513489; 1059514515; 1060515516; 
1061516517; 1062517518; 1063518519; 1064519520; 1065520521; 
1066521522; 1067522523; 1068523524; 1069524525; 1070525526; 
1071526527; 1072527528; 1073422514; 1074423515; 1075424516; 
1076425517; 1077426518; 1078427519; 1079428520; 1080429521; 
1081430522; 1082431523; 1083432524; 1084433525; 1085434526; 
1086435527; 1087436528; 1088529530; 1089530531; 1090531532; 
1091532533; 1092533534; 1093534535; 1094535536; 1095536537; 
1096537538; 1097538539; 1098539540; 1099540541; 1100541542; 
1101542543; 1102437529; 1103438530; 1104439531; 1105440532; 
1106441533; 1107442534; 1108443535; 1109444536; 1110445537; 
1111446538; 1112447539; 1113448540; 1114449541; 1115450542; 
1116451543; 1117544545; 1118545546; 1119546547; 1120547548; 
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1121548549; 1122549550; 1123550551; 1124551552; 1125552553; 
1126553554; 1127554555; 1128555556; 1129556557; 1130557558; 
1131452544; 1132453545; 1133454546; 1134455547; 1135456548; 
1136457549; 1137458550; 1138459551; 1139460552; 1140461553; 
1141462554; 1142463555; 1143464556; 1144465557; 1145466558; 
1146559560; 1147560561; 1148561562; 1149562563; 1150563564; 
1151564565; 1152565566; 1153566567; 1154567568; 1155568569; 
1156569570; 1157570571; 1158571572; 1159572573; 1160467559; 
1161468560; 1162469561; 1163470562; 1164471563; 1165472564; 
1166473565; 1167474566; 1168475567; 1169476568; 1170477569; 
1171478570; 1172479571; 1173480572; 1174481573; 1175574586; 
1176576589; 1177482594; 1178483595; 1179484596; 1180485597; 
1181578604; 1182580605; 1183486578; 1184487579; 1185488580; 
1186489581; 1187582583; 1188584585; 1189490582; 1190491583; 
1191492584; 1192493585; 1193514529; 1194515530; 1195516531; 
1196517532; 1197518533; 1198519534; 1199520535; 1200521536; 
1201522537; 1202523538; 1203524539; 1204525540; 1205526541; 
1206527542; 1207528543; 1208529544; 1209530545; 1210531546; 
1211532547; 1212533548; 1213534549; 1214535550; 1215536551; 
1216537552; 1217538553; 1218539554; 1219540555; 1220541556; 
1221542557; 1222543558; 1223544559; 1224545560; 1225546561; 
1226547562; 1227548563; 1228549564; 1229550565; 1230551566; 
1231552567; 1232553568; 1233554569; 1234555570; 1235556571; 
1236557572; 1237558573; 1238564592; 1239565587; 1240567591; 
1241568593; 1242574578; 1243575579; 1244576580; 1245577581; 
1246578582; 1247579583; 1248580584; 1249581585; 1250575576; 
1251579580; 1252583584; 1253586575; 1254494586; 1255587575; 
1256495587; 1257496588; 1258588587; 1259588586; 1260589577; 
1261497589; 1262590589; 1263498590; 1264591576; 1265499591; 
1266591590; 1267592574; 1268593577; 1269594574; 1270595575; 
1271596576; 1272597577; 1273594595; 1274596597; 1275604579; 
1276605581; 1296606527; 1297607528; 1298609543; 1299608542; 
1300606607; 1301607609; 1302609608; 1303608606; 1305622590; 
1306623591; 1307612576; 1308621589; 1309613577; 1310617581; 
1311616580; 1312616617; 1313617613; 1315623622; 1316622621; 
1317623616; 1320619587; 1321620588; 1322611575; 1323615579; 
1324614578; 1325614615; 1326615619; 1327620619; 1328618586; 
1329620618; 1330610574; 1331610618; 1332610614; 1335621613; 
1336624514; 1337625515; 1338626516; 1339627517; 1340628518; 
1341629519; 1342630520; 1343631521; 1344632522; 1345633523; 
1346634524; 1347635525; 1348636526; 1349639558; 1350651573; 
1351650572; 1352649571; 1353648570; 1354647569; 1355646568; 
1356655585; 1357654584; 1358653583; 1359652582; 1360645564; 
1361644563; 1362643562; 1363642561; 1364641560; 1365640559; 
1366638544; 1367637529; 
ELEMENTINCIDENCESSHELL 
3301630120106; 331141145205201; 332112114144142; 
333114115219217; 334214219145213; 335209112111218; 
336211218141207; 561314315319318; 562316317321320; 
563318171232322; 564322324299319; 565320300325323; 
566323233175321; 567234248293279; 569285287296295; 
570287288313311; 571310313297309; 572307285284312; 
573308312294306; 582295303304296; 583305301300304; 
584303299298302; 803410411415414; 804412413417416; 
805414298324418; 806418420395415; 807416396421419; 
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808419325301417; 809330344389375; 810381383392391; 
811383384409407; 812406409393405; 813403381380408; 
814404408390402; 819391399400392; 820401397396400; 
821399395394398; 1040502503507506; 1041504505509508; 
1042506394420510; 1043510512487507; 1044508488513511; 
1045511421397509; 1046422436481467; 1047473475484483; 
1048475476501499; 1049498501485497; 1050495473472500; 
1051496500482494; 1056483491492484; 1057493489488492; 
1058491487486490; 1277594595599598; 1278596597601600; 
1279598486512602; 1280602604579599; 1281600580605603; 
1282603513489601; 1283514528573559; 1284565567576575; 
1285567568593591; 1286590593577589; 1287587565564592; 
1288588592574586; 1293575583584576; 1294585581580584; 
1295583579578582; 1304606607609608; 1318623622621612; 
1319612613617616; 1333620619611618; 1334610611615614; 
ELEMENTPROPERTY 
330TO336567569TO573582TO584809TO814819TO8211046TO10511056 - 
1057TO10581283TO12881293TO1295THICKNESS0.15 
561TO566803TO8081040TO10451277TO12821304131813191333 - 
1334THICKNESS0.12 
DEFINEMATERIALSTART 
ISOTROPICCONCRETE 
E2.17185e+007 
POISSON0.17 
DENSITY23.5616 
ALPHA1e-005 
DAMP0.05 
TYPECONCRETE 
STRENGTHFCU27579 
ENDDEFINEMATERIAL 
MEMBERPROPERTYAMERICAN 
1TO1430TO4359TO7288TO101122125151154180183289TO292297 - 
299305325326343TO356372TO385401TO414430TO443459460465466 - 
471472534TO537542544550557TO560585TO598614TO627643TO656 - 
672TO685701702707708713714776TO779784786792799TO802822 - 
823TO835851TO864880TO893909TO922938939944945950951 - 
1013TO10161021102310291036TO10391059TO10721088TO1101 - 
1117TO11301146TO11591175117611811182118711881250TO12531258 - 
126012661273TO12761300TO1303131213131315TO13171325TO13271329 - 
133113321335PRISYD0.5ZD0.4 
204TO248254255257258269270272273284285287288294298301303 - 
306307477TO533539543546548551552719TO775781785788790793 - 
794956TO10121018102210251027103010311193TO1249125512591262 - 
126412671268PRISYD0.7ZD0.4 
15TO2944TO5873TO87102TO116165166168169194195197198293 - 
295296300302304357TO371386TO400415TO429444TO458461TO464 - 
467TO470473TO476538540541545547549553TO556578TO581 - 
599TO613628TO642657TO671686TO700703TO706709TO712 - 
715TO718780782783787789791795TO798836TO850865TO879 - 
894TO908923TO937940TO943946TO949952TO9551017101910201024 - 
102610281032TO10351073TO10871102TO11161131TO11451160TO1174 - 
1177TO11801183TO11861189TO11921254125612571261126312651269 - 
1270TO12721296TO12991305TO13111320TO1324132813301336TO1366 - 
1367PRISYD0.9ZD0.5 
CONSTANTS 
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MATERIAL CONCRETEALL 
SUPPORTS 
1TO1531TO4561TO7591TO105156157159160186187189190206208 - 
210212215216326TO329FIXED 
DEFINE1893LOAD 
ZONE0.14RF5I1SS2DM0.05 
SELFWEIGHT1 
FLOORWEIGHT 
YRANGE020FLOAD14.751 
DEFINEWINDLOAD 
TYPE1WIND1 
INT1.031.06HEIG1020 
LOAD1LOADTYPESeismicTITLEEQX 
1893LOADX1 
LOAD2LOADTYPESeismicTITLEEQZ 
1893LOADZ1 
LOAD3LOADTYPEDeadTITLEDL 
SELFWEIGHTY-1 
MEMBERLOAD 
1TO1430TO4359TO6467TO7288TO9397TO101122125204TO219233 - 
234TO240242TO248254255257258269270272273292294297TO299301 - 
303305TO307343TO356372TO385401TO406409TO414430TO435438 - 
439TO443459460477TO492506TO513515TO529537539542TO544546 - 
548550TO552585TO598614TO627643TO648651TO656672TO677680 - 
681TO685701702719TO734748TO755757TO771779781784TO786788 - 
790792TO794822TO835851TO864880TO885888TO893909TO914917 - 
918TO922938939956TO971985TO992994TO1008101610181021TO1023 - 
102510271029TO1031UNIGY-21.28 
107211011175117611811182120612071242TO1245125312551258TO1260 - 
12621264126612751276UNIGY-5.7 
1059TO10711146TO11501155TO11591187118811931208122212231237 - 
1238124112461249125212671268UNIGY-2.28 
FLOORLOAD 
YRANGE017.5FLOAD-4GY 
YRANGE17.520FLOAD-2GY 
LOAD4LOADTYPELiveTITLELL 
FLOORLOAD 
YRANGE017.5FLOAD-4GY 
LOAD5LOADTYPEWindTITLEWLX 
WINDLOADX1TYPE1XR070YR3.520ZR030 
WINDLOAD -X1TYPE1XR070YR020ZR030 
LOAD6LOADTYPEWindTITLEWLZ 
WINDLOAD -Z1TYPE1XR070YR3.520ZR3030 
WINDLOAD -Z-1TYPE1XR070YR3.520 
LOADCOMB7COMBINATIONLOADCASE7 
11.521.531.5 
LOADCOMB8COMBINATIONLOADCASE8 
11.521.531.541.5 
LOADCOMB9COMBINATIONLOADCASE9 
31.541.5 
LOADCOMB10COMBINATIONLOADCASE10 
31.541.551.561.5 
PERFORMANALYSISPRINTALL 
STARTCONCRETEDESIGN 
CODEINDIAN 
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FC25000ALL 
FYMAIN 415000ALL  
DESIGNBEAM1TO1430TO4359TO7288TO101122125151154180183204 - 
205TO248254255257258269270272273284285287TO292294297TO299 - 
301303305TO307325326343TO356372TO385401TO414430TO443459 - 
460465466471472477TO537539542TO544546548550TO552557TO560 - 
585TO598614TO627643TO656672TO685701702707708713714 - 
719TO779781784TO786788790792TO794799TO802822TO835 - 
851TO864880TO893909TO922938939944945950951956TO10161018 - 
1021TO1023102510271029TO10311036TO10391059TO10721088TO1101 - 
1117TO11301146TO11591175117611811182118711881193TO12531255 - 
1258TO1260126212641266TO12681273TO12761300TO1303131213131315 - 
1316TO13171325TO13271329133113321335 
DESIGNCOLUMN15TO2944TO5873TO87102TO116165166168169194195 - 
197198293295296300302304357TO371386TO400415TO429444TO458 - 
461TO464467TO470473TO476538540541545547549553TO556 - 
578TO581599TO613628TO642657TO671686TO700703TO706 - 
709TO712715TO718780782783787789791795TO798836TO850 - 
865TO879894TO908923TO937940TO943946TO949952TO95510171019 - 
10201024102610281032TO10351073TO10871102TO11161131TO11451160 - 
1161TO11741177TO11801183TO11861189TO119212541256125712611263 - 
12651269TO12721296TO12991305TO13111320TO132413281330 - 
1336TO1367 
DESIGNELEMENT330TO336561TO567569TO573582TO584803TO814819 - 
820TO8211040TO10511056TO10581277TO12881293TO1295130413181319 - 
13331334 
CONCRETETAKE 
ENDCONCRETEDESIGN 
PERFORMANALYSISPRINTALL 
FINISH 
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ABSTRACT:  

 
In this study, the sampling of water is done at two different times at 13 

different locations namely Elamarru, 

Tarakaturu,Gudivada,Kallapalem,Mamidikollu,Rudravaram,Guraja,Kodali 

,Malleswaram ,Dosapadu ,Nandivada ,Korukollu along the RYVES CANAL. 

And the samples collected accordingly one sample from the respective canal 

and another sample from the respective drinking water source situated there 

(for example:bore,well,water tanks).The samples collected are tested for the 

water quality parameters such as pH,turbidity,electrical 

conductivity,nitrate,nitrite,ammonia,iron,phosphate,COD,BOD,residual free 

chlorine. 

Allthetestsareperformedaccordingtothelaboratoryprocedures.Theresults 

obtained are tabulated in the form oftable. 

 

 

 

Thusthequalityofwaterisveryimportantinbothenvironmentalandeconomic 

aspects. Thus, water quality analysis is essential for using itin any purpose. 

Afteryearsofresearch,waterqualityanalysisisnowconsistsofsomestandard 

protocols. There are guidelines for sampling, preservation and analysis of the 

samples. Here the standard chain of action is discussed briefly so that it may 

be useful to the analysts andresearchers. 



 
8 

 

 
 

CHAPTER-1 
INTRODUCTION 

Water is addressed as a necessary resource and life preservative. It is 

required for most human activities like �t drinking, cooking bathing, washing, 

agriculture, industry, recreation, navigation and fisheries etc. About 75% of the 

�Á�}�Œ�o���[�•��surface area is covered with water. Out of which 97% of the �����Œ�š�Z�[�•��water is  

in the ocean, not fit for human use due to its high salt content. Remaining2% 

is locked in polar ice caps and only 1% is available as fresh water in rivers, 

lakes, streams reservoirs and ground water, suitable for human consumption. 

Now-a-day, water quality issues have become a significant concern due to the 

growth of population, urban expansion and technological development. Water 

can be easily contaminated in different ways through unregulated or regulated 

but not well designed and monitored disposal practices. In �/�v���]���[�•��case, the future 

is a bit more-worse, since we have only 2.45% of the �Á�}�Œ���[�•��landmass supporting 

16% of the �Á�}�Œ�o���[�•��population and our freshwater resource does not exceeding 

4% of the global water resources. Apart from availability, continuous water 

pollution due to disposal of sewage, industrial and mining wastes also 
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threatens to reduce the available quantity of usable water and more and more 

of our ground and surface water resources including lakes, ponds and rivers 

are being categorized as polluted. Access to safe drinking water remains an 

urgent necessity, as 30 % of urban and 90 % of the rural Indian population still 

depends completely on untreated surface or groundwater resources.  Access 

to drinking water in India has increased over the past few decades with the 

tremendous adverse impact of unsafe water for health .Scarcity of clean and 

potable drinking water has emerged in recent years as one of the most serious 

developmental issues in many parts of West Bengal, Jharkhand, Orissa, 

Western Uttar Pradesh, Andhra Pradesh, Rajasthan andPunjab. 

1. Waterquality:  

Water quality refers to the chemical, physical and biological characteristics of 
water. It is a measure of the  
condition of waterrelativetotherequirementsofoneormorebioticspeciesand or to 
any human need or purpose. It is most frequently used by reference to a 
setofstandardsagainstwhichcompliancecanbeassessed.Themostcommon 
standards used to assess water quality relate to health of ecosystems, safety 
of human contact and drinkingwater. 
Different properties were analysed& compared during the course of the project. 
Some of the properties analysed are as follows �t 

�x Total DissolvedSolids 
�x Determination ofpH 

�x Determination of chloridecontent 

�x Conductivity 
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�x Determination of Nitrate, Nitrite, Ammoniacontent 

�x Turbidity 

�x Ironcontent 
 
 

 

2. Water Quality Index :  

A Water Quality Index (WQI) is a 

means by which water quality data is summarized for reporting to the public in 

a consistent manner. It is similar to the UV index or an air quality index, and it 

tells us, in simple terms, what the quality of drinking water is from a drinking 

water supply. 

 

3. Water QualityAnalysis:  
After many years of research, water quality standards are put in place to 

ensure the suitability of efficient use of water for a designated purpose. 

Waterquality analysis is to measure the required parameters of water, following 

standard methods ,to check whether they are in accordance with the standard. 

 

 
 
 

1.4 Why Water Quality Analysis isrequired?  
 

Waterqualityanalysisisrequiredmainlyformonitoringpurpose.Some 

importance ofsuch 

assessment includes: 

1. Tocheckwhetherthewaterqualityisincompliancewiththestandards,and 

hence, suitable or not for the designateduse. 

2. Tomonitortheefficiencyofasystem,workingforwaterqualitymaintenance 

3. Tocheckwhetherupgradation/changeofanexistingsystemisrequiredand to 
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decide what changes should takeplace. 

4. Tomonitorwhetherwaterqualityisincompliancewithrulesandregulations. 

Water quality analysis is of extremely necessary in the sectors of: 

1. Public Health (especially for drinkingwater) 

2.industrial use. 
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1.5 Procedures for water qualityanalysis:  
 

The general flow of procedures for water quality analysis is mentioned in 
Chart-1: General Flow of Procedures for Water Quality Analysis 
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6. Water QualityParameters:  
The various types of water quality parameters are determined according 

to the laboratory procedures such as pH,turbidity,electricalconductivity,nitrate 

,nitrite, ammonia, phosphorous,residual free chlorine, iron,chlorideetc,. 

 

1. Turbidity : 
The haziness or cloudiness of a fluid due to various individual particles that 

can be seen with naked eyes (like smoke in air) is known as turbidity. The 

determination of value of turbidity might be termed as one of the most 

important tests of water quality. 

Fluids may have suspended solid matter comprising of particles of various 

differentsizes.Whilesomewillbebigenoughsettledownquicklyatthebottom of the 

container if a liquid sample is left to stand, the smaller ones might settle very 

slowly or might not settle at all if the sample is agitated consistently or if the 

colloidal particles are present. These solid particles, which are smaller in 

sizearethereasonforanyliquidtolookliketurbid. 

Turbidity (or haze) is considered in the case of transparent solids such as glass 

as well. In plastic production, the percentage of light that is deflected more than 

2.5° from the incoming light direction is known as haze. 

�d�µ�Œ���]���]�š�Ç�������v�����o�•�}���������š���Œ�u���������•���š�Z�����u�����•�µ�Œ�����}�(�������o�]�‹�µ�]���[�•���Œ���o���š�]�À�����o���Œ�]�š�Ç�X 

Turbidity is an optical characteristic of water and is also an expression of the 

amount of light scattered by material in the water when a lightshines through 

the water sample. The higher the intensity of scattered light, the higher the 

turbidity. Material causing water to be turbid include silt, clay, finely divided 

inorganic and organic matter, soluble colored organic compounds, algae, 

plankton and various other microscopic organisms. 
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Turbidity makes water cloudy or opaque. The water collected in the bottle is 

used to find out the turbidity, which is measured by shining a light through the 

water and is measured in nephelometricturbidity units (NTU). During periods 

of low flow (base flow), many rivers are a clear green color, and turbidities are 

low, usually less than 10NTU. 
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A. Turbidity and human health : Excessive turbidity, or cloudiness, 
in drinking water is aesthetically unappealing, and may also represent a health 

concern. Turbidity can provide shelter and food for pathogens. Regrowth of 

pathogens in the distribution system is promoted if the turbidity is not removed, 

leading to waterborne disease outbreaks, which have caused significant cases 

of gastroenteritis throughout the world. 

Althoughturbidityisnotadirectindicatorofhealthrisk,numerousstudiesshow a 

strong relationship between removal of turbidity and removal of protozoa. The 

particles of turbidity provide "shelter" for microbes by reducing their exposure 

to attack by disinfectants. Microbial attachment to particulate material hasbeen 

considered to aid in microbe survival. Fortunately, traditional water treatment 

processes have the ability to effectively remove turbidity when operated 

properly. 

 

 

1.6.2 Value Of pH:  
pH is basically a measure of the acidity or basicity of an aqueous solution. 

Solutions having pH less equal to 7. 

Primary pH standard values are found out by using a concentration cell with 

transference, simply by measuring the potential difference between a standard 

electrode such as the silver chloride electrode & hydrogen electrode. 

Measurement of pH for aqueous solutions can be done with a pH meter or a 

glass electrode. We can also find the value of pH by using indicators. 

pHmeasurements have significant importance in the field of biology, 

environmental science, chemistry,medicine, oceanography,  food science, 

agriculture, nutrition, civil engineering, chemical engineering, forestry, water 

treatment & water purification and many other applications. 

Mathematically, it can be said that pH is the negative logarithm of the activity of 

the hydrogenion. 
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Importance  of 

ph: 

 

The solubility (amount that can be dissolved in the water) and biological 

availability (amount that can be utilized by aquatic life) of chemicalconstituents 

such as nutrients (phosphorus, nitrogen, and carbon) and heavy metals (lead, 

copper, cadmium, etc.) can be determined by pH of water. For example, in 

addition to affecting how much and what form of phosphorus is most abundant 

in the water, pH also determines whether aquatic life can use it. Metals are 

generallymoretoxicatlowerpHastheyaremoresoluble. 

Extremely low and high pH can be significant for the use of water. High pH 

causes a bitter taste, water pipes and water-using appliances become 

encrusted with deposits, and it also depresses the effectiveness of the 

disinfection of chlorine, thereby generating the need for additional chlorine 

whenpHisabithigh.Low-pHwatermightcorrodeordissolvemetalsandother 

substances. 

Pollution has the potential to change the pH of water, which might harm animals 

and plants living in the water. 
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A. Effects onAnimals:  
If pH is more than 10, skin irritation might be observed in some of the 

animals. For rabbit, this can be observed at a pH of about 9 as well. And if the 

pH is more than 10, it might behave as an irritant for the eyes of rabbit. But for 

a pH less than 5, no significant effectson eyes were observed. 

B. Effects onHumans : 
If human beings are exposed to extreme pH values, it might cause 

irritation to the eyes, skin, and mucous membranes. Eye irritation and 

exacerbation of skin disorders have been associated with pH values greater 

than 11. In addition, solutions of pH 10�t12.5 are said to cause hair fibres to 

swell. In sensitive individuals, gastrointestinal irritation may also occur. 

Exposure to low pH values can also cause similar effects. 

 

3. Chloridecontent:  
Naturally, chlorides are found as salts such as sodium chloride (NaCl), 

potassium chloride (KCl), and calcium chloride (CaCl2). Chlorides are leached 

from different rocks into soil and water due to weathering. The chloride ion is 

generally mobile and is shifted to oceans or closed basins. It is found that 

chloride concentration in groundwater and drinking-water is consistently 

increasing, but there have been a few exceptions. Chloride levels in unpolluted 

waters are generally below 10 mg/litre and sometimes even below 1 mg/litre. 

Chloride in water may be significantly increased by treatment processes in 

which chlorine or chloride is used. 

A. Effects on Humans:  

Chloride toxicity has not been observed in humans except in the 
exceptional case of impaired sodium chloride metabolism. Healthy human 
beingscantoleratetheintakeoflargequantitiesofchlorideifthereisasufficient intake 
of fresh water. Chloride increases the electrical conductivity of water and also 
its corrosivity. Chloride concentrations in excess of about 250 mg/litre can give 
rise to detectable taste in water, but the threshold depends upon the 
associated cations. Consumers can, however,  becomeaccustomed to 
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concentrations in excess of 250 mg/litre. No health-based guideline value is 
proposed for chloride indrinking-water. 
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4. IronContent:  
Iron accounts for almost 5% in the �����Œ�š�Z�[�•��crust & is consequently the 2nd most 

abundant metal in the �����Œ�š�Z�[�•��crust. The ions of iron form sulphates, nitrates, 

carbonates & hydroxides & elemental iron is rarely found in nature. The most 

common form of iron found in nature is that of oxides. Bacterial growth is 

generally promoted by iron which is pretty undesirable. 

Aeration of iron containing layers in soil can affect the quality of both 

groundwater&surface water, if the groundwater table is lowered or nitrate 

leachingtakesplace.Dissolutionofironmighttakeplaceasaresultofoxidation & 

decrease inpH. 

The concentration of iron is about 0.7 mg/l in rivers. Concentration is in the 

range of 0.5-10 mg/l in anaerobic groundwater where iron is generally in the 

form of Fe (II). Concentration of iron in drinking water should be less than 0.3 

mg/l. 

 

A. EFFECTS OF IRON:  

Water is a vital part of human health. Filtered or purified water is very 

popular today, especially with recent water issues regarding contamination and 

pollution.Rustisoftenfoundin waterduetoironpipingbecauseironrustsover time 

when it's in contact with water and oxygen. Small amounts of rust won't warm 

the body because oxidized iron is a nutrient. However, overly rusty water is 

unattractive, stains and can beharmful. 
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                   Chemical OxygenDemand:  
The chemical oxygen demand (COD) is an indicative measure of the 

amount of oxygen that can be consumed by reactions in a measured solution.  

It is commonly expressed in mass of oxygen consumed over volume of solution 

which in SI  units ismilligramsperlitre(mg/L).A COD test can be used to easily 

quantify the amount of organics inwater. 

The most common application of COD is in quantifying the amount of 

oxidizable pollutants found  in surfacewater (e.g. lakes and rivers) or 

wastewater.   

COD is useful in terms of water quality by providing a metric to determine the 

Effect an effluent will have on the receiving body, much like 

biochemicaloxygendemand(BOD).
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5. Biological OxygenDemand:  
Biochemical oxygen demand (BOD) is the amount of dissolvedoxygen 

needed (i.e. demanded) by aerobic biological organisms to break down organic 

material present in a given water sample at certain temperature over a 

specifictimeperiod.TheBODvalueismostcommonlyexpressedinmilligrams of 

oxygen consumed per litreof sample during 5 days of incubation at 20 °C 

andisoftenusedasasurrogateofthedegreeoforganicpollutionofwater. 

BOD reduction is used as a gauge of the effectiveness of wastewatertreatment 

plants.BODofwastewatereffluentsisusedtoindicatetheshort-term impact on the 

oxygen levels of the receivingwater. 

BODanalysisissimilarinfunctiontochemicaloxygendemand(COD)analysis, in 

that both measure the amount of organic compoundsin water. However, COD 

analysis is less specific, since it measures everything that can be chemically 

oxidized, rather than just levels of biologically oxidized organic matter. 

 

6. Nitrate:  

Nitrateoccursnaturallyinourenvironmentinsmallamounts.Itistypically found 

in rainwater, streams, and in the groundwater table. As nitrogen is found in all 

living things, it is not unusual to find deposits throughout nature. The nitrogen 

cycle is a component of the life-sustaining process and natural nitrate 

production occurs when bacteria process nitrogen. Nitrate is one of the most 

soluble forms of nitrogen for plantlife. 

 

Ideally, no nitrates would enter the supply of water for anyone to consume. 

There are no health benefits to humans after taking in nitrates, thus we should 

avoid them entirely. The Safe Water Drinking Act of 1974 set forth standards 
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that demanded states guard water supplies to avoid contamination by 

dangerous levels of foreign bacteria, chemicals, and substances. 

 

Recommendations officially state the limit for nitrates at 10 mg/L. Any volume 

over this level is considered unsafe and must be dealt with accordingly. Those 

who source from water supplies with nitrates over this maximum contaminant 

level should switch to bottled water immediately and avoid consumption. In 

addition, those experiencing high levels of nitrates should consider their options 

for a filtering system. 
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However, consumption is the only concern with water over the 10 mg/L limit. 

Bathing and swimming in water contaminated with nitrates is fine as long as no 

water enters the mouth. Dishes and clothes can also be washed with thewater 

as long as they are rinsedthoroughly. 

 

A. EFFECTS OF NITRATES:  

Ideally, no nitrates would enter the supply of water for anyone to 

consume. There are no health benefits to humans after taking in nitrates, 

thuswe should avoid them entirely. The Safe Water Drinking Act of 1974 set 

forth standards that demanded states guard water supplies to avoid 

contamination by dangerous levels of foreign bacteria, chemicals, and 

substances. 

 

Recommendations officially state the limit for nitrates at 10 mg/L. Any volume 

over this level is considered unsafe and must be dealt with accordingly. Those 

who source from water supplies with nitrates over this maximum contaminant 

level should switch to bottled water immediately and avoid consumption. 

Inaddition,thoseexperiencinghighlevelsofnitratesshouldconsidertheiroptions for 

a filteringsystem. 

 

However, consumption is the only concern with water over the 10 mg/L limit. 

Bathing and swimming in water contaminated with nitrates is fine as long as no 

water enters the mouth. Dishes and clothes can also be washed with the water 

as long as they are rinsed thoroughly. 

 

 

7. Nitrite:  
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Nitrites are a salt or ester anion of nitrous acid, which can be naturally or 

artificially occurring in groundwater. Nitrites come from fertilizers through run- 

off water, sewage, and mineral deposits. Nitrite is used in food production for 

the curing of meat products due to it inhibiting the growth of bacteria. 

Unfortunately it can also stimulate the grown of bacteria when introduced in 

high levels into a body ofwater. 

 
A. EFFECTS OFNITRITES: 

High levels of nitrites are toxic to humans and animals, especially 

infants. It can enter the body as nitrate, a nutrient which is essential to plant 

growth, and be converted into nitrite, which disrupts the oxygen delivering 

ability of hemoglobine in the bloodstream. Infants can develop a 

lifethreatening blood disorder known as blue baby syndrome 

(methemoglobinemia)ifexposedtoitinwaterorformulamixedwithwaterthat is 

contaminated withnitrate. 
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1.6.9 Ammonia:  

Ammonia is a compound of nitrogen and hydrogen with the formulaNH3. 

A stable binary hydride, and the simplest pnictogenhydride, ammonia is a 

colourlessgas with a characteristic pungent smell. It is a common 

nitrogenous waste, particularly among aquatic organisms, and it contributes 

significantly to the nutritional needs of terrestrial organisms by serving as a 

precursor to  and fertilizers. Ammonia, either directly or indirectly, is also a 

building block for the synthesis of many pharmaceuticalproducts and is 

used in many commercial cleaningproducts. 

 

 

 

A. EFFECTS OF AMMONIA:  

Exposure to high concentrations of ammonia in air causes immediate 

burning of the eyes, nose, throat and respiratory tract and can result 

in blindness, lung damage or death. Inhalation of lower concentrations can 

cause coughing, and nose and throatirritation. 

 

10. Electricalconductivity:  

Electricalconductivityisthemeasureoftheamountofelectricalcurrenta 

material can carry or it's ability to carry a current. Electrical conductivity is also 

known as specific conductance. Conductivity is an intrinsic property of a 

material. 
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Conductivity (or specific conductance ) of an electrolytesolution is a 

measure of its ability to conduct electricity. The SI unit of conductivity is Siemen 

per meter (S/m). 

Conductivity measurements are used routinely in many industrial and 

environmentalapplications as a fast, inexpensive and reliable way of 

measuring the ionic content in a solution.For example, the measurement of 

product conductivity is a typical way to monitor and continuously trend the 

performance of water purificationsystems. 

 

11. Phosphorous:  

Phosphorus is a common constituent of agricultural fertilizers, manure, 

and organic wastes in sewage and industrial effluent. It is an essential element 

for plant life, but when there is too much of it in water, it can speed up 
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eutrophication (a reduction in dissolved oxygen in water bodies caused by an 

increase of mineral and organic nutrients) of rivers and lakes. Soil erosion is a 

major contributor of phosphorus to streams. Bank erosion occurring during 

floods can transport a lot of phosphorous from the river banks and adjacent 

land into a stream, lake, or other water body. 

A. EFFECTS:  

Risks Associated with Too Much Phosphorus. Too much phosphate can 

be toxic. An excess of the mineral can cause diarrhea, as well as a hardening 

of organs and soft tissue. High levels of phosphorus can affect your ���}���Ç�[�•ability to 

effectively use other minerals, such as iron, calcium, magnesium, and zinc. 

 

7. Surface Water: 

 

Surface water is water located on top of the Earth's surface such as 

rivers, creeks, and wetlands. This may also be referred to as blue water. The 

vast majority is produced by precipitation and water runoff from nearby areas. 

As the climate warms in the spring, snowmelt runs off towards nearby streams 

and rivers contributing towards a large portion of our drinking water. 

 

 

8. Ground Water:  

Ground water is water that accumulates underground. It can exist in 

spaces between loose particles of dirt and rock, or in cracks and crevices in 

rocks. Different types of rocks and dirt can contain different amounts of water. 
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CHAPTER-2 

REVIEW OF LITERATURE 

 

1. Assessment of waterquality:  

 

Assessment of water quality is essential to check the suitability of a water 

source for the designated use. Several water quality parameters are assessed 

and compared with their standard values to determine the acceptability of the 

source of water. After prolonged research, the procedures for the assessment 

of the water have also been standardized for different purposes. In this article 

suchguidelinesarediscussedconciselyinoneplacefortheconvenienceofthe 

researchers and analysts. Thus, it may be helpful for them to get an overview 

ofthewaterqualityassessmentstandardsandprocedures. 

General : 

Due to increasing urbanization, surface water is getting over contaminated and 

more stringent treatments would be required to make surface water potable. 

Therefore, it is required to additional sources for fulfill the requirement of water. 

Because the ground water sources are safe and potable for drinking and other 

useful purposes of human being. Hence studies of physic-chemical 

characteristics of underground water to find out whether it is fit for drinking or 

some other beneficial uses. 

 

Parameters to be analyzed:  

For the assessment of water quality of the water collected, Taking in view the 

following drinking water parameters are analyzed pH, Turbidity, Total Dissolved 



 
29 

 

Solids, Electrical Conductivity,Total hardness, Sulphate, Nitrate, Chloride, 

Fluoride, Phosphate, C.O.D, Iron. 

 

2. WATER QUALITY ASSESSMENTPROCESS:  

The assessment begins by analyzing the data from ambient waterquality, 

biological,sedimentandfishtissuemonitoringand/orotherspecialstudies.The 

results of these comprehensive data analyses are compared to both numeric 

andnarrativecriteriarelatedtothedesignatedusescontainedinthe 

Water Quality Standards (WQS). 

Therearetwobasictypesofwaterqualitydatausedintheassessmentprocess. The 

first type of data is "monitored " data. This data comes from the collection 

andanalysisofchemical,biological,and/orphysicalsamplestaken. 

The second type of data used in the assessment is called "evaluated " data. 
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2.3 WATER QUALITY MONITORING, INFORMATION AND RESTORATION 

ACT (WQMIRA):  

 

In 1997, the General Assembly enacted the Water Quality Monitoring, 

Information and Restoration Act (WQMIRA). The requirements of this 

legislation for State assessment procedures or processes are briefly outlined 

asfollows: 

1. The Act requires the 303(d) report to identify geographically defined water 

segmentsasimpairedifmonitoringorotherevidenceshows: 

a. violationsofambientwaterqualitystandardsforaquaticlifeorhuman 

health 

b. fishing restrictions oradvisories; 

c. shellfish consumption restrictions due tocontamination; 

d. nutrientover-enrichment; 

e. significant declines in aquatic life biodiversity or populations; 

f.contaminationofsedimentatlevelswhichviolatewaterquality 

standardsorthreatenaquaticlifeorhumanhealth. 

 

4. DESIGNATED USES OF RYVES CANAL WATERS: 

Assessed designated uses may include aquatic life use, swimming use, 

fish consumption use, shellfish consumption use and drinking water use. 

Swimming use is assessed to represent the primary and secondary water 

contact recreational use. Drinking water use is based on attainment of public 

watersupplycriteria.Followingaredetailsrelatingtotheassessmentofthefive 

designated uses of RYVES canalwaters. 
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1. Aquatic LifeUse:  

Aquatic life use includes the propagation, growth, and protection of a 

balanced indigenous population of aquatic life (including game and 

marketable fish) which may be expected to inhabit the waters. Support of 

aquatic life use can be determined by the assessment of conventional 

parameters (dissolved oxygen, pH and temperature except in tidal waters); 

toxic pollutants in the water column, toxic pollutant analysis of sediments, 

nutrient analysis and/or the biological assessment of benthic communities. 

Normally, benthic assessments are the prominent aquatic life use 

determinant. However, all available data relative to aquatic life use shall be 

considered to determine if the aquatic life use is being threatened or 

otherwise being negatively affected. 
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2. Fish ConsumptionUse:  

Fish consumption also use includes the propagation, growth and protection 

of a balanced population of aquatic life including game and marketable fish. 

Support of this use is determined using two separate criteria. First, support 

or lack thereof, is based on human health related advisories and/or 

restrictions. Second, the criteria used for fish consumption use is a 

comparison of fish tissue data to state screening values for toxic pollutants. 

3. Public Water SupplyUse:  

Watersthatareusedforpublicdrinkingwatersupplyareidentifiedinthe Water 

Quality Standards and are protected by additional health related 

standards that are applicable to thesewaters. 
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CHAPTER-3 

MATERIALS AND EXPERIMENTATION  

3.1 TEST PROCEDURES FOR WATER: 

Water Properties One of the things that makes our planet special is the 

presence of liquid water. Water is fundamental for all life; without it every living 

thing would di���X���/�š�����}�À���Œ�•�������}�µ�š���ó�ì�9���}�(�������Œ�š�Z�[�•���•�µ�Œ�(�����������v�����]�š�� �u���l���•���µ�‰���ò�ñ- 75% of 

our bodies (82% of our blood is water). Even though water seems boring 

�t nocolour, taste, or smell �t it has amazing properties that make it necessary 

for supporting life. The chemical composition of water is H2O �t two hydrogen 

atoms and one oxygen atom. The properties of water are special because of 

the way its atoms bond together to form a water molecule, and the way the 

molecules interact with each other. 

 

 

 

 

A. Water Polarity  

When the two hydrogen atoms bond with the oxygen, they attach to the 

top of the molecule rather like Mickey Mouse ears. This molecular structure 

gives the water molecule polarity, or a lopsided electrical charge that attracts 

otheratoms.Theendofthemoleculewiththetwohydrogenatomsispositively 

charged. The other end, with the oxygen, is negatively charged. Just like in a 

magnet, where north poles are attracted to south poles �~�Z�}�‰�‰�}�•�]�š��s ���š�š�Œ�����š�[�•�U�� �š�Z����

positive end of the water molecule will connect with the negative end of other 
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molecules. What does this mean for us? �t���š���Œ�[�•��polarity allows it to dissolve other 

polar substances very easily. When a polar substance is put in water, the 

positive ends of �]�š�[�•molecules are attracted to the negative ends of the water 

molecules, and vice versa. The attractions cause the molecules of the new 

substance to be mixed uniformly with the water molecules. Water dissolves 

more substances than any other liquid �t even the strongest acid! Because of 

�š�Z�]�•�U�� �]�š�� �]�•�� �}�(�š���v�� �����o�o������ �š�Z���� �Z�µ�v�]�À���Œ�•���o���•�}�o�À���v�š�X�[��The dissolving power of water is very 

important for life on Earth. Wherever water goes, it carries dissolved 

chemicals, minerals, and nutrients that are used to support living things. 

Because of their polarity, water molecules are strongly attracted to one another, 

which gives water a high surface tension. The molecules at the surface of the 

water �^�•�š�]���l���š�}�P���š�Z���Œ�_���š�}��form a type of �Z�•�l�]�v�[��on the water, strong enough to support 

verylightobjects.Insectsthatwalkonwateraretakingadvantageof 
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thissurfacetension.Surfacetensioncauseswatertoclumpindropsratherthan 

spreading out in a thin layer. It also allows water to move through plant roots 

and stems andthe 

smallest blood vessels in your body �t as one molecule moves up the tree root 

�}�Œ���š�Z�Œ�}�µ�P�Z���š�Z���������‰�]�o�o���Œ�Ç�U���]�š���Z�‰�µ�o�o�•�[���š�Z�����}�š�Z���Œ�•���Á�]�š�Z���]�š�X 

 

 

1. TOTAL HARDNESS 

�x Take 30ml of water sample into a conicalflask.��

�x Add2mlofammoniabuffersolutionandaddfewdropsofErichromeBlack-

T.��

�x AndfilltheburettewithEDTAsolution.Nowplacetheconicalflask 

under the burette and release theknob.��

�x Performtitrationuntilthesolutioninconicalflaskturnsfromwine��

red to blue colour. 

�x Notetheburettereadingsandrepeattheexperimentfor3times. End 

point is Wine red toBlue. 

 

 

2. pH of WATER 

�x In a 100ml beaker take pH = 4 buffer solution and place it in a 

magneticstirrer.��

�x InserttheTefloncoatedstirringbarandstirwell.��

�x  Now place the electrode in the beaker containing the water sample and 

check for the reading in the pH meter without any disturbances wait until 

you get as tablereading.��
�x SimilarlyforthepH=7buffersolutionalso.Take theelectrodefromthe 
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watersample,washitwith distilledwaterandthenwipe gentlywithsoft 

tissue.��

�x  Nowtakewatersampleintothebeakerandplacetheelectrodeintothe 

beaker.��

�x Note down the pH value from the pHmeter.��
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Fig: pH apparatus  

 

 

 

3. CONDUCTIVITY OFWATER 

 

�x IftheKClsolution,conductivityisknownattemperaturethisispreferable.��

�x First we have to select the temperature mode and after that 

thoroughly clean it, immerse the cell in the standard solution 

say0.1NKClwhichhasspecifiedconductivityoftheorderof��

0.0142 at�ï�ì�ö���U�������A14.12µs. 

�x Select 20ms range KCl solutionconductivity.��

�x Set conductivity as per temperature using cell constant pot 

and the lock using locknut.��

�x Nowcalibrationiscompleted.Similarlywe havetodoforthe��

water sample we have taken. 
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Fig: Conductivity apparatus  

 

 
4. CHLORIDES 

�x Take 100ml of sample in conicalflask.��

�x AdjustitspHtobe7.0to8.0eitherwithsulphuricacidor 

sodium hydroxidesolution.��

�x Otherwise AgOH is formed at high pHlevel.��

�x Add 1ml of potassium chromate to get light yellowcolour.��

�x TitratewithstandardAgNo3solutiontillcolourchangesfrom��
yellow to brick red. Note volume of silver nitrate added. 

�x IfmorequantityofpotassiumchromateisaddedAg2cro4may 

form soon or not soonenough.��
�x For better accuracy, titrate distilled water in the same 

manner. Note the volume of silver added for distilledwater.��
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3.1.5 NITROGEN: 

A. NITRATE TESTINGMETHOD: 

 

�x Take 10ml of water sample in the testtube. 

�x Addapinchofnitratereagent-1andagitatethesolutionfor5minutes. 

�x Allowtostandforfewminutesanddecantthesupernatant 

solution to another testtube. 

�x Thenadd3dropsofnitratereagent-2tothesupernatantsolutionand 

mixwell. 

�x Waitfor5minuteswithoccasionalshaking.Thefinalcolour 

that forms is compared with nitrate colour chart and record 

the nitrate value. 

 

B. NITRITE TESTINGMETHOD: 

 

�x Take 5ml of water sample in the testtube. 

�x Adda3dropsofnitratereagent-1and mixwell.Allowto 

stand for fewminutes. 

�x Thefinalcolourthatformsiscomparedwithnitritecolour 

chart and record the nitrite value. 

 

C.A MMONIUM TESTINGMETHOD: 

 

�x Take 5ml of water sample in the testtube. 

�x Adda5dropsofammoniumreagent-1andmixwell. 

�x Thecolourthatformsiscomparedwithammoniumcolourchart 
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immediately 

 

6. PHOSPHOROUS: 

�x Take 5ml of water sample in the testtube. 

�x Add3dropsofphosphatereagent-1(PR-1)andonedropof 

phosphate reagent- 2(PR-2). 

�x Mixthecontentsandwaitfortwotothreeminutesforcolourtodevelop. 

�x Thecolourthatformsiscomparedwithphosphatecolour. 
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7. IRON: 

�x Take 5ml of water sample in the testtube. 

�x Add5dropsofIronreagent-1(Fe-1)andonedropIronreagent-2(Fe-2). 

�x Mix and add 5 drops of Ironreagent-3(Fe-3). 

�x Mixthecontentandwaittwotothreeminutesforcolourtodevelop. 

�x Thecolourthatformiscomparedwithironcolourchartand 

record the ironvalue. 

8. COD TESTINGMETHOD: 

 
�x Take 0.4gm of Hgso4 powder solution in a refluxtube. 

�x Nowtake20mlofwastewateranddistilledwaterinaconical 

flask by using measuring jar. 

�x Nowadd10mlofk2cr2o7toconicalflaskmixthesolution. 

�x Nowadd30mlofH2so4torefluxtubeslowlyandcarefully. 

�x Nowcooltherefluxwithallsolutionsbyplacingitunderthe 

water. 

�x Nowconnectthecondensertotherefluxtubeandplaceitin 

heating over under 150 C for 2 hours. 

�x After2hourstakeoutrefluxtubeandcoolit. 

�x TakeFe(NH4)2(SO4)2inburettefortitrationprocesstakethe 

solution from reflux tube to conicalflask. 

�x Nowadd3dropsofferrionindicatortoflask. 

�x Titratethesolutionuntilthesolutioncolourchangestowine 

red then take v2. 
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�x Now take 20ml of distilled water asv1 

BOD TESTINGMETHOD:  

�x Mno4 is added to the water sample containingalkaline 

manganesehydroxide. 

�x Itis oxidisedtobasicmanganeseoxidebutthedissolved 

oxygen present in the water sample. 

�x WhenH2so4isaddedthebasicmanganeseoxideliberate 

iodine which is equivalent to the dissolve oxides present in the 

sample. 

�x The liberated iodine is titrated with a standard hyposolution 

using starch as an indicator. 

�x Andfillthesampleintotwobottlesandtitratedfirstsample 

and after five days titrated second sample and the colour 

changes from golden yellow to colourless. 
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CHAPTER-4 

 

INTRODUCTION TO PROCEDURES OF WATER QUALITY 

ANALYSIS  

 

1. SELECTION OFPARAMETERS 

The parameters of water quality are selected entirely according 

to the need for a specific use of thatwater. 

Some examples are: 

Drinking: As per WHO/CPCB standards 

 

Irrigation : pH 

Conductivity 

Sodium & Potassium 

Nutrients 

Specific compounds 

Industries : As per specific requirement 

Domestic Consumption : As per BISStandards 

 

2. SELECTION OFMETHODS:  

Themethodsofwaterqualityanalysisareselectedaccordingto 

therequirement.Thefactorsplayingkeyrolefortheselectionofmethodsare: 

(i) 

(ii) 

(iii) 

(iv) 

Volume and number of sample to be analysed 

Cost of analysis 
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Precision 

required 

promptness of the analysis  as required 

 

 

 

4.3 PRECISION AND ACCURACY OF THEMETHOD 

SELECTED AS PERREQUIREMENT: 

What precision and accuracy to be maintained against a 

particular method is selected according to the need. The factors 

influencing this decision includes: 

(i) 

(ii) 

(iii) 

Cost 

Parameter 

Use 
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4.4 PROPERSAMPLING:  

Proper sampling is a vital condition for correct measurement of 

water quality parameters. Even if advanced techniques and sophisticated tools 

are used, the parameters can give an incorrect image of the actual scenario 

due to improper sampling. The proper sampling should fulfil the following 

criteria. 

A. Representative : 

The data must represent the wastewater or environment being 

sampled. So, the following factors must be well planned for proper sampling: 

(i) Process ofSampling 

(ii) Sampling size/volume 

(iii)Number of SamplingLocations 

(iv)Number ofSamples 

(v) Type ofSamples 

(vi) TimeIntervalsDuringsampling,thesefactorsmustalsobetakencareof: 

a. Choosing of proper samplingcontainer 

b. Avoidingcontamination 

c. Ensure the personal safety of thecollector 

 

 

 

B. Reproducible:  

The data obtained must be reproducible by others following the 

same sampling and analytical protocols. 

C. Defensible: Documentationmustbeavailabletovalidatethesampling 

procedures. The data must have a known degree of accuracy and precision. 

D. Useful :Thedatacanbeusedtomeettheobjectivesofthemonitoringplan. 

 



 
46 

 

4.5 PROPERLABELLING:  

Proper labellingprevents sample misidentification and ensures 

the responsibility and accountability of the collector. The sample container 

should be labelledproperly, preferably by attaching an appropriately inscribed 

tag or label. Alternatively, the bottle can be labelled directly with a water-proof 

marker.Barcodelabelsarealsoavailablenowadays.Informationonthesample 

container or the tag should include atleast: 

(i) Sample code number (identifyinglocation). 

(ii) Date and time ofsampling. 

(iii) Source and type ofsample. 

(iv) Pre-treatment or preservation carried out on thesample. 

(v) Any special notes for theanalyst. 
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6. PRESERVATION: 

There is usually a delay between the collection and analysis of a 

sample.Thenatureofthesamplecanbechangedduringthisperiod.Therefore 

proper preservation is required in the way to laboratory after collection, and in 

the laboratory upto when analysis starts. Complete and unequivocal 

preservation of samples, whether domestic wastewater, industrial wastes, or 

natural waters, is a practical impossibility because complete stability for every 

constituent never can be achieved.At best, preservation techniques onlyretard 

chemical (especially, hydrolysis of constituents) and biological changes that 

inevitably continue after sample collection. No single method of preservation is 

entirely satisfactory; the preservative is chosen with due regard to the 

determinations to be made. Preservation methods are limited to pH control, 

chemical addition, the use of amber and opaque bottles, refrigeration, filtration, 

andfreezing. 

 

 

7. ANALYSIS:  

The samples, after reaching laboratory, are analyzed, according 

to the requisite parameters, following standard methods and protocols. 

 

8. REPORTING: 

The ultimate procedure of water analysis is to prepare a proper 

repost against the submitted requisition. The repost must be authenticated 

before handing over the authority, submitted the samples for testing. All date 

should be kept in the laboratory log and preferably in laboratory database. An 

alternativewaytopresenttheoverallqualityofwateristoexpressitintheform of 

Water Quality Index (WQI). WQI is a concise numerical representation of 

overall water quality of a waterbody, which is convenient to interpret and used 
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widely. WQI expresses the overall quality of water with a single digit, instead of 

many digits for all the WQP. Thus, it is readily conceivablefor commonpeople. 
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CHAPTER-5 

 

WATER QUALITY PARAMETERS  

Thewaterqualityparametersareclassifiedintodifferenttypesandtheyare 

asfollows: 

 

�x PHYSICAL:  

 

1. Temperature 

2. Colour 

3. Odour 

4. Taste 

5. Turbidity 

6. pH 

7. Conductivity 

8. Total dissolvedsolids 

 

�x INORGANIC/CHEMICAL:  

 

1. Hardness 

2. Calcium 

3. Magnesium 

4. Chloride 

5. Sulphate 

6. Fluoride 

7. Alkalinity 
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8. Nitrate 

9. Phosphate 

 

�x TOXICMETALS:  

1. Copper 

2. Chromium 

3. Cadmium 

4. Zinc 

5. Lead 

6. Mercury 

7. Iron 

8. Manganese 
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�x ORGANIC,NUTRIENT&DEMAND:  

 

1. COD 

2. BOD 

3. Phenols 

4. Oil &grease 

5. Pesticides 

6. Nitrate 

 

�x BACTERIOLOGICAL:  

 

1. Totalcoliform 

2. Faecalcoliform 

 

�x BIOLOGY:  

 

1. Phytoplankton 

2. Zooplankton 

 

�x RADIO ACTIVEELEMENTS:  

 

1. Alphaemitter 

2. Betaemitter 

 

 

5.1 WATER QUALITY PARAMETERS &INDICATORS 

Water �‹�µ���o�]�š�Ç�������š���Œ�u�]�v���•���š�Z�����Z�P�}�}���v���•�•�[���}�(���Á���š���Œ���(�}�Œ��particular 
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purposes. Water quality tests will give information about the health of the 

waterway. By testing water over a period of time, the changes in the quality of 

the water can be seen. Parameters that may be tested include temperature, 

pH, turbidity, salinity, nitrates and phosphates. An assessment of the aquatic 

macroinvertebrates can also provide an indication of water quality. 

TEMPERATURE:  

Temperature of a waterway is significant because it affects the 

amount of dissolved oxygen in the water. The amount of oxygen that will 

dissolve in water increases as temperature decreases. Water at OoC will hold 

up to 14.6 mg of oxygen per litre, while at 30oC it will hold only up to 7.6 mg/L. 

Temperaturealsoaffectstherateofphotosynthesisofplants,themetabolicrate of 

aquatic animals, rates of development, timing and success of reproduction, 

mobility, migration patterns and the sensitivity of organisms to toxins, parasites 

anddisease.Lifecyclesofaquaticorganismsareoftenrelatedtochangesin 
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temperature. Temperature ranges for plants and animals can be affected by 

manmadestructuressuchasdamsandweirsandreleasesofwaterfromthem. 

 

SALINITY:  

Salinity is a measure of the dissolved salts in the water. Salinity 

is usually highest during periods of low flows and increases as water levels 

decrease. Salinity is measured as either TDS (Total Dissolved Solids), which 

measures the amount of dissolved salts in the water, or as EC (Electrical 

Conductivity), which is the property of a substance which enables it to serve as 

achannelormediumforelectricity.Saltywaterconductselectricitymorereadily 

thanpurer water.A�•���u�‰�o���[�•ECcanbeconvertedtoTDSandviceversa. 

 

Some EC and TDS Ranges  

 

Watertype EC(µs/cm) TDS(mg/L) 

 

Pure rainwater < 15 < 10 

Freshwater rivers 0 - 800 100 �t 1,000 

Brackish water 1,600 �t 4,800 1,000 �t 3,000 

Saline water > 4,800 > 3,000 

Seawater 51,500 35,000 

 

 

Sourcesofsalinityincludeurbanandruralrun-offcontainingsalt,fertilisersand 

organic matter. Land use related to high levels of salinity include clearing of 

vegetation and the  resultant rise in the water table, excessive irrigation, 

groundwater seepage and runoff containing dissolved solids from industry, 

sewage, agriculture and stormwater. Areas in the tidal limit of rivers which flow 
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into the sea will experience fluctuations in salinity between high and low tide. 

While an appropriate concentration of salts is vital for aquatic plants and 

animals, salinity that is beyond the normal range for any species of organism 

will cause stress or even death to that organism. Salinity also affects the 

availability of nutrients to plant roots. Water containing a TDS level of over 500 

mg/L is unsuitable for irrigation of many plants and tastes unpleasant to drink. 

Some of the maximum levels of TDS which different plants can tolerate are in 

the following table. Due to the sensitivity and tolerance of different plants to 

TDS,plantscanbeusedasindicatorsofsoilsalinity. 
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Tolerance levels of some plants and animals toTDS (mg/L)  

0 - 500 

Humans 

lettuce 

potatoes 

500 �±1500 

Mulberry 

Apple 

Cauliflower 

1500 �± 3500 

poultry 

oats 

rye 

3500 �± 6,000 

pigs 

horses 

dairy cows 

6,000 �± 10,000 

beef cattle 

peas Cabbage Lucerne ewes with lambs 

celery Tomato millet seashore paspalum 

sweet    

 

Highlevelsofsalinityinwatermayhaveadverseimpactsuponfreshwaterflora and 

fauna, which are not salt tolerant. High levels of salinity also have implications 

when using water for stockwatering. 

5.2 NUTRIENTS: 

The three main plant nutrients are nitrogen, phosphorus and potassium. Of 

these, only phosphorus is tested by Water watch groups. Nutrient levels in 

Australian waters are naturally very low. However, due to human impacts these 

levels are often too high, resulting in algal blooms and excessive growth of 

water-plants including weed species such as Water Hyacinth and Salvinia. The 

effects of consistently high levels of nutrient levels are: 

�{ waterbodieschokedwithvegetationoralgae-oftenweedspecies; 

�{changes in aquatic flora and fauna composition. This is often a changeto a 

monoculture, that is a change to a system dominated by a single plant species; 

�{ increasedfluctuationsofdissolvedoxygenlevels.Thisplacesstresson 

aquatic fauna; 

�{an increase in total organic load, resulting in odours and reduced aestheticquality. 

5.3 PHOSPHATES: 

phosphates are often the limiting nutrients in Australian environments. 

Therefore, high phosphate levels could lead to the problems described above. 
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The main sources of phosphorus in local catchments are: 

�{ sediments from rocks andsoil; 

�{ effluentfromwastewatertreatmentplantsandonsitesewagedisposalunits; 

�{ detergents and fertilisersthat have been washed down drains or that have run off 

from properties due to poor land management practices and 

stormwaterpollution; 

�{ decaying organicmatter. 

 

Category 

Low 

Medium 

High  

VeryHigh 

Total PO4 (mg/L)  

< 0.06 

0.06 �t 0.15 

> 0.15 �t 0.45 

> 0.45 
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4. WATER QUALITY ANALYSIS:  

 

Drinking water analysis:  

Under the Safe Drinking Water Act, public water systems are required to 

regularly monitor their treated water for contaminants. Water samples must be 

analysed using EPA-approved testing methods, by laboratories that are 

certified by EPA or a state agency. 

The2013revisedtotalcoliformruleandthe1989totalcoliformrulearetheonly 

microbial drinking water regulations that apply to all public water systems. The 

revised rule highlights the frequency and timing of microbial testing by water 

systems based on population served, system type, and source water type. It 

alsoplacesalegallimitonthelevelforEscherichiacoli.Potentialhealththreats must 

be disclosed to EPA or the appropriate state agency, and public notification is 

required in somecircumstances. 

Methods for measuring acute toxicity usually take between 24 and 96 hours to 

identify contaminants in water supplies. 

 

Wastewater analysis:  

All facilities in the United States that discharge wastewater to surface 

waters (e.g. rivers, lakes or coastal waters} must obtain a permit under the 

National Pollutant Discharge Elimination System, a Clean Water Act program 

administered by EPA and state agencies. The facilities covered include 

sewage treatment plants, industrial and commercial plants, military bases and 
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other facilities. Most permitteesare required to regularly collect wastewater 

samples and analyse them for compliance with permit requirements, and 

report the results eitherto EPA or the state agency. 

 

5. why is water quality monitoringimportant?  

Water quality monitoring can help researchers 

predict and learn from natural processes in the environment and determine 

human impacts on an ecosystem. These measurement efforts can also assist 

inrestorationprojectsorensureenvironmentalstandardsarebeingmet. 
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5.6 what is the purpose of water quality analysis?  

Water quality analyses are carried out to identify 

and quantify the chemical components and properties of water samples. The 

type and sensitivity of the analysis depends on the purpose of the analysis and 

theanticipateduseofthewater.Chemicalwateranalysisiscarriedoutonwater used 

in industrialprocesses. 
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CHAPTER-6 

METHODOLOGY 

 

GENERAL 

The methodology adopted in this study is discussed in this chapter. To achieve 

 

the objective of the study the following integrated approach has been adopted 

in this thesis. Rivers have always been the most important fresh water 

resources, along the banks of which our ancient civilizations have flourished 

and still most of the developmental activities are dependent upon them. River 

water finds multiple uses in every sector of development like agriculture, 

industry, transportation, aquaculture, public water supply, etc. However, since 

old times, rivers have also been used unfortunately for cleaning and disposal 

purposes. River water is a very important asset. It supports natural 

environments, including diverse flora and fauna. It also has an important role in 

recreational activities and in contributing to overall quality of life. 

Each river and lake is unique. The size of the drainage basin, the amount of 

water moving through the system, the proportion of natural versus settled 

areas, and man direct impacts are all key factors determining the quality and 

characteristics of each watershed. Management and protection strategies have 

to be developed for each water basin individually. There is no single or simple 

measure of water quality. Surface waters naturally contain a wide variety of 
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substances,andhumanactivitiesinevitablyaddtothismixture.Scientistshave 

therefore developed specialized approaches to measuring quality. Asingle 

water sample may be tested for a few substances, or for a few hundred, 

depending on the issues at hand. With all of the demands humans place onthe 

hydrosphere, as well as climate changes which have led to droughts, the 

amount of available freshwater is decreasing. In addition, much of the available 

freshwater is being contaminated with harmful elements such as sulfuric acid, 

fertilizer,and gasoline. Management of water environments requires an 

understanding of the impacts on water quality and an understanding of the 

effectiveness of management actions. Monitoring programs to assess water 

quality typically aim to assess condition (whether or not water quality meets 

specified criteria) and trend (whether water quality is getting better or worse). 

 

 

 

WATER QUALITY INDEX:  

 
Waterbeingauniversalsolventhasbeenandisbeingutilizedbymankindtime and 

again. Of the total amount of global water, only 2.4% is distributed on the main 

land, of which only a small portion can be utilized as fresh water. The available 

fresh water to man is hardly 0.3-0.5% of the total water available on 

theearthandtherefore,itsjudicioususeisimperative.Waterisanessential 
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requirement of human and industrial developments and it is one the 

 
mostdelicate part of the environment. In the last few decades, there has been a 

tremendous increase in the demand for freshwater due to rapid growth of 

population and the accelerated pace of industrialization. Human health is 

threatened by most of the agricultural development activities particularly in 

relation to excessive application of fertilizers and unsanitary conditions. One of 

the most effective ways to communicate information  on environmental trends 

to policy makers and general public is with indices. Most of the present day 

rivers in India are severely polluted due to the irresponsible attitude and 

mismanagementbythepeopleorstakeholders.Duetoeconomicdevelopment, 

population growth and associated changes of consumption patterns, overuse 

and pollution of surface water bodies has been increasing, especially in peri- 

urban and urban areas. Reporting water quality monitoring results in a clear, 

meaningful way has always presented scientists with a challenge. There is a 

strong need to develop tools to effectively address the core environmental 

problems. Water resource professionals generally communicate water quality 

statusandtrendsintermsoftheevaluationofindividualwaterqualityvariables. 

While this language is readily understood within the water resources 

community, it does not readily translate to communities havingprofound 
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influence on water resources policy, viz, the general public and the policy 

makers.  Political  decision-makers,   non-technical   water  managers,  and the 

general public usually have neither the time nor the training to study and 

understand a traditional, technical review of water quality data. WQIs are able 

to facilitate quantification, simplification and communication of complex 

environmental data. Formulating the WQI was attempted by numerous 

researchers. The earliest attempt was made by Horton (1965) from selected 

sewage treatment based on his own judgment and experience. Delphi method 

developed by �^�Z���v���_��corporation was an opinion- research technique, Brown et 

al (1970) used this method to develop a WQI for National Sanitation 

 

Foundation (NSF) of USA.Water quality indeed is contributing for water quality 

of any water system. It is one of the effective, helpful parameters and provides 

informative data, which is important to citizens, Government and Public Health 

authorities. Policies for improvement of water quality program (Singh and 

Ghosh 1999).In this thesis WQI for the entire basin has been calculated for the 

SurfaceandGroundwaterqualities.Itisimportanttonotethat,priortothisstudy no 

significant water quality information (using WQI) was available for 

Nambiyarbasin with a small watershed and for a longer duration for surface 

water quality and for the groundwater qualityalso. 
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RESULTS 

For first cycle of samples collected  



 
65 

 

GRAPHS 



 
66 

 

N
IT

R
IT

 
E[

M
G

/ 
L]

 

B
O

D
[ 

M
G

/
L]

 

P
 

H
 

C
O

D
[ 

M
G

/
L]

 

 
F I R S T C Y C L E 
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DRINKING WATER 
 
 
 

VILLAGE  pH TURBIDIT 
Y 

N.T.U 

NITRAT 
E 

mg/L  

NITRITE 
mg/L  

AMMONI 
A 

mg/L  

COD 
mg/L  

BOD 
mg/L  

TOTAL 
HARDN 
ESS(mg  

/l) 

E.C 
ms  

IRON 
Mg/l  

PHOSPHA 
TE 

Mg/l  

R.F. 
CHLORINE 

ELAMARRU  6.9 0.1 0 0 0 178.2 210.3 246 842.5 1 0 0 

MAMIDIKOLLU  6.5 0.3 0 0 0 112.0 146.6 225 1208 0.3 0 0 
GUDIVADA 7.2 0.1 0 0 0 132.5 173.5 236 847.5 0 0 0 

KODALI  6.4 0.2 0 0 0 164 189.2 196 858.7 0.3 0 1.5 
GURAJA  6.4 0.4 0 0.5 0 195.0 194.9 254 755.6 0 0 0 

NANDIVADA  6.8 0.6 0 0 0 220..6 238.3 246 496.4 0.3 0 0 
DOSAPADU  6.0 0.8 0 0 0 122.3 264.6 156 743.4 0.3 0 0 

KALLAPALEM  6.2 1.1 0 0 0 106.2 169.7 179 662.3 0 0 0 
JAGANNADHA 

PURAM 
7.2 0.9 0 0 0 196.3 196.9 235 846.4 0 0 1.5 

TARAKATURU  7.05 0.3 0 0 0 156.5 212.5 210 832.9 1 0 0 
 

GRAPHS 
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CANAL WATER 
 
 

VILLAGE  PH TURBIDITY 
N.T.U 

NITRATE 
Mg/l  

NITRITE 
Mg/l  

AMMONIA 
Mg/l  

IRON 
Mg/l  

PHOSPHATE 
Mg/l  

COD 
Mg/l  

BOD 
Mg/l  

E.C 
Ms 

TOTAL 
HARDNE 
SS(mg/L)  

TARAKATUR 
U 

7.6 23.2 0 0.5 0.5 1 0 364.2 412.3 1.089 468.0 

ELAMARRU  7.8 12.3 5 0 0 0.3 0.5 324.5 396.0 2.437 512.0 
MAMIDIKOLL 

U 
7.3 24.1 0 0 0 1 0.5 401.5 321.0 1.955 492.6 

GUDIVADA 8.3 22.4 0 0 0 1 0 296.3 464.2 1.943 501.3 

GURAJA  7.8 15.4 0 0 0.5 1 1 362.0 496.0 0.964 532.0 
NANDIVADA  7.5 24.2 5 0 0.5 0 0 245.6 423.2 1.124 456.2 
DOSAPADU  7.6 22.1 0 0 0.5 1 0 278.0 364.4 0.983 478.8 
KALLAPALM  7.2 25.4 0 0 0 0.3 0 372.0 296.7 1.213 495.0 
JAGANNADA 

PURAM 
8.8 19.8 5 0 0.5 0 0 335.5 345.0 0.984 481.2 

KODALI  8.2 13.7 0 0 0 1 0 236.8 378.0 1.189 462.0 

 
 
 
 
 
 
 
 
 

For second cycle of samples collected  
GRAPHS 



 
72 

 

IR
O

N
[ 

M
G

/L
] 

C
O

D
[ 

M
G

/L
] 

P
 

H
 

B
O

D
[ 

M
G

/L
] 

S   E   C   O   N   DC  Y  C  L E D R I N K I N G W A T ER 
 
 

X  -  A  X  I  S   Y  -  A  X  I   S 

V I L L A G E S  ph 
1 7  

2 6 . 5 
3 6 . 9 

4 6 . 7 
5 6 . 2  S C A L E X - A X I S Y - A  X I S 
6 7 . 2  1 U N I T = 2 U N I T  S 1 U N I T 

7 6   

8 6 . 9   

9 7   

1 0   7 . 3   

 

 
phI N D R I N K I N G W A T E R 

8 
 

7 

 
6 

 
5 

 
4 

 
3 

 

2 
 

1 
 

0 

0 2 4 

 
 

6 8 

V   I L L  A   G   E S   

 
 

10 12   

 
 
 

X - A X I  S Y - A X I S 
V I L L A G E S  T U RBIDITY 

 
 
 
 
 
 
 
 
 
 
 

 
10 

 
 
 
 
 
 
 
 
 
 
 
 
 

0.9 

N .T . U  
 
 
 
 

1   .6 

 
1   .4 

 

1   .2 

 
1 

 

0   .8 
 

0   .6 
 

0   .4 
 

0   .2 
 

0 

T U R B I D I T Y N .T . U I N D R I N K I N G W A T E R  
 

                              

                              

                              

                              

                              

 
0 2 4 

 
6 

V I L L A F E S 

 
8 10 12   

 
 
 

X - A X I  S Y - A X I S 
V I L L A G E S  N I T RATE[ 

1 
2 
3 
4 
5 

6 

7 
8 

9 
1 0   

m g / l ] 
0 

5 
0 

0 
0 

0 

0 
0 

0 
0 

 
 
 
 
 
 
 

S C A L E X - A X I S Y - A  X I S 
1 U N I T = 2 U N I T  S 1 U N I T 

 
N I T R A T E [ m g / l ] I N D R I N K I N G W A T E R  

6 
 
 

5 
 
 

4 
 
 

3 
 
 

2 
 
 

1 
 
 

0 

0 2 4 

 
 

 
6 8 

V   I L L  A   G   E S   

 
 

 
10 12   

 
 
 

X - A X I  S Y - A X I S V I L L A G E S 

N I T R I T E [ m g / l ] 

1 0 

2 0 
3 0 

4 0 

5 0  .5 
6 0 

7 0 

8 0 
9 0 

1 0 0 

 
 
 
 
 
 

S C A L E X - A X I S Y - A  X I S 1 U N I T  = 
2 U N I T S 0 . 1 U N I T 

 
 
 
 

0   .6 
 
 

0   .5 
 
 

0   .4 
 
 

0   .3 
 
 

0   .2 
 

0   .1 

N I T R I T E [ m g / l ] I N D R I N K I N G W A A T E R  

 
 

0 

0 2 4 6 

 
 
 

8 10 12   
 

V   I L L  A   G   E S   

 
 
 

X - A X I  S Y - A X I S 

V I L L A G E S  A M M O N I A [ m g / l ] 
1 0  .5 

2 0 
3 0 

4 0 

5 0 

6 0 
7 0 

8 0 
9 0 

1 0 0 

 
 
 
 
 

S C A L E X - A X I S Y - A  X I S 1 U N I T  = 

2 U N I T S 0 . 1 U N I T 

 
 
 

0   .6 
 
 

0   .5 
 
 

0   .4 
 
 

0   .3 
 
 

0   .2 
 

0   .1 

A M M O N I A [ m g / l ] I N D R I N K I N G W A T E R  

 
 

0 

0 2 4 

 
 
 

6 8 

V   I L L  A   G   E S   

 
 
 

10 12   

 
 
 

X - A X I  S Y - A X I S 
V I L L A G E S  E . C m s    

1 8 4 7    

2 9 7 4   

3 9 4 4 . 5 
4 7 6 4 . 5 
5 7 2 3 . 6 S C A L E X - A X I S Y - A  X 

6 4 5 6 . 2 2 U N I T S 2 0 0 U N I T  S 

7 7 6 8 . 4  

8 6 6 5 . 3 
 

9 5 3 4 . 2  

1 0   8 3 2 . 5  

 
 
 
 
 
 
 
 
 

 
I S 1 U N I T = 

 
 
 
 
 
 
 
 

1   2  00 
 
 

1   0  00 
 
 

8   00 
 
 

6   00 
 
 

4   00 
 

2   00 

 

 
E . C m s I N D R I N K I N G W A T E R  

 
 

0 

0 2 4 

 
 
 

6 8 

V   I L L  A   G   E S   

 
 
 

10 12   

 
 
 

X - A X I  S Y - A X I S 
V I L L A G E S  C O D [ m g  / l ] 

 

1 1  62  

2 1  8  2  .2 
3 1  5  6  .3 

4 1  78  
5 1  86  

6 2  10  

7 2  0  3  .6 

8 2  4  .6 
9 1  68  

1 0 1  9 6  

 
 
 
 
 

 
S C A L E X - A X I S Y - A  X I S 1 U N I T  = 
2 U N I T S 5 0 U N I T S 

 
 
 

2   50 
 

 
2   00 

 

 
1   50 

 

 
1   00 

C O D [ m g / l ] I N D R I N K I N G W A T E R  

 

5 0    
 

 
0 

0 2 4 6 

 
 
 

8 10 12   
 

V   I L L  A   G   E S   

 
 
 

X - A X I  S Y - A X I S 

V I L L A G E S  B O D [ m g / l ] 

1 2  15  

2 2  4  2  .2 
3 1  9  6  .3 

4 1  4  5  .5 
5 1  6  8  .5 

6 2  22  

7 1  94  

8 1  67  
9 1  8  5  .4 

1 0 2  1 0  

 
 
 
 
 
 

S C A L E X - A X I S Y - A  X I S 1 U N I T  = 
2 U N I T S 5 0 U N I T S 

 
 
 

3   00 
 
 

2   50 
 
 

2   00 
 
 

1   50 
 
 

1   0  0 
 
 

50   

B O D [ m g / l ] I N D R I N K I N G W A T E R  

 
 

0 

0 2 4 

 
 

 
6 8 

V   I L L  A   G   E S   

 
 

 
10 12   

 
 
 

X - A X I  S Y - A X I S 

V I L L A G E S  I R O N [ m g / l ] 

1 0  .3 

2 0 
3 0 

4 0 
5 1 

6 0  .3 

7 0 

8 0 
9 0 

1 0 0  .3 

 
 
 
 
 
 

S C A L E X - A X I S Y - A  X I S 1 U N I T  = 

2 U N I T S 0 . 2 U N I T S 

 
 

1   .2 
 
 

1 
 
 

0   .8 
 

NIT
RA

TE
[M

G/
L]

 
NIT

RIT
E[M

H/
L] 

TU
RB

ID
ITU

N.T
.U

 
E.C

MS 
AM

MO
NAI

[M
G/L

] 

1 0.1   

2  0.4 
3  0 
4  0.2 

5  0.6 SCALE X - A  X I S Y - A X I S 
6  1 1UNIT= 2 U N I T S 0 . 2 U N I T  S 
7  0.8    

8  1.4    

9  0.5    

 



 
73 

 

 

0   .6 
 
 

0   .4 

I R O N [ m g / l ] I N D R I 
N K I N G W A T E R  

 

0  . 2 



 
74 

 

DRINKING WATER 
VILLAGE  pH TURBID 

ITY 
N.T.U 

NITRA 
TE 
Mg/l  

NITRITE 
Mg/l  

AMMONI 
A 
Mg/l  

E.C 
Ms 

COD 
Mg/l  

BOD 
Mg/l  

IRON 
Mg/l  

PHOSPHATE 
Mg/l  

T.H 
Mg/l  

R.F. 
CHLORINE 

ELAMARRU  7.0 0.1 0 0 0.5 847.0 162.0 215.0 0.3 0 300 0 
MAMIDIKOLL  
U 

6.5 0.4 5 0 0 974.0 182.2 242.2 0 0 267 0 

GUDIVADA 6.9 0 0 0 0 944.5 156.3 196.3 0 0 235 0 
GURAJA 6.7 0.2 0 0 0 764.5 178.0 145.5 0 0 256 0 
NANDIVADA  6.2 0.6 0 0.5 0 723.6 186.0 168.5 1 0.5 245 0 
DOSAPADU 7.2 1 0 0 0 456.2 210.0 222.0 0.3 0 236 0 
KALLAPALE 
M 

6.0 0.8 0 0 0 768.4 203.6 194.0 0 0 304 0 

JAGANNADH  
PURAM 

6.9 1.4 0 0 0 665.3 224.6 167.0 0 0 268 0 

KODALI  7.0 0.5 0 0 0 534.2 168.0 185.4 0 0 278 0 
TARAKATUR  
U 

7.3 0.9 0 0 0 832.5 196.0 210.0 0.3 0 286 1.5 

GRAPHS 
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CANAL WATER  
 
 

VILLAGE  pH TURBIDITY 
N.T.U 

NITARTE 
Mg/l  

NITRITE 
Mg/l  

AMMONIA 
Mg/l  

COD 
mg/l  

BOD 
Mg/l  

IRON 
Mg/l  

PHOSPHATE 
Mg/l  

E.C 
Mg/l  

TOTAL 
HARDNESS(mg/l)  

ELAMARRU  7.2 10.5 5 0 0.5 346.2 405.5 0.3 0 1.245 540.6 
MAMIDIKOLLU  7.4 26.4 0 0 0 322.0 436.0 0 0 1.826 500.0 
GUDIVADA 7.3 22.4 0 0.5 0 296.0 386.0 0 0 1.943 456.5 
GURAJA  8.0 16.2 0 0 0.5  

265.0 
346.0 0 0.5 1.345 432.0 

NANDIVADA  6.4 22.3 0 0 0 305.2 350.5 0 0 0.965 504.8 
DOSAPADU  7.5 21.6 0 0 0 328.0 400.0 0 0.5 1.562 553.0 
KALLAPALEM  7.3 25.4 5 0 0.5 374.0 460.7 0.3 0 1.186 498.0 
JAGANNADHA 
PURAM 

6.8 19.5 5 0 0.5 345.6 3900 0 0 0.984 468.5 

TARAKATURU  7.8 18.6  0.5 0 318.0 378.6 0 0 1.235 432.5 
KODALI  8.2 12.4 0 0 0 300.0 420.4 0 0 1.166 446.2 

 
 
 
 
 
 
 
 
 

CHAPTER-7 
 
 
 

CONCLUSION: 
Water quality monitoring is of vital 

imperativeness as it gives particular data about the nature of water. 
Different sorts of physical, substance and organic data are joined to 
determine at a differing qualities list. The composite impact of huge 
physical, synthetic and natural parameters is reflected in the index. 
Diversity indices for water quality, monitoring can be used for 
resources allocation, location ranking, standard enforcement, trend 
analysis,publicinformationandscientificresearch.Thepresentwork 
describes the dominant physico�tchemical variables. The work also 
describes the dominant changes in the water quality parameters 
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tested in two differet cycles in at two different times of samples 
collected. Basically the water quality assessment is under taken 
inorder to state the extent of basic water quality parameters inwater. 
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So that the quality of water can be estimated or determined. 
The results of this study show that according to water quality index 
standards, the quality of the canal did not vary much during the 6- 
month study period.However, pollution did increase from upstreamto 
downstream. According to CA, separate water quality evaluations of 
stations were based on surface water quality parameters that are 
located in three clusters. This clusterings makes the achievement 
of surface water quality management easier. The analysis of PCA 
shows the importance of parameters in pollution studies, so that 
parameters that are more important are in factor 1 and lessimportant 
ones are in the second factor. 

 
By conducting analyses and investigating the results, it 
can be concluded ththat with waste water from agricultural activities, 
and the resultant waste water discharge, the rivers water quality has 
declined. This study showed the efficiency of multivariate statstical 
techniquesandwaterqualityindextoanalyzeandinterpretadataset for 
effective evaluation of surface waters.Topreserve this water 
resourceagainstpollution,theimplementationofstringentrulesand 
guidelines are needed to enhance health and preserve water 
resources for futuregenerations. 
In this study the parameters for which the water is tested are 
accordingly with the standrd laboratory procedures. 
The values obtained are tabulated and when they are compared there 
are various differences with cycles one another the some limits are 
also slightly higher to some extent than the desirable limits. Most of 
the water taken will be safer for many purposes. Water is tested for 
saftey and the conditions for uasage of safer water will be achieved 
through some water treatment tests 
FURTHER STUDY 

 
WATER QUALITY MODELLING:  
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Water quality modeling involves the preduction of waterpollution
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using mathematical simulation techniques. A tipical water quality model 

consists of a collection of formaulation representing physical mechanisms 

that determine momentum of pollutants in a waterbody. Models are avaliable 

for individual components of the hydrological systems such as surface runoff; 

there also exists basin wide models addressing hydrologic transport and for 

ocean and estuarine applications. Often finite diiffernece methods are used 

to analyse these phenomena, and, almost always, large complex computer 

models are required. With the development of computingtechnology, 

numerical models are often employed to simulate flow and water quality 

processes in coastal environments. However, the emphasis has 

conventionally been placed on algorithmic procedures to solve specific 

problems. These numerical models, being insuffciently user- friendly, lack of 

knowledge transfers in modelinterpretation. 

 

These results in significant constraints on 

model uses and large gaps between model developers and 

practioners. It is a diifucult task for novice application users to select 

an appropriate numerical model. 

 

It is desirable to incorporate the existing heuristic knowledge 

about model manipulation and to furnish intelligent manipulation of 

callibration parameters. The advancement in artificial inetelligence 

during the past decade rendered it possible to integrate the 

technologies into numeric modeling systems in order to bridge the 
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gaps. The objective of this paper is to review the currentstate- 

of-the-art of the integartion of AI  into wtaer qulaity modeling. 

Algorithm and methods studied include knowledge-based system, 

gegetic algorithm,  artificial neural network, and fuzzy  inference 

system. These techniques can contribute to the intigrated model in 

different aspects and may not be mutually exclusive to one another. 

Some future directions for the development and their potentails are 

explored andpresented. 
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              PROGRAM OUTCOMES 
 
Engineering Graduates will be able to: 
 
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems.  

2. Problem analysis: Identify, formulate, review research literature and analyze complex 
engineering problems reaching substantiated conclusions using first principles of 
mathematics, natural sciences and engineering sciences.  

3. Design/development of solutions: Design solutions for complex engineering problems 
and design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety and the cultural, societal and environmental 
considerations.  

4. Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, and 
synthesis of the information to provide valid conclusions.  

5. Modern tool usage: Create, select and apply appropriate techniques, resources, and 
modern engineering and IT tools including prediction and modelling to complex engineering 
activities with an understanding of the limitations.  

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 
assess societal, health, safety, legal and cultural issues and the consequent responsibilities 
relevant to the professional engineering practice.  

7. Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts and demonstrate the knowledge of and need 
for sustainable development.  

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice.  

9. Individual and team work: Function effectively as an individual and as a member or 
leader in diverse teams and in multidisciplinary settings.  

10. Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and 
write effective reports and design documentation, make effective presentations, give and 
receive clear instructions.  

11. Project management and finance: Demonstrate knowledge and understanding of the 
�H�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���P�D�Q�D�J�H�P�H�Q�W���S�U�L�Q�F�L�S�O�H�V���D�Q�G���D�S�S�O�\���W�K�H�V�H���W�R���R�Q�H�¶�V���R�Z�Q���Z�R�U�N�����D�V���D���P�H�P�E�H�U���D�Q�G��
leader in a team, to manage projects and in multidisciplinary environments.  

12. Life-long learning: Recognize the need for, and have the preparation and ability to 
engage in independent and life-long learning in the broadest context of technological change.  
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PROGRAMME SPECIFIC OUTCOMES (PSOs)  
 
     Students will be able to 

 
1. Survey, plot and prepare layout for buildings, dams, canals and highway alignments 

and conduct geotechnical and geological investigations of the project.  
2. Test, analyze and design various substructures and superstructures by considering the 

environmental and societal issues.  
3. Organize various construction projects considering modern construction techniques, 

equipment and management issues.  
 

 
 

PROJECT MAPPING 
 

 

Note: Tick Appropriate category   

 
Classification 

 of  
Project 

 

Application Product Research Review 

  �9   

 

 
 
Course Outcomes for Project Work 
 
EXPERIMENTAL TYPE PROJECTS 
 

After completion of this course, student will be able to 
 

�x Work in a team and select the broad statement of  problem for project work 
 

�x Review and evaluate the available literature on the chosen problem 
 

�x Formulate the methodology to solve the identified problem 
 

�x Gain knowledge on selecting suitable materials and their properties 
   

�x Conduct experimental investigations on various  combinations of materials by 
using  various standard procedures  

 
�x Draw inferences and  conclusions from the experimental results and prepare 

the report 
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Student will be able to 

 EXPERIMENTAL 
TYPE PROJECTS 

Statement (Students will be able to:) 

CO1 Work in a team and select the broad statement of  problem for project 
work 

CO2  Review and evaluate the available literature on the chosen problem 

CO3 Formulate the methodology to solve the identified problem by 
satisfying the ethical and societal conditions 

CO4 Gain knowledge on selecting suitable materials and their properties   

CO5 Conduct experimental investigations on various  combinations of 
materials by using  various standard procedures  

CO6 Draw inferences and  conclusions from the experimental results and 
prepare the report 

 

 CO-PO Mapping  

Course 
Outcomes 

Programme Outcomes (POs) PSOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 

Outcome 
1 

        3       

Outcome 
2 

 3              

Outcome 
3 

   2  3 2 3       2 

Outcome 
4 

 3  3 3           

Outcome 
5 

2   3          3  

Outcome 
6 

         3 2 2 1   

 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based    on 
level of mapping as follows:1-Slightly (Low) mapped   2-Moderately (Medium) mapped    
3-Substantially (High) mapped. 
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ABSTRCT 
 

Concrete is the most widely used construction material because of its mould 

ability into any required structural form and shape due to its fluid behaviour at 

early ages. Through compaction using vibration is normally essential for 

achieving workability, the required strength and durability of concrete. 

Inadequate compaction of concrete results in large number of voids. Affecting 

strength and long term durability of structures, self compacting concrete (SCC) 

provides a solution to these problems. And it is able to compact itself without 

any additional vibration. In this concrete, cement replacement with some 

material like flyash, metakaolin, ground granulated blast furnace slag (GGBS) 

etc. because to reduce 5-7% of CO2 emissions in cement and due to the curing 

of concrete large amount of water is required. To overcome the high 

consumption of water it is needed to study self-curing concrete. In our 

experimental work the curing can be adopted to ensure the availability of water 

for the hydration of cement, mitigating the adverse effect of water loss to 

surroundings. The use of self curing compounds (i.e. polyethylene glycol-4000, 

liquid paraffin wax) is increasing in the context of widespread use of self-

compacting concrete owing to its superior performance in both fresh and 

hardened states. To increase its water retention capacity it is this concluded that 

the use of self-curing compounds in self compacting concrete facilities better 

hydration and thus enhancement in strength and durability properties. 
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   Chapter 1 
   Introduction                                                                                   

 

 1.  General 

Concrete is a composite material composed of fine and coarse aggregate bonded together with a 

fluid cement (cement paste) that hardens (cures) over time. In the past lime based cement binders 

were often used, such as lime putty, but sometimes with other hydraulic cements, such as 

calcium aluminates cement or with Portland cement to form Portland cement concrete. Many 

other non - c�H�P�H�Q�W�D�W�L�R�Q�V�¶ types of concrete exist with different methods of binding aggregate 

together, including asphalt concrete with a bitumen binder, which is frequently used for road 

surfaces and polymer concretes that use polymers as a binder. When aggregate was mixed with 

dry portland cement and water, the mixture forms fluid slurry that is easily poured and molded 

into shape. The cement reacts with water and other ingredients to form a hard matrix that binds 

the materials together into a durable stone-like material that has many uses. Often, additives are 

included in the mixture to improve the physical properties of wet mix or finished material. Most 

concrete was poured with reinforcing materials embedded to provide tensile strength and 

yielding reinforced concrete. Concrete is one of the most frequently used building materials. Its 

usage worldwide is twice that of steel, wood, plastics and aluminum combined. Globally, the 

ready-mix concrete industry, the largest segment of the concrete market, is projected to exceed 

$600 billion in revenue by 2025 [1-2]. 

1.1 Self Compacting Concrete 

 Self-consolidating concrete or self-compacting concrete (commonly abbreviated to SCC) is a 

concrete mix which has a low yield stress, high deformability, good segregation resistance 

(prevents separation of particles in the mix) and moderate viscosity (necessary to ensure uniform 

suspension of solid particles during transportation, placement (without external compaction), and 

thereafter until the concrete sets). 

In everyday terms, when poured, SCC is highly fluid mix with the following distinctive practical 

features �± it flows very easily within and around the formwork, can flow through obstructions 

and around corners "passing ability" is close to self-leveling (although not actually self-leveling), 

does not require vibration or tamping after pouring and follows the shape and surface texture of a 
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mold (or form) very closely once set. As a result, pouring SCC is also much less labor-intensive 

compared to standard concrete mixes. Once poured, SCC is usually similar to standard concrete 

in terms of its setting and curing time (gaining strength) and strength. SCC does not use a high 

proportion of water to become fluid in fact SCC may contain less water than standard concretes. 

Instead, SCC gains its fluid properties from an unusually high proportion of fine aggregate, such 

as sand typically 50%, combined with super plasticizers (additives that ensure particles disperse 

and do not settle in the fluid mix) and viscosity-increasing admixtures (VEA) [3-4]. 

Ordinarily concrete is a dense, viscous material when mixed and used in construction, requires 

the use of vibration or other techniques known as compaction to remove the air bubbles 

cavitations, and honeycomb-like holes, especially at the surfaces, where air has been trapped 

during pouring. This kind of air content (unlike that in aerated concrete) is not desired and 

weakens the concrete if left. However it is laborious and takes time to remove by vibration and 

improper or inadequate vibration can lead to undetected problems later. Additionally some 

complex forms cannot easily be vibrated. Self-consolidating concrete is designed to avoid this 

problem, and not require compaction, therefore reducing labor, time and possible source of 

technical and quality control issues. SCC was conceptualized in 1986 by Prof. Okamura at Kochi 

University, Japan, at a time when skilled labor was in limited supply, causing difficulties in 

concrete-related industries. The first generation of SCC used in North America was characterized 

by the use of relatively high content of binder as well as high dosages of chemicals admixtures, 

usually super plasticizer to improve flow capacity and stability. Such high-performance concrete 

had been used in repair applications and for casting concrete in restricted areas. The first 

generation of SCC was characterized and specified for specialized applications. SCC can be used 

for casting heavily reinforced sections, places where there can be no access to vibrators for 

compaction and in complex shapes of formwork which may be impossible to cast, giving a far 

superior surface than conventional concrete. The high cost of material use in concrete continues 

to hinder its broad use in various segments of construction industry, including commercial 

construction; however the productivity economics take over in certain favorable performance 

benefits and works out to be economical in pre-cast industry. The incorporation of powder, 

including supplementary �F�H�P�H�Q�W�D�W�L�R�Q�V�¶ materials and filler, can increase the volume of paste, 

hence improving deformability and also increase the cohesiveness of paste and stability of 

concrete. The reduction in cement content and increase in packing density of materials finer than 
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80µm, like fly ash etc. can reduce the water-cement ratio and high-range water reducer (HRWR) 

demand. The reduction in free water can reduce the concentration of viscosity-enhancing 

admixture (VEA) necessary to ensure proper stability during casting and thereafter until the 

onset of hardening. It has been demonstrated that a total fine aggregate content ("fines", usually 

sand) of about 50% of total aggregate is appropriate in an SCC mix [5-6]. 

 

1.1.1 Self compacting concrete mix design requirements 

1. High volume of paste 

As SCC concrete undergoes self-compaction by its own weight, it has to attain adequate filling 

ability so that the mix reaches every area. Friction between the aggregates restricts this spreading 

hence the filling capacity. This issue was solved by increasing the paste content in SCC mix 

design in a range of 300 to 400l/m³. The volume of paste implies the combination of cement, 

water, additions and air. This increase in paste helps separation of aggregates and easy 

movement of the mix. 

2. High volume of fines (<80µm) 

SCC must be designed for sufficient workability to show the property of self-compaction. This 

workability must not bring segregation and bleeding issues. To limit these risks, SCC is designed 

to have a large number of fines in a range of 500 kg/m3. 

Excessive fines in the form of cement bring chances of an increased heat of hydration. For this, a 

part of fines was replaced by pozzolans or mineral admixtures like silica fume or fly ash. The 

strength and durability requirements of SCC concrete govern the volume of filler fines added to 

the mix. 

3. High dosage of super plasticisers 

Super plasticizers are introduced in SCC to obtain the fluidity and workability. Nevertheless, a 

high dosage near the saturation amount can increase the proneness of concrete to segregate. The 

increase of workability by using super �S�O�D�V�W�L�F�L�V�H�U�V���Z�R�Q�¶�W���O�H�D�Y�H���V�H�J�U�H�J�D�W�L�R�Q���R�U���E�O�H�H�G�L�Q�J���L�V�V�X�H�V�� 

4. Use of viscosity modifying agent 

The viscosity modifying agent in SCC mix design has the same objective as that of fine particles. 

These help to attain the flow capacity property for concrete without segregation and bleeding 
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issues. These hold the mix by thickening the paste and holding the water with skeleton created 

by these agents. Viscosity modifying agents are cellulose derivatives, polysaccharides or 

colloidal suspensions. The introduction of such products in SCC seems to be justified in the case 

of SCC with the high water to binder ratio (for e.g. residential building). On the other hand, they 

may be less useful for high-performance SCC (strength higher than 50MPa) with low water to 

binder ratio. Viscosity agents make SCC less sensitive to water variations in water content of 

aggregates occurring in the concrete plants. 

5. Less coarse aggregate 

To increase the passing capacity of SCC, the volume of coarse aggregate added was less. The 

coarse aggregate used can be naturally rounded, crushed or semi-crushed aggregate. The coarse 

aggregate has a main role in increasing the packing density of SCC. So that the volume of coarse 

aggregate not too high or too low. The size of coarse aggregate can be use between 10mm and 

20mm. With the increase in size of coarse aggregate, the passing capacity was decreases. The 

choice of higher aggregate size is thus possible but only with the low reinforcement content. 

6. Addition of admixtures 

Admixtures added to SCC can have a retarding effect on the strength and temperature 

development in the fresh concrete and this has to keep in mind in the construction process. 

Suppliers of admixture can produce various admixtures suitable for different weather conditions 

and temperatures. The additions have to be performed based on the guidelines provided by the 

admixtures.     

1.1.2 Methods of testing self compacting concrete 

The tests methods presented here are devised specifically for self compacting concrete. Existing 

rheological test procedure have not considered here, though the relationship between results of 

tests and rheological characteristics of the concrete is likely to figure highly in the future work, 

including the standardization work. 

In considering these tests there are number of points which should be taken into account: 

�x There is no clear relation between test results and performance on site. 

�x There is little precise data, therefore no clear guidance on compliance limits. 
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A concrete mix can only be classified as self compacting concrete if the requirements for all 

following workability properties are fulfilled. 

�x Filling ability 

�x Passing ability  

�x Segregation resistance 

 1.1.2.1 Slump flow test 

The flow tests method to determine the consistency of fresh concrete. Flow table test is used to 

identify transportable moisture limit of solid bulk cargoes.  The slump flow test is used assess the 

horizontal free flow of self compacting concrete in the absence of obstructions. The test method 

was based on the determining of slump. 
 

 
                    Figure 1.1.2.1: Slump flow table apparatus 

1.1.2.2 V- Funnel test 

V-funnel test on self compacting concrete is used to measure the flow capacity. But the flow 

capacity of concrete is affected by its other properties as well which may affect the flow capacity 

of concrete during testing. The UTC-0540 V Funnel apparatus was used to evaluate the flow 

time of freshly mixed self-compacting concrete. This standard covers the method of funnel 

testing for average flow-through speed, relative flow-through speed and flow-through indices of 

self-compacting concrete with a maximum coarse aggregate size of 25mm or less. The greater 

increase in flow time after the concrete has remained at rest for five minutes, the greater will be 

�W�K�H�� �F�R�Q�F�U�H�W�H�¶�V�� �V�X�V�F�H�S�W�L�E�L�O�L�W�\�� �W�R�� �V�H�J�U�H�J�D�W�L�R�Q���� �)�X�U�W�K�H�U���� �Q�R�Q-uniform flow of concrete from the 

funnel suggests a lack of segregation resistance. 
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Figure 1.1.2.2: V- Funnel test apparatus 

 1.1.2.3 L-box test 

This test assesses the flow of concrete and also the amount �W�R���Z�K�L�F�K���L�W�¶s subjected to blocking by 

the reinforcement. The test assesses flow of concrete and also �H�[�W�H�Q�W���W�R�� �Z�K�L�F�K�� �L�W�¶s subjected to 

blocking by the reinforcement. The apparatus consist of rectangular section box in the shape of 

�D�Q�� �µ�/�¶���� �Z�L�W�K�� �D�� �Y�H�U�W�L�F�D�O�� �D�Q�G�� �K�R�U�L�]�R�Q�W�D�O�� �V�H�F�W�L�R�Q���� �V�H�S�D�U�D�W�H�G�� �E�\�� �D�� �P�R�Y�D�E�O�H�� �J�D�W�H���� �L�Q�� �Iront of which 

vertical length of reinforcement bar are fitted.  

 
Figure 1.1.2.3: L-Box test apparatus 

1.1.2.4 U- box test 

U box test is used to measure the filing capacity of self compacting concrete. U box test was 

developed by the Technology Research Centre of the Taisei Corporation in Japan. Some time the 

�D�S�S�D�U�D�W�X�V�� �L�V�� �F�D�O�O�H�G�� �D�� �³�E�R�[�� �V�K�D�S�H�G�´�� �W�H�V�W�� The apparatus consists of vessel that is divided by a 

middle wall into two compartments; an opening with a sliding gate is fitted between the two 

sections. This is a simple test to conduct, but the equipment may be difficult to construct. It 

provides a good direct assessment of the filling capacity. 
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Figure 1.1.2.4: U- Box Test apparatus 

1.2 Self Curing Concrete 

Construction industry is growing day by day even in the remote areas and desert regions.  Even 

India and other countries are facing a lot of problems in supplying drinking water to their 

citizens. Hence construction industries are under pressure in finding out alternative curing 

methods of curing concrete. Self curing concrete is the one which can meet the present and 

future requirement of curing concrete. Concrete is primarily used in building material. For curing 

of concrete, require large amount of water. Concrete is a universal construction material and 

cement, water and aggregates are its ingredients. The strength of concrete depends upon the 

properties of its constituents and mix proportions and amount of hydration in the concrete. For 

the complete hydration require good quality of water in certain amount. Curing is the 

maintenance of a satisfactory moisture content and temperature in concrete for a period of time 

immediately following placing and finishing so that the desired properties may develop.  Curing 

has a strong influence on the properties of hardened concrete; proper curing will increase 

durability, strength, water tightness, abrasion resistance, volume stability and resistance to 

freezing and thawing etc. As per ACI- 308R the term "curing" is frequently used to describe the 

process by which hydraulic cement concrete matures and develop hardened properties over time 

as a result of continued hydration of cement in the presence of sufficient water and heat.  As per 

IS: 456-2000 Curing is the process of preventing loss of moisture from the concrete.  Curing of 

concrete plays a major role in the developing strength and hardness of concrete, which may leads 

to improvement in the durability and performance. Curing is a process of promoting the 

hydration of cement and consists of control in temperature and moisture movement into the 

concrete [7-8].  
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Fig. 1.2: Self curing processes of concrete 

Poor curing practices adversely affect the certain properties of performance in concrete. Proper 

curing of concrete is essential to obtain the maximum durability, especially if the concrete is 

exposed to severe conditions.  Even when good quality concrete is placed on the job site, curing 

is necessary to ensure the concrete provides good service over the life of structure. In Fig. 1.2 

show that the self curing processes of concrete. So for attaining good strength of concrete, we 

need good quality of curing with portable water. It has been pointed out earlier that curing does 

not mean application of water; it means the promotion of uninterrupted and progressive 

hydration. It is also pointed out that the quantity of water, normally mixed for making concrete is 

sufficient to hydrate the cement content. Concrete in which the mixing water was restricted by 

the means of some chemical compounds, to go out from the concrete body is known �D�V�� �³�V�H�O�I��

�F�X�U�L�Q�J���F�R�Q�F�U�H�W�H���´�6�R�P�Htimes works are carried out in place where there is acute shortage of water 

and application of water curing is not possible for the reasons of economy. Prevention of 

moisture loss from the surface of flat concrete works such as highways and airports have been 

challenging task for construction managers [9-10]. 

1.2.1 Need for self curing 
 

Sometimes works are carried out in place where there is acute shortage of water and application 

of water curing is not possible for reasons of economy. Sometimes works are carried out in place 

where there is acute shortage of water and application of water curing is not possible for reasons 

of the economy. 
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1.2.2 Advantages of self curing 
 

�x When properly applied, provides a premium-grade film, which optimizes water retention. 

�x Protects by reflecting the sun's rays to keep the concrete surface cooler and prevent 

excessive heat build-up, which can cause thermal cracking. 

�x Furnished as a ready-to-use, true water-based compound. Produces hard, dense concrete 

minimizes hair checking, thermal cracking, dusting and other defects. 

�x Offers a compressive strength significantly greater than improperly or uncured concrete. 

�x Improves resistance to the abrasion and corrosive actions of salts and chemicals 

minimizes the shrinkage. 
 

  1.2.3 Self curing agents 
 

�x Water-soluble polymers 

�x Polyethylene glycol-200 

�x Polyethylene glycol-4000 

�x Polyethylene glycol-600  

�x Liquid paraffin wax(light) 

�x Liquid paraffin wax(heavy) 

�x Super absorbent polymers 

  1.3 Fly Ash 

Fly ash or flue ash, also known as pulverised fuel ash in the United Kingdom, is a coal 

combustion product that is composed of particulates (fine particles of burned fuel) that are 

driven out of coal-fired boilers together with the flue gases. Ash that falls to the bottom of 

boiler's combustion chamber (commonly called a firebox) is called bottom ash. In modern 

coal-fired power plants, the fly ash was generally captured by electrostatic precipitators or 

other particle filtration equipment before the flue gases reach chimneys. Together with bottom 

ash removed from the bottom of boiler, it is known as coal ash. Depending upon the source and 

composition of coal being burned, the components of fly ash vary considerably, but fly ash 

includes substantial amounts of silicon dioxide (SiO2) (both amorphous and crystalline), 

aluminium oxide (Al2O3) and calcium oxide (CaO), the main mineral compounds in coal-

bearing rock strata. The minor constituents of fly ash depend upon the specific coal bed 



10 
 

composition but may include one or more of the following elements or compounds found in the 

trace concentrations (up to hundreds ppm): arsenic, beryllium, boron, cadmium, chromium, 

hexavalent chromium, cobalt, lead, manganese, mercury, molybdenum, selenium, strontium, 

thallium and vanadium, along with very small concentrations of dioxins and PAH compounds. 

It also has unburnt carbon [11-12]. 

  1.3.1 Classification of fly ash 

   Class F 

The burning of harder, older anthracite and bituminous coal typically produces class �³F�  ́ fly 

ash. This fly ash is pozzolanic in nature and contains less than 7% lime (CaO). Possessing 

pozzolanic properties, the glassy silica and alumina of Class �³F�  ́fly ash requires a cementing 

agent, such as portland cement, quicklime or hydrated lime�² mixed with water to react and 

produce cementations compounds. Alternatively, adding a chemical activator such as sodium 

silicate (water glass) to a Class F ash can form a geopolymer. 

  Class C 

Fly ash produced from the burning of younger lignite or sub-bituminous coal, in addition to 

having pozzolanic properties, also has some self-cementing properties. In the presence of 

water, Class C fly ash hardens and gets stronger over time. Class C fly ash generally contains 

more than 20% lime (CaO). Unlike Class F, self-cementing Class C fly ash does not require an 

activator. Alkali and sulfate contents are generally higher in Class C fly ashes.  

  1.3.2 Advantages of fly ash 

�x Reduced water content for a given workability or improved workability at the same water 

content. 

�x The rate of bleeding was reduced while workability was increased. 

�x Improved long term strength and durability performance. 

�x Lower shrinkage and porosity as a result of the lower water content. 

�x Lower permeability and better resistance to sulphate attack.  
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                                                        Table 1.3.1: Chemical properties of fly ash 
 

Components Percentage 

Silicon dioxide SiO2 64.58 

Aluminum dioxide Al2O3 25.89 

Ferric oxide Fe2O3 5.27 

Calcium oxide CaO 0.59 

Magnesium oxide MgO 0.26 

Sodium oxide Na2O 0.027 

Potassium oxide K2O 0.041 

Sulfur trioxide SO3 0.31 
 

 

1.4 Metakaolin 

Metakaolin is the anhydrous calcined form the clay mineral kaolinite. Minerals that are rich in 

kaolinite are known as china clay or kaolin, traditionally used in the manufacture of porcelain. 

The particle size of metakaolin is smaller than the cement particles, but not as fine as silica fume.  

The T-O clay mineral kaolinite does not contain interlayer cations or interlayer water. The 

temperature of dehydroxylation depends on the structural layer stacking order. Disordered 

kaolinite dehydroxylates between 530 and 570°C, ordered kaolinite between 570 and 630°C. 

Dehydroxylated disordered kaolinite shows higher pozzolanic activity than ordered. The 

dehydroxylation of kaolin to metakaolin is an endothermic process due to the large amount of 

energy required to remove the chemically bonded hydroxyl ions. Above the temperature range of 

dehydroxylation, kaolinite transforms into metakaolin, a complex amorphous structure which 

retains some long-range order due to layer stacking. Much of the aluminum is octahedral layer 

becomes tetrahedrally and pentahedrally coordinated. In order to produce a pozzolan 

(supplementary cementations material) nearly complete dehydroxylation must be reached 

without overheating, i.e., thoroughly roasted but not burnt. This produces an amorphous, highly 

pozzolanic state, whereas overheating can cause sintering, to form a dead burnt, nonreactive 

refractory, containing mullite and a defect Al-Si spinel [13-14].  
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Figure 1.4: Manufacturing process of metakaolin 

Reported optimum activation temperatures vary between 550 and 850°C for varying durations; 

however the range 650-750°C is most commonly quoted. In comparison with other clay minerals 

kaolinite shows a broad temperature interval between dehydroxylation and recrystallization, 

much favoring the formation of metakaolin and use of thermally activated kaolin clays as 

pozzolans. Also, because the octahedral layer is directly exposed to the interlayer (in comparison 

to the instance T-O-T clay minerals such as smectites), structural disorder was attained more 

easily upon heating [15-16]. 

      Table 1.4: Chemical properties of metakaolin 

Components Percentage 

Silicon dioxide (SiO2) 53 

Aluminum dioxide (Al2O3) 43 

Ferric oxide (Fe2O3) 1.2 

Calcium oxide (CaO) 0.5 

Magnesium oxide (Mgo) 0.4 
       

      1.4.1 Advantages of metakaolin 

�x Increased compressive and flexural strengths 

�x Reduced permeability (including chloride permeability) 

�x Reduced potential for efflorescence, which occurs when calcium is transported by water 

to the surface where it combines with carbon dioxide from the atmosphere to make 

calcium carbonate, which precipitates on the surface as a white residue. 
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�x Increased resistance to chemical attack 

�x Increased durability 

�x Reduced effects of alkali-silica reactivity (ASR) 

�x Enhanced workability and finishing of concrete 

�x Reduced shrinkage, due to "particle packing" making concrete denser 

�x Improved color by lightening the color of concrete making it possible to tint lighter 

integral color. 
 

1.4.2 Applications of metakaolin 

 

The physical, chemical and mechanical characteristics of metakaolins obtained from an industrial 

flash calciner, in order to compare their properties with standard industrial metakaolin produced 

in a rotary kiln calciner. Three kaolins, with three levels of purity, were calcined by these two 

different methods to give six different metakaolins for the study. The results showed that the 

method of calcinations did not affect the chemical composition of metakaolins formed but did 

influence their physical properties and performance as a supplementary cementitious material 

when blended with Portland cement and in geo-polymer synthesis. Flash metakaolins have a 

lower water demand than rotary metakaolins, which can be explained by the morphological 

properties of the flash metakaolin, induced by the calcinations process. Traditional rotary-

calcined metakaolins tend to be angular layered particles, whereas flash metakaolins contain 

spherical particles. As it has various advantages the used in constructions of bridges, water 

retaining structures, high rise buildings, off shore structures, mass concreting and nuclear power 

stations. On an industrial scale, the most metakaolins  are obtained from a three-stage method 

that comprises a selection/grinding process, then calcination of raw Kaol for several hours in a 

rotary kiln, followed by grinding of the burned material. Typical physical characteristics of MK 

are a flaky, irregular morphology and a high specific surface area (SSA) [17-18].  
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Chapter 2 

Literature  Review 
 

The physical transformation of powdered K associated with the rapid dehydroxylation of Kaol 

during flash calcinations leads to physical changes of MKaol in the MK, compared to traditional 

MK as described in the literature. Metakaolin is refined kaolin clay that is fired under carefully 

controlled conditions to create an amorphous alumino silicate that is reactive in concrete. Like 

pozzolans such as silica fume, fly ash and blast furnace slag, metakaolin reacts with the calcium 

hydroxide by-products produced during cement hydration. The particle size of metakaolin is 

generally smaller than the cement particles, though not as fine as silica fume. Silica fume as a 

mineral admixture for concrete has great attention both in research and application. Silica fume 

is a by-product resulting from the reduction of high purity quartz in an electric arc furnace during 

the production of silicon metal or silicon alloys. Metakaolin is another pozzolanic material which 

is a highly efficient pozzolana and reacts with the excess calcium hydroxide resulting from the 

cement hydration, to produce calcium silicate hydrates (CSH) and calcium alumino silicate 

hydrates [19-20].  

  The use of pozzolanas for making concrete was considered efficient, as it allows the 

reduction of cement consumption while improving the strength and durability properties of the 

concrete. MK or SF when used as a partial replacement of cement is known to improve both the 

mechanical characteristics and durability of concrete. Hence by partially replacing cement with 

MK or SF not only reduces carbon dioxide emissions but also increases the service life of 

constructions. Several researchers have investigated the effect of silica fume and Metakaolin by 

replacing the cement on various parameters, which includes fresh, mechanical and durability 

properties of concrete. The effect of metakaolin at a constant water/binder ratio of 0.3 on 

mechanical and durability properties of high strength concrete was studied. Inclusion of MK 

increases the compressive, tensile, flexural strengths and modulus of elasticity of concrete 

considerably; however, the workability was slightly compromised. Consistency of concrete was 

decreased with the increase in MK content without super plasticizer, but the use of super 

plasticizer was very essential in concrete containing fine particles like MK or SF to achieve well 

dispersion and better results. The compressive strength and other hardened properties of concrete 

with MK were higher than that of reference concrete at the same W/Cm ratio [21-22]. 
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Table 2: Literature study of various self curing concrete 
 
 

S.N. Materials Chemicals Experiment condition Results Reference 
  
 
 

  1. 

 

Cement, fine 
aggregate, coarse 
aggregate, 
flyash, silica 
fume and water 

 

Liquid 
paraffin wax 

poly 
carboxylic 

ether 

The self curing compound 
of paraffin wax in self 
compacting concrete mixes 
and SCC mixes with w/c 
ratios of 0.3, 0.45 and 0.55 
without and with LPW. 

Compressive 
strength = 75.73 
N/mm2  for 
conventional 
water curing at 
28 days  

 
 

Rama 
chand et al. 

2016 

 
 

  2. 

 

Cement, fine 
aggregate, coarse 
aggregate and 
water 

 

Liquid 
paraffin wax, 
solid paraffin 

wax 

 

The suitability of curing 
compound and dosage in 
different grades of concrete. 

Compressive 
strength = 63.2 
N/mm2  for 
water curing at 
28days 

 
Rama 

chand et al. 
2014 

 
 
 
3. 

 
Cement, fine 
aggregate, coarse 
aggregate, water 
and pond ash 

 

Super 
absorbent 
polymer, 
polyvinyl 
alcohol 

 

The effect of polyvinyl 
alcohol on the strength 
characteristics of self curing 
concrete to reduce the water 
quantity in curing period.   

Compressive 
strength = 34 
N/mm2  for 0.6 
% of SRP, 0.50 
% of PVA and 
30 % of pond 
ash at 28 days 

 
 

Ananthi et 
al. 2017 

 
 
 
 

   4. 

 

 
 
Cement, fine 
aggregate, coarse 
aggregate and 
water 

 
 
 
Polyethylene 
glycol �± 600 

 

The self curing concrete by 
adding PEG-600 at 0.5%, 
1%, 1.5%, and 2% by 
weight of cement and 
compare strength 
characteristics of normal 
concrete and self curing 
concrete.  

Compressive 
strength = 29.20 
N/mm2   for 1% 
of PEG and M25 

concrete at 28 
days. Tensile 
strength =3.83 
N/mm2  for 1% 
PEG at 28 day.  

 
 
 

Shafeeque 
et al. 2016 

 
 
 

 
  5. 

 
 
Cement, fine 
aggregate, coarse 
aggregate, fly 
ash, micro silica 
and water 

 

 
Polyethylene 
glycol �± 4000, 
light liquid 
paraffin wax 
polycasboxate 
ether 

 
 

The experimental program 
consists of designing self 
compacting concrete of M60 
grade and casting cubes, 
cylinder and prisms. 

Compressive 
strength = 74.55 
N/mm2. Tensile 
strength = 8.3N/ 
mm2. Flexural 
strength = 7.9 
N/mm2 for 28 
days  

 
 
 
 

Madduru et 
al. 2020 

    
 

 
   6. 

 
Cement, fine 
aggregate, coarse 
aggregate and 
water 

 
 
Polyethylene 
glycol �± 400 

Self curing agent was added 
to one mix and other mix 
was without any curing 
agent. The experimental 
study was designed to 
produce a high strength 

Compressive 
strength = 33.5 
N/mm2 for M30  

grade and self 
curing concrete 
0.3%.   

 
 
Mohan Raj 
et al. 2014 
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concrete by adding several 
combinations of fly ash and 
metakaolin. 

 
 
 

7. 

 

Cement, fine 
aggregate, coarse 
aggregate, fly 
ash, metakaolin 
and water 

 
 
Glenium-51 

 

The self curing concrete by 
adding Glenium-51at 1.5%, 
2%, 2.5%, and 3% by 
weight of cement and 
compare strength 

Compressive 
strength = 58.9 
N/mm2 for 40% 
metakaolin by 
wt. of cement at 
28 days   

 
 
Kadhum et 

al. 2014 

 
 
 
 
 
  8. 

 
 
 
Cement, fine 
aggregate, coarse 
aggregate, wood 
ash, fly ash and 
water 

 
 
 
 
Mastergleniu
m sky B233 

 
 
The M30 grade self 
compacting capacity of 
concrete cast by partial 
replacement of cement with 
cement replacement 
materials. 

Compressive 
strength = 39.6 
N/mm2. Tensile 
strength = 8.35 
N/mm2. Flexural 
strength = 2.28 
N/mm2. For 
25% fly ash and 
25% wood ash 
by the weight of 
cement at 28day    

 

 
 
 

Sachin 
prabhu et 
al. 2018 

  
 
 
 
   9. 

 

 
 
Cement, fine 
aggregate, coarse 
aggregate and 
water 

 
 

 

 
Conplast 

SP430, super 
absorbent 
polymer 

 

 
The effect of variation 
strength parameter i.e. 
compressive strength, 
tensile strength and flexural 
strength at different dosage 
of self curing agent. 

Compressive 
strength = 43.11 
N/mm2 for 
0.3% of SAP at 
28 days. Tensile 
strength = 4.94 
N/mm2.Flexural 
strength = 6.425 
N/mm2 at 
28day.   

 
 
 

Manoj 
kumar et 
al. 2013 

 
 
 10. 

 

Cement, fine 
aggregate, coarse 
aggregate, fly 
ash, m-sand and 
water 

 
Glenium 

B233, PEG-
400 

The compressive strength of 
self curing concrete by 
varying percentage of PEG 
from 0.5% to 0.2% by 
weight of cement for M25 
grade of concrete. 

 

Compressive 
strength = 35.01 
N/mm2 for 1% 
of PEG at 28 
days 

 
Yogananth
am et al. 

2015 

According to Rama chand et al. 2005 the effect of using paraffin wax as a self curing compound 

in self compacting concrete mixes and SCC mixes with w/c ratios of 0.3, 0.45, 0.55 without and 

with LPW. The maximum compressive strength is 75.73 N/mm2 for conventional water curing at 

28 day [24]. In Rama chand et al. 2014 studied the paraffin wax as an internal curing agent in 

ordinary concrete. In the experimental work was carried out to establish the suitability of curing 

compound and its dosage in different grades of concrete. The maximum compressive strength is 

63.2 N/mm2 for water curing at 28days [25].  
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According to Ananthi et al. 2017 the effect of polyvinyl alcohol on the strength characteristics of 

self curing concrete to reduce water quantity in curing period and mixes with various dosages of 

curing agents of 0.1%, 0.5%, 0.6% and 1%. The result compressive strength is 34N/mm2 for 0.6 

% of SRP, 0.50% of PVA and 30% of pond ash replace of cement at 28 days [26]. The shafeeque 

et al. 2016 studied the strength comparison of self curing concrete and normal curing concrete in 

this program designed to investigate that the strength of self curing concrete by adding PEG-600 

at 0.5%, 1%, 1.5% and 2% by weight of cement and compare strength characteristics of normal 

curing concrete and self curing concrete. The result of maximum compressive strength is 29.20 

N/mm2 for 1% of PEG and M25 concrete at 28 days. And Tensile strength is 3.83 N/mm2 for 1% 

of PEG at 28 days [27]. According to Madduru et al. 2020 studied the hydrophobic chemicals as 

self curing agents in self compacting concrete, the experimental program consists of designing 

SCC of M60 grade and casting cubes, cylinder and prisms to determine the strength and durability 

properties and by adding the hydrophobic chemicals at 0.5%, 1%, 1.5 and 2% by weight of 

cement. The maximum compressive strength is 74.55N/mm2 and tensile strength is 8.3N/mm2 

and flexural strength is 7.9N/mm2 for conventional water curing at 28 days [28]. 

According to Mohan Raj et al. 2014 studied that the two concrete mixes have been adopted with 

the similar w/c ratio. Self curing agent was added to one mix and other mix was without any 

curing agent. The compressive strength is 33.5N/mm2 for M30 grade and self curing agent is 

0.3% then attained maximum strength [29]. In kadhum et al. 2014 studied that the effect of 

metakaolin and fly ash on properties of self compacting concrete through accelerated curing and 

experimental program was designed to produce a high strength concrete by adding several 

combinations of fly ash and metakaolin. The result of maximum compressive strength is 

58.9N/mm2 for 40% of metakaolin by the weight of cement at 28 days [30]. According to prabhu 

et al. 2018 studied that the behavior of self-compacting concrete with cement replacement 

materials the structural behavior of M30 grade self compacting capacity of the concrete cast by 

partial replacement of cement with cement replacement materials. The maximum compressive 

strength is 39.6 N/mm2, tensile strength is 8.35 N/mm2 and flexural strength is 2.28 N/mm2. The 

25% of fly ash and wood ash by weight in cement at 28days [31].  In kumar et al. 2013 studied 

that the self-curing concrete the effect of variation of strength parameter i.e, the compressive 

strength, tensile strength and flexural strength were studied for different dosage of self curing 

agent and compacted with convention curing concrete. The result of compressive strength is 
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43.11 N/mm2 for 0.3% of SAP at 28 days and tensile strength is 4.94 N/mm2 and flexural 

strength is 6.425 N/mm2 and 0.2% of SNP at 28 days [32]. According to Yoganantham et al. 

2015 studied that the self-compacting self curing concrete with fly ash and m-sand to study that 

the compressive strength of self curing concrete by varying the percentage of PEG from 0.5% to 

0.2% by weight of cement for M25 grade of concrete. The maximum compressive strength is 

35.01N/mm2 for 1% of PEG at 28 days [33]. 

2.1 Objectives 

�¾ Self curing is a technique that can be used to provide additional moisture in concrete for 

more effective hydration of cement and reduced self desiccation. 

�¾ The fresh and hardened properties were studied and observed that the 30% replacement 

of fly ash to cement gives high workability compare with that of other percentage 

replacement. 

�¾ The amount of aggregates, binders and mixing water, as well as type and dosage of super 

plasticizer to be used are the major factors influencing the properties of SCC. 

�¾ Reduction in site manpower 

�¾ Problems caused by vibrators are reduced 

�¾ Faster construction 

�¾ Better surface finish 

�¾ Improves durability due to better compaction and homogeneity of concrete 
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                                                  Chapter 3 

Materials and Methods 
 

3. General 

The experimental program was designed to investigate the strength of self curing concrete by 

adding poly ethylene glycol PEG200 and LPW (light)@ 0.1%, 0.5%, 1%, by weight of cement to 

the M30 grade of concrete. The experimental program was aimed to study the compressive 

strength. 
 

3.1 Description of materials 
 

Self compacting concrete is a composition of cement, fine aggregate, coarse aggregate, water 

and super plastizer. These five raw materials play an important role in the manufacturing of 

concrete. By varying the properties and amount of above five materials, the properties of 

concrete will changes. Cement, sand, coarse aggregate are the raw material of concrete and those 

materials play main role of concrete manufacturing process. 
 

3.1.1 Cement 

Cement is the main ingredient in manufacturing of concrete. Cement is a water-based 

binder used to bind other building materials together. It is used in the production of mortar 

and concrete during the construction process. The characteristics of concrete will be highly 

affected by changing the cement content. The cement used in this project is ordinary Portland 

cement of 53 grade confirming to IS 12269-1987. Concrete is formed when port 

land cement creates a paste with water that binds with sand and rock to harden [33-34]. 
 

 

Figure 3.1.1: Cement in cement concrete 
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3.1.2 Fine Aggregate 
 
 

Fine aggregates are usually sand or crushed stone that are less than 9.55mm in diameter. 

Typically the most common size of aggregate used in construction is 20mm. A larger size, 

40mm, is more common in mass concrete. Larger aggregate diameters reduce the quantity 

of cement and water needed. The fine aggregates of size ranges between 0.075mm �± 

4.75mm. The fine aggregate used in the present experimental program was river sand. The 

fine aggregate are selected as per IS-383 specifications. 
 

 

                                    Figure 3.1.2: Fine aggregate in cement construction 

3.1.3 Coarse aggregate 

Generally coarse aggregate is blended with finer aggregates to fill in the spaces left between 

the large pieces together. This reduces amount of cement paste required and decreases the 

amount of shrinkage that could occur aggregate of size more than 4.75mm are generally 

considered as coarse aggregate. The maximum size of coarse aggregate used in this 

experimental work is 20 mm and 16mm. The coarse aggregate are selected as per IS-383 

specifications. 

                             

Figure 3.1.3: Coarse aggregate in cement concrete 
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3.1.4 Water 
 

Water is an important ingredient of concrete as it actually participates in the chemical 

reaction with cement. Since it helps to from the strength cement gel, the quantity and quality 

of water are required to be looked into very carefully. Excessive impurities in the 

mixing water not only affect the setting time and concrete strength, but also may cause 

efflorescence, staining, corrosion of reinforcement, volume instability and reduced 

durability. 
 

      3.2 Properties of marerials 

Properties of concrete are influenced by many factors mainly due to mix proportion of 

cement, sand, aggregates and water. Ratio of these materials controls the various concrete 

properties which are discussed below. The value of strength which is not more than 5% of 

the test results are expected to falls.  

3.2.1 Tests on cement 

Quality tests on cements at construction site (also called field tests on cement) are carried to 

know that the quality of cement supplied at site. It gives some idea about cement quality 

based on colour, touch and feel and other tests. The cement should feel smooth when touched 

or rubbed in between fingers. If it is felt rough, it indicates adulteration with sand. 

3.2.1.1 Fineness of Cement 
 

Fineness defines the surface area of cement particles present in per unit weight, which 

implies that more fineness means more particles in unit weight. This improves the reaction 

rate which in turn will result in faster gain of strength at earlier stages. Accurately weigh 100 

gm of cement sample and place it over the test sieve. Gently breakdown the air set lumps if 

any with fingers. Hold the sieve with pan in both hands and sieve with gentle wrist motion, 

in circular and vertical motion for a period of 3 to 4 minutes without any spilling of cement. 

Place the cover on sieve and remove the pan. Now tap the other side of sieve with the handle 

of bristle brush and clean the outer side of the sieve. Empty the pan and fix it below the sieve 

and continue sieving. Totally sieve for 15 minutes and weigh the residue (Left over the 

sieve) [35-36].   



22 
 

                                            

          Fig 3.2.1.1: Sieve analysis of cement 

    Results: 

Weight of cement taken = 100 grams 

Weight of cement retained after sieving = 4 grams 

Fineness of the given sample     =   4 % 

  According to Indian Standards the fineness of given sample must be less than 10% by   

  the weight of cement. 
 

3.2.1.2 Specific gravity of cement 
 

To determine the specific gravity is normally defined as the ratio between the weight of given 

volume of material and weight of an equal volume of water. To determine the specific gravity of 

cement, kerosene which does not recent with cement was used. Weigh a clean, dry, Le Chatlier 

flask or specific gravity bottle with stopper (W1). Place sample of cement up to half of flask 

about 500gms and weigh with its stopper (W2). Add kerosene (polar liquid) to cement in flask till 

�L�W�¶�V�� �D�E�R�X�W�� �K�D�O�I�� �I�X�O�O�� �P�L�[�� �W�K�R�U�R�X�J�K�O�\�� �Z�L�W�K�� �J�O�D�V�V�� �U�R�G�� �W�R�� �U�H�P�R�Y�H�� �H�Q�W�U�D�S�S�H�G�� �Dir continue strings and 

add more kerosene, till its flush with graduated mark. Now weigh the bottle (W3) and remove the 

cement and kerosene and clean it thoroughly. Fill the bottle with kerosene and weight it (W4). 
 

Weight of empty flask     W1 = 25 grams 

Weight of empty flask + cement   W2 = 45 grams 

Weight of empty flask + cement+ kerosene  W3 = 90 grams  

Weight of empty flask + kerosene   W4 = 75 grams 

Specific gravity of cement    Gk = 0.78 
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Specific gravity (G) = (W2 �± W1) / [(W2 �± W1) �± (W3 �± W4)] 

Results: 

Specific gravity of cement = 3.12 

o The specific gravity of cement used further in the mix design of concrete 

according to the IS Code 10262:2009. 

o The specific gravity of Portland cement used in the concrete must be in the range 

of 3 to 3.15. 

           3.2.1.3 Normal consistency of cement 

�x Keep the vicat apparatus on a level base (when using vicat apparatus with 

dashpot, keep the bearing movable rod to its highest position and pin it.) 

Unscrew the top of dashpot. Half fill the dashpot with any suitable oil of 

viscosity and screw the top. Work the plunger a number of times. 

�x Attach the plunger for determining standard consistency to the movable rod. 

Work the plunger a number of times. 

�x Take 400 gm of cement in a pan and weighed quantity of water in a beaker. 

�x Prepare a paste with the water added to cement. Start a stopwatch at the time of 

adding water to cement. 

�x Keep the vicat mould on a non porous plate and fill the cement paste in it. 

�x After completely filling the mould, shake it slightly to expel the air. Smooth off 

the surface of paste making it level with the top of moulder. The cement paste 

thus prepared is the test block. 

�x Place the test block resting on the non porous plate under the movable rod, 

bearing the needle. 

�x Lower the plunger gently to touch the surface of cement paste and quickly 

release; (when vicat apparatus with dashpot was used, place the mould filled 

with cement paste and non absorbent plate on the base plate of vicat apparatus. 

Raise the plunger of dash pot, bring it in contact with the top cap of movable 

bearing rod. 
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Figure 3.2.1.3: Normal consistency of cement 
 

�x Remove the pin holding the movable bearing rod to the surface of cement paste 

and quickly release by pushing down the plunger to sink in to the paste). This 

operation shall be done immediately after filling the mould. 

�x Prepare trial test specimens with varying percentages of water until plunger 

penetrates to a point 5 to 7mm from the bottom of vicat mould, which is read on 

the scale. Express the water required as percentage by weight of the dry cement 

[37-38]. 

                                                    Table 3.2.1.3: Normal consistency of cement 

Percentage of water 
added 

Plunger reading from 
bottom (mm) 

      24 38 

26 36.5 

28 33 

30 29 

32 15 

34 6.5 
 

Result: 
                 Normal Consistency of Cement = 34% 
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    Table 3.2: Physical properties of cement 

Properties Value 

Specific gravity 3.12 

Fineness 4% 

Normal consistency 34% 
 

 

3.3.2 Tests on fine and coarse aggregate 

Inspection and testing of ready mix concrete is crucial to ensure that all specified conditions 

meet the acceptable criteria. Ready mix concrete, which produced in batching plant and 

transported to the construction site by truck mounted mixers are commonly inspected and 

tested in accordance with applicable standards. There are certain types of tests that shall be 

conducted on ready mix concrete upon reaching the construction sites [39-40]. 

3.3.2.1 Specific gravity of fine aggregate 
 

The pycnometer is used for aggregate less than 10mm size. Dry the pycnometer thoroughly 

and weigh it with cap (W1). Pycnometer is filled with aggregate to about 1/3rd and weigh 

again. Add sufficient water till top and allow the entrapped air into escape. After air bubble 

on the cap tight to avoids leakage of water. Fill the pycnometer with water slowly up to top 

of cap without spilling (W3) through pipe. Clean the pycnometer by washing with water 

thoroughly. Fill the pycnometer with only water as alone and Weigh it (W4). Repeat the test 

twice as more and take the average for better results. 

 

Weight of empty Pycnometer     W1 = 390 grams. 

Weight of empty Pycnometer + dry aggregate  W2 = 800 grams. 

Weight of empty Pycnometer + dry aggregate + water W3 = 1355 grams. 

Weight of empty Pycnometer + water   W4 = 1105 grams. 

Specific Gravity of fine aggregate = (W2 �± W1) / [(W2 �± W1) �± (W3 �± W4)] 

 

Results: specific gravity of fine aggregate = 2.6 
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3.3.2.2 Specific gravity of coarse aggregate 
 

The pycnometer is used for aggregate less than 10mm size. Dry the pycnometer thoroughly 

and weigh it with cap (W1). Pycnometer is filled with aggregate to about 1/3rd and weigh 

again. Add sufficient water till top and allow the entrapped air into escape. After air bubble 

on the cap gently tight to avoid the leakage of water. Fill the pycnometer with water slowly 

up to top of cap without spilling (W3) through pipe. Clean the pycnometer by washing with 

water thoroughly. Fill the pycnometer with only water as alone and weigh it (W4). Repeat the 

test twice as more and take the average for better results. 
 

Weight of empty Pycnometer     W1 = 330 grams. 

Weight of empty Pycnometer + dry aggregate  W2 = 600 grams. 

Weight of empty Pycnometer + dry aggregate + water W3 = 1021 grams. 

Weight of empty Pycnometer + water   W4 = 850 grams. 
 

  Specific Gravity of coarse aggregate = (W2 �± W1) / [(W2 �± W1) �± (W3 �± W4)] 
 

Results: specific gravity of coarse aggregate = 2.72 
 

Table 3.3.2A: Physical Properties of coarse aggregates 
 

   Property  Aggregate 

       Size    12mm     10mm 

Fineness modulus    7.52     6.28 

Specific gravity     2.72      2.65 

 
 

Table 3.3.2B: Physical Properties of metakaolin and fly ash 

Property  Metakaolin Fly ash 

Physical form Powder Powder 

Colour White Dark gray 

Specific gravity 2.55 2.10 
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3.4 Description of chemicals 

The chemicals are used in self curing self compacting concrete are super plasticizer, 

polyethylene glycol-200 and liquid paraffin wax light. These are also main role in the 

manufacturing process. 
 

3.4.1 Super plasticizer 

Super plasticizers also known as high range water reducers, are additives used in making high 

strength concrete. Plasticizers are chemical compounds that enable the production of concrete 

with ca. 15% less water content. Super plasticizers allow reduction in water content by 30% or 

more. These additives are employed at the level of few weight percent. Generally various types 

of super plasticizers are used. In our experimental programmed we can use cera hyper plast XR 

W40. Generally the dosage of super plasticizer is 0.4% [41-42].              

3.4.2 Polyethylene glycol-200 

Polyethylene glycol is a condensation polymer of ethylene oxide and water with the general 

formula H(OCH2CH2)nOH, where n is the average number of repeating oxyethylene groups 

typically from 4 to about 180. The abbreviation (PEG) is termed in combination with a numeric 

suffix which indicates that the average molecular weight. One common feature of PEGs appears 

to be the water-soluble nature. Generally the dosages of PEG-200 are 0.1%, 0.5% and 1%. 
 

3.4.3 Liquid paraffin wax (light)  
 

Liquid paraffin wax of clear and colorless liquid was used in the study. This hydrophilic 

compound is used for promoting internal curing in concrete. The chemical was mixed with water 

thoroughly prior to mixing of water in concrete. 

       Table 3.4.3: Physical Properties of chemicals 

Properties Super Plasticizer PEG-200 LPW 

pH 6.5 5.8 6 

Specific gravity 1.11 1.05 0.845 

Appearance Colorless liquid Liquid type Clear colorless liquid 

Solubility Soluble Soluble insoluble 
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Chapter 4 
Mix Design 

4.1 Mix Design Principles 

The mix composition was selected to satisfy each and every one performance criteria for the 

concrete in both the fresh state and hardened state. Concrete mix design is the process of finding 

right proportions of cement, sand and aggregates for concrete to achieve the target strength in 

structures. So, concrete mix design can be stated as Concrete Mix = Cement: Sand: Aggregates. 

To achieve the desired combination of properties in fresh SCC mixes: 

�x The fluidity and viscosity of concrete paste was adjusted and balanced by careful 

selection and proportioning of the cement and additions, by preventive the water to 

powder ratio then by adding a super plasticizer or a viscosity modifying admixture. 

Perfectly controlling these elements of SCC, their compatibility and interaction is 

that the key to achieving good quality filling ability, passing ability and segregation 

resistance. 

�x The coarse to fine aggregate ratio in the concrete mix is reduced so that the 

individual coarse aggregate particles are fully surrounded by a layer of mortar. This 

may reduce and weak aggregate interconnect and bridging when the concrete mix 

passes through the slender opening or gaps between bars and shows increase in the 

passing ability of self compacting concrete(SCC) [41-42]. 
 

4.2 EFNARC Guidelines  

The mix design and methods of evaluating the properties of SCC can be set up in the EFNARC 

Guidelines for SCC. 
 

     Table 4.2: EFNARC guidelines for self compacting concrete 

Constituent Range by mass(Kg/m3) 

Powder content 380-600 

Water content 150-210 

Coarse aggregate 750-1000 

Fine aggregate 48-55% of total aggregate 
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4.3 Mix Design �± M 30 

The steps involved in the design of concrete mix as per IS: 10262-2009, IS: 456-2000. 

Stipulations for proportioning : 
  
Grade designation      :    M30 

Type of cement      :    OPC 53 grade confirming to IS 12269:1987 

Maximum nominal size of aggregate  :    10 and 12mm 

Degree of supervision               :    Good 

Minimum cement content     :    320 Kg/m3 

Workability       :    50 �± 75mm (slump) 

Exposure condition      :    Severe 

Maximum water cement ratio            :    0.40 

Specific gravity of C.A                    :    2.68 

Specific gravity of F.A                   :    2.60   

Chemical Admixture                     :    Super Plasticizer 

Grading of C.A & F.A                    :     zone-II  
 

STEP-1: Target mean strength for mix proportioning  

                                                 f�¶
ck = fck+1.65.S 

Where, �I�¶ck = Target average compressive strength at 28 days  

            fck = Characteristic compressive strength at 28 days  

            S = Standard deviation (taken from Table1 of IS (10262-2009), S=5 

                                 �I�¶ck = 30+1.65(5) = 38.25 N/mm2 
 

STEP-2: Selection of Water-Cement ratio: Take w/c = 0.40 

From IS: 456-2000, Table 5 by taking severe exposure condition for M30 grade, the maximum 

water cement ratio is 0.45 

                                                     0.40 < 0.45 

                                             So, adopt w/c = 0.40 
 

STEP-3: Selection of water content 
 

From IS: 10262-2009, Table 2 depending upon the 10mm size of aggregate, the maximum water 

content is 208 liters for 50 mm slump. 
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But slump taken = 75mm 

For every increase in 25mm slump water content was increased by 3% 

Therefore, water content = 208+ [208*(3/100)]   = 214.24 liters 

For using super plasticizer water content should be reduced to 25% 

Therefore, water content = 0.75*214.24 = 160.68 literes 

So, adopt water content as 161literes 
 

 

STEP-4: Calculation of cement content:   w/c = 0.40 
 

Cement content = water content/0.40 

                           = 161/0.40 = 402.5kg/m3 

Therefore, 402.5kg/m3> 320kg/m3 
 

Adopt cement content as 402.5kg/m3 

 

STEP-5: Proportion of volume of coarse aggregate and fine aggregate content: 

From table 1.3 of IS 10262-2009, volume of coarse aggregate corresponding to 10 mm size 

aggregate is 0.46 for zone-II  

Therefore, Volume of Coarse aggregate = 0.46 

                   Volume of fine aggregate = 1-0.46 = 0.54 

STEP-6: Mix calculations: 

The mix calculations per unit volume of concrete shall be as follows 

i. Volume of concrete               =      1m3 

ii.  Volume of cement              =    (Mass of Cement/sp. gravity of Cement) *1/1000   

                         =     (402.5/3.12)*1/1000 = 0.129 m3 
iii.  Volume of water                    =     (Mass of Water/sp. gravity of Cement)*1/1000 

                                               =      (161/1)*1/1000 = 0.161m3 

iv. Volume of super plasticizer   =      0.5% of cement content 

                                                =      [402.5*(0.5/100)/1.11]*1/1000 

                                                =      1.81*10-3 m3 

v. Volume of all aggregate          =      1- (0.129 + 0.161 + 1.81*10-3) 

                                                 =      0.708m3 

vi. Mass of coarse aggregate        =      0.708*0.46*2.68*1000 
                                                                                                          =      872.82 Kg/m3 
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vii.  Mass of fine aggregate            =    0.708*0.54*2.60*1000 

                                    =    994.03 Kg/m3 

 

                        Table 4.2: Mix Proportions  
 

Cement 
(kg/m3) 

Fine aggregate 
(kg/m3) 

Coarse aggregate 
(kg/m3) 

Water 
(l/m3) 

402.5 994.03 872.82 161 

1 2.46 2.16 0.40 
 

 
Table 4.3: Trail Mix Values  

 

Curing 
Type 

Cement 
(Kg/m3) 

Flyash 
(Kg/m3) 

Metakaolin 
(Kg/m3) 

F.A 
(Kg/m3) 

C.A 
(Kg/m3) 

Water 
(Kg/m3) 

S.P 
(0.5%) 
(Kg/m3) 

PEG-200 
(Kg/m3) 

LPW 
(Kg/m3) 

W.C 289.8 80.5 32.2 994.03 872.82 161 2.01 0 0 

N.C 289.8 80.5 32.2 994.03 872.82 161 2.01 0 0 

PEG-0.1% 289.8 80.5 32.2 994.03 872.82 161 2.01 0.40 0 

PEG-0.5% 289.8 80.5 32.2 994.03 872.82 161 2.01 2.01 0 

PEG-1% 289.8 80.5 32.2 994.03 872.82 161 2.01 4.02 0 

LPW-0.1% 289.8 80.5 32.2 994.03 872.82 161 2.01 0 0.40 

LPW-0.5% 289.8 80.5 32.2 994.03 872.82 161 2.01 0 2.01 

LPW-1% 289.8 80.5 32.2 994.03 872.82 161 2.01 0 4.02 
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Chapter 5 
Preparation of SCC mix 

 

5.  General 

Detailed specifications for cement concrete provides a step by step description and specifications 

for various phases of concrete production and application such as materials, mix proportions, 

mixing of content, workability, formwork, laying and curing. After completing the mix 

proportioning of materials concreting is done to represent the characteristics. The quantity of 

cement, fine and coarse aggregate, water, super plasticizer for each batch of proportion as 

mentioned in the design of SCC [43-44]. 

 

Figure 5: Synthesis of cement concreter mix materials 

5.1 Mixing of materials 
 

�¾ Measured quantity of sand is spread evenly. 

�¾ The required quantity of cement is dumped on the sand and spread evenly. 

�¾ The sand and cement is then mixed intimately with spade, turning the mixture over 

and over again until it is of even colour throughout and free from streaks. 

�¾ The sand cement mixture is spread out and measured quantity of coarse aggregate is 

spread on its top.  
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�¾ The whole mass should be mixed at least three times by shovelling and turning over 

by twist from centre to side then back to centre and again to the sides. 

�¾ Add 75% of the required quantity of water (based on the water-cement ratio) in the 

depression and turn mix towards middle, with the help of hands or shovels.  

�¾ The mixture is mix thoroughly till a uniform colour and consistency was obtained. 

�¾ Add the remaining quantity of water and continue mixing process till a concrete of 

uniform consistency was obtained. 

 

Figure 5.1: Mixing of cement concrete materials 
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       5.2 Fresh properties of concrete 

    5.2.1Fresh concrete 
Fresh Concrete can be easily molded into any designed shape in construction.  It can be 

prepared on the spot and may give a wide range of properties from easily available raw 

materials. Concrete remains in its fresh state from the time it is mixed until it sets. During this 

time the concrete was handled, transported, placed and compacted. Properties of concrete in 

the fresh state are very important because they influence the quality of hardened concrete. 
 

 

    5.2.2 Fresh state tests on SCC 

The main characteristics of self-compacting concrete (SCC) in the fresh state are that, with no 

need for vibration, SCC can completely fill the formwork and surround the reinforcement 

adequately (even in densely reinforced areas), leaving no voids and no segregation during the 

casting. For that, besides high fluidity, the SCC has to show good capacity to flow and pass 

�E�H�W�Z�H�H�Q���W�K�H���U�H�L�Q�I�R�U�F�H�P�H�Q�W���E�D�U�V�����D�V���Z�H�O�O���D�V���D�Q���H�[�F�H�O�O�H�Q�W���F�D�S�D�F�L�W�\���W�R���I�O�R�Z���O�L�N�H���D���³�Y�L�V�F�R�X�V���I�O�X�L�G�´���� 
 

    5.2.2.1 Slump flow test 

The concrete slump test measures the consistency of fresh concrete before it sets. It is 

performed to check the workability of freshly made concrete and therefore the ease with 

which concrete flows. It can also be used as an indicator of an improperly mixed batch. The 

test is popular due to the simplicity of apparatus used and simple procedure. The slump test is 

used to ensure uniformity for different loads of concrete under field conditions. 

 
Figure 5.2.2.1A: Schematic diagram of Slump flow board with abram cone 
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Testing self compacting concrete: Slump-flow test 
 

1. The slump-flow test to BS EN 12350-8 is used to assess the flow capacity and flow rate. 

It is similar to BS EN 12350-2 Slump test. 

2. Put the clean base plate in an even and level position. 

3. Put the cone in centre on the 200 mm circle of base plate and put the weight disc on top 

of cone to keep it in place. 

4. Fill up the cone with test sample from the bucket with no additional compacting action 

such as tamping or vibrating. The extra concrete above the top of cone should be strike 

off and any concrete remaining on the base plate should be separated. 

5. Ensure that the test surface is neither too wet nor too dried out. No dry area on the base 

plate was allowed and excess of water should be separated. 

6. After a little rest, lift up the cone at right angles to the base plate, in such a manner that 

the concrete was allowed to flow out freely with no obstruction from the cone. 

7. Measure the concrete flow on the slump flow table by using scale then find the slump 

flow value. 

 

         Figure 5.2.2.1B: Slump flow test on SCC 
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 5.2.2.2 V-Funnel Test  

The UTC-0540 V Funnel apparatus is used to evaluate the flow time of freshly mixed self-

compacting concrete. The test is not suitable when the maximum size of aggregate exceeds 22.4 

mm. The test set consists of stainless steel funnel placed vertically on a supporting stand. The 

discharge orifice was equipped with a lid, which can be momentarily opened [45-46]. 

 
Figure 5.2.2A: Details of V-funnel 

The 12 litter of concrete is needed to perform the test, sampled normally. Set the V-funnel on 

firm ground. Moisten the inside surface of the funnel. Keep the trap door to allow any surplus 

water to drain. Close the trap door and place a bucket underneath. Fill the apparatus completely 

with the concrete without compacting or tamping; simply strike off the concrete level with top of 

trowel.  Open within 10 sec after filling the trap door and allow the concrete to flow out under 

gravity. Start the stop watch when the trap door is opened and record the time for complete 

discharge (the flow time). This is taken to be when the light is seen from the above through the 

funnel. The whole test has to be performed within 5 minutes [47-48].  
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Figure 5.2.2B: V-funnel test on SCC 
 5.2.2.3 V-Funnel test at T5Minutes 
               
Close the trap door and refill the V-funnel immediately after measuring the flow time. Place a 

bucket underneath. Fill the apparatus completely with concrete without compacting or tapping, 

simply strike off the concrete level with the top of trowel. Open the trap door 5 minutes after the 

second fill of the funnel and allow concrete to flow out under gravity. Simultaneously start the 

stop watch when the trap door was opened and record the time of discharge to complete flow 

(the flow time at T5 minutes). This is to be taken when light is seen from the above through the 

funnel. The equipment is shown in the Figure 5.2.2B made of a V-shaped funnel. The flow time 

in the V-funnel shows that flowing capacity of the SCC. 

     Table 5.1: EFNARC guidelines for fresh state concrete 

Test Method Units Value Range 

Slump flow Mm 650-800 

V-funnel Sec 6-12 

V-funnel at T5min Sec 9-15 
 

In case of mixing for self-compacting concrete because of the fact those two crucial admixtures 

namely Super-Plasticizer (SP) and Viscosity Modifying Agent (VMA) are being used in the mix. 

Mixing procedure will differ a little from that of normal concrete. In the present investigation, 

obtaining the mix design procedures and fresh properties to be achieved from the literature, a 

number of trial mixes were conducted to obtain the best mix design which can be used to cast 

slab specimen for the experimentation. Details regarding the mixing procedure, casting, curing, 

testing and the results of fresh properties and compressive strengths are presented in the next 

section [48-49].  
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      Chapter 6 

     Casting of specimens 

     6. General  
 

Based on the test results of materials, mix design had been done for M30 grade concrete. Both 

conventional and CCW used specimens were cast by using the design mix proportions. The 

cast specimens were tested for their strength, in order to examine the optimum percentage of 

CCW inclusion in place of fine aggregate in concrete.  
 

     6.1 Casting procedure 
 

After mixing the concrete and the fresh properties are carried out. Then concrete is placed into 

the moulds. Cubes, cylinders and prisms were tested for their compressive strength, split 

tensile strength and flexural strength respectively. Inner sides of the each mould were coated 

with one coat of shuttering oil for de-moulding the specimens easily. The design mix concrete 

was well prepared and filled into the moulds in layer by layer, with a thickness of 5cm. 
 

a) Preparation of moulds 

With proper fitting and oiling for easy removal of specimens the moulds should be prepared 

carefully. Each layer was compacted manually by using bullet headed tamping rod. Top layer 

was finished and leveled uniformly by using trowel to coincide with the top level of mould. 

After 24 hours, the casted specimens were demoulded and then immersed in water tub for 

curing as shown in the Figure 6.1A. The specimens were tested after 7, 14 and 28 days of the 

water curing. 

 

Figure 6.1A: Preparation of moulds 
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b) Transporting  

Concrete shall be transported from the drum mixer to the work area without any loss of time 

because if it is late there will be an addition of water to give workability but it leads to 

segregation of concrete. 
 

c) Placing  

Place the concrete into the moulds with a trowel. The concreting should be done in layers of 

5cm each. For each layer proper compaction is required by tamping bar. After compacting 

top layer, the moulds are vibrated on the vibrating table for better mixing and bonding.  
 

 

Figure 6.1B: Placing of concrete in the specimen 

d) De-moulding  

Test cubes should be demoulded between 16 and 24 hours after they have been made. After 

this period of time the concrete has not achieved sufficient strength to enable demoulding 

without damaging the cubes then demoulding should be delayed for further 24 hours. When 

removing the concrete cube from the mould, take the mould apart completely. Take care not 

to damage the cube because, if any cracking was caused, the compressive strength may be 

reduced. The specimens are removed then processed for curing days. 
 

     6.2 Curing of Specimens 

Curing is most important process in concreting. Concrete strength increases with the age of 

curing. The curing temperature of water in the curing tank should be maintained at 27-30oC. 

If curing is in a mist room, the relative humidity should be maintained at not less than 95%. 

Curing should be considered as long as possible up to the time of testing. Generally we are 

curing the cubes and cylinders are two types: 
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6.2.1 Water Curing  

The specimens should keep in curing tank for better improvement in strength. Generally 

curing is done by pounding the curing tanks. The water used for concrete curing should be 

free from salinity, scrap, vegetation and chemicals. In order to provide adequate circulation 

of water, adequate space should be provided between the cubes and side of curing tank. 

Water curing is done by spraying or sprinkling water over the concrete surface to ensure that 

the concrete surface remains continuously moist. This prevents the moisture from body 

of concrete from evaporating and contributes to the strength gain of concrete [50-51]. 
 

 
                Figure 6.2.1: Water curing of specimens 

      6.2.2 Self Curing 

Self-curing concrete is achieved by means of replacing a part of aggregate by lightweight 

aggregate or adding chemical admixtures. The self-curing process of concrete takes place 

from inside to outside, thus reducing the autogenously shrinkage and self-desiccation, 

especially for the high-performance concrete with relatively low water/binder ratio. There 

are not available for water then adds self curing agents to improve the strength. The 

durability and workability of self-curing concrete are improved, compared with conventional 

air-cured concrete, while the mechanical properties may be either improved or compromised 

due to the dual function of self-curing agent. Self-curing concrete has been broadly applied in 

the actual practice, mostly bridge decks and pavements. Self-curing concrete is one type of 

modern concrete, which cure itself by retaining water in it. 
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Figure 6.2.2: Self curing of specimens 
 

The durability properties of self-cured SCC are comparable with the traditional cured specimens. 

The main reasons for discrepancies in the performance of concrete are due to the lack of proper 

compaction and curing. Hence there is a need of concrete that can flow easily through the 

congested reinforcement and attain better performance without the need of external curing 

techniques. Self-curing is done in order to fulfill the water requirements of concrete whereas 

self-compacting concrete is prepared so that it can be placed in difficult positions and congested 

reinforcements. This investigation was aimed to utilize the benefits of both self-curing as well as 

self-compacting. 
 

6.3 Hardened Properties 
 

After complete the curing then conduct hardened properties at 7 and 28 days. Generally the 

hardened concrete properties are compressive strength, split tensile strength were tested in the 

concrete laboratory. The density of hardened concrete depends upon the unit weight of 

constituent materials and volume of void space. The carbonation of harden concrete by 

atmospheric CO2 in connections with the corrosions of reinforcing steels. Here, the focus will be 

effects that carbon dioxide dissolved in water have on concrete. At atmospheric pressure, carbon 

dioxide will dissolve slightly in water, producing a solution of carbonic acid (H2CO3) with a pH 

of about 5.7. Now, it should be remembered that pure water by itself will attack concrete. The 

chemical reactions that can occur involve, first, the dissolution of carbon dioxide to form 

carbonic acid [51-52].  
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6.3.1 Compressive Strength 

Compressive strength or crushing strength is the main property observed in testing the cubes. 

Cubes are tested to calculate the compressive strength by applying gradual load in the 

compression testing machine. Compression testing is a very common testing method that is used 

to establish the compressive force or crush resistance of material and the capacity of material to 

recover after a specified compressive force was applied and even held over a defined period of 

time. The measured compressive strength of specimen shall be calculated by dividing the 

maximum load applied during the test by cross sectional area calculated from mean dimensions 

of the section shall be expressed to the nearest N/mm2. Among many test applied to the concrete, 

this is given utmost important which has an idea about all the characteristics of concrete. The 

cubes of size 150x150x150mm were casted.  After 24 hours, the specimens are removed from 

the moulds and subjected to curing for 7 days and 28 days in portable water [36-38].  

  
 

Figure 6.3.1: Compressive strength test 

After curing, the specimens are tested for compressive strength as shown in the Fig. 6.3.1 using 

compression testing machine of 2000 KN capacity (IS:516 �±1959). The maximum load of failure 

was taken. A minimum of three specimens should be tested for determining the strength. The 

average compressive strength of concrete specimens was calculated. The compressive strength 

has been calculated by the formula:  

Compressive strength   = Applied load/cross sectional area  

                                = P/A  

                                = load/area N/mm2 
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6.3.2 Split tensile strength 

Split tensile strength is the most important property of concrete. Concrete is weak in tension. So 

that improve the tensile behavior of concrete, split tensile strength is important. The cracking 

takes place is a form of tension failure. It is important in reducing structure of cracks in the 

concrete. Cylinders are casted for calculating the split tensile strength. The cylindrical specimens 

are also tested in compression testing machine. The cylinders are placed in the axial direction by 

facing cylindrical face to the loading surface. The concrete is very weak in tension due to its 

brittle nature and not expected to resist the direct tension. The concrete develops cracks when 

subjected to tensile forces. Thus, it is necessary to determine the tensile strength of concrete to 

determine the load at which the concrete members may crack [39-40].  

 

Figure 6.3.2: Split tensile strength test 
 

The cylinders are having a size of 150mm diameter and 300mm length. After 24 hours, the 

specimens are removed from the moulds and subjected to curing for 7 days and 28 days in 

portable water. After curing, the specimens are tested for split tensile strength using compression 

testing machine of 2000 KN capacity (IS: 516 �± 1959). The maximum load at failure was taken. 

The split tensile strength has been calculated by the formula Split tensile strength = 2P/�Œ�/�' 

   Where,    P = Failure load (applied load)  

                L = Height of the cylinder specimen  

               D = Diameter of mould 
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 6.4 Durability of concrete 
 

Durability can be defined as the capacity of structure to required performance during intended 

service period under the influence of degradation factors. Normally, the concrete is a durable 

material and requires a little or no maintenance during the life of structure. Durability of concrete 

depends on the mixed design proportions, workmanship of the work, placing, compaction of 

concrete and mechanical properties of concrete. Chemical resistance of concrete depends on the 

selection of materials; weathering action and improved further by introducing air bubbles into the 

concrete. The durable concrete will retain its original form quality and serviceability when 

exposed to intended service environment. The quality of concrete depends on the quantity of 

cement and water, which decides the strength and durability of hardened concrete [41-42]. 
 

 

 6.4.1 Effect of acid on hardened concrete 
 

The behavior of acids on hardened concrete is conversion of calcium compounds into calcium 

salts of attacking acids. Hydrochloric acid with concrete produces calcium chloride, which 

precipitate as gypsum and nitric acid with concrete gives rise to calcium nitrate, as a result of this 

reaction, structure of concrete gets damaged. If the salt is soluble, the rate of reaction depends on 

the rate of dissolution of salts. Acid attack completely changes the hardened cement paste on the 

surface and destroys pore system of the hardened concrete. Therefore in the case of acid attack, 

the permeability of sound concrete is less important as compared to reaction that takes place. The 

severity of deterioration of concrete depends on the concentration of acid and temperature. The 

effect of acid in the transformations of concrete from fresh state to hardened state. In fact, no 

ordinary portland cement concrete is acid resistant. In general practice, the degree of attack 

increases as the concentration of acid increases [43-44]. 
 

6.4.2 Cube specimen for acid test 
 

For experimentation programmed, the cube specimens have been cast as per the given schedule 

in chapter-5 and take curing for 28 days. After curing the 3 specimens are taken out from the 

water tank and recorded their respective weight and compressive strength. After 28 days, again 

these specimens have been exposed to 5% concentrated HCl and water. After completion of the 

exposure period for 28 days, percentage loss of weight in specimens and loss of compressive 

strength with respect to reference concrete have been calculated [45-48].  
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     Chapter 7 
    Result and Discussions 

 

7. General 

In this chapter the results are tabulated by calculating water retention capacity, fresh and 

hardened properties of concrete. The compressive strength and split tensile strength are main 

properties for determining the concrete strength. The detailed tabulations and graphs are 

presented as follows. 
 
 

7.1 Water retention capacity 
 

This technique is concrete weight loss and internal relative humidity measurements with time 

were carried out, in order to evaluate the water retention of self curing concrete. Self curing 

concrete contains a chemical agent that reduces the evaporation of water from its surface, 

primarily by reducing the vapor pressure at the concrete pore solution surface. 
 

Table 7.1: Average weight loss of concrete for different dosages of curing agents 
 

Age of curing LPW-0.1% LPW-0.5% LPW-1% PEG-0.1% PEG-0.5% PEG-1% 

7 DAYS 220 240 268 116 120 125 

28 DAYS 310 316.5 319 148 152 154 
 

Average weight loss for different dosages of LPW: 
           

�x The figure shows that the average weight loss in SCC specimens with LPW as 

curing agent. 

�x Obviously, the weight loss is more in no curing specimens, and the addition of LPW 

decreases the weight loss. 

�x The weight loss is minimum at 0.1% of LPW. 

�x The initial slope of curve is steeper which can be attributed that the loss is more at 

the initial ages. 

�x The performance of self curing agents at room temperature is superior to no cured 

specimens.  
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Figure 7.1A: Weight loss Vs Age of curing at room temperature (SCC-LPW) 

        Average weight loss for different dosages of PEG-200 

�x The figure shows that the average weight loss in SCC specimens with PEG-200 as 

curing agent. 

�x It is observed that the weight loss is more in no cured specimens. 

�x The addition of PEG as curing agent decreased the evaporation of moisture, thus 

the weight loss was decreased with increased in PEG dosage. 

�x Hence PEG with 0.1% became optimum dosage quantity to attain the minimum 

weight loss and maximum water retention capacity. 

 

         Figure 7.1B: Weight loss Vs Age of curing at room temperature (SCC-PEG) 
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7.2 Fresh state tests of SCC 

The fresh property tests (slump flow, V funnel and V5min) are carried out for seven different 

curing types. SCC fresh properties were investigated by using slump flow, V-funnel and L-box 

tests. They conduct the tests on fresh property (slump flow, V funnel, L-box tests) of mix SCC 

with different retention times of 30, 60 and 90 min mechanical properties like compressive test 

were conducted at 7 and 28 days. 

Table 7.2: Fresh properties of SCC for different curing regimes 

Type of Curing  Slump flow(mm) V-funnel(sec) V5min(sec) 

W.C/N.C 665 10 13.5 

PEG-0.1% 710 11.4 13.8 

PEG-0.5% 690 10 13.1 

PEG-1% 665 9.6 12.3 

LPW-0.1% 710 9 12 

LPW-0.5% 716.5 10.6 12.2 

LPW-1% 705 11 13.6 
 

This study was similar to slump test conducted in laboratory. Self compacting (SC) mortar which 

was replaced by three mineral admixtures was discussed in the Table 2. Within SF mixes, the 

PEG-0.1%, LPW-0.1% and LPW-0.5% made highest slump flow value compared to others SF 

mixes respectively. It was due to optimum powder content causing influence on the flow 

capacity of SC mortar. 

 
Figure 7.2A: Graph represent of slump flow test 
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The cube mortar specimens prepared by conventional cement mortar and self compacting mortar 

containing mineral admixtures were undergone normal water curing for 28 days as discussed in 

the Table 3. It was tested for 7days compressive strength and obtained minimum 60% of strength 

achieved by self compacting mortars. This study resembles the precast applications where 

accelerated technique namely steam curing was adopted.  
 

 

Figure 7.2B: Graph represent of V-funnel test 
 

Since SCC flow through the V-funnel test is a gravitational flow with large deformations, the 

three-dimensional smooth particle hydrodynamic (SPH) mesh-less numerical approach is 

preferred to solve the governing equations of SCC flow. The flow rate of SC-ECC is simulated 

by filling the V-funnel with square-grid mortar particles and random-inclined particles, allowing 

the material particles to flow through the funnel-outlet under the gravitational force. In this 

simulation, total number of particles represents for the repulsive boundary of V funnel and 

container box. The magnitude of flow decreases following the reduction of pressure in 

gravitational force as shown in the Fig. 7.2B, except for the time when last particles vacate the 

outlet of funnel. This device consists of two separated chambers divided by partition and gate at 

the middle. In the above graph observed that the PEG-0.1%, LPW-0.5% and LPW-1% are 11sec, 

10.5sec and 10.8sec respectively. The other types curing are taken less than 10sec including 

W.C., PEG-0.5%, PEG-1% and LPW-0.1% curing.  The proposed graph provides insight into the 
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used to optimize the dispersion and orientation of synthetic materials in structural members by 

controlling the rheology parameters and casting technique of SC-ECC. The results of V-funnel 

model further demonstrate the correlation between dispersion of synthetic materials with the 

rheology of fresh mixtures. In addition, the presence of steel reinforcement significantly affects 

the flow of fresh SC-ECC. Although the passing capacity of SC-ECC was demonstrated, the low 

speed and poorer dispersion of materials in ECC matrix of steel reinforced elements are two 

factors that need to be considered for further investigation in the future [49-50]. 
 

 
Figure 7.2C: Graph represent of V5min test 

 

The tests made for passing capacity could check �W�K�H�� �F�R�Q�F�U�H�W�H�¶�V��capacity to overcome obstacles 

without flow obstruction or segregation. In the V5min test observed that the PEG-0.1% and LPW-

1% are 13.6sec and 14sec respectively. The others types curing are taken less than 13sec 

including W.C., PEG-0.5%, PEG-1%, LPW-0.5% and LPW-0.1% curing. The test specimens 

shall be made as soon as possible after mixing and also produce full compaction of the concrete 

with neither segregation nor excessive laitance. The concrete shall be mixed by hand, or 

preferably, in a laboratory by batch mixer, in such a manner to avoid loss of water or other 

materials. Each batch of concrete shall be such a size to leave about 10% excess after molding 

the desired number of test specimens. Place the concrete in mold at the required number of layers 

in approximately equal volume. After completion of the test, the sample may be used for casting 

of the specimens in the future testing [51-52]. 
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7.3 Hardened state tests 

Hardened concrete gains strength with time and testing these hardened concrete for quality check 

is important for structures. The suitability of hardened concrete structure is determined by 

conducting the suitable tests. It is preferred to have such testing without any destruction or 

damage to the concrete structure. After completion of the curing period, the hardened specimens 

must be tested to verify their performance. If the test results are less than the expected values, the 

SCC mix need to redesigned [46-48]. 

7.3.1 Compressive strength for different age of curing 

Self-compacting concrete with a similar water cement or cement binder ratio will usually have a 

slightly higher strength compared with traditional vibrated concrete, due to the lack of vibration 

giving an improved interface between aggregate and hardened paste. The strength development 

will be similar in maturity testing will be an effective way to control the strength development. A 

number of concrete properties may be associated to the concrete compressive strength, the only 

concrete engineering property that was routinely specified and tested. The compressive strength 

values of SCC cured under different regimes at 7 and 28 days and results are presents in the 

Table 7.3. The highest compressive strength is found in PEG-1%, i.e. 27.08 and 40.18N/mm2 for 

7 days and 28days respectively.  
 

      Table 7.3.1: Compressive strength values of SCC under different curing regimes 

Type of Curing 
Compressive Strength(N/mm2) 

7 days 28 days 

W.C 26.59 39.26 

N.C 23.2 36.02 

PEG-0.1% 25.8 38.59 

PEG-0.5% 26.18 38.92 

PEG-1% 27.08 40.18 

LPW-0.1% 24.8 36.08 

LPW-0.5% 25.1 38.12 

LPW-1% 25.78 38.41 
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Compressive strength for different curing regimes 

The Figure 7.3.1 shows that the average compressive strength at 7 and 28 days with self curing 

regimes. It is clearly shown that the PEG-1% cured SCC specimen achieved maximum 

compressive strength at 28 days compared to water and no cured and other self curing agents. 

But, the strength of self curing specimen is more than no cured specimen. Characteristic strength 

of concrete is the strength of concrete specimens casted and tested as per the given code of 

practice and cured for a period of 28 days; 95% of tested cubes should not have a value less than 

this value. The testing machine may be any type, the sufficient capacity for tests and capable of 

applying load at the specified rate. The permissible error shall not be greater than ± 2 percent of 

the maximum load. 

 

       Figure 7.3.1: Compressive strength of SCC for different curing regimes 

The highest compressive strength for 7 and 28 days is found in PEG-1% type curing and 

lowest compressive strength for 7 and 28 days is found in PEG-0.1% type curing. The 

highest compressive strength of PEG-1% type curing in 7 days is 27N/mm2 and 28 days is 

40N/mm2. The maximum load applied to the specimen shall be recorded and appearance of 

concrete and unusual features in the type of failure shall be noted. The increase in curing 

duration resulted in increases the compressive strength values. Due to low humidity 

hydration is not completed, so air curing caused reductions in compressive strength for all 

groups [36-38]. 
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7.3.2 Split tensile strength for different age of curing 
 

The splitting tensile strength of concrete is mainly affected by the paste quality. The properties of 

fine aggregate affect the quality of paste and interfacial transition zone. The development of 

split tensile strength of concrete is similar to its compressive strength. The different age of 

curing in concrete influences the quality of paste and splitting the tensile strength. Split tensile 

strength was conducted at 7 and 28 days on cylinders with different curing regimes and results 

are presents in the Table 7.3.2. The main reasons for lower splitting tensile strength of concrete 

made with different age of curing are increase in porosity and distribution of pores. The 

resistance to indirect tension was significantly affected by the parameters and types of 

curing. Moreover, the concrete is very weak in tension due to its brittle nature. Hence, it is 

not expected to resist the direct tension [39-40]. 
 

               Table 7.3.2: Tensile strength values of SCC under different curing regimes 
 

Type of Curing 
Tensile Strength(N/mm2) 

7 days 28 days 

W.C 2.21 3.27 

N.C 1.94 3.00 

PEG-0.1% 2.13 3.18 

PEG-0.5% 2.18 3.31 

PEG-1% 2.25 3.36 

LPW-0.1% 2.04 3.04 

LPW-0.5% 2.09 3.17 

LPW-1% 2.11 3.2 
 

The higher tensile strength for 7 and 28 days is found in PEG-1% type curing. The tensile 

strength of 7 and 28 days curing PEG-1% is 2.25 and 3.36 N/mm2. The test is carried out by 

placing a cylindrical specimen horizontally between the loading surfaces of compression testing 

machine and load was applied until the failure of cylinder along the vertical diameter. The test is 

carried out by placing a cylindrical specimen horizontally between the loading surfaces of 

compression testing machine and load was applied until the failure of cylinder along the vertical 

diameter. The maximum load applied to the specimen was recorded and appearance of the 

concrete for any unusual features in the type of failure was noted. 
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Tensile strength for different curing regimes 

The Figure 7.3.2 shows that the average tensile strength of 7 and 28 days with self curing 

regimes. The maximum strength was achieved at PEG-1% as compared to water curing and other 

curing agents. The reason can be attributed to the curing �D�J�H�Q�W�V�¶ added help in retaining moisture 

and increased the C-S-H gel formation. The optimum dosages of PEG and LPW are 1% and 1% 

respectively. The usage of recycled aggregate reduces the strength properties of concrete mixes. 

The effect of curing was examined on the strength properties of concrete. The replacement level 

can be taken as optimum content since the test results on marginal decrease was noticed when 

�L�W�¶s compared with the natural aggregates irrespective of the concrete mix [41-42]. 

 
 

Figure 7.3.2: Split tensile strength of SCC for different curing regimes 
 

The results of splitting tensile strength of concrete mixes were measured at 7 and 28 days are 

given in the Table 7.3.2 and shown in the Figures 7.3.2. All cylinders show a good ductile 

behavior. Splitting tensile strength increases with the age of curing. Where the maximum gain is 

M30 grade concrete attain higher split tensile strength at an age of 28 days curing period. The 

PEG-1% type curing is shown that the best results for 7 and 28 days. The small amount of curing 

is found in N.C. conditions. In 7 days curing period the lower tensile strength and higher tensile 

strength is 1.94N/mm2 and 2.25N/mm2 respectively. In 28 days curing period the lower tensile 

strength and higher tensile strength is 3N/mm2 and 3.36N/mm2 respectively. The strength 

difference between concrete specimens became high distinct in the beginning of curing itself. 
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7.4 Durability property of concrete 

Durability is the capacity to last a long time significant deterioration. A durable material helps in 

environment by conserving resources and reducing wastes and environmental impacts of repair 

and replacement. Concrete resists weathering action, chemical attack and abrasion while 

maintaining its desired engineering properties. Different concretes require different degrees of 

durability depending on the exposure environment and properties desired. Concrete is a 

structural material and building surface skin, has the capacity �W�R�� �Z�L�W�K�V�W�D�Q�G�� �Q�D�W�X�U�H�¶�V�� �Q�R�U�P�D�O��

deteriorating mechanisms as well as natural disasters. Concrete can withstand these effects when 

properly designed [43-44]. 

7.4.1 Acid strength loss and mass loss factors  

Durability is the age dependent parameter which was observed in curing with sulphate solution 

and acid solution for 30 days in cubes. The resistance of water curing and different curing 

regimes of concrete specimens was examined by the immersing cubes in 5% concentration of 

HCL to assess the chloride attack. The risk of acid attack and sulphate attack are reduced with 

different curing of concrete. Plain concrete has low strength at tension and low strain at crack. 

Concretes are randomly distributed to control the crack arrest and increase the tensile strength. In 

the Table 7.4.1 observed that the weight loss of self compacting concrete tube for 28 days in acid 

curing conditions. The highest percentage of weight loss is found in PEG-1% curing and a lower 

percentage of weight loss is found in W.C. curing [45-46].  

Table 7.4.1: Acid test results on weight loss of self compacting concrete cube 

Type of curing Weight of cube after 28 
days curing (kg) 

Weight of cube after 28 
days of acid curing (Kg) 

Percentage weight loss 
factor after 28 days 

W.C 8.56 8.32 4.43 

N.C 8.40 8.13 5.59 

PEG-0.1% 8.282 7.94 7.9 

PEG-0.5% 8.278 7.90 8.06 

PEG-1% 8.276 7.90 8.5 

LPW-0.1% 8.12 7.82 7.5 

LPW-0.5% 8.15 7.80 7.6 

LPW-1% 8.11 7.83 7.2 



55 
 

Weight loss for different curing regimes due to acid curing  

The binding property of cement in concrete is a result of the hydration reaction products of 

cement and water. The water evaporation in fresh concrete is mold due to high temperatures, low 

humidity of air, high wind velocity may prevent the hydration and strength gain. The proper 

curing of concrete plays very important role for both strength and durability properties of the 

hardened concrete. By definition the strength grade of concrete, a standard 28-day period of 

water curing was required. Normally, the strength gaining continues beyond 28 days when there 

exist adequate moisture and temperature conditions. Atmospheric steam curing was applied for 

many years to accelerate the strength development of concrete products. The hydration rate of 

cement increases with the increase in temperature, so that the gain of strength can be speeded up 

by the curing concrete in steam. In Figure 7.4.1A shows that the weight loss for different curing 

regimes due to 5% of HCL acid curing. Maximum mass loss factor was found to be as 4.43% for 

water curing but the maximum loss is at PEG-1% of curing dosage in 5% HCL acidic 

environment [46-48]. 

                                
Fig 7.4.1A: Variation in acid mass loss factor of specimens 5% HCL 

 

In Fig. 7.4.1A observed that the acid mass loss factor percentages highest in PEG-1% curing i.e. 

8.5% and lower in acid mass loss factor is W.C. curing i.e. 4.43% at 28 days. The test results of 

these specimens are presented in 7.4.1A and effect of water curing duration on the compressive 

strength was discussed. In the acidic environment, pH value is slightly increased during the first 

4 days. Then the next three days, there was a very significant increase in pH, which does not 
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significantly increase in later stage. There was only small change of pH value in the alkaline 

environment to high values in the first stage of hydration. The pH values after 28 days were 

comparable for all samples stored without changing environments throughout maturation. Due to 

the reaction of calcium ions with CO2 from the air, calcite was detected in the thin layer covering 

the surface of liquids in all samples after a certain time. According to assumptions, the highest 

amount of portlandite was precipitated in an alkaline medium and lowest amount in an acidic 

media. The largest crystals have been precipitated in the water environment. The positive 

influence of test pieces aging in aqueous media on their mechanical properties (compressive and 

flexural strength) was demonstrated. Slightly lower compressive strength after 28 days were 

observed for samples immersed in an alkaline environment. This result corresponds to a different 

effect of pH environment on hydration compared to acidic and neutral media [49-50].  

 The pH value of aqueous medium was increased with time. The amount of portlandite 

was decreasing only for sample with changed water. This was causing by formation of stronger 

links of alkali ions in the cement paste through the advancing hydration reactions and processes. 

By using of thermal analysis, the highest amount of portlandite in the sample stored in alkaline 

solution (especially with CaO) was detected. This effect can occurs due to higher calcium 

concentrations in the environment. Certain aggregates including siliceous (containing silica) will 

not be attacked by acid, but calcareous (containing calcium) aggregates readily react with acids. 

Mineral acids like hydrochloric, nitric, sulphuric and chromic acids are some of the most 

dangerous acids that affect the concrete. So it is necessary to study the deterioration effect on 

concrete due to sulphuric acid significantly lower amounts of free water were discovered in the 

samples aged in an alkaline environment. Conversely, the higher amount of CSH was found in 

these samples. This phenomenon would correspond to faster hydration reaction course in this 

environment. The increase in water curing duration resulted in increases the compressive 

strength. The water penetrated through the top surface of specimen by capillary suction. The 

impermeable surface prevent the penetration of moisture inside the specimens, thus reduces the 

de polymerisation of silica, which is the reason for less expansion. The higher grade concrete has 

more abrasion resistance than the lower grades of concrete due to better packing. The corrosion 

effect was reduced for higher grade concrete due to less w/c ratio. Water absorption is one of the 

important parameters, which affects the durability of structure due to the corrosion of steel 

reinforcement [51-52]. 
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Concrete is the most versatile construction material because it can be designed to withstand the 

harshest environments while taking on the most inspirational forms. Engineers are continually 

pushing the limits to improve the performance with the help of innovative chemical admixtures 

and supplementary cementations materials. The own weight, filling formwork achieving full 

compaction in the presence of congest reinforcement. The hardened concrete was dense, 

homogeneous has the same engineering properties and durability as traditional vibrated concrete. 

Self-compacting concrete offers a rapid rate of concrete placement, with faster construction 

times and ease of flow around the congested reinforcement [28-32]. 
 

Table 7.6: Acid test results on strength loss of self compacting concrete cube 
 

Type of curing 
Strength of cube after 28 

days curing (N/mm2) 

Strength of cube after 
28 days of acid curing 

(N/mm2) 

Percentages strength 
loss factor after 28 

days 

W.C 39.26 35.46 9.6 

N.C 36.02 32.4 10.04 

PEG-0.1% 38.59 34.96 9.4 

PEG-0.5% 38.92 35.02 10.02 

PEG-1% 40.18 36.03 10.32 

LPW-0.1% 36.08 32.86 8.9 

LPW-0.5% 38.12 34.65 9.1 

LPW-1% 38.41 34.83 9.3 
 

 

 

From Table 7.6 observed that the strength of cube after 28 days curing is more than the 36.02 

N/mm2.  The highest percentages strength loss factor after 28 days is PEG-1%, i.e. 10.32%. The 

lowest strength of cube is found NC type curing, i.e. 36.02. The loss in compressive strength and 

improvement of resistance in acid attack of the concrete cubes should be calculated. Due to acid 

curing 28 days the percentages strength loss in concrete is vary from 8.9-10.4%. The acid attack 

on the concrete will not cause deterioration in the interior structure of concrete without cement 

paste on the surface portion being fully deteriorated. The acid attack on the concrete occurs at pH 

6.5, a pH of less than 4.5 leading to severe acid attack. The rate of acid attack is also depends on 

the capacity of hydrogen ions to be diffused through the cement gel (C-S-H) after calcium 

hydroxide (Ca(OH)2) has been dissolved and leached out of the concrete. Pronounced increase in 

the early strength development, resulting in very economic stripping times for precast and in situ 

concrete [33-36]. 
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Strength loss for different curing regimes due to acid curing 
 

The cubes will be caste and cured for 28 days. After that the cubes are immersed in 5% by 

weight of water of diluted HCl with pH = 2 for a period of 28 days. The concentration of this 

solution should be maintained throughout this period. After that 28 days the cubes will taken 

from acid water and surfaces should be cleaned well and weight will recorded as (W2). In Fig. 

7.4.1B observed that the strength loss for different curing regimes due to 5% of HCL acid curing. 

The maximum strength loss factor was found to be as 10.32% at PEG-1% of curing dosage. The 

maximum compressive strength was achieved at PEG-1%, but the maximum acid strength loss 

factor on it. Therefore the self curing agent of PEG is not suitable for durability property of the 

concrete. In Fig. 7.4.1B observed that the highest acid strength loss factor of PEG-1% is 10.32% 

and lower acid strength loss factor is 8.9% over LPW-0.1%.  
 

 
                       Fig 7.4.1B: Variation in acid strength loss factor of specimens 5% HCL 
                                                

The test results for 28 days of M30 grade of self compacting concrete for acid resistance test was 

shown in the graph. Since concrete is an alkaline substance, many of its components readily 

reacting with acids. The reaction between acid and calcium compounds will form calcium salts, 

which can be soluble in water. These salts are leached away, causing a loss of volume and 

cohesion of the paste. From the experimental investigation, it was observed that the SCC mix 

concrete acceptance the criteria of fresh property and mechanical property. SCC  represents  one  

of  the  most  significant  advances  in  concrete  technology. The rapid improvement of 

globalization and growth in the population has resulted in growth at the building construction 

that has consequently led to a higher demand for construction materials [37-38].                                     
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 Chapter 8 
 Conclusion 

 

Mechanical properties of self-compacting concrete and conventional concrete such as 

compressive strength and split tensile strength should be conducted. Self-compacted concrete 

with self-curing agents and self compacting agents has also studied. The primary characteristics 

of self-curing concrete rely on the type of curing agent, particularly this type of concrete is 

deemed to be workable and flow able. The fresh properties of SCC with and without self curing 

agents satisfied with the EFNARC specifications. The water retention capacity of self-curing 

agents is higher than no curing specimens. With PEG-0.1% and LPW-0.1% of SCC shown less 

weight loss compared to other dosages. The compressive strength of PEG-1% curved SSC is 

superior to other curing regimes. The tensile strength of PEG-1% is superior to other curing 

regimes. Acid mass loss factor and acid strength loss factor was more in PEG-1% for 5% 

concentration of HCL. Acid resistance of SCC is much higher compare to conventional concrete. 

The maximum compressive strength was achieved at PEG-1%, but the maximum acid strength 

loss factor on it. Therefore the self curing agent of PEG is not suitable for durability property of 

concrete. Longer curing results in the higher compressive strength. The compressive strength is 

more when specimens are cured for 28 days. 

 The cost for SCC is high due to addition of super plasticizers and adding of more cement 

content. But the main advantages of using SCC is reduces construction cost and also vibration 

cost. Therefore the labor cost will be reduced. From the analysis concluded that the partial 

replacement of ordinary portland cement with fly ash does not affect the properties of fresh 

concrete to perform as SCC. Use of metakaolin addresses the issue of environmental and 

economical aspect hence sustainability of concrete technology. Among the various properties of 

aggregate, the important ones for SCC are shape and gradation. Better water retention decreases 

the porosity in concrete leading to better gel formation. By this analysis it also observed that the 

SCC can be done for low and medium strengths. Self cured SCC specimens with minimum 

moisture loss exhibited superior performance in terms of compressive strength, open porosity 

and adsorptive. In concrete with self-curing compounds is very good alternative in water scarce 

areas and in high temperature regions.  
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ABSTRACT 

Soil Stabilization is the phenomenon which deals with modifying the properties 

of soil (Index & Engineering) to improve its performance. Stabilization is being used 

for a variety of engineering works either in its natural form or in a processed form. 

Eventually all structures rest on soil foundation where the main objective is to increase 

the strength or stability of soil and to reduce the construction cost. Now a days the 

utilization of waste products with soil has gained attention due to the increasing 

problems of waste management.  

 

Electronic waste may be described as the discarded electronic equipments such 

as mobile phones, computers, household appliances which fail or no more fit for its 

originally intended use. Everyday advancements in technology have resulted in fast 

growing surplus of electronic waste around the globe. Around 50 million tons of E-

waste is generated annually around the globe. Developing countries like India are being 

used to dump large masses of E-waste without its sorting or dismantling. 

 

Hence, in this investigation the effect of E-waste on plasticity, compaction and 

strength characteristics of expansive soil has been studied. 

 

Chapter I deals with the general introduction, the scope and objectives of the 

investigation and some of the published works have been critically reviewed 

 

The details of the experimental work carried out are given in chapter II. The 

experimental programme is broadly divided into three groups, viz., plasticity 

characteristics, compaction characteristics and strength characteristics. The soil used in 
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�W�K�L�V���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���L�V���µ�&�+�¶�����,�W���L�V��highly expansive in nature. E-waste is used for mixing 

with soil. Tests are conducted on the soil mixed with E-waste at different percentages 

of 0%, 2%, 4%, 6%, and 8%. In order to compare the results of E-waste mixed soil, the 

unmixed soil is taken as the reference one.  

 

The results pertaining to plasticity characteristics, compaction behaviour and 

unconfined compressive strength are presented and are critically discussed in chapter 

III . Both the Liquid limit and Plastic limit values of the E-waste mixed soil decrease 

with increase in percentage of E-waste. The Plasticity index values of E-waste mixed 

soil for all percentages of E-waste are lower than that of the unmixed soil. Optimum 

Moisture content decreases with increase in percentage of E-waste up to 6% and then 

increase. There is a slight increase in maximum dry density with per cent increase in E-

waste up to 6% and decrease. The unconfined compressive strength of the soil mixed 

with E-waste at various percentages is studied. The tests are conducted at the optimum 

moisture content.  

 

The Unconfined compressive strength of the soil increases with increase in 

percentage of E-waste up to 6% and then decrease. Thus, the stability of a soil mass is 

increased due to the replacement of E-waste. 

 

 A brief summary of the work and the conclusions drawn are presented in the chapter 

IV . 
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CHAPTER-1 

INTRODUCTION  

1.1 General Introduction  

Geotechnical engineering, also known as soil mechanics is the application of 

scientific methods and engineering principles to the acquisition, interpretation and use 

�R�I���N�Q�R�Z�O�H�G�J�H���R�I���P�D�W�H�U�L�D�O�V���R�I���W�K�H���H�D�U�W�K�¶�V���F�U�X�V�W and earth materials for the solution of 

engineering problems and the design of engineering works. It plays a crucial role in 

controlling environmental pollution. Soils are contaminated mainly due to human 

activities. Everyday tonnes of waste are disposed in the soil. The contaminants present 

in the waste effect the properties of soil.  Due to the present day technology and 

advancements, it is now possible to predict to certain extent the behaviour of the 

contaminated soil. The main sources of soil pollution are: 

�¾ Disposal of industrial wastes without treatment into the soil 

�¾ Excessive use of fertilizers and pesticides in agricultural operations. 

�¾ Disposal of plastics, E-waste and other solid waste into the soil 

�¾ Industrial and commercial operations involving the handling of large 

quantities of chemical substances which may be accidentally released into the 

environment as a result of leaks and accidental spills. 

Safe and sustainable disposal of End-of-Life (EOL) electronic waste has been 

considered to be a major sphere of concern both by the government and public as well, 

due to its perilous impact on human life and environment, arising from its hazardous 

and highly toxic constituents. Disposal of such heterogeneous mix of organic materials, 

metals, etc., entails a scientific approach and special treatment to prevent exposing the 

inhabitants to the consequential damage implications arising from leakage and 

dissipation of the same for effectively mitigating the emerging risk phenomena 

escalating with the passage of time. The threat perception arising over the last decade 

from accelerated accumulation of E-waste on account of the emerging consumption 

patterns across all sections of the society, influenced by the associated advantages 

ranging from affordability to comfort in day-to-day utility with respect to computers, 

cell phones, and other personal electronic equipment has been found to be phenomenal. 

It is now imperative for the society at large to evolve safe and scientific methodologies, 

both as a deterrent to the impending damage potential to the environment and also for 

recovering economically the embedded valuable and rare metals in contributing to 
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immense value addition to the waste, which otherwise leads to large scale 

environmental and ground water pollution. 

Chemical and physical properties of contaminated soils form an important area in 

the field of environmental geotechnique. Providing engineering solutions to minimize 

surface and subsurface contamination has become the dominant concern of 

geotechnical engineers. 

       Majority of the research work in the area of environmental geotechnology is mainly 

related to the disposal of wastes and hazardous chemicals through land. The detrimental 

effect of E-waste disposal on the properties of soils has also received attention but less 

than it deserves. The disposal of E-waste into subsoil directly affects the use and 

stability of the supported structure. Consequently, initial efforts were directed to the 

investigation of the influence of chemicals and metals on the consistency limits of soils. 

Results of some studies indicate that the detrimental effect of seepage of acids and bases 

into sub-soils can cause foundation failures. 

  Recycling, recovering, and reusing of obsolete electronics in new product cycles 

have now been globally recognized as a formidable challenge, taking into account the 

inherent value addition potential of metals such as gold, silver, copper, palladium, 

including rare metals, etc., which has immensely contributed to the concept of recycling 

to be a very lucrative business opportunity in both developed as well as developing 

countries. Also, the sheer volume of such waste generated on account of the present-

day usage pattern poses a formidable problem in terms of storage handling and disposal 

space, which as a natural corollary, happens to be a major trigger across the globe for 

processing these wastes aimed at effectively extracting the metal values and remove the 

non-metallic constituents. 

According to the United Nations (UN), the initiative to estimate E-waste 

production, the world produced approximately 50 million tons of E-waste in 2012, on 

an average of 15 lbs. per person across the globe. In 2012, the UN also stated that, the 

United Kingdom (UK) produced, 1.3 million tons of E-waste. China generated 11.1 

million tons of E-waste that was followed by the United States (US) that accounted for 

10 million tons in 2012. In Western Europe, 6 million tons of electric and electronic 

wastes were generated in 1998. The amount of this waste is expected to increase by at 

least 3�±5% per annum. This study also indicated that in the US, over 315 million 

computers would be at EOL by the year 2004. The same scenario applies to mobile 

phones and other hand-held electronic items used in the present society. In 2007, over 
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130 million mobile phones were discarded alone in the US and by 2010 in Japan, 610 

million mobile phones will be disposed of. Every year, a European Union citizen leaves 

behind nearly 20 kg of E-waste. The problem of E-waste is global, for example, in 

China about 20 million consumer electronic and electric equipment (EEEs) and 70 

million mobile phones reach EOL each year and in India computer ownership per capita 

grew 604% during the period 1993�±2000 far exceeding the world average of 181%. 

About 4000 tons per hour of E-waste is generated worldwide. The printed circuit board 

(PCB) is a major constituent of these obsolete and discarded electronic scraps. The 

typical composition of PCB is non-metals (plastics, epoxy resins, glass) >70%, copper 

~16%, solder ~4%, iron, ferrite ~3%, nickel ~2%, silver 0.05%, gold 0.03%, palladium 

0.01%, others (bismuth, antimony, tantalum, etc.) <0.01% . 

Developed countries such as the US, Europe, and Japan have adopted fully 

automated, high-cost technology for E-waste recycling. E-waste is crushed, shredded 

in total, followed by the separation of metals and non-metals by adopting unit 

operations/metallurgical principles. 

The global quantity of E-waste generation in 2016 was around 44.7 million 

metric tonnes (Mt), or 6.1 kg per inhabitant. It is estimated that in 2017, the world E-

waste generation will exceed 46 Mt. The amount of E-waste is expected to grow to 52.2 

Mt in 2021, with an annual growth rate of 3 to 4%. 

 

1.2 Introduction of E-waste: 

Whenever we think of waste, we think only in terms of garbage or solid / semi-

solid waste and not anything else. In the last ten years, E-waste has become a global 

issue. India too generates a large quantity of electronic waste i.e. E-waste every year. 

Sadly E-waste is something which do�H�V���Q�R�W���J�H�W���P�X�F�K���P�H�G�L�D���F�R�Y�H�U�D�J�H�����K�H�Q�F�H���S�H�R�S�O�H�¶�V��

awareness regarding E-waste is quite low. E-waste recycling is a concept barely in 

existent in India. As a result, the electronic waste generated is often dumped in rivers 

or dump yards without proper recycling or treatment. This is hazardous on various 

levels; for both the environment and personal health. 

E-waste is a term used to cover items of all types of electrical and electronic 

equipment (EEE) and its parts that have been discarded by the owner as waste without 

the intention of re-use. Electronic waste (E-waste) refers to the disposal of broken or 

obsolete electronic components and materials. E-waste materials may be valuable and 
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recyclable, such as random access memory and reusable laptops. However, hazardous 

materials, such as cathode ray tube monitors, require special handling in disposal. 

 

Fig. 1.1 Composition of E-waste 

 

Examples of E-waste includes: 

TVs, computer monitors, printers, scanners, keyboards, mice, cables, circuit 

boards, lamps, clocks, flashlight, calculators, phones, answering machines, 

digital/video cameras, radios, VCRs, DVD players, MP3 and CD players. 

 

1.2.1 Global E-waste 

The information technology (IT) industry is an important engine of growth of any 

country. With the rapid development of technology, manufacturers now produce 

superior televisions, new and smarter mobile phones, and new computing devices at an 

increasing rate. People are enjoying what technology brings, surfing the Internet on 

their smart phones or tablets and watching high-definition movies on their televisions 

at home. As more and more electronic products are produced to fulfill the needs of 

people worldwide, more resources are used to produce these items. Hence, the rapid 

growth of computing and other information and communication equipment is driving 

the ever-increasing production of electronic waste (E-waste). The current E-waste 

encompasses a particularly complex waste flow in terms of the variety of products. 
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Over the next few years, one billion computers will be obsolete. In 2005, 8.3-9.1 

million tons of E-waste was produced across the 27 members of the European Union 

(EU). By 2020, the total waste electrical and electronic equipment (WEEE) is estimated 

to grow between 2.5% and 2.7% annually, reaching a total of approximately 12.3 

million tons. The reason is that the number of appliances entering the market every year 

is increasing in developed and developing countries. Sales of electronic products in 

countries such as China and India and across Africa and Latin America are predicted to 

rise sharply in the next 10 years. Also, it is a higher growth pattern that will be 

influenced not only by need but also by changes in technology, design, and marketing. 

The diverse waste generated due to advancement of technology may have significant 

impacts on the environment and public, if not properly stored, collected, transported, 

treated, and disposed of. Thus, around the globe, E-waste generation, treatment, and 

disposal are becoming issues of concern to waste management professionals, 

innumerable non-governmental organizations and citizens, and international agencies 

and governments, particularly in developing and transition countries. E-waste stream 

contains diverse materials, which requires special treatment and cannot be dumped in 

landfill sites, most prominently, hazardous substances such as lead, polychlorinated 

biphenyls (PCBs), polybrominated biphenyls (PBBs), mercury, polybrominated 

diphenyl ethers (PBDEs), brominated flame retardants (BFRs), and valuable substances 

such as iron, steel, copper, aluminium, gold, silver, platinum, palladium, and plastics. 

During the last decade, large amounts of diverse E-waste discarded by developing and 

transition countries, as well as a sizeable portion of the E-waste generated from 

developed countries and exported to developing and transition countries, has been 

rapidly piling up in developing countries impacting their emerging economies. The 

management of E-waste in developing and transition countries is exacerbated by several 

factors, including illegal trafficking and unlicensed recycling of E-waste; lack of 

technological, financial, and technically skilled human resources; inadequate 

organizational structure required; and an inadequate description of the roles and 

responsibilities of stakeholders and institutions involved in E-waste management. In 

Africa, E-waste management is still in its infancy; characterized by little available 

information on the E-waste situation, the recovery of valuable materials in small 

workshops using rudimentary recycling methods, lack of awareness on the impacts of 

E-waste, and the total absence of policy specifically dealing with E-waste. 
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Fig. 1.2 Global E-waste generated 

    

1.2.2 E-waste in India:  

 �,�Q�G�L�D���L�V���W�K�H���³�I�L�I�W�K���O�D�U�J�H�V�W���H�O�H�F�W�U�R�Q�L�F���Z�D�V�W�H���S�U�R�G�X�F�Hr in t�K�H���Z�R�U�O�G�´��approximately 

2 million tons of E-waste are generated annually and an undisclosed amount of E-waste 

is imported from other countries around the world. Annually, computer devices account 

for nearly 70% of E-waste, 12% comes from the telecom sector, 8% from medical 

equipment and 7% from electric equipment. The government, public sector companies, 

and private sector companies generate nearly 75% of electronic waste, with the 

contribution of individual household being only 16%. 

India is steadily changing into an industrial country. This is leading to 

significant increase in number and type of industries and associated contamination by 

waste products harmful to the basic food chain of the nature. It is better to start ground 

monitoring from the beginning of project instead of waiting for complete failure of the 

ground to support human activities and then start the remedial actions. 

The disposal and recycling of E-waste, particularly computer and related 

wastes, in India, has become a serious problem since the methods of disposal are very 

rudimentary and pose grave environmental and health hazards. The situation is 

aggravated as current E-waste management and disposal methods suffer from a number 

of drawbacks such as inadequate legislations, lack of funds, poor awareness, and 

reluctance on the part of the governments and the corporate organizations to address 

the critical issues. In view of the dwindling reserve of good quality metallic ore for 
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production of metals, environmental pollution, and need for recycle, an indigenous 

technology for processing this waste is certainly necessary today.  

In India, E-waste management assumes greater significance not only due to the 

generation of its own E-waste but also because of the dumping of E-waste from 

developed countries. Solid waste management, which is already a mammoth task in 

India, has become more complicated by the invasion of E-waste. There is an urgent 

need for exploring different options of E-waste recycling in developing countries. 

 

Fig. 1.3 Annual E-waste generated in India  

 

 

Fig. 1.4 Biggest contributors of E-waste in India 
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E-waste is growing at a compound annual growth rate (CAGR) of about 30 per 

cent in the country. ASSOCHAM, one of the apex trade associations of India, estimated 

that E-waste generation was 1.8 MT per annum in 2016 and would reach 5.2 MT per 

annum by 2020. 

By 2020 India E-waste from old mobiles and computers will rise by about 1800 

per cent and 500 per cent respectively by 2020 as compared to the levels in the year 

2007, according to an ASSOCHAM-KPMG joint study. 

India discarded approximately 18 lakh metric tonnes of E-waste in 2016 which 

is about 12 per cent to the global E-waste production. India is the fifth largest producer 

of E-waste in the world and recycles less than two per cent of the total E-waste it 

produces annually, the Ministry of Environment, Forest and Climate Change rolled out 

the E-waste (Management) Rules in 2016 with the aim of reducing E-waste production 

and increasing recycling in the most efficient manner. 

Under these rules, the government introduced Extended Producers 

Responsibility (EPR) which makes producers liable to collect 30 per cent to 70 per cent 

(over seven years) of the E-waste they produce, reveals the ASSOCHAM-KPMG joint 

study. 

The industry is unable to cope up with these targets as majority of the E-waste 

collected in India is managed by an unorganised sector. Also, informal channels of 

recycling/ reuse of electronics such as repair shops, used product dealers, e-commerce 

portal vendors, etc. collect a significant proportion of the discarded electronics for reuse 

and cannibalisation of parts and components, adds the study. 

Accompanied by the huge size of the population and rising electronics users in 

the country, managing an unorganised sector to achieve such high targets may not be 

feasible. Thus, the ASSOCHAM suggests that the government may look at 

collaborating with the industry to draw out formal/standard operating procedures and a 

phased approach towards the agenda of reducing E-wastes to the lowest. 

Alternatively, the government may also refer methods adopted by other 

countries for efficient collection and recycling of E-wastes. For example, South Korea, 

one of the largest producer of electronics managed to recycle 21 per cent of the total 

0.8 million tonnes of E-waste that it produced in 2015, noted the joint study. 

Seoul recycles all the E-waste that it produces. It has set up the Seoul Resource 

�&�H�Q�W�U�H�� �Z�K�L�F�K�� �U�H�F�H�L�Y�H�V�� ������ �S�H�U�� �F�H�Q�W�� �R�I�� �W�K�H�� �6�H�R�X�O�¶�V��E-waste for extraction of valuable 

metals such �D�V���J�R�O�G�����F�R�S�S�H�U�����H�W�F�����7�K�H���U�H�P�D�L�Q�L�Q�J���������S�H�U���F�H�Q�W���R�I���6�H�R�X�O�¶�V��E-waste is used 
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entirely for landfilling. The government may also evaluate privatisation of recycling 

like in the United Kingdom wherein a private company, Concept governed by the public 

body, Electrical and Electronic Equipment (EEE) Directive has been handed over the 

responsibility of collecting and recycling E-wastes in the UK, mentioned the study. 

The industry is of the view that the government may increase the Merchandise 

Exports from India Scheme (MEIS) incentive and introduce new incentives to attract 

more players in the market and to encourage the existing players to ramp up 

manufacturing Implementation targets of E-waste collection need to be reviewed, as 

against the current requirement, to ensure compliance across the industry. 

Since India is highly deficient in precious mineral resources while untreated E-waste 

goes to landfill, there is need for a well-designed, regulated E-waste recovery regime 

which would generate jobs as well as wealth. 

 

 

Fig. 1.5 Growth of E-waste in India 

Electronic waste (E-waste) typically includes discarded computer monitors, 

motherboards, mobile phones and chargers, compact discs, headphones, television sets, 

air conditioners and refrigerators. According to the Global E-waste Monitor 2017, India 

generates about 2 million tonnes (MT) of E-waste annually and ranks fifth among E-

waste producing countries, after the US, China, Japan and Germany. In 2016-17, India 

treated only 0.036 MT of its E-waste. 
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About 95 per cent �R�I���,�Q�G�L�D�¶�V��E-waste is recycled in the informal sector and in a 

crude manner. A report on E-waste presented by the United Nations (UN) in World 

Economic Forum on January 24, 2019 points out that the waste stream reached 48.5 

MT in 2018 and the figure is expected to double if nothing changes. 

Only 20 per cent of global E-waste is recycled. The UN report indicates that due 

to poor extraction techniques, the total recovery rate of cobalt (the metal which is in 

great demand for laptop, smart phone and electric car batteries) from E-waste is only 

30 per cent. 

The report cites that one recycler in China already produces more cobalt (by 

recycling) than what the country mines in one year. Recycled metals are also 2 to 10 

times more energy-efficient than metals smelted from virgin ore. 

The report suggests that lowering the amount of electronics entering the waste 

stream and improving end-of-life handling are essential for building a more circular 

economy, where waste is reduced, resources are conserved and are fed back into the 

supply chain for new products. 

On a positive note, media reports highlighted that the 2020 Tokyo Olympics 

medals will be made of 50,000 tonnes of E-waste. The organising committee will make 

all the medals from old smartphones, laptops and other gadgets. By November 2018, 

organisers had collected 47,488 tonnes of devices, from which nearly 8 tonnes of gold, 

silver and bronze will be extracted to make 5,000 medals. About 1,600 or 90 per cent 

municipal authorities in Japan were involved in collection activities. 

Laws to manage E-waste have been in place in India since 2011, mandating that 

only authorised dismantlers and recyclers collect e waste. E-waste (Management) 

Rules, 2016 was enacted on October 1, 2017. Over 21 products (Schedule-I) were 

included under the purview of the rule. 

The rule also extended its purview to components or consumables or parts or 

spares of Electrical and Electronic Equipment (EEE), along with their products. The 

rule has strengthened the Extended Producer Responsibility (EPR), which is the global 

best practice to ensure the take-back of the end-of-life products. 

A new arrangement called Producer Responsibility Organisation (PRO) has 

been introduced to strengthen EPR further. The producers have to meet targets, which 

should be 20 per cent of the waste generated by their sales. This will increase by 10 per 

cent annually for the next five years. The law also says that the responsibility of 

producers is not confined to waste collection, but also to ensure that the waste reaches 
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the authorised recycler/dismantler. And despite new rules that have come into place to 

safely process this hazardous material, close to 80 per cent of E-waste �²  old laptops 

and cell phones, cameras and air conditioners, televisions and LED lamps �²  continues 

to be broken down, at huge health and environmental cost polluting ground water and 

soil, by the informal sector. 

 

India now has 178 registered E-waste recyclers, accredited by the state 

governments to process E-waste. But �P�D�Q�\�� �R�I�� �,�Q�G�L�D�¶�V��E-waste recyclers 

�D�U�H�Q�¶�W recycling waste at all. While some are storing it in hazardous conditions, others 

�G�R�Q�¶�W�� �H�Y�H�Q�� �K�D�Y�H�� �W�K�H�� �F�D�S�D�F�L�W�\�� �W�R�� �K�D�Q�G�O�H�� �V�X�F�K�� �Z�D�V�W�H���� �D�V�� �S�H�U�� �E�\�� �W�K�H report of Union 

Environment ministry.    

 

1.2 Initiatives on building awareness in E-waste management 

 

The Ministry of Electronics and Information Technology (MeitY) has initiated 

an E-waste awareness programme under Digital India, along with industry associations 

from 2015, to create awareness among the public about the hazards of E-waste recycling 

by the unorganised sector, and to educate them about alternate methods of disposing 

their E-waste. 

 

The programme stresses the need for adopting environment friendly E-waste 

recycling practices. The programme has adopted the best practices for E-waste 

recycling available globally, so that this sector could generate jobs as well as viable 

business prospects for locals. 

 

1.3.1 Categories of E-waste: 

 

. It covers six waste categories: 

 1. Temperature exchange equipment, more commonly referred to as cooling and 

freezing equipment. Typical equipment includes refrigerators, freezers, air 

conditioners, heat pumps.  

2. Screens, monitors. Typical equipment includes televisions, monitors, laptops, 

notebooks, and tablets.  
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3. Lamps. Typical equipment includes fluorescent lamps, high intensity discharge 

lamps, and LED lamps.  

4. Large equipment. Typical equipment includes washing machines, clothes dryers, 

dish-washing machines, electric stoves, large printing machines, copying 

equipment, and photovoltaic panels.  

5. Small equipment. Typical equipment includes vacuum cleaners, microwaves, 

ventilation equipment, toasters, electric kettles, electric shavers, scales, 

calculators, radio sets, video cameras, electrical and electronic toys, small 

electrical and electronic tools, small medical devices, small monitoring and control 

instruments.  

6. Small IT and telecommunication equipment. Typical equipment includes mobile 

phones, Global Positioning Systems (GPS), pocket calculators, routers, personal 

computers, printers, telephones.  

Each product of the six E-waste categories has a different lifetime profile, 

which means that each category has different waste quantities, economic values, as well 

as potential environmental and health impacts, if recycled inappropriately. 

Consequently, the collection and logistical processes and recycling technology differ 

�I�R�U���H�D�F�K���F�D�W�H�J�R�U�\�����L�Q���W�K�H���V�D�P�H���Z�D�\���D�V���W�K�H���F�R�Q�V�X�P�H�U�V�¶���D�W�W�L�W�X�G�H�V���Z�K�H�Q���G�L�V�S�R�V�L�Q�J���R�I���W�K�H��

electrical and electronic equipment also vary. 

 

1.3.2 E-waste & its components 

E-waste normally contains valuable, as well as potentially toxic materials. The 

composition of E-waste depends strongly on factors such as the type of electronic 

device, the model, manufacturer, date of manufacture, and the age of the scrap. Scrap 

from IT and telecommunication systems contain a higher amount of precious metals 

than scrap from household appliances. For instance, a mobile phone contains more than 

40 elements, base metals such as copper (Cu) and tin (Sn); special metals such as 

lithium (Li) cobalt (Co), indium (In), and antimony (Sb); and precious metals such as 

silver (Ag), gold (Au), and palladium (Pd). Special treatment of E-waste should be 

considered to prevent wasting valuable materials and rare elements. Materials such as 

gold and palladium can be mined more effectively from E-waste compared to mining 

from ore. By contrast, E-waste contains PBDEs, which are flame retardants that are 

mixed into plastics and other components. Circuit boards found in most of the electronic 

devices may contain arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb), mercury 
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(Hg), and other toxic chemicals. Typical printed circuit boards treated with lead solder 

in electronic devices contain approximately 50 g of tin-lead solder per square meter of 

circuit board. Obsolete refrigerators, freezers, and air conditioning units contain ozone 

depleting Chlorofluorocarbons (CFCs). The prominent materials such as barium, 

cadmium, copper, lead, zinc, and other rare earth metals are contained in end-of-life 

(EOL) cathode ray tubes (CRTs) in computer monitors, and televisions. For example, 

items such as leaded glass provide protection against X-rays produced in the picture 

projection process in CRTs. The average lead in CTR monitors is 1.6-3.2 kg. Thus, the 

US and other developed countries in the EU and Japan have banned the disposal of 

cathode ray tubes in landfills because of their toxic characteristics. A critical challenge 

in designing and developing strategies to manage E-waste is the changing composition 

of the many constituents due the advancement of technology, particularly in the 

electronic components. It is against this background that E-waste recycling and disposal 

methods ought to keep pace with the changing composition of E-waste. Several factors 

influence the composition of E-waste, including economic conditions, availability of a 

reuse market, and infrastructure of the recycling industry, waste segregation programs, 

and regulation enforcement.  

 
Fig. 1.6 Distinctive materials in a WEEE 

Electronic waste consists of a large number of components of various sizes and 

shapes, some of which contain hazardous components that need be removed for 

separate treatment. Major categories of hazardous materials and components of WEEE 

that have to be selectively treated are shown in Table1.1. 
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Table1.1 Major Hazardous Components in Waste Electric & Electronic Equipment 

Materials and 

Components 
Description 

Batteries A large proportion of heavy metals such as lead, mercury, and cadmium 

is present in batteries 

Cathode ray tubes 

(CRTs) 

Lead in the cone glass and fluorescent coating over the inside of panel 

glass 

Mercury containing 

components, such as 

switches 

Mercury is basically used in thermostats, sensors, relays, and switches 

(e.g. on Printed Circuit Boards and in measuring equipment and 

discharge lamps). Furthermore, it is used in medical equipment, data 

transmission, telecommunication, and mobile phones 

Asbestos waste Asbestos waste has to be treated selectively 

Toner cartridges, 

liquid and pasty, as 

well as colour toner 

Toner and toner cartridges may contain hazardous chemicals that are 

moderately toxic if acute exposure occurs 

Printed Circuit Boards 
In Printed Circuit Boards, lead, and cadmium are common in solder; 

cadmium occurs in certain components, such as SMD chip resistors, 

infrared detectors, and semiconductors 

Polychlorinated 

biphenyl (PCB) 

containing capacitors 

PCB-containing capacitors have to be removed for safe destruction 

Liquid Crystal 

Displays (LCDs) 

Lead and mercury occur in LCDs, especially for old designs. LCDs of a 

surface greater than 100 cm2 have to be removed from WEEE 

Plastics containing 

halogenated flame 

retardants 

During incineration/combustion of the plastics, halogenated flame 

retardants can produce toxic components 

Equipment containing 

CRC HCFC or HFCs 

The CFC present in the foam and the refrigerating circuit must be 

properly extracted and destroyed; HCFC or CFCs present in the foam 

and refrigerating circuit must be properly extracted and destroyed or 

recycled 

Gas discharge lamps The mercury has to be removed 
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Flame retardants are widely used in plastics to prevent or delay a developing 

fire in electronic equipment. According to the report from the Association of Plastics 

Manufacturers in Europe, about 12% of all plastics used in the electric and electronic 

equipment contains flame retardants, mainly television housing, computer monitors, 

and cases. In the consumer electronic equipment sector, up to 55% of plastics is treated 

with flame retardants. 

 

From the point of material composition, electronic waste can be defined as a 

mixture of various metals, particularly copper, aluminium, and steel, attached to, 

covered with, or mixed with various types of plastics and ceramics. Precious metals 

have a wide application in the manufacture of electronic appliances, serving as contact 

materials due to their high chemical stability and their good conducting properties. 

Platinum group metals are used among other things in switching contacts (relays, 

switches) or as sensors to ascertain the electrical measure and as a function of the 

temperature. 

 

Table1.2 gives examples of the metal composition of different electronic scraps. 

It is clear that electronic waste varies considerably in age, origin, and between the 

different manufacturers. There is no average scrap composition, even the values given 

as typical averages actually only represent scrap of a certain age and manufacturer. 
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Table1.2 Mass Composition of Metals for Different Electronic Scrap Samples 

Electronic waste Mass (%) Mass (mg kg�í1) 
 

Fe Cu Al  Pb Ni Ag Au Pd 

TV board scrap 28 10 10 1.0 0.3 280 20 10 

PC board scrap 7 20 5 1.5 1 1000 250 110 

Mobile phone scrap 5 13 1 0.3 0.1 1380 350 210 

Portable audio scrap 23 21 1 0.14 0.03 150 10 4 

DVD player scrap 62 5 2 0.3 0.05 115 15 4 

Calculator scrap 4 3 5 0.1 0.5 260 50 5 

PC mainboard scrap 4.5 14.3 2.8 2.2 1.1 639 566 124 

Printed circuit boards scrap 12 10 7 1.2 0.85 280 110 �± 

TV scrap (CRTs removed) �± 3.4 1.2 0.2 0.038 20 &lt;10 &lt;10 

Electronic scrap 8.3 8.5 0.71 3.15 2.0 29 12 �± 

PC scrap 20 7 14 6 0.85 189 16 3 

Typical electronic scrap 8 20 2 2 2 2000 1000 50 

E-scrap sample 1 37.4 18.2 19 1.6 �± 6 12 �± 

E-scrap sample 2 27.3 16.4 11.0 1.4 �± 210 150 20 

Printed circuit boards 5.3 26.8 1.9 �± 0.47 3300 80 �± 

E-scrap (1972 sample) 26.2 18.6 �± �± �± 1800 220 30 

Nokia cell phones 8 19 9 0.9 1 9000 �± �± 

�1�R�W�H���W�K�D�W���³�±�´���G�H�Q�R�W�H�V���Q�R�W���U�H�S�R�U�W�H�G�� 

The value distributions Vi for different electronic scrap samples were 

calculated by using the following equation: 

Here ton refers to a US short ton which is equivalent to 0.9072 metric tonnes. 

�9�L� �������:�W�L�3�U�L�™�:�W�L�3�U�L 
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where Wti is the mass percent of metal i in the electronic scrap sample (as shown 

in Table ), Pri is the current price of metal i. The metal price data are from London 

Metal Exchange (LME) official prices for cash seller and settlement or London Fix 

Prices (precious metals) on the 4th of May 2010. 

 

Table 1.3 Calculated Value Distribution for Different Electronic Scrap Samples 

Electronic waste Value-share (%) 

Fe Cu Al  Pb Ni Ag Au Pd 

Prices�Û ($/ton) 500 7175 2164 2129 25650 601500 38,100,000 17,000,000 

TV board scrap 6 32 10 1 3 8 33 7 

PC board scrap 0 10 1 0 2 4 69 13 

Mobile phone 

scrap 

0 5 0 0 0 4 71 19 

Portable audio 

scrap 

5 69 1 0 0 4 17 3 

DVD player scrap 22 25 3 0 1 5 40 5 

Calculator scrap 1 8 4 0 5 6 73 3 

PC mainboard 

scrap 

0 4 0 0 1 2 85 8 

Printed circuit 

boards scrap 

1 13 3 0 4 3 76 �± 

TV scrap (CRTs) 

removed) 

�± 82 9 1 3 4 �± �± 

Electronic scrap 2 35 1 4 30 1 27 �± 

PC scrap 5 25 15 6 11 6 30 3 

Typical electronic 

scrap 

0 3 0 0 1 3 90 2 

E-scrap sample 1 8 54 17 1 �± �± 19 �± 

E-scrap sample 2 2 15 3 0 �± 2 74 4 

Printed circuit 

boards 

0 27 1 �± 2 28 43 �± 

E-scrap (1972) 

sample) 

1 12 �± �± �± 9 73 4 

Nokia cell phones 1 19 3 0 4 74 �± �± 

 

It is obvious that the copper and precious metals make up more than 80% of the 

value for most of the E-waste samples. It indicates that the recovery of precious metals 

and copper may remain as the major economic driver for a long time. However, it 
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should be pointed out that the precious metals content have gradually decreased in 

concentration in scrap. This is due to the falling power consumption of modern 

switching circuits and the rising clock frequency (surface conduction). Although the 

�F�R�Q�W�D�F�W�� �O�D�\�H�U�� �W�K�L�F�N�Q�H�V�V�� �L�Q�� �W�K�H�� ���������V�� �Z�D�V�� �L�Q�� �W�K�H�� �U�H�J�L�R�Q�� �R�I�� ���� �W�R�� �������� ���P���� �L�Q�� �P�R�G�H�U�Q��

appliances today this is between 300 and 600 nm (gold wafer). 

 

1.4 E-waste generation 

The major problem associated with E-waste management is its ever increasing 

quantum. However, the E-waste quantities represent a small percentage of the overall 

municipal solid waste (MSW). Data on E-waste generation may vary between areas of 

a country because of the definitions of waste arising, technological equipment used, the 

consumption patterns of the consumers, and changes in the living standards across the 

globe. Global E-waste generated per year amounts to approximately 20-25 million tons, 

most of which is being produced in rich nations such as the United States (US) or 

European Union member countries. The US, is the largest generator of E-waste, with a 

total accumulation of 3 million tons per year; and China is the second largest, producing 

2.3 million tons each year. Brazil generates the second greatest quantity of E-waste 

among emerging countries. 

In Malaysia, the volume of E-waste generated is estimated at roughly 0.8-1.3 

kg of waste per capita per day, with an increasing trend of E-waste generation, which 

rose to 134,000 tons in 2009. Furthermore, the volume of E-waste in Malaysia is 

expected to rise to 1.1 million metric tons in 2020, at an annual rate of 14%. In South 

Africa and China, E-waste production from old computers will increase by 200-400% 

from 2007 to 2020, and by 500% in India. In this same period E-waste from televisions 

will be 1.5-2 times higher in China and India; whereas in India, E-waste from discarded 

refrigerators will double or triple by 2020. For India, the volume of E-waste generated 

is 146,000 tonnes per year. However, these data only include E-waste generated 

nationally and do not include waste imports (both legal and illegal) which are 

substantial in emerging economies such as India and China. The reason is that large 

amount of WEEE enters India from foreign countries without paying any duty in the 

name of charity. The rate at which the E-waste volume is increasing globally is 5 to 

10% yearly. 
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1.4.1 Impacts of E-waste 

�7�K�H���X�Q�F�R�Q�W�U�R�O�O�H�G���U�H�F�\�F�O�L�Q�J���R�I���:�(�(�(���N�Q�R�Z�Q���D�V���³�E�D�F�N�\�D�U�G���U�H�F�\�F�O�L�Q�J�´���E�\���W�K�H���V�R-

called informal sector is the main concern in non-OECD countries such as India, China, 

etc. Informal recycling is the most pressing environmental issue associated with E-

waste. Relevant case-studies about informal recycling of E-waste performed by pointed 

out that primitive tools and methods such as open burning of plastic waste, exposure to 

toxic solders, and acid baths to recover valuable materials and components from WEEE 

with li ttle or without safeguards to human health and the environment result in the 

pollution of the land, air, and water. Guiyu in Guangdong Province, China, is one of 

the widely known examples of a center of improper recycling of printed circuit boards. 

Health effects of crude E-waste disposal methods have been reported. These include 

elevated levels of exposure of toxins in air, soil, water, and human tissue. This is 

because there are no criteria for reusability and no legally binding guidelines aimed at 

providing a common understanding practices of handling in developing and transition 

countries to manage E-waste. Besides Guiyu, there are several lesser printed circuit 

board recycling areas in Guangdong Province, such as in Guangzhou, Dongguan, 

Foshan, Shunde, Zhongshan, and Shenzhen. 

Recycling of E-waste scrap is polluting not only the water but also the soil and the air. 

A recent study on recycling of E-waste pointed out that the increasing concentrations 

of persistent organic pollutants (POPs), such as polychlorinated dibenzo-p-dioxins 

dibenzofurans (PCDD/Fs), PBDEs, polycyclic aromatic hydrocarbons (PAHs), and 

PCBs, and heavy metals were detected in the Guiyu air because of incomplete 

combustion of E-waste. Higher concentrations of POPs and heavy metals compounded 

more favorable conditions for severe pollution of soils. Other environmental pollutions 

accrued from recycling printed circuit boards have been observed in some areas in 

Vietnam. A multitude of health consequences may result from prolonged exposure to 

these hazardous materials, such as negative birth outcomes, cancer, long-term and 

permanent neurologic damage, and end-organ disease of the thyroid, lungs, liver, and 

kidneys. Significant environmental impacts and risks on workers by crude disposal 

processes were analyzed across Indian cities, such as Bangalore, outlining the 

increasing concentration of elements such as Cu, Zn, In, Sn, Pb, and bismuth (Bi) in 

soil near informal recycling shops. As a result, increasing concentrations of Cu, Sb, Bi, 

Cd, and Ag were reported in the hair samples of the workers. The lax or zero 

enforcement or implementation of existing regulatory framework or low level of 
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awareness and sensitization, and inadequate occupational safety for those involved in 

these processes exacerbate E-waste management in developing countries compared to 

the EU and Japan, which have well-developed initiatives at all levels aimed at changing 

consumer behavior. Therefore, there is need for developing countries to adopt effective 

strategies to encourage re-use, refurbishing or recycling E-waste in specialized facilities 

to prevent environmental contamination and human health risks. 

 

1.4.2 Effects of E-waste 

E-waste has come under attack in recent years due to its negative effects on the 

environment and human health. It is often considered an overlooked epidemic, as the 

long-term impact of this waste is still unclear. When E-waste is warmed up, toxic 

chemicals are released into the air damaging the atmosphere. The damage to the 

atmosphere is one of the biggest environmental impacts from E-waste. When electronic 

waste is thrown away in landfills, their toxic materials seep into groundwater, affecting 

both land and sea animals. 

1.4.2.1 Effect on soil: 

 E-waste can have a damaging effect on the soil of a region. As E-waste breaks 

down, it releases toxic heavy metals. Such heavy metals include lead, arsenic, and 

cadmium. When these toxins leach into the soil, they influence the plants and trees that 

are growing from this soil. Thus, these toxins can enter the human food supply, which 

can lead to birth defects as well as a number of other health complications. 

1.4.2.2 Effect on water bodies: 

E-waste that is improperly disposed of by residents or businesses also leads to 

toxins entering groundwater. This groundwater is what underlies many surface streams, 

ponds, and lakes. Many animals rely on these channels of water for nourishment. Thus, 

these toxins can make these animals sick and cause imbalances in the planetary 

ecosystem. It can also impact humans that rely on this water. Toxins like lead, barium, 

mercury, and lithium are also considered carcinogenic. 

1.4.2.3 Effect on air: 

When E-waste �L�V���G�L�V�S�R�V�H�G���R�I���D�W���W�K�H���O�D�Q�G�I�L�O�O�����L�W�¶�V���X�V�X�D�O�O�\���E�X�U�Q�H�G���E�\���L�Q�F�L�Q�H�U�D�W�R�U�V��

on site. This process can release hydrocarbons in the atmosphere, which pollutes the air 

that many animals and humans rely on. Furthermore, these hydrocarbons can contribute 

to the greenhouse gas effect, which many scientists think is a leading contributor to 

global warming. In some parts of the world, desperate people sift through landfills in 
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order to salvage E-waste for money. Yet, some of these people burn unwanted parts 

like wires in order to extract copper, which can lead to air pollution as well. 

1.4.2.4 Effect on humans: 

Electronic waste affects nearly every system in the human body because the 

materials that make up E-waste contain a plethora of toxic components, 

including mercury, lead, cadmium, polybrominated flame retardants, 

barium, and lithium. Even the plastic casings of electronic products contain polyvinyl 

chloride. The health effects of these toxins on humans include birth defects and damage 

to the brain, heart, liver, kidney and skeletal system. They will also significantly affect 

the human body�¶�V���Q�H�U�Y�R�X�V���D�Q�G���U�H�S�U�R�G�X�F�W�L�Y�H���V�\�V�W�H�P�V�� 

 

Fig. 1.7. Motherboards, plastic CPU and ceramic CPU recycling plant flowsheet 
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1.5 Treatment Methods Available: 

Land Filling  

This is the most common methodology of E-waste disposal. Soil is excavated 

and trenches are made for burying the E-waste in it. An impervious liner is made of 

clay or plastic with a leachate basin for collection and transferring the E-waste to the 

treatment plant. However, landfill is not an environmentally sound process for 

disposing off the E-waste as toxic substances like cadmium, lead and mercury are 

released inside the soil and ground water. 

Acid Bath 

Acid bath involves soaking of the electronic circuits in the powerful sulphuric, 

hydrochloric or nitric acid solutions that free the metals from the electronic pathways. 

The recovered metal is used in the manufacturing of other products while the hazardous 

acid waste finds its ways in the local water sources. 

Incineration 

This is a controlled way of disposing off the E-waste and it involves combustion 

of electronic waste at high temperature in specially designed incinerators. This E-waste 

disposal method is quite advantageous as the waste volume is reduced extremely much 

and the energy obtained is also utilized separately. However, it is also not free from 

disadvantages with the emission of the harmful gases mercury and cadmium in the 

environment. 

Recycling of E-waste 

Mobile phones, monitors, CPUs, floppy drives, laptops, keyboards, cables and 

connecting wires can be re-utilized with the help of the recycling process. It involves 

dismantling of the electronic device, separation of the parts having hazardous 

substances like CRT, printed circuit boards  etc. and then recovery of the precious 

metals like copper, gold or lead can be done with the help of the efficient a powerful E-

waste recycler. The most crucial thing here is choosing the right kind of recycler that 

does not break laws and handle the E-waste in the eco-friendly manner. 

Nowadays, there are many E-waste recycling companies coming up with the 

pickup facilities collecting obsolete electronic items from your homes. Moreover, they 

are also running several recycling programs for the users, retailers and manufacturers 

for the collection of the electronics. Certain agencies such as EPA, Earth 911, e-Cycling 

Center, Call2Recycle, Greener Gadgets and Electronic Industries Alliance are the 

additional resources for helping people in finding the nearby drop off locations. 
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Fig.1.8 Treatment process 

1.6 Reuse of Electronic Devices 

This is the most desirable E-waste recycling process where with slight 

modifications the mobile phones, computers, laptops, printers can be reused or given 

as second hand product to the other person. The old electronic equipment can also be 

donated in the various charity programs and thus helping the persons in need. Moreover, 

there is a better way also by selling the old mobile phones or laptops to the some 

recycling and refurbishing companies. Several websites are acting as the middleman 

between recyclers and electronic users. It is a win-win situation for the users as they 

not only get ride off the old mobile phones but also get paid after reselling it. 

 

1.7 Objectives and Scope of Investigation: 

 The E-waste collected from a local dealer is crushed and passed through 

4.75mm sieve. Then this waste is added to the soil collected at Gudlavalleru. 

Throughout the work, the tests are conducted with 2%, 4%, 6% and 8% of E-waste.  

The above percentages are chosen in terms of dry weight of the soil. 

The important properties considered in this investigation are: 

1. Liquid limit  

2. Plastic limit  

3. Sieve Analysis 

4. Maximum dry density(MDD) 

5. Optimum moisture content(OMC) 

6. Unconfined Compression Strength 
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1.8 Review of Literature 

Soil stabilization may be defined as the alteration of the properties of an existing 

soil to meet specified engineering requirements. The main properties that may require 

to be altered by stabilization are strength, volume stability, durability and permeability. 

Eventually, all the structure rest on soil foundation where the main objective is to 

increase the stability of soil and to reduce the construction cost. Now�±a-days, the 

utilization of waste product with soil has gained attention due to the increasing 

problems of waste management. In India, 44.7 million ton of E-waste was generated as 

per 2016 survey. E-waste was generated at the rate of 2.2 million ton per year. Usually, 

E-waste should be managed by 5Rs approach. E-waste is reused as soil stabilizer. The 

soil sample was collected from Darasuram, Thanjavur District [1]. This soil was 

classified as well graded soil from particle size distribution curve. Different dosage of 

E-waste i.e., 1%, 2% and 3% were used to stabilize the soil. The performance of E-

waste stabilized soil was evaluated using index and strength properties tests namely: 

specific gravity, sieve analysis, liquid, plastic and shrinkage limit, standard proctor test 

and California Bearing Ratio. From the result, the CBR value is increased up to 2% 

beyond this percentage the value is decreased. 

In general, clayey soil was used as soil material or embankment material for 

increasing road way level before road structure being constructed. Some types of clay 

are expansive soil, �L�W�¶�V have been contributing to pavement failures and subsequently 

causing increased annual maintenance expenditure of the road. The pavements 

design/redesign methods are found to be the primary cause of these failures. Thus, it is 

quite important to propose the utilization of waste plastic and waste glass on soil 

subgrade improvement and then contributing decreased of pavement failures. [2] Hence 

the engineering properties on utilizing waste plastic High Density Polyethylene 

(HDPE) and waste crushed glass as additive on subgrade improvement was evaluated. 

The research were conducted on soil engineering properties, standard compaction, four 

days soaked California Bearing Ratio (CBR) and Triaxial test to some clayey soil 

samples from various sites in Kuantan. The 4 days soaked CBR of clayey soil samples 

were prepared at optimum water content. The variation of additive content on stabilized 

soil: 4%, 8%, 12% by dry total weight of soil sample respectively. The chemical 

element was investigated by Integrated Electron Microscope and Energy-Dispersive X-

Ray Spectroscopy (SEM-EDS). Test results were shown that engineering properties 
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and CBR on stabilized clayey samples were increased when the content of waste HDPE 

and Glass were increased. 

Soil stabilization is a process which improves the physical properties of soil, 

such as increasing shear strength, bearing capacity etc. which can be done by use of 

controlled compaction or addition of suitable admixtures like cement, lime and waste 

materials like fly ash, phosphor gypsum etc. The new techniques of soil stabilization 

can be effectively used to meet the challenges of society, [3] to reduce the quantities of 

waste, producing useful material from non-useful waste materials. Plastic such as 

shopping bags are used to as a reinforcement to perform the CBR studies while mixing 

with soil for improving engineering performance of sub grade soil. Plastic strips 

obtained from waste plastic were mixed randomly with the soil. A series of California 

Bearing Ratio (CBR) tests were carried out on randomly reinforced soil by varying 

percentage of plastic strips with different lengths and proportions. Results of CBR tests 

demonstrated that inclusion of waste plastic strips in soil with appropriate amounts 

improved strength and deformation behavior of sub grade soils substantially. 

Stabilization is a method adopted to modify the undesirable properties of 

expansive soil to utilize the soil in an effective way by improving the strength and 

subsequently, the stability of the soil occurs. In order to obtain the desired 

characteristics, an experimental study [4] has been carried out to assess the beneficial 

effect of different percentages of lime, calcium chloride and fly ash on the strength 

characteristics of expansive soil in the area of study in East Godavari District, Andhra 

Pradesh, India. The quantity of lime, calcium chloride was varied from 0% to 6% with 

an increment of 2% and fly ash was varied from 0% to 25 % with an increment of 5% 

by dry weight of soil. The study reveals the influence of different prominent additives 

on expansive soil by a comparative analysis of their impact on strength characteristics. 

The black cotton soil is a type of problematic expansive soil which causes many 

problems in the construction of structures founded on them. It is having a swelling and 

impervious nature with poor geotechnical subgrade characteristics. An approach [5] 

was made towards the way of improvement in the various geotechnical properties of 

black cotton soil such as index properties, swelling characteristics, consolidation 

characteristics, hydraulic conductivity characteristics and strength characteristics by 

blending it with waste materials such as river sand, fly ash and marble dust. Hence, 

from these approaches, the impact of waste materials on the environment was reduced 
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due to optimum utilization of these waste materials in the improvement in various 

properties of black cotton soil. 

Black cotton soil is a typical expansive soil which loses its strength in presence 

of water resultant in swelling of the soil and in absence of water it shows multiple cracks 

due to shrinkage. The strength behaviour of Black cotton soil [6] treated with calcium 

chloride (CaCl2) was described. From the immediate compaction and unconfined 

compressive strength test up to 30 days of curing, it was observed that Black Cotton 

Soil with 3% CaCl2 (by weight of soil) combination found to be optimum percentage. 

Direct shear test was conducted under soaked condition with various curing periods, 

Safe Bearing Capacity was determined as per IS codal practice. An approach was also 

made to give a comparison of improvement in factor of safety of the black cotton soil 

treated with calcium chloride with black cotton soil alone. It was found that addition of 

3% calcium chloride has shown higher factor of safety with higher curing periods for 

an embankment slope of 1:2.5. 

Investigation on the feasibility of utilizing the industrial by-product copper slag 

as a stabilizer in the expansion soil where swelling characteristics are higher and causes 

severe damage to the structure and road pavement. The study [7] has been extended to 

identify the adequate percentage of copper slag additive in the strength enhancement of 

clay soil. Three different fractions were experimented in the process of stabilization viz. 

10%, 20% and 30% of copper slag and accordingly the results of Maximum Dry 

Density (MDD), Optimum Moisture Content (OMC) and California Bearing Ratio 

(CBR) are compared with the ASTM and Indian standards for the design requirements 

of sub-grade for the flexible pavement. The results show that the combination of 70% 

clay soil and 30% copper slag is the compatible stabilization ratio which increases all 

the desirable characteristics of sub-grade requirements. 

Lack of adequate road network to cater to the increased demand and increased 

distress in roads leading to frequent maintenance has always been a big problem in 

Karnataka state. Evolving new construction materials to suit various traffic and site 

conditions for economic and safe design was a challenging task in road construction. 

Effective utilization of local weak soils by imparting additional strength using 

stabilization materials enable reduction in construction cost and improved performance 

for roads. Exploring the feasibility of such materials for subgrade and embankment 

stabilization will help the road building sector to evolve a stronger, durable and 

economic design. Soil layers below embankments need to provide structural stability 
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to support traffic-loads imposed upon them. Soil subgrade when found weak and 

unsuitable to carry loads from pavement layers, soil subgrade needs to be stabilized. 

Use of stabilizers such as coir fiber may improve load carrying capacity of subgrade 

soil, which also acts as reinforcing material. The test results [8] indicated that the 

inclusion of fiber reinforcement with black cotton soil, cemented black cotton soil 

caused an increase in the unconfined compressive strength (UCS), increases axial strain 

�D�W�� �I�D�L�O�X�U�H���� �G�H�F�U�H�D�V�H�G�� �W�K�H�� �V�W�L�I�I�Q�H�V�V���� �D�Q�G�� �F�K�D�Q�J�H�G�� �W�K�H�� �V�R�L�O�¶�V�� �E�U�L�W�W�O�H�� �E�H�K�D�Y�L�R�X�U�� �W�R�� �D�� �P�R�U�H��

ductile one. The bond strength and friction at the interface may be the dominant 

mechanism controlling the reinforcement benefit. 

The recent development in the use of advanced composites in the improvement 

of soil is increasing on the basis of specific requirements and national needs. 

Particularly for black cotton soil which have high swelling and shrinkage tendencies, 

demands great deal of attention for stabilization. Various techniques are available for 

stabilization of black cotton soil. Here as a further step towards the innovative material 

to be used for stabilization, to use industrial waste material [9] like Electric Arc Furnace 

Dust (EAFD) and dolime fine for the soil improvement was endeavored. One of the 

most important problems encountered in steel foundries throughout the world is the 

management of the dusts produced from the electric arc furnaces. In a typical electric 

arc furnace operation, approximately 2% of the charge is converted to dust. Electric arc 

furnace dust generated during steel production is regarded as a hazardous waste because 

of the presence of significant amounts of leachable compounds of heavy metals such as 

Zn and Pb. During the crushing process of dolomite stone fine particle is generated 

known as dolime fine which is disposal as industrial waste. An attempt has been made 

to evaluate the effect of waste addition in black cotton soil for improvement of 

geotechnical property by performing various laboratory test by varying the proportion 

of industrial waste to find the optimum mixture for use in geotechnical construction 

work. 

The production of electronic waste is rapidly increasing with the updates in 

technological world being developed on a daily basis, making the predecessors 

obsolete. Improper handling of E-waste has made it a major contributor towards waste 

generation and a potential threat to the environment. [10] An attempt was made to 

provide two solutions, one towards soil stabilization and second towards handling E-

waste effectively. Focus on using the E-waste, processed in a powdered form along 

with soil and comparing the improvement in geotechnical properties was made. Tests 
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were conducted to identify the properties of materials being used, and also over 

combination of soil with E-waste at different percentages such as 3, 6, 9 and 12. Apart 

from basic soil tests, the samples were subjected to shear strength, unconfined 

compression and CBR tests. Results indicate a healthy increase in properties like shear 

strength, stability of the soil against failure of slopes. 

Plastic wastes have become one of the major problems for the world. The 

harmful gas which is being produced by them leads to tremendous health related 

problems. So, effective engineering implementation of this has become one of the 

challenging jobs for engineers. In recent years, researchers from various fields have 

attempted to solve environmental problems caused by the production of non-

biodegradable wastes like plastic. Using a geotechnical viewpoint, proposal of partial 

solution to a major item which piles up in the wastages i.e. Plastic was made. But the 

primary objective [11] was to examine the potential capability of soil stabilization using 

plastic cover wastes. Various tests such as Standard Proctor, UCC were carried out with 

different samples to determine the effect of plastic fibers in silty clay. The initial results 

obtained were promising and supporting the fact of achieving stability of the soil. The 

advantages resulted in three folds- Utilization of natural resource (silty clay), Economy, 

and waste management. Mixing of plastic waste with expansive soil helps to mitigate 

the volume change behavior of silty clay. Thus the material which was considered as a 

curse to the environment has turned out to be a boon to the civil engineering community. 

Black cotton (BC) soils are known to be potential expansive soils. The BC soils 

are considered problematic and sometimes as natural potential hazard as they result in 

extensive damage to civil structures because of excessive seasonal volumetric 

variations (swelling and shrinkage). The widespread ubiquitous black cotton soils 

around the world and their geotechnical challenges to structures require a clear 

knowledge of their peculiar properties to enable effective utilization of BC soils by 

suitable alterations for engineering purposes. In this context a small attempt [12] was 

made in stabilization of black cotton soils with natural granite waste powder obtained 

from the building stones industry. This topic was chosen to safeguard the environment 

by using natural material for stabilization of the expansive soils. The results regarding 

engineering and index properties of the BC soils are encouraging. A proposal to 

undertake the further research in this regard to experiment with various size fractions 

of the granite powder was made. 
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With the increasing of population and the reduction of available land, more and 

more construction of buildings and other civil engineering structures have to be carried 

out on weak or soft soil. Owing to such soil of poor shear strength and high swelling & 

shrinkage, a great diversity of ground improvement techniques such as soil stabilization 

and reinforcement are employed to improve mechanical behavior of soil, thereby 

enhancing the reliability of construction. Black cotton soil is one of the major soil 

deposits of India. They exhibit high swelling and shrinking when exposed to changes 

in moisture content and hence have been found to be most troublesome from 

engineering considerations. Stabilization occurs [13] when lime is added to black cotton 

soil and a pozzolanic reaction takes place. The hydrated lime reacts with the clay 

particles and permanently transforms them into a strong cementations matrix. Black 

cotton soil which shows low to medium swelling potential from Rajkot Gujarat was 

used for determining the basic properties of the soil. Changes in various soil properties 

such as Liquid limit, Plastic Limit, Maximum Dry Density, Optimum Moisture Content, 

and California Bearing Ratio were studied. 

 

The black cotton soil is used as construction material whose bearing capacity is 

extremely low. This soil is clayey in nature which undergoes volumetric changes with 

a change in moisture content. Swelling and Shrinkage of these soil cause damage to the 

pavement of road, buildings, retaining structures etc. Therefore to improve the strength 

properties of the black cotton soil by adding E-waste was [14] studied. The addition of 

E-waste results in increased strength and increased safe bearing capacity. Here, the E-

waste act as engineering properties improving agent. 

 

Soil Stabilization is the phenomenon which deals with modifying the properties 

of soil (Index & Engineering) to improve its performance. Stabilization is being used 

for a variety of engineering works either in its natural form or in a processed form. 

Eventually all structures rest on soil foundation where the main objective is to increase 

the strength or stability of soil and to reduce the construction cost. Now-a-days the 

utilization of waste products with soil has gained attention due to the increasing 

problems of waste management [15]. The results of an experimental program 

undertaken to investigate the effect of E-waste at different dosages on black cotton soil 

was presented. Different dosages of E-waste i.e. 2%, 5% and 8% were added in the soil. 

The performance of E-waste stabilized soil was evaluated using physical and strength 
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�S�H�U�I�R�U�P�D�Q�F�H�� �W�H�V�W�V�� �Q�D�P�H�O�\�� �$�W�W�H�U�E�H�U�J�¶�V�� �O�L�P�L�W���� �V�S�H�F�L�I�L�F�� �J�U�D�Y�L�W�\���� �F�R�P�S�D�F�W�L�R�Q�� �W�H�V�W����

unconfined compressive test, California bearing ratio (CBR) and direct shear test. These 

tests were conducted in order to evaluate the improvement in the strength characteristics 

of the soil. From the results, unconfined compressive strength of specimen increased 

with an average of 2.41 kN/m2 for fixed dosage of E-waste. After performing direct 

�V�K�H�D�U���W�H�V�W�����W�K�H�U�H���Z�D�V���D�Q���L�P�S�U�R�Y�H�P�H�Q�W���L�Q���D�Q�J�O�H���R�I���I�U�L�F�W�L�R�Q�����N�������$�V���W�K�H���S�H�U�F�H�Q�W�D�J�H���R�I��E-

waste �L�Q�F�U�H�D�V�H�G�����N���L�Q�F�U�H�D�V�H�G�����$�V���E�H�D�U�L�Q�J���F�D�S�D�F�L�W�\���L�V���G�H�S�H�Q�G�H�Q�W���R�Q���&���D�Q�G���N�����L�W���Z�D�V���D�O�V�R��

observed that there is an increase in bearing capacity of the soil.   

 

�,�Q�G�L�D�� �K�D�V�� �E�H�H�Q�� �F�R�P�L�Q�J�� �L�Q�W�R�� �Y�L�H�Z�� �D�V�� �R�Q�H�� �R�I�� �W�K�H�� �Z�R�U�O�G�¶�V�� �I�D�V�W�H�V�W�� �J�U�R�Z�L�Q�J��

economies, which has brought it with a significant jump in construction activities. 

Hence, Structural Concrete Waste is increasing with the rapid growth in construction 

activities during construction process at construction sites and in plants, for the 

production of construction materials. In addition to this, with the rapid increase in 

generation of waste from plastics industry all around the world due to Changing 

Consumption, Production Patterns and Economic Growth. The world's annual 

consumption of plastic materials has increased from around 5 million tonnes in the 

1950s to nearly 100 million tonnes. Due to the large quantities of structural concrete 

waste and extremely long periods required for natural decomposition of waste plastic, 

they are often the most visible component in waste dumps and open landfills resulting 

in serious environmental problems. So depending on this, the object chosen was [16] 

�³�6�R�L�O�� �6�W�U�H�Q�J�W�K�H�Q�L�Q�J�� �8�V�L�Q�J�� �:�D�Vte Materials (Structural Concrete Waste and 

�3�R�O�\�S�U�R�S�\�O�H�Q�H���´�����$�Q���H�[�W�H�Q�V�L�Y�H���O�D�E�R�U�D�W�R�U�\���Z�R�U�N���K�D�Y�H���E�H�H�Q���F�D�U�U�L�H�G���R�X�W���I�R�U���X�W�L�O�L�]�D�W�L�R�Q���R�I��

fines obtained from structural concrete waste and waste fibres of polypropylene in the 

improvement of the various properties of the Clayey (CI) type of soil obtained from 

Chandigarh College of Engineering and Technology (CCET), Sector �± 26, Chandigarh. 

 

Expansive soil is one of the major soil deposits in India they exhibit high 

swelling and shrinkage when exposed to changes in moisture content and hence have 

been found to be most troublesome from engineering considerations. In this regard, [17] 

the expansive soil properties are found out. To this soil, as a first consideration, 

stabilized with copper slag adding at an interval of 5% reaching up to 30%. In second 

consideration, fly-ash is selected as a stabilizing agent to stabilize the expansive soil at 

an interval of 2%, reaching up to 10%. In the last consideration, sample of expansive 
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soil with 30% copper slag is taken to be stabilized with fly-ash at an interval of 

2%reaching up to 10%. Finally regression analysis for these test results was carried out. 

 

Soil stabilization means alteration of the soils properties to meet the specified 

engineering requirements. Methods for the stabilization are compaction and use of 

admixtures. Lime, Cement was commonly used as stabilizer for altering the properties 

of soils. From the recent studies [18] it was observed that, solid waste materials such as 

fly ash, rice husk ash are used for this intended purpose with or without lime or cement. 

Disposal of these waste materials is essential as these are causing hazardous effects on 

the environment. With the same intention literature review was undertaken on 

utilization of solid waste materials for the stabilization of soils. 

 

Soil stabilization may be defined as the alteration of the properties of an existing 

soil to meet specified engineering requirements. The main properties that may require 

to be altered by stabilization are strength, volume stability, durability, and permeability. 

In India, the black cotton soil covers an area of about 0.8 million sq. km. which is about 

20% of the total land area. It is considered as problematic soil due to detrimental volume 

changes with variation in moisture content. When it comes in contact with water it 

shows immense swelling whereas it shrinks with the decrease in water content and 

develops cracks on drying. Now a day the utilization of waste products with soil has 

gained attention due to the shortage of suitable soil and increasing problems of 

industrial waste management. Expansive soil samples [19] were collected from 

Badanavalu, Chamarajanagar district. This soil was classified as CH as per Indian 

Standard Classification System (ISCS). Different dosages of E-waste i.e. 3, 6, 9 and 12 

were used to stabilize the expansive soil. The performance of E-waste stabilized soil 

was evaluated using physical and strength performance tests namely; plasticity index, 

specific gravity, compaction, California bearing ratio (CBR) and Unconfined 

compressive strength Test (UCS). Based on strength performance tests, it was observed 

that replacement of E-waste increases the strength of expansive soils. It can be seen that 

Maximum soaked CBR value was found at addition of 6% E-waste when compared 

with native soil and the optimum value of maximum dry density and unconfined 

compressive strength was found at 6% E-waste. 
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A comparative study on strength characteristics of cohesive soil in different 

percentage of randomly inclusion of synthetic fibers. [20] Investigation of the strength 

characteristics of black cotton soil with processed synthetic fiber (polypropylene, 

polyethylene) were mixed with the soil at three different ratio of 1%fibre, 2%fibre, and 

3%fibre.Soil is compacted with standard proctors maximum density with low 

�S�H�U�F�H�Q�W�D�J�H���R�I���U�H�L�Q�I�R�U�F�H�P�H�Q�W�����$�W�W�H�U�E�H�U�J�¶�V���O�L�P�L�W�����&�%�5���W�H�V�W���D�Q�G���X�Q�F�R�Q�I�L�Q�H�G���F�R�P�S�U�H�V�V�L�R�Q��

test were conducted on reinforced soil to investigate the strength characteristics of soil. 

black cotton soils are causing number of damages to the structures particularly light 

buildings and pavements compare to other natural hazards like earthquake, floods, etc. 

thus, worldwide these soils are considered to be problematic soils and pose several 

challenges for engineers. Black cotton soil reinforced with synthetic fiber is a modified 

method developed in recent years because it is restraining the shrinkage tendency of 

soil. Use of synthetic fiber in civil engineering for improving soil properties is 

advantageous because they are cheap, locally available, bio degradable and eco-

friendly. 

 

Expansive soils (ES) tend to be problematic due to the alternate swelling and 

shrinkage they undergo following seasonal moisture changes. This behaviour of soil is 

attributed due to the presence of mineral Montmorillonite, which has an expanding 

lattice. Structures built in them are subjected to distress and as a result special 

foundations have to be adopted in these soils. Sand cushion, CNS cushion and under-

reamed piles are some of the foundations that are being used in this country to overcome 

the problems. Expansive soil treated with combination of Lime and GGBS was studied 

here [21]. The percentage variation of lime was 2, 4, 6 and 8 and for each percentage 

of Lime, GGBS was varied as 5, 10, 15 and 20 percentages. For each and every 

percentage of combination of Lime and GGBS Liquid Limit, Plastic Limit, compaction 

characteristics and CBR test and Tri-axial test (UU) were conducted. 

 

Expansive soils such as black cotton soil are very susceptible to detrimental 

volume changes, with changes in moisture. This behavior of soil is attributed to the 

presence of mineral Montmorillonite which has expanding lattice. Expansive soils 

because of their specific physical & chemical make are subjected to volume changes. 

Various remedial measures like soil replacement, prewetting, moisture control, lime 

stabilization etc have been practiced with varied degree of success. Extensive research 
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was going on to find the solutions to black cotton soils. Recent investigations on 

chemical stabilization revealed that strong electrolytes like potassium chloride, Ferric 

chloride can be used in place of conventionally used lime due to their ready 

dissolvability in water and supply of adequate cations for ready cation exchange. 

Experimentation was carried out to [22] investigate efficacy of ferric chloride and fly 

ash in improving the properties of black cotton soil. 

 

The objective is to explore the possibility of the utilization of construction & 

demolition waste(CDW) and marble waste (WM) powder for improving the 

engineering properties of expansive soil (black cotton soil). The effects of both 

construction-demolition waste (CDW) and waste marble powder at varying percentage 

(10%-50%) on the soil were examined individually by conducting a series of 

experiments. The comparative analysis of the effects of demolition waste and marble 

waste powder on the index and geotechnical properties of the soil was explained. Tests 

in this experimental program include Liquid limit, Plastic limit, Free swell index, 

Proctor field density and California bearing ratio (CBR) test. Experimental results [23] 

show remarkable improvement in the engineering properties of the black cotton soil 

when mixing with construction-demolition waste (CDW) and waste marble (WM) 

powder individually. 

 

The main objective is to examine the effect when addition of 0%, 3%, 6%, 9%, 

12% iron slag in the sandy soil for stabilization of soil and to determine its convenience, 

so this can be used in the construction of embankment, road and structural fills [24]. 

The iron slag is possessed from Jaipur Steel Plant and the soil is taken from the ground 

field of Panchyawala, Jaipur for assessing its appropriateness as a development material 

for different geotechnical works. Its various properties are tested i.e. consistency, 

compaction properties and strength parameter. The addition of iron slag effects the soil 

properties is examined and is collated with that of the simple soil. The whole testing 

was organized in 2 stages. In the previous stage, by performing Hydrometer analysis, 

Light compaction test and UCS test the study of physical engineering properties of the 

soil samples is done. In the another stage of the testing, sandy soil in which 0%, 3%, 

6%, 9%, and 12% of iron slag as percentage of dry weight of soil is added. 
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CHAPTER-2 

EXPERIMENTAL INVESTIGATIONS  

2.1 General  

In this investigation an attempt has been made to study the effect of the addition 

of the E-waste on the characteristic properties of the soil. The important properties 

considered in this report are plasticity characteristics, compaction and strength 

characteristics of local soil. These tests have been conducted on selected soil sample, 

E-waste mixtures of varying proportions.  

�x Plasticity Characteristics 

�¾ Liquid Limit 

�¾ Plastic Limit 

�¾ Plasticity Index 

�x Compaction Characteristics 

�¾ Max Dry Density 

�¾ Optimum Moisture Content  

�x Strength Characteristics 

�¾ Unconfined Compressive Strength 

2.2 Material Used 

  In this investigation, the details pertaining to soil and E-waste are described. 

2.2.1 Soil 

The soil used for this investigation is obtained from Gudlavalleru. The dry and 

pulverized material passing through I.S.4.75 mm sieve is taken for the study. The 

properties of the soil are given in Table 2���������7�K�H���V�R�L�O���L�V���F�O�D�V�V�L�I�L�H�G���D�V���µCH�¶���D�V���S�H�U���,��S. 

Classification (IS 1498:1978) indicating that it is Clay of high plasticity.  

 

2.2.2 E-waste 

E-waste taken is combination of mother boards (Computers & TV's) crushed 

into tiny solid particles. It is not soluble in water. The pulverized material passing 

through I.S.4.75 mm sieve is taken for study. 

 

2.3 Procedure for Mixing 

The soil from the site is dried and hand sorted to remove the pebbles and 

vegetative matter, if any. It was further dried and pulverized and sieved through a sieve 
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of 4.75mm to eliminate gravel fraction, if any. This dried sieved soil was stored in 

airtight containers ready for use for mixing as described below: 

The soil sample is mixed with different percentages of E-waste, from 0 to 8 per 

cent, in increments of 2 per cent. 

2.4 Tests Conducted 

The following tests have been conducted in this investigation. 

2.4.1 Plasticity Characteristics 

For the studying of the plasticity characteristics, Liquid Limit and plastic Limit 

tests have been carried out for the Soil under treated and untreated conditions. 

2.4.1.1 Liquid limit  

Liquid limit test is conducted on chosen soil sample. About 300g of an air-dried 

sample passing through 425-µ I.S. sieve is taken in a dish and mixed with certain 

amount of water to form a uniform paste. A portion of this paste is placed in the cup of 

the liquid limit device and surface is smoothened and levelling with a spatula to a 

maximum depth of 10 mm. A groove is cut through the sample along the symmetrical 

axis of the cup, preferably in one stoke, using a standard grooving tool. 

After the soil past has been cut by a proper grooving tool, the handle is turned 

at a rate of 2 revolutions per second until the two parts of the soil sample come into 

contact at the bottom of the groove along a distance of 12mm .About 15g of soil near 

the closed groove is taken for water content determination. The liquid limit is the water 

content at which the soil is sufficient fluid to flow when the device is given 25 blows. 

As it is difficult to get exactly 25 blows for the sample to flow ,the test is conducted at 

different water contents so as to get blows in the range of 10 to 40.The soil in the cup 

is transferred to the dish containing the soil paste and mixed thoroughly after adding 

more water. The soil sample is again taken in the cup of the liquid limit device and the 

test is repeated. 

 

2.4.1.2 Plastic limit 

About 30g of soil, passing through 425-µ I.S. Sieve, is taken in evaporating 

dish. It is mixed thoroughly with water till it becomes plastic, and can be easily molded 

with fingers. About 10g of the plastic soil mass is taken in one hand and a ball is formed. 

The ball is rolled with fingers on a glass plate to form a soil thread of uniform diameter. 

The rate of rolling is kept about 80 to 90 strokes per minute. If the diameter of the thread 
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becomes approximately 3mm and if it starts just crumbling that water content is known 

as the plastic limit. 

2.4.1.3 Plasticity index 

Plasticity index is the range of water content over which the soil remains in the 

plastic state. It is equal to the numerical difference between the liquid limit and the 

plastic limit. 

2.4.2 Wet sieve analysis 

Wet sieving is a procedure used to evaluate particle size distribution or 

�J�U�D�G�D�W�L�R�Q���R�I���D���J�U�D�Q�X�O�D�U���P�D�W�H�U�L�D�O�����,�W�¶�V���D�O�V�R���X�V�H�G���W�R���S�U�H�S�D�U�H���D���J�U�D�Q�X�O�D�U���P�D�W�H�U�L�D�O���I�R�U���S�D�U�Wicle 

size analysis by removing fines that may impede the separation process. 

 

2.4.2.1 Materials and applications 

Wet sieving is an ideal sample preparation process for specimens with a high 

fraction of granular materials and enough fines content present to make sieving 

difficult. The fines can stick together in clumps, preventing an accurate assessment by 

sieving. Wet sieving is also useful for direct particle sizing of problem materials 

including: 

�x Soils and mineral aggregates with high fine contents 

�x Materials that are fragile but not soluble, such as coal or other minerals 

�x Lightweight powders 

�x Sludge and glazes 

�x Kaolin and fillers 

�x Abrasives 

�x Micro granulations 

 

2.4.2.2 Testing procedure 

Wet sieving is usually performed with one of two purposes in mind. Either the 

operation is performed to determine a fraction retained on a sieve or sieves, or it is a 

method of sample preparation that allows a later particle size analysis to be performed 

more easily or accurately. The procedures are often similar, but the one you choose 

should be based on your end goal. 

 

 

 



37 
 

2.4.2.3 Methods available 

 Particle Size Analysis Method will have the goal in mind of recovering 

material that is left on each sieve after washing, then drying and weighing it to calculate 

the fraction of the whole sample it represents. Introduction of water and agitation can 

be performed manually by the operator on a single sieve, or by using distribution or 

spray fixtures at the top of a stack of sieves secured in a sieve shaker. Agitation is 

provided via mechanical shaker action, and waste water is routed away using a special 

bottom pan fitted with a drain and tubing. 

Although use of deep frame Wet-Wash sieves is typical, conventional ASTM 

or ISO Test Sieves can also be used and are often fitted with Sieve Seal Gaskets to 

control leakage. Procedures are similar to conventional dry sieving, just messier. Use 

caution to prevent material loss when rinsing the individual fractions into containers for 

drying and subsequent weighing. Dedicated wet sieving equipment is available, some 

with self-contained vibration and vacuum systems, as well as waste water recovery and 

recycling. 

 

Wet-Wash Preparation Method involves agitating the sample as it is sprayed 

with water or while it is in a water suspension. The agitation is often done by hand using 

a Wet Wash Sieve under water running from a faucet or dispersed through a spray 

fixture. Mesh sizes for these sieves are selected based on application requirements for 

particle sizes to retain. #200 (75µm) and #325 (45µm) are examples of popular opening 

sizes and optional backing cloth reinforces the mesh for longer service life. 

A variation of this method is to place the entire sample in a pan, cover with 

water, then agitate by hand. The waste water is decanted over a wet wash sieve and 

more water is added to the pan, continuing the process until the waste water is relatively 

clear. The Aggra Washer device mechanizes this process, saving time and increasing 

repeatability. Runoff can be filtered with a wet-wash or standard sieve positioned near 

a drain or fitted with a drain pan. 

An Elutriation Sieve is a hollow plastic cylinder with large ports or windows 

cut in the sides and covered with stainless steel mesh. A sample is placed in the cylinder 

and water and compressed air are introduced through tubes to gently agitate the sample 

and wash away fines. 

For rough separations or sample preparation, a Wet/Dry Sieve Vibrator has a 

simple frame with a vibrator attached that can hold one or two sieves over a bucket 
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while being washed. When washing is complete, the total sample remaining is washed 

into a pan and placed in to a 110°F oven for drying to a constant weight. Once dry, the 

process continues as a simple dry sieving test. 

 

 

Important points  

�x Determine total dry sample weight before beginning the process because we 

will need this weight for final calculation. Soak the sample if time allows for 

making the process easier. 

�x Add Sodium Hexametaphosphate or an anti-flocculent such as Calgon to the 

soaking solution to break down clumps and disperse particles. 

�x Use nozzles or sprayers to disperse water and evenly wet the sample during 

sieving or agitation 

�x Use gentle, controlled water pressure to prevent accidental sample loss 

�,�W�¶�V���L�P�S�R�U�W�D�Q�W���W�R���E�H���D�Z�D�U�H���W�K�D�W���D�Q�\���Z�H�W���V�L�H�Y�L�Q�J���P�H�W�K�R�G���K�D�V���W�K�H���S�R�W�H�Q�W�L�Dl for sample loss 

during the process. Some material may be washed away during agitation or decanting, 

or may be forced into crevices of the sieve and become trapped. The percentage loss is 

very small and the accuracy and efficiency of wet sieving compared to dry sieving is 

worth the process if necessary for your application. 

 

2.4.3 Compaction test 

�6�W�D�Q�G�D�U�G���S�U�R�F�W�R�U�¶�V���F�R�P�S�D�F�W�L�R�Q���W�H�V�W�V���K�D�Y�H���E�H�H�Q���F�R�Q�G�X�F�W�H�G���R�Q���W�K�H���V�R�L�O�����7�K�H���V�R�L�O��

sample so prepared is then mixed with E-waste of varying percentages. The E-waste 

percentage by weight varied from 0 to 8% in increments of 2% for the determination of 

optimum moisture content and maximum dry unit weight. 

The soil sample maintained at the desired moisture content is mixed thoroughly 

with E-waste �D�Q�G���F�R�P�S�D�F�W�H�G���L�Q���3�U�R�F�W�R�U�¶�V mould (105mm dia X 130 mm height). The 

soil is compacted in three layers giving 25 blows to each layer by using the standard 

rammer. The weight of compacted soil along with the mould and base plate is taken. 

Prior to that the weight of the empty mould along with base plate is determined. A 

representative sample is taken from the center of the compacted specimen and kept for 

water content determination. Thus the bulk unit weight, optimum moisture content and 

the corresponding dry unit weight for the compacted soil is obtained. 
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2.4.4 Unconfined compression strength test 

 The unconfined compressive strength (qu) is the load per unit area at which the 

cylindrical specimen of a cohesive soil falls in compression. 

qu = P/A 

Where P= axial load at failure, A= corrected area = , where  is the initial 

area of the specimen, = axial strain = change in length/original length. 

 The undrained shear strength (s) of the soil is equal to the one half of the 

unconfined compressive strength, 

 

 Unconfined compression strength tests are conducted on the local soil treated 

with E-waste at various percentages ranging from 0 to 8% in increments of 2% to 

determine the strength characteristics. 

 

2.4.4.1 Sample Preparation 

Compaction test is carried out at optimum moisture content. By pushing the sampling 

tube into the mould and the sampling tube filled with soil is removed. The sample out 

of the sampling tube is extruded into the split mould, using the sample extractor and the 

knife. Trimming is done at the two ends of the specimen in the split mould. Specimen 

is carefully taken out from the split mould by splitting the mould into two parts. The 

length and diameter of the specimens are measured as 75mm and 37.5 mm respectively. 

The soil specimens so prepared are tested immediately. 

 

2.4.4.2 Procedure of unconfined compressive strength 
Prepared specimen is placed on the bottom plate of the compression machine 

Fig 2.1. The upper plate is adjusted to make contact with the specimen. The dial gauge 

and the proving ring dial gauge are set to zero. Compression load to cause an axial strain 

at the rate of 1.7% per minute is applied. Proving dial gauge readings are noted for 

every 25 divisions in the dial gauge until failure surfaces have clearly developed. 

Stress- strain plot is drawn from the test results. The peak stress obtained from 

the plot is the value of the unconfined compressive strength (qu). 
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Fig. 2.1 Testing of Unconfined compressive strength samples  

 

Table 2.1: Properties of the Natural soil 

S. No. Property Value 

1. At terberg's limits  

 a) Liquid limit (%) 91 

 b) Plastic limit (%) 32 

 c) Plasticity Index (%) 59 

2. Sieve analysis  

 a) Gravel (%) 0.26 

 b) Coarse sand (%) 0.41 

 c) Medium sand (%) 0.21 

 d) Fine sand (%) 0.15 

 e) Clay & silt (%) 98.97 

3. Compaction characteristics  

 a) Optimum Moisture Content (%) 22.56 

 b) Maximum Dry Density (kN/m3) 10.50 

4. Unconfined Compression Strength (kN/m2) 92 
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CHAPTER-3 

RESULTS AND DISCUSSION 

3.1 Results and Discussion on Plasticity Characteristics 

3.1.1 Introduction  

       Consistency represents the relative ease with which the soil can be deformed. This 

term is mostly used for fine-grained soils for which the consistency is related to a large 

extent to water content. A. Atterberg (1911) formally distinguished the following states 

of consistency �± liquid, plastic, semi-solid and solid. The water contents at which the 

soil passes from one of these states to the next have been arbitrarily designated as 

consistency limits-liquid limit, plastic limit, and shrinkage limit, in that order. Liquid 

limit is the water content corresponding to the arbitrary limit between liquid and plastic 

states of consistency of a soil. It is defined as the maximum water content at which the 

soil is still in the liquid state, but has a small shearing strength against flowing, which 

can be measured by standard available means. Plastic limit is the water content at which 

a soil will just begin to crumble when rolled into a thread of approximately 3 mm in 

diameter. Plasticity index is defined as the numerical difference between the liquid 

Limit and Plastic Limit of a soil. When soil is mixed with E-waste at various 

percentages such as 0%, 2%, 4%, 6% and 8% the liquid limit, plastic limit and plastic 

index may vary. 

3.1.2 Liquid Limit  

         The results of liquid limit tests conducted at different percentage of E-waste are 

presented in Fig.3.1. From this figure, it is found that the liquid limit value of the E-

waste mixed soil decrease with increase in percentage of E-waste. 

        Table 3.1 shows the values of liquid limit and Table 3.2 shows the per cent 

decrease in liquid limit for different percentages of E-waste. From this table, it is 

observed that liquid limit at 0% of E-waste is higher when compared to other 

percentages and the value is 91%. The maximum decrease in Liquid limit is 9% which 

occurs at 8% of E-waste. There is a relation between compression index and liquid limit 

of the soil. Therefore, consolidation settlements are decreased due to E-waste. 
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3.1.3 Plastic Limit  

Plastic limit values of different percentages of E-waste are presented in Fig 

3.1.The plastic limit value of the soil is 32%. From this figure, it is found that plastic 

limit value of the E-waste mixed soil decreases with increase in percentage of E-waste. 

Table 3.1 shows the values of plastic limit for different percentages of E-waste. 

The per cent decrease in plastic limit values for each of these percentages of E-waste 

are shown in Table 3.2. The maximum decrease in plastic limit occurs at 8% of E-waste 

and is 27%. 

 

3.1.4 Plasticity Index 

 Plasticity index values are calculated for different percentages of E-waste and 

are presented in Fig 3.1. The plasticity index of soil is 59%. The plasticity index values 

of the E-waste mixed soil for all percentages of E-waste are smaller than that of the 

unmixed soil. 

 

Table 3.1 shows the values of plasticity index for different percentages of E-

waste. The percentage decrease in plasticity index values for each of these percentages 

of E-waste is shown in the Table 3.2. From the Table3.2, it is observed that the 

maximum reduction in plasticity index is 6.78%, which occurs at 8% of E-waste.  

 

Fig 3.1: Variation of Liquid Limit, Plastic Limit, Plasticity Index with E-waste 
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Table 3.1: Plasticity Characteristics of E-waste mixed Soil 

E-waste  (%) LL (%)  PL (%)  PI (%)  

0 91 32 59 

2 89 30 59 

4 88 30 58 

6 84 28 56 

8 82 27 55 

 

 

Table 3.2: Per cent decrease in Plasticity Characteristics of E-waste mixed Soil 

E-waste (%) 
Per cent decrease  in 

LL  

Per cent decrease  in 

PL 

Per cent decrease  in 

PI 

0 0 0 0 

2 2.19 6.25 0 

4 3.29 6.25 1.69 

6 7.69 12.50 5.09 

8 9.89 15.62 6.78 
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3.2 Results and Discussion on Compaction Behaviour  

         Compaction is a process by which the soil particles are artificially arranged and 

packed together into a closer state of contact by mechanical means in order to decrease 

the void ratio of the soil and thus increase its dry unit weight. There exists a definite 

relationship between the water content and degree of dry unit weight to which a soil 

might be compacted, and thus for a specific amount of compactive energy applied on 

the soil, there is a water content termed the optimum water content at which a particular 

�V�R�L�O���D�W�W�D�L�Q�V���P�D�[�L�P�X�P���G�U�\���X�Q�L�W���Z�H�L�J�K�W�����,�Q���W�K�L�V���V�W�X�G�\�����V�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���F�R�P�S�D�F�W�L�R�Q���W�H�V�W�V��

are carried out on local soil mixed with E-waste at various percentages of 0%, 2%, 4%, 

6% and 8% by dry weight of the soil. The results obtained from these tests are discussed 

in this chapter. 

3.2.1 Compaction Curves 

 Compaction curves for soil mixed with E-waste for various percentages are 

shown in Fig.3.2. The zero air �± voids line is also shown in this figure. The optimum 

moisture content and maximum dry unit weight of the soil are 22.56% and 10.50 kN/m3 

respectively. Table 3.3 shows dry unit weight versus moisture content of soil mixed 

with different percentages of E-waste by dry weight of the soil.   

3.2.2 Optimum Moisture Content 

Fig. 3.3 depicts the relationship between the optimum moisture content and 

percentage of E-waste. It is found that the optimum moisture content decrease with per 

cent increase in E-waste up to 6% and then increase.  

Table 3.4 shows the values of optimum moisture content for 0%, 2%, 4%, 6% 

and 8% of E-waste. The percentage decrease in optimum moisture content for various 

percentages of E-waste is also shown in the same table. In order to compare the 

percentage decrease in optimum moisture content of mixed soils, the optimum moisture 

content of unmixed soil is taken as the reference moisture content. It can be seen from 

the table that the decrease in the optimum moisture content of mixed soil is ranging 

from 0% to 14.18%. 

3.2.3 Maximum Dry Unit Weight  

        The variation of maximum dry unit weight with percentage of E-waste is shown 

in Fig.3.4. From the figure, it is observed that the maximum dry unit weight increases 

slightly as percentage of E-waste increases up to 6% and then decreases.  
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Table 3.5 shows both the values and percent increase in maximum dry unit 

weight for 0%, 2%, 4%, 6% and 8% of E-waste. The percentage increase in dry unit 

weight of mixed soil is based on maximum dry unit weight of unmixed soil.  

   

 Table 3.3: Compaction Characteristics of Soil with and without E-waste 

 

 

 
Fig 3.2: Compaction Curves for Soil Mixed With and without E-waste 

 

MOISTURE 

CONTENT 

(%) 

DRY UNIT WEGHT(kN/m 3) 

E-waste (%) 

0 2 4 6 8 

18 5.0 9.1 10.0 12.0 10.2 

20 9.1 11.0 12.8 13.4 12.9 

22 10.5 11.2 11.2 11.5 11.0 

24 10.2 10.2 9.1 9.0 9.2 

26 8.5 8.0 7.4 6.0 7.1 
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Table 3.4: Optimum Moisture Content of E-waste mixed Soil 

E-waste (%) 
Optimum moisture 

content (%) 

Percent decrease in Optimum 

moisture content 

0 22.56 0 

2 21.42 5.05 

4 20.26 10.19 

6 19.36 14.18 

8 20.62 8.59 

  

 

Fig 3.3: Variation of Optimum Moisture Content with Percentage of E-waste 
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Table 3.5: Maximum Dry Unit Weight of Soil with and without E-waste 

E-waste (%) 
Maximum dry unit 

weight (kN /m3) 

Per cent increase in 

Maximum dry unit weight  

0 10.5 0 

2 11.2 6.66 

4 12.8 21.90 

6 13.4 27.61 

8 12.9 22.85 

 

 

Fig 3.4: Variation of Maximum Dry Unit Weight with Percentage of E-waste 
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3.3 Results and Discussion on Strength Characteristics 
3.3.1 Introduction  

The shear strength of a soil is its maximum resistance to shear stress just before 

the failure. Shear strength is the principle engineering property that controls the stability 

of a soil mass under loads. It governs the bearing capacity of soils, the stability of slopes 

in soils, the earth pressure against retaining structures and many other problems. All the 

problems of soil engineering are related on one way or the other with the shear strength 

of the soil, which is one of the most complex engineering properties of the soil.  

In this chapter, to study the strength behavior of soil mixed with different 

percentages of E-waste, are critically discussed. The unconfined compressive strength 

of the soil mixed with E-waste at various percentages is studied.  

3.3.2 Unconfined Compression Strength 

 This is a special case of Triaxial compression test, the confining pressure being 

zero. A cylindrical soil specimen, usually of the same standard size as that for the 

Triaxial compression, is loaded axially by compressive force until failure takes place. 

�6�L�Q�F�H�� �W�K�H�� �V�S�H�F�L�P�H�Q�� �L�V�� �O�D�W�H�U�D�O�O�\�� �X�Q�F�R�Q�I�L�Q�H�G���� �W�K�H�� �W�H�V�W�� �L�V�� �N�Q�R�Z�Q�� �D�V�� �³�X�Q�F�R�Q�I�L�Q�H�G��

�F�R�P�S�U�H�V�V�L�R�Q���V�W�U�H�Q�J�W�K�´�����7�K�H���D�[�L�D�O���R�U���Y�H�U�W�L�F�D�O���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�V�V���L�V���W�K�H���P�D�M�R�U���S�U�L�Q�F�L�S�D�O��

stress and the other two principal stresses are zero. 

 This test may be conducted on undisturbed or remoulded cohesive soils. It 

cannot be conducted on coarse-grained soils such as sands and gravels as these cannot 

stand without lateral support. Also the test is essentially a quick and undrained one 

because it is assumed that there is no loss of moisture during the test, which is 

performed fairly fast, Owing to its simplicity, it is often used as a field test, besides 

being used in the laboratory. The failure plane is not predetermined and failure takes 

place along the weakest plane. 

Table 3.6 explains the details with regard to unconfined compressive strength 

of 0%, 2%, 4%, 6% and 8% E-waste. From the Table 3.6, it is found that, the unconfined 

compressive strength is maximum at 6% of E-waste mixed with soil.  

The percentage increase in unconfined compressive strength values of E-waste 

mixed soil are shown in Table 3.7. In order to compare the percentage increase in 

unconfined compressive strength values of the E-waste mixed soil, the unconfined 

compressive strength of the unmixed soil is taken as the reference strength.  

From the aforementioned discussion, it is concluded that the strength of the E-

waste mixed soil is greater than that of the unmixed soil for a 6% percentage of E-waste.  
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Table 3.6: Unconfined Compressive Strength of E-waste mixed soil 

E-waste (%) Unconfined Compressive Strength (kN/m2) 

0 92 

2 108 

4 120 

6 128 

8 118 

 
Table 3.7: Percentage Increase in Unconfined Compressive Strength  

E-waste (%) 
Unconfined Compressive Strength 

(kN/m2) 

Per cent increase in 

Unconfined Compressive 

Strength 

0 92 0 

2 108 17.39 

4 120 30.44 

6 128 39.13 

8 118 28.26 

 

 
Fig 3.5: Stress �± Strain Curves of Soil with and Without E-waste 



50 
 

CHAPTER-4 

SUMMARY AND CONCLUSIONS  

4.1 SUMMARY 

The rapid growth in population and industrialization lead to waste disposal 

problems. One of the common modes of waste disposal is through land. Geotechnical 

properties both the index and engineering properties are modified when the waste is 

mixed with the ground. The extent of modification of properties depends not only on 

the nature of the contaminant, but also on the type of soil. The contaminants may be 

clay minerals, inorganic salts, organic solvents or organic matter. 

There is much published work on the contaminants like lime, calcium chloride, 

lignin and chrome- lignin, linseed oil, molasses etc. But there is not much published 

work on the contamination of E-waste.  

The disposal of waste materials is a big problem in the developing country like 

India. Due to lack of land required for disposal technique. The substitution of these 

waste materials in the form of stabilizing agent in the soil stabilization is a modern 

approach by which waste materials can be advantageously used. The idea behind the 

technique of soil stabilization used in this study is that the finer particles of soil are 

replaced with coarser particles of stabilizing material so that a composite having the 

interlocking between the particles forms resulting in a material with better geotechnical 

properties.  

Hence, in this investigation the effect of E-waste on plasticity, compaction, and 

strength characteristics of expansive soil mixes with E-waste has been given due 

importance. 

The soil used is obtained from Gudlavalleru, Krishna district. The soil is 

�F�O�D�V�V�L�I�L�H�G���D�V���µ�&�+�¶���D�V���S�H�U���,�Q�G�L�D�Q���V�W�D�Q�G�D�U�G���V�R�L�O���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���V�\�V�W�H�P�� 

The general introduction, some of the published works have been critically reviewed, 

is dealt in chapter I 

The details of the experimental work carried out are given in chapter II. The 

experimental programme is broadly divided into three groups, viz., plasticity 

characteristics, compaction characteristics and strength characteristics. The soil used in 

�W�K�L�V���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���L�V���µ�&�+�¶���� �&�R�P�P�H�U�F�L�D�O�O�\�� �D�Y�D�L�O�D�E�O�H��E-waste is used for mixing. Tests 

are conducted on the soil mixed with E-waste at different percentages of 2%, 4%, 6% 
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and 8%. In order to compare the results of E-waste mixed soil, the unmixed soil is taken 

as the reference one.  

The results pertaining to plasticity characteristics, compaction behavior and 

strength characteristics are presented and are critically discussed in chapter III. 

Based on the results reported in this thesis the following conclusions are drawn: 

 

4.2 CONCLUSIONS 

�¾ Both the Liquid limit and Plastic limit values of the E-waste mixed soil decrease 

with increase in percentage of E-waste. 

�¾ The addition of E-waste reduces the plasticity index of the soil slightly. 

�¾ The optimum moisture content decreases with increase in percentage of E-waste 

up to 6% and then increase. 

�¾ There is a slight increase in maximum dry density with per cent increase in E-

waste up to 6% and then decrease. 

�¾ The Unconfined compressive strength of the soil increases with increase in 

percentage of E-waste up to 6% and then decrease. 

�¾ So at 6% replacement of E-waste to soil optimum moisture content reduced by 

14.18%. 

�¾ Therefore at 6% replacement of E-waste to soil maximum dry density increased 

by 27.61%. 

�¾ Hence at 6% replacement of E-waste to soil unconfined compressive strength 

increased by 39.13%. 

�¾ The stability of a soil mass is increased due to the replacement of E-waste at 6%. 

 

4.3 SCOPE FOR FURTHER WORK 

 

 In the present investigation, the effect of E-waste on compaction, Plasticity, and 

Strength characteristics of expansive soil has been studied. Studies can also be made to 

know the influence of E-waste on Swelling, drainage and consolidation characteristics 

so that a comprehensive knowledge of the behavior of expansive soil mixed with E-

waste can be obtained.  
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�3�T�\ �F�I�F� �̂X�L�Q�T�G�F�Q�\ �F�W�R�N�S�L�F�S�I �J�S�[�N�W�T�S�R�J�S�Y�F�Q�I�J�X�Y�W�Z�H�Y�N�T�S�M�F�[�J�G�J�H�T�R�J�Y�M�J�R�F�O�T�W�N�X�X�Z�J��
�9�M�J�U�W�T�I�Z�H�Y�N�T�S�T�K�T�S�J�R�J�Y�W�N�H�Y�T�S�S�J�T�K�H�J�R�J�S�Y�Q�J�F�I�X�Y�T�Y�M�J�J�R�N�X�X�N�T�S�T�K�T�S�J�R�J�Y�W�N�H�Y�T�S�S�J
�T�K�(�4�����\ �M�N�H�M�N�X�F�U�T�\ �J�W�K�Z�Q�L�W�J�J�S�M�T�Z�X�J�L�F�X�W�J�X�U�T�S�X�N�G�Q�J�K�T�W�Y�M�J�L�Q�T�G�F�Q�\ �F�W�R�N�S�L���4�S�J�\ �F�^
�T�K�W�J�I�Z�H�N�S�L�Y�M�N�X�J�S�[�N�W�T�S�R�J�S�Y�F�Q�U�W�T�G�Q�J�R �N�X�Y�T�W�J�I�Z�H�J �Y�M�J �H�T�S�X�Z�R�U�Y�N�T�S�T�W�U�W�T�I�Z�H�Y�N�T�S�T�K
�H�J�R�J�S�Y���8�N�S�H�J�Y�M�J�H�J�R�J�S�Y�N�X�Y�M�J�G�F�X�N�H�R�F�Y�J�W�N�F�Q�\ �M�N�H�M�N�X�Z�X�J�I �N�S�H�T�S�X�Y�W�Z�H�Y�N�T�S�N�S�I�Z�X�Y�W� �̂� �N�Y
�N�X�J�X�X�J�S�Y�N�F�Q�Y�T�K�N�S�I �F�X�Z�N�Y�F�G�Q�J�R�F�Y�J�W�N�F�Q�K�T�W�Y�M�J�W�J�U�Q�F�H�J�R�J�S�Y�T�K�H�J�R�J�S�Y���9�M�J�K�Q�^�F�X�M�T�G�Y�F�N�S�J�I
�K�W�T�R �Y�M�J�W�R�F�Q�U�T�\ �J�W�U�Q�F�S�Y�X�F�S�I �X�N�Q�N�H�F�K�Z�R�J�U�W�T�I�Z�H�J�I �K�W�T�R �J�Q�J�R�J�S�Y�F�Q�X�N�Q�N�H�T�S�H�F�S�G�J�Z�X�J�I
�F�X�U�F�W�Y�N�F�Q�W�J�U�Q�F�H�J�R�J�S�Y�T�K�Y�M�J�H�J�R�J�S�Y��
�<�M�J�S �H�T�R�U�F�W�J�I �Y�T �H�T�S�[�J�S�Y�N�T�S�F�Q�H�T�S�H�W�J�Y�J �8�J�Q�K�(�T�R�U�F�H�Y�N�S�L �(�T�S�H�W�J�Y�J ��8�(�(�� �N�X �F
�W�J�Q�F�Y�N�[�J�Q�^ �S�J�\ �Y� �̂U�J �T�K�H�T�S�H�W�J�Y�J �\ �N�Y�M�M�N�L�M�K�Q�T�\ �F�G�N�Q�N�Y�^ �F�S�I �H�T�M�J�X�N�[�J�S�J�X�X�� �8�(�( �W�J�U�Q�F�H�J�X
�R�F�S�Z�F�Q�H�T�R�U�F�H�Y�N�T�S�\ �N�Y�M�F �R�T�I�J�W�S�X�J�R�N�� �F�Z�Y�T�R�F�Y�N�H�U�Q�F�H�N�S�L �Y�J�H�M�S�T�Q�T�L� �̂� �' �^ �Y�M�J �\ �F� �̂�
�8�(�( �N�R�U�W�T�[�J�X�M�J�F�Q�Y�M�F�S�I �X�F�K�J�Y�^�F�Y�H�T�S�X�Y�W�Z�H�Y�N�T�S�X�N�Y�J�F�X�\ �J�Q�Q�F�X�N�S�X�Z�W�W�T�Z�S�I�N�S�L�X��

�8�(�( �R�F�^ �G�J �Z�X�J�I �N�S�U�W�J���H�F�X�Y�F�U�U�Q�N�H�F�Y�N�T�S�X�T�W�K�T�W�H�T�S�H�W�J�Y�J �U�Q�F�H�J�I �T�S�X�N�Y�J�� �.�Y�H�F�S�G�J
�R�F�S�Z�K�F�H�Y�Z�W�J�I �N�S�F�X�N�Y�J �G�F�Y�H�M�N�S�L�U�Q�F�S�Y�T�W�N�S�F�W�J�F�I�^�R�N�] �H�T�S�H�W�J�Y�J �U�Q�F�S�Y�F�S�I �I�J�Q�N�[�J�W�J�I �Y�T
�X�N�Y�J�G�^�Y�W�Z�H�P���.�Y�H�F�S�Y�M�J�S�G�J�U�Q�F�H�J�I �J�N�Y�M�J�W�G�^�U�Z�R�U�N�S�L�T�W�U�T�Z�W�N�S�L�N�S�Y�T�M�T�W�N�_�T�S�Y�F�Q�T�W�[�J�W�Y�N�H�F�Q
�X�Y�W�Z�H�Y�Z�W�J�X �.�S �I�J�X�N�L�S�N�S�L �Y�M�J �R�N�]�� �Y�M�J �X�N�_�J �F�S�I �Y�M�J �K�T�W�R �T�K �Y�M�J �X�Y�W�Z�H�Y�Z�W�J�� �Y�M�J
�I�N�R�J�S�X�N�T�S�F�S�I �I�J�S�X�N�Y�^ �T�K�W�J�N�S�K�T�W�H�J�R�J�S�Y�F�S�I �H�T�[�J�W�X�M�T�Z�Q�I �G�J �Y�F�P�J�S�N�S�H�T�S�X�N�I�J�W�F�Y�N�T�S��
�9�M�J�X�J�F�X�U�J�H�Y�X�\ �N�Q�Q�F�Q�Q�N�S�K�Q�Z�J�S�H�J�Y�M�J�X�U�J�H�N�K�N�H�W�J�V�Z�N�W�J�R�J�S�Y�X�K�T�W�Y�M�J�8�(�(��

�8�(�( �W�J�V�Z�N�W�N�S�L �S�T�H�T�R�U�F�H�Y�N�T�S�\ �T�W�P�F�Y�X�N�Y�J �T�W�H�T�S�H�W�J�Y�J �U�Q�F�S�Y�X���N�Y�M�F�X�G�J�J�S�I�J�[�J�Q�T�U�J�I �N�S
�/�F�U�F�S�Y�T�N�R�U�W�T�[�J�Y�M�J�I�Z�W�F�G�N�Q�N�Y�^�F�S�I �Z�S�N�K�T�W�R�N�Y�^�T�K�H�T�S�H�W�J�Y�J�N�S�����������9�M�J�W�J�N�X�S�T�X�Y�F�S�I�F�W�I
�R�J�Y�M�T�I �K�T�W�8�(�( �R�N�] �I�J�X�N�L�S�F�S�I �R�F�S�^�F�H�F�I�J�R�N�H�N�S�X�Y�N�Y�Z�Y�N�T�S�X�� �H�T�S�H�W�J�Y�J�F�S�I �H�T�S�X�Y�W�Z�H�Y�N�T�S
�H�M�J�R�N�H�F�Q�R�F�S�Z�K�F�H�Y�Z�W�N�S�L�H�T�R�U�F�S�N�J�X�F�S�I �W�J�F�I� �̂��R�N�] �H�T�S�H�W�J�Y�J �U�W�T�I�Z�H�J�W�X�F�S�I �H�T�S�Y�W�F�H�Y�N�S�L
�H�T�R�U�F�S�N�J�X �M�F�[�J �I�J�[�J�Q�T�U�J�I �Y�M�J�N�W�T�\ �S �U�W�T�U�T�W�Y�N�T�S�N�S�L �R�J�Y�M�T�I�X �G�^ �K�T�Q�Q�T�\ �N�S�L �*�+�3�&�7�(
�L�Z�N�I�J�Q�N�S�J�X�����������
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�M�F�W�I�J�S�J�I �H�T�S�H�W�J�Y�J��

���������� �+�W�J�X�M�8�Y�F�Y�J�9�J�X�Y�X�T�S�8�(�(
�������������� �8�Q�Z�R�U�+�Q�T�\ �9�J�X�Y

�¾ �5�Z�Y�Y�M�J�H�Q�J�F�S�G�F�X�J�U�Q�F�Y�J�N�S�F�S�J�[�J�S�F�S�I �Q�J�[�J�Q�U�T�X�N�Y�N�T�S��
�¾ �5�Z�Y�Y�M�J �H�T�S�J �N�S�Y�M�J �H�J�S�Y�W�J �T�S�Y�M�J ������ �R�R �H�N�W�H�Q�J �T�K�Y�M�J �G�F�X�J �U�Q�F�Y�J �F�S�I �U�Z�Y�Y�M�J

�\ �J�N�L�M�Y�I�N�X�H�T�S�Y�M�J�Y�T�U�T�K�Y�M�J�H�T�S�J�Y�T�P�J�J�U�N�Y�N�S�U�Q�F�H�J��
�¾ �+�N�Q�Q�Z�U�Y�M�J �H�T�S�J �\ �N�Y�M�Y�M�J �Y�J�X�Y�X�F�R�U�Q�J �K�W�T�R �Y�M�J �G�Z�H�P�J�Y�\ �N�Y�M�S�T �F�S�^ �F�I�I�N�Y�N�T�S�F�Q

�H�T�R�U�F�H�Y�N�S�L�F�H�Y�N�T�S�X�Z�H�M�F�X�Y�F�R�U�N�S�L�T�W�[�N�G�W�F�Y�N�S�L�� �9�M�J �J�]�Y�W�F�H�T�S�H�W�J�Y�J �F�G�T�[�J �Y�M�J
�Y�T�U�T�K�Y�M�J �H�T�S�J �X�M�T�Z�Q�I �G�J �X�Y�W�N�P�J �T�K�K�F�S�I �F�S�^ �H�T�S�H�W�J�Y�J �W�J�R�F�N�S�N�S�L �T�S�Y�M�J �G�F�X�J
�U�Q�F�Y�J�X�M�T�Z�Q�I �G�J�X�J�U�F�W�F�Y�J�I��

�¾ �*�S�X�Z�W�J�Y�M�F�Y�Y�M�J�Y�J�X�Y�X�Z�W�K�F�H�J�N�X�S�J�N�Y�M�J�W�Y�T�T�\ �J�Y�S�T�W�Y�T�T�I�W�N�J�I �T�Z�Y���3�T�I�W�^�F�W�J�F�T�S
�Y�M�J�G�F�X�J�U�Q�F�Y�J�N�X�F�Q�Q�T�\ �J�I �F�S�I �F�S�^�J�]�H�J�X�X�T�K�Y�M�J�\ �F�Y�J�W�X�M�T�Z�Q�I �G�J�X�J�U�F�W�F�Y�J�I��

�¾ �&�K�Y�J�W�F�Q�N�Y�Y�Q�J �W�J�X�Y�� �Q�N�K�Y�Z�U�Y�M�J �H�T�S�J �F�Y�W�N�L�M�Y�F�S�L�Q�J�X�Y�T�Y�M�J �G�F�X�J �U�Q�F�Y�J�� �N�S�X�Z�H�M�F
�R�F�S�S�J�W�Y�M�F�Y�Y�M�J�H�T�S�H�W�J�Y�J�N�X�F�Q�Q�T�\ �J�I �Y�T�K�Q�T�\ �T�Z�Y�K�W�J�J�Q�^�\ �N�Y�M�S�T�T�G�X�Y�W�Z�H�Y�N�T�S�K�W�T�R
�Y�M�J�H�T�S�J��

�¾ �2�J�F�X�Z�W�J�Y�M�J�H�T�S�H�W�J�Y�J�K�Q�T�\ �T�S�Y�M�J�X�Q�Z�R�U�K�Q�T�\ �Y�F�G�Q�J�G�^�Z�X�N�S�L�X�H�F�Q�J�Y�M�J�S�K�N�S�I �Y�M�J
�X�Q�Z�R�U�K�Q�T�\ �[�F�Q�Z�J



�������������� �; ���+�Z�S�S�J�Q�9�J�X�Y

�&�G�T�Z�Y���� �Q�N�Y�J�W�T�K�H�T�S�H�W�J�Y�J�N�X�S�J�J�I�J�I �Y�T�U�J�W�K�T�W�R �Y�M�J�Y�J�X�Y�� �X�F�R�U�Q�J�I �S�T�W�R�F�Q�Q� �̂��8�J�Y
�Y�M�J �; ���K�Z�S�S�J�Q�T�S�K�N�W�R �L�W�T�Z�S�I�� �2�T�N�X�Y�J�S�Y�M�J �N�S�X�N�I�J �X�Z�W�K�F�H�J �T�K�Y�M�J �K�Z�S�S�J�Q�� �0�J�J�U�Y�M�J �Y�W�F�U
�I�T�T�W�Y�T �F�Q�Q�T�\ �F�S�^ �X�Z�W�U�Q�Z�X�\ �F�Y�J�W�Y�T �I�W�F�N�S�� �(�Q�T�X�J �Y�M�J �Y�W�F�U�I�T�T�W�F�S�I �U�Q�F�H�J �F �G�Z�H�P�J�Y
�Z�S�I�J�W�S�J�F�Y�M�� �+�N�Q�Q�Y�M�J �F�U�U�F�W�F�Y�Z�X�H�T�R�U�Q�J�Y�J�Q�^ �\ �N�Y�M�Y�M�J �H�T�S�H�W�J�Y�J �\ �N�Y�M�T�Z�Y�H�T�R�U�F�H�Y�N�S�L �T�W
�Y�F�R�U�N�S�L� �X�N�R�U�Q�^�X�Y�W�N�P�J�T�K�K�Y�M�J�H�T�S�H�W�J�Y�J�Q�J�[�J�Q�\ �N�Y�M�Y�M�J�Y�T�U�\ �N�Y�M�Y�M�J�Y�W�T�\ �J�Q��

�4�U�J�S�\ �N�Y�M�N�S���� �X�J�H�F�K�Y�J�W�K�N�Q�Q�N�S�L�Y�M�J�Y�W�F�U�I�T�T�W�F�S�I �F�Q�Q�T�\ �Y�M�J�H�T�S�H�W�J�Y�J�Y�T�K�Q�T�\
�T�Z�Y�Z�S�I�J�W�L�W�F�[�N�Y� �̂� �8�Y�F�W�Y�Y�M�J �X�Y�T�U�\ �F�Y�H�M�\ �M�J�S�Y�M�J �Y�W�F�U�I�T�T�W�N�X�T�U�J�S�J�I���F�S�I �W�J�H�T�W�I �Y�M�J
�Y�N�R�J�K�T�W�Y�M�J�H�T�R�U�Q�J�Y�J�I�N�X�H�M�F�W�L�J��Y�M�J�K�Q�T�\ �Y�N�R�J�����9�M�N�X�N�X�Y�F�P�J�S�Y�T�G�J�\ �M�J�S�Q�N�L�M�Y�N�X�X�J�J�S
�K�W�T�R �F�G�T�[�J�Y�M�W�T�Z�L�M�Y�M�J�K�Z�S�S�J�Q���9�M�J�\ �M�T�Q�J�Y�J�X�Y�M�F�X�Y�T�G�J�U�J�W�K�T�W�R�J�I �\ �N�Y�M�N�S�� �R�N�S�Z�Y�J�X��



�������������� �; ���+�Z�S�S�J�Q�9�J�X�Y�&�Y�9���2�N�S�Z�Y�J�X

�&�G�T�Z�Y���� �Q�N�Y�J�W�T�K�H�T�S�H�W�J�Y�J �N�X�S�J�J�I�J�I �Y�T�U�J�W�K�T�W�R �Y�M�J �Y�J�X�Y�� �X�F�R�U�Q�J�I �S�T�W�R�F�Q�Q� �̂� �( �Q�T�X�J �Y�M�J �Y�W�F�U�I�T�T�W
�F�S�I �W�J�K�N�Q�Q�Y�M�J �; ���K�Z�S�S�J�Q�N�R�R�J�I�N�F�Y�J�Q�^�F�K�Y�J�W�R�J�F�X�Z�W�N�S�L�Y�M�J �K�Q�T�\ �Y�N�R�J�� �5�Q�F�H�J �F�G�Z�H�P�J�Y�Z�S�I�J�W�S�J�F�Y�M��
�+�N�Q�Q�Y�M�J �F�U�U�F�W�F�Y�Z�X�H�T�R�U�Q�J�Y�J�Q�^ �\ �N�Y�M�H�T�S�H�W�J�Y�J �\ �N�Y�M�T�Z�Y�H�T�R�U�F�H�Y�N�S�L�T�W�Y�F�U�U�N�S�L�� �X�N�R�U�Q�^ �X�Y�W�N�P�J �T�K�K�Y�M�J
�H�T�S�H�W�J�Y�J�Q�J�[�J�Q�\ �N�Y�M�Y�M�J�Y�T�U�\ �N�Y�M�Y�M�J�Y�W�T�\ �J�Q���4�U�J�S�Y�M�J�Y�W�F�U�I�T�T�W�� �R�N�S�Z�Y�J�X�F�K�Y�J�W�Y�M�J�X�J�H�T�S�I �K�N�Q�Q�T�K
�Y�M�J �K�Z�S�S�J�Q�F�S�I �F�Q�Q�T�\ �Y�M�J �H�T�S�H�W�J�Y�J �Y�T �K�Q�T�\ �T�Z�Y�Z�S�I�J�W�L�W�F�[�N�Y� �̂� �8�N�R�Z�Q�Y�F�S�J�T�Z�X�Q�^ �X�Y�F�W�Y�Y�M�J �X�Y�T�U
�\ �F�Y�H�M�\ �M�J�S�Y�M�J�Y�W�F�U�I�T�T�W�N�X�T�U�J�S�J�I �F�S�I �W�J�H�T�W�I �Y�M�J�Y�N�R�J�I�N�X�H�M�F�W�L�J�Y�T�H�T�R�U�Q�J�Y�J�K�Q�T�\ ��Y�M�J�K�Q�T�\
�Y�N�R�J�F�Y�9�� �R�N�S�Z�Y�J�X�����9�M�N�X�N�X�Y�T�G�J�Y�F�P�J�S�\ �M�J�S�Q�N�L�M�Y�N�X�X�J�J�S�K�W�T�R �F�G�T�[�J�Y�M�W�T�Z�L�M�Y�M�J�K�Z�S�S�J�Q��

�1���' �T�] �9�J�X�Y��

�9�M�N�X�Y�J�X�Y�F�X�X�J�X�X�J�X�Y�M�J�K�Q�T�\ �T�K�Y�M�J�H�T�S�H�W�J�Y�J�F�S�I �F�Q�X�T�Y�M�J�J�]�Y�J�S�Y�Y�T�\ �M�N�H�M�N�Y�N�X�X�Z�G�O�J�H�Y�J�I
�Y�T�G�Q�T�H�P�N�S�L�G�^�W�J�N�S�K�T�W�H�J�R�J�S�Y��

�9�F�G�Q�J���������*�+�3�&�7�( �L�Z�N�I�J�Q�N�S�J�X�K�T�W�K�W�J�X�M�X�Y�F�Y�J�H�T�S�H�W�J�Y�J

�8���3�4 �9�J�X�Y�2�J�Y�M�T�I �: �S�N�Y�X �; �F�Q�Z�J�7�F�S�L�J
�� �8�Q�Z�R�U�K�Q�T�\ �2�R ��������������
�� �; ���K�Z�S�S�J�Q �8�J�H ��������
�� �[���K�Z�S�S�J�Q�F�Y�9���R�N�S �8�J�H ��������
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������ �, �*�3�*�7�&�1
�&�K�Y�J�W�H�T�R�U�Q�J�Y�N�S�L�Y�M�J �R�N�] �U�W�T�U�T�W�Y�N�T�S�N�S�L�T�K�R�F�Y�J�W�N�F�Q�X�� �H�T�S�H�W�J�Y�N�S�L�N�X�I�T�S�J �Y�T�W�J�U�W�J�X�J�S�Y�Y�M�J
�H�M�F�W�F�H�Y�J�W�N�X�Y�N�H�X���9�\ �T�Y� �̂U�J�X�T�K�H�T�S�H�W�J�Y�J�X�U�J�H�N�R�J�S�X�F�W�J�U�W�J�U�F�W�J�I �N�S�W�J�X�U�J�H�Y�N�[�J�R�T�Z�Q�I�X�N�S
�H�F�X�Y�N�S�L�U�W�T�H�J�I�Z�W�J�� �9�M�J �Y� �̂U�J�X�T�K�X�U�J�H�N�R�J�S�X�F�W�J�H�Z�G�J�X�� �H� �̂Q�N�S�I�J�W�X�� �9�M�J�H�F�X�Y�N�W�T�S�R�T�Z�Q�I�X
�F�W�J �H�Q�J�F�S�J�I �F�S�I �R�N�S�J�W�F�Q�T�N�Q�N�X�F�U�U�Q�N�J�I �T�S�F�Q�Q�X�N�I�J�X�G�J�K�T�W�J �H�T�S�H�W�J�Y�J �N�X�U�T�Z�W�J�I �N�S�Y�T�Y�M�J
�R�T�Z�Q�I�X���9�M�J�R�T�Z�Q�I�X�F�W�J�U�Q�F�H�J�I �T�S�F�Q�J�[�J�Q�U�Q�F�Y�K�T�W�R���9�M�J�\ �J�Q�Q�R�N�]�J�I �H�T�S�H�W�J�Y�J�N�X�K�N�Q�Q�J�I �N�S
�Y�T �Y�M�J �R�T�Z�Q�I�X�� �*�]�H�J�X�X �H�T�S�H�W�J�Y�J �\ �F�X �W�J�R�T�[�J�I �\ �N�Y�M�Y�W�T�\ �J�Q�F�S�I �Y�T�U �X�Z�W�K�F�H�J �N�X
�K�N�S�N�X�M�J�I���Q�J�[�J�Q�Q�J�I �F�S�I �X�R�T�T�Y�M�J�S�J�I �F�X�U�J�W�.�8������������������

������ �(�&�8�9�.�3�, �5�7�4�(�*�)�: �7�*
�F�� �5�W�J�U�F�W�F�Y�N�T�S�T�K�R�T�Z�Q�I�X

�9�M�J �R�T�Z�Q�I�X �K�T�W�H�T�S�H�W�J�Y�N�S�L �F�W�J �U�W�J�U�F�W�J�I �H�F�W�J�K�Z�Q�Q�^

�G�J�K�T�W�J�H�F�X�Y�N�S�L���&�Q�Q�Y�M�J�R�T�Z�Q�I�X�X�M�T�Z�Q�I �G�J�K�N�Y�Y�J�I �U�W�T�U�J�W�Q� �̂��4�N�Q�N�S�L

�N�X�I�T�S�J �T�S�Y�M�J �X�Z�W�K�F�H�J �T�K�Y�M�J �R�T�Z�Q�I�X�K�T�W�F�S�J�F�X�^ �W�J�R�T�[�F�Q

�T�K�X�U�J�H�N�R�J�S�X��

�G�� �(�F�Q�H�Z�Q�F�Y�N�T�S�T�K�R�F�Y�J�W�N�F�Q�X
�9�M�J�W�J�V�Z�N�W�J�I �R�F�Y�J�W�N�F�Q�X�F�W�J�H�F�Q�H�Z�Q�F�Y�J�I �K�T�W�H�F�X�Y�N�S�L���9�M�J�R�F�Y�J�W�N�F�Q�X�X�M�T�Z�Q�I �G�J�I�W�^�F�S�I �\ �J�Q�Q�L�W�F�I�J�I��

�H�� �2�N�]�N�S�L�T�K�R�F�Y�J�W�N�F�Q�X
�9�M�J�U�W�J�U�F�W�J�I �R�F�Y�J�W�N�F�Q�X�F�W�J�U�T�Z�W�J�I �N�S�W�T�Y�F�Y�N�S�L�R�N�Q�Q�J�W�F�S�I�H�F�W�J�K�Z�Q�X�Z�U�J�W�[�N�X�N�T�S�N�X�W�J�V�Z�N�W�J�I
�M�J�W�J��

�I�� �2�J�F�X�Z�W�N�S�L�Y�M�J�K�W�J�X�M�U�W�T�U�J�W�Y�N�J�X
�' �J�K�T�W�J�U�T�Z�W�N�S�L�H�T�S�H�W�J�Y�J�N�S�Y�T�Y�M�J�R�T�Z�Q�I�X�\ �J�S�J�J�I �Y�T�T�G�X�J�W�[�J�Y�M�J�K�W�J�X�M�U�W�T�U�J�W�Y�N�J�X�T�K�H�T�S�H�W�J�Y�J��

�J�� �(�T�S�H�W�J�Y�N�S�L�Y�M�J�R�T�Z�Q�I�X
�5�Q�F�H�J�Y�M�J�H�T�S�H�W�J�Y�J�N�S�Y�T�Y�M�J�R�T�Z�Q�I�X�F�S�I �F�Q�Q�T�\ �N�Y�K�T�W�X�J�Y�Y�N�S�L��

�K�� �3�F�R�N�S�L�T�K�Y�M�J�Y�W�N�F�Q�X

�9�M�J�H�F�X�Y�J�I �R�T�Z�Q�I�X�F�W�J�S�F�R�J�I �F�S�I �X�J�Y�K�T�W�Z�S�I�N�X�Y�Z�W�G�J�I �K�T�W���� �M�T�Z�W�X�K�T�W
�X�J�Y�Y�N�S�L��

�K�� �7�J�R�T�Z�Q�I�N�S�L
�9�M�J�X�U�J�H�N�R�J�S�X�X�M�T�Z�Q�I �G�J�W�J�R�T�[�J�I �F�K�Y�J�W�U�W�T�U�J�W�X�J�Y�Y�N�S�L�T�K�H�T�S�H�W�J�Y�J���9�M�J�X�U�J�H�N�R�J�S�X�F�W�J
�W�J�R�T�[�J�I �F�S�I �U�W�T�H�J�X�X�J�I �K�T�W�H�Z�W�N�S�L��

������ �(�&�8�9�.�3�, �4�+�(�: �' �*�8
�+�T�W�J�F�H�M�Y�W�F�N�Q�� �H�Z�G�J�X�U�J�H�N�R�J�S�X�\ �J�W�J�H�F�X�Y�J�I �K�T�W�H�F�Q�H�Z�Q�F�Y�N�S�L�� �I�F� �̂X�F�S�I ���� �I�F� �̂X
�X�Y�W�J�S�L�Y�M�X���9�M�J�I�N�R�J�S�X�N�T�S�X�T�K�X�U�J�H�N�R�J�S�K�T�W�H�Z�G�J�F�W�J�T�K������ �R�R �] ������ �R�R �] ������ �R�R��
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�+�T�W�J�F�H�M�Y�W�F�N�Q�� �H� �̂Q�N�S�I�J�W�X�U�J�H�N�R�J�S�X�\ �J�W�J�H�F�X�Y�J�I �K�T�W�H�F�Q�H�Z�Q�F�Y�N�S�L�� �I�F� �̂X�F�S�I ���� �I�F� �̂X
�X�Y�W�J�S�L�Y�M�X���9�M�J�I�N�R�J�S�X�N�T�S�X�T�K�Y�M�J�H� �̂Q�N�S�I�W�N�H�F�Q�X�U�J�H�N�R�J�S�F�W�J�T�K
�- �J�N�L�M�Y�" ������ �R�R �)�N�F�R�J�Y�J�W�"�������R�R

������ �(�: �7�.�3�, �4�+�8�5�*�(�.�2�*�3�8
�9�M�J�X�U�J�H�N�R�J�S�X�F�W�J�Q�J�K�Y�N�S�Y�M�J�R�T�Z�Q�I�X�Z�S�I�N�X�Y�Z�W�G�J�I �F�Y�W�T�T�R �Y�J�R�U�J�W�F�Y�Z�W�J�K�T�W�F�G�T�Z�Y����
�M�T�Z�W�X�F�K�Y�J�W�H�F�X�Y�N�S�L���9�M�J�X�U�J�H�N�R�J�S�X�F�W�J�Y�M�J�S�W�J�R�T�[�J�I �K�W�T�R �Y�M�J�R�T�Z�Q�I�X�F�S�I �N�R�R�J�I�N�F�Y�J�Q�^
�Y�W�F�S�X�K�J�W�W�J�I �Y�T�Y�M�J�H�Z�W�N�S�L�Y�F�S�P�N���J���H�Z�G�J�X�F�W�J�H�Z�W�J�I �N�S�K�W�J�X�M�\ �F�Y�J�W���(�Z�W�N�S�L�N�X�R�T�X�Y
�N�R�U�T�W�Y�F�S�Y�U�W�T�H�J�X�X�N�S�H�T�S�H�W�J�Y�N�S�L���(�T�S�H�W�J�Y�J�X�Y�W�J�S�L�Y�M�N�S�H�W�J�F�X�J�X�\ �N�Y�M�F�L�J�T�K�H�Z�W�N�S�L���9�M�J
�X�U�J�H�N�R�J�S�X�X�M�T�Z�Q�I �P�J�J�U�N�S�H�Z�W�N�S�L�Y�F�S�P�K�T�W�G�J�Y�Y�J�W�N�R�U�W�T�[�J�R�J�S�Y�N�S�X�Y�W�J�S�L�Y�M��
�, �J�S�J�W�F�Q�Q�^�H�Z�W�N�S�L�N�X�I�T�S�J�G�^�U�T�S�I�N�S�L�H�Z�W�N�S�L�Y�F�S�P�X���9�M�J�\ �F�Y�J�W�Z�X�J�I �K�T�W�H�T�S�H�W�J�Y�J�H�Z�W�N�S�L
�X�M�T�Z�Q�I �G�J�K�W�J�J�K�W�T�R �X�F�Q�N�S�N�Y� �̂� �X�H�W�F�U�� �[�J�L�J�Y�F�Y�N�T�S�F�S�I �H�M�J�R�N�H�F�Q�X�� �<�J�S�J�J�I �Y�T�H�M�F�S�L�J�Y�M�J
�\ �F�Y�J�W�K�T�W�J�[�J�W�^�� �I�F� �̂X�T�K�H�Z�W�N�S�L���9�M�J�X�U�J�H�N�R�J�S�X�F�W�J�Y�J�X�Y�J�I �K�T�W�� �I�F� �̂X�F�S�I ���� �I�F� �̂X
�H�Z�W�N�S�L��



�(�- �&�5�9�*�7��

�9�*�8�9�.�3�, �4�+
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�(�F�Q�H�Z�Q�F�Y�N�T�S�T�K�K�W�J�X�M�F�S�I �M�F�W�I�J�S�J�I �U�W�T�U�J�W�Y�N�J�X�N�X�Y�M�J�R�F�N�S�J�W�F�N�S�H�T�S�H�W�J�Y�J�Y�J�X�Y�N�S�L���9�M�J�\ �J�Q�Q�H�Z�W�J�I
�X�U�J�H�N�R�J�S�X�N�S�H�Z�W�N�S�L �Y�F�S�P�F�W�J �Y�J�X�Y�J�I �K�T�W�H�T�R�U�W�J�X�X�N�[�J�� �X�U�Q�N�Y�Y�J�S�X�N�Q�J �X�Y�W�J�S�L�Y�M�X�� �' �^ �Y�F�P�N�S�L �T�Z�Y�Y�M�J
�X�U�J�H�N�R�J�S�X�K�W�T�R �Y�M�J �H�Z�W�N�S�L �Y�F�S�P���Y�M�J �X�U�J�H�N�R�J�S�X�\ �J�W�J �J�]�U�T�X�J�I �Y�T�X�Z�S�Q�N�L�M�Y�K�T�W�X�Z�W�K�F�H�J �I�W� �̂N�S�L��
�&�K�Y�J�W�Y�M�J�I�W� �̂N�S�L�U�W�T�H�J�X�X�� �Y�M�J�X�U�J�H�N�R�J�S�X�F�W�J�U�W�T�H�J�X�X�J�I �K�T�W�Y�J�X�Y�N�S�L�� �9�M�J�X�U�J�H�N�R�J�S�X�F�W�J�Y�J�X�Y�J�I �K�T�W
�� �I�F� �̂X�F�S�I ���� �I�F� �̂X�X�Y�W�J�S�L�Y�M�X�� �.�S �Y�M�N�X�H�M�F�U�Y�J�W�Y�M�J �Y�J�X�Y�N�S�L �U�W�T�H�J�I�Z�W�J�X�F�S�I �K�T�W�R�Z�Q�F�Y�N�T�S�X�F�W�J
�I�N�X�H�Z�X�X�J�I �F�S�I �U�W�J�X�J�S�Y�J�I �F�X�K�T�Q�Q�T�\ �X��

������ �2�*�(�- �&�3�.�(�&�1�5�7�4�5�*�7�9�.�*�8
�2�J�H�M�F�S�N�H�F�Q�U�W�T�U�J�W�Y�N�J�X�T�K�H�T�S�H�W�J�Y�J �F�W�J �R�F�N�S�Q�^�W�J�Q�F�Y�J�I �Y�T�Y�M�J �H�F�Q�H�Z�Q�F�Y�N�T�S�T�K�N�Y�X�X�Y�W�J�S�L�Y�M��
�9�M�J �H�F�Q�H�Z�Q�F�Y�N�T�S �T�K�R�J�H�M�F�S�N�H�F�Q�U�W�T�U�J�W�Y�N�J�X �N�S�H�Q�Z�I�J�X �Y�M�J �Y�J�X�Y�N�S�L �T�K�H�T�S�H�W�J�Y�J �K�T�W�N�Y�X
�U�J�W�K�T�W�R�F�S�H�J �N�S�H�T�R�U�W�J�X�X�N�[�J �X�Y�W�J�S�L�Y�M�� �X�U�Q�N�Y�Y�J�S�X�N�Q�J �X�Y�W�J�S�L�Y�M�� �&�Y�N�R�J �X�H�M�J�I�Z�Q�J �K�T�W�Y�J�X�Y�N�S�L
�T�K�X�U�J�H�N�R�J�S�X�N�X�R�F�N�S�Y�F�N�S�J�I �Y�T�J�S�X�Z�W�J�Y�M�J�N�W�U�W�T�U�J�W�Y�J�X�Y�N�S�L�T�S�Y�M�J�I�Z�J�I�F�Y�J�F�S�I �Y�N�R�J���9�M�J
�H�F�X�Y �X�U�J�H�N�R�J�S�X�F�W�J �Y�J�X�Y�J�I �F�X�U�J�W�X�Y�F�S�I�F�W�I �U�W�T�H�J�I�Z�W�J�X�� �N�R�R�J�I�N�F�Y�J�Q�^ �F�K�Y�J�W�Y�M�J�^ �F�W�J
�W�J�R�T�[�J�I �K�W�T�R �H�Z�W�N�S�L�Y�F�S�P�X�T�W�H�Z�W�N�S�L�Y�Z�G�X�F�S�I �\ �N�U�J�I �T�K�K�Y�M�J�X�Z�W�K�F�H�J�\ �F�Y�J�W���F�X�U�J�W�.�8��������
������������

���������� �(�T�R�U�W�J�X�X�N�[�J�X�Y�W�J�S�L�Y�M
�(�T�R�U�W�J�X�X�N�[�J�X�Y�W�J�S�L�Y�M�T�W�H�W�Z�X�M�N�S�L�X�Y�W�J�S�L�Y�M�N�X�Y�M�J�R�F�N�S�U�W�T�U�J�W�Y�^�T�G�X�J�W�[�J�I �N�S�Y�J�X�Y�N�S�L�Y�M�J
�H�Z�G�J�X�� �9�M�J�H�Z�G�J�X�T�K�X�N�_�J������ �R�R �] ������ �R�R �] ������ �R�R �\ �J�W�J�H�F�X�Y�J�I�� �&�K�Y�J�W���� �M�T�Z�W�X�� �Y�M�J
�X�U�J�H�N�R�J�S�X�F�W�J �W�J�R�T�[�J�I �K�W�T�R �Y�M�J �R�T�Z�Q�I�X�F�S�I �X�Z�G�O�J�H�Y�J�I �Y�T �H�Z�W�N�S�L �K�T�W�� �I�F� �̂X�F�S�I ����
�I�F� �̂X�N�S�U�T�W�Y�F�G�Q�J �\ �F�Y�J�W�� �&�K�Y�J�W�H�Z�W�N�S�L�� �Y�M�J �X�U�J�H�N�R�J�S�X�F�W�J �Y�J�X�Y�J�I �K�T�W�H�T�R�U�W�J�X�X�N�[�J �X�Y�W�J�S�L�Y�M
�Z�X�N�S�L �H�T�R�U�W�J�X�X�N�T�S�Y�J�X�Y�N�S�L �R�F�H�M�N�S�J ��.�8�� ������ �^ ������������ �(�Z�G�J�X�F�W�J �Y�J�X�Y�J�I �Y�T �H�F�Q�H�Z�Q�F�Y�J
�H�T�R�U�W�J�X�X�N�[�J �X�Y�W�J�S�L�Y�M�G�^ �F�U�U�Q� �̂N�S�L �L�W�F�I�Z�F�Q�Q�T�F�I�N�S�L �N�S �(�T�R�U�W�J�X�X�N�T�S �9�J�X�Y�N�S�L �2�F�H�M�N�S�J
��(�9�2�����9�M�J�R�F�]�N�R�Z�R �Q�T�F�I �F�Y�K�F�N�Q�Z�W�J�T�H�H�Z�W�X�T�S�Y�M�J�Y�T�U�T�K�Y�M�J�R�F�H�M�N�S�J��
�9�M�J�(�T�R�U�W�J�X�X�N�[�J �X�Y�W�J�S�L�Y�M�M�F�X�G�J�J�S�H�F�Q�H�Z�Q�F�Y�J�I �G�^�Y�M�J�K�T�W�R�Z�Q�F�(�T�R�U�W�J�X�X�N�[�J �X�Y�W�J�S�L�Y�M�"
�Z�Q�Y�N�R�F�Y�J�H�T�R�U�W�J�X�X�N�[�J�Q�T�F�I���H�W�T�X�X�X�J�H�Y�N�T�S�F�Q�F�W�J�F
�" �5���&
�"�1�T�F�I���&�W�J�F



�+�N�L�Z�W�J������ �(�T�R�U�W�J�X�X�N�T�S�9�J�X�Y�N�S�L�2�F�H�M�N�S�J��(�9�2��



�+�N�L�Z�W�J������ �(�T�R�U�W�J�X�X�N�[�J�X�Y�W�J�S�L�Y�M�Y�J�X�Y�N�S�L�T�S�H�Z�G�J�X

���������� �8�U�Q�N�Y�Y�J�S�X�N�Q�J�X�Y�W�J�S�L�Y�M
�8�U�Q�N�Y�Y�J�S�X�N�Q�J�X�Y�W�J�S�L�Y�M�N�X�Y�M�J�R�T�X�Y�N�R�U�T�W�Y�F�S�Y�U�W�T�U�J�W�Y�^�T�K�H�T�S�H�W�J�Y�J���(�T�S�H�W�J�Y�J�L�J�S�J�W�F�Q�Q�^�\ �J�F�P
�N�S�Y�J�S�X�N�T�S�� �8�T�Y�T�N�R�U�W�T�[�J �Y�J�S�X�N�Q�J �G�J�M�F�[�N�T�Z�W�T�K�H�T�S�H�W�J�Y�J�� �X�U�Q�N�Y�Y�J�S�X�N�Q�J �X�Y�W�J�S�L�Y�M�N�X�N�R�U�T�W�Y�F�S�Y��
�9�M�J�Y�J�S�X�N�Q�J�X�Y�W�J�S�L�Y�M�T�K�H�T�S�H�W�J�Y�J�N�X�S�J�H�J�X�X�F�W�^�Y�T�I�J�Y�J�W�R�N�S�J�Y�M�J�Q�T�F�I �F�Y�\ �M�N�H�M�Y�M�J�H�T�S�H�W�J�Y�J
�R�J�R�G�J�W�X�R�F�^ �H�W�F�H�P�� �.�Y�N�X�F�Q�X�T �N�R�U�T�W�Y�F�S�Y�N�S�W�J�I�Z�H�N�S�L �K�T�W�R�F�Y�N�T�S�T�K�H�W�F�H�P�X�N�S�H�T�S�H�W�J�Y�J��
�(� �̂Q�N�S�I�J�W�X�F�W�J �H�F�X�Y�J�I �K�T�W�H�F�Q�H�Z�Q�F�Y�N�S�L �X�U�Q�N�Y�Y�J�S�X�N�Q�J �X�Y�W�J�S�L�Y�M�� �9�M�J �H� �̂Q�N�S�I�W�N�H�F�Q�X�U�J�H�N�R�J�S�X�F�W�J
�F�Q�X�T�Y�J�X�Y�J�I �N�S�: �S�N�[�J�W�X�F�Q�9�J�X�Y�N�S�L�2�F�H�M�N�S�J��: �9�2�����- �J�W�J�Y�M�J�H� �̂Q�N�S�I�J�W�X�U�Q�N�Y�N�S�Y�T�Y�M�J�Y�\ �T�U�F�W�Y�X
�F�S�I �W�J�F�I�N�S�L�T�G�X�J�W�[�J�I �T�S�Y�M�J�Y�T�U�T�K�Y�M�J�R�F�H�M�N�S�J��
�9�M�J�X�U�Q�N�Y�Y�J�S�X�N�Q�J�X�Y�W�J�S�L�Y�M�M�F�X�G�J�J�S�H�F�Q�H�Z�Q�F�Y�J�I �G�^�Y�M�J�K�T�W�R�Z�Q�F�8�U�Q�N�Y�Y�J�S�X�N�Q�J�X�Y�W�J�S�L�Y�M�" ���5 ��
�E�1�)
�5�" �K�F�N�Q�Z�W�J�Q�T�F�I ��F�U�U�Q�N�J�I �Q�T�F�I��
�1�" �M�J�N�L�M�Y�T�K�Y�M�J�H� �̂Q�N�S�I�J�W�X�U�J�H�N�R�J�S�) �" �I�N�F�R�J�Y�J�W�T�K�R�T�Z�Q�I
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�(�J�R�J�S�Y �N�X�W�J�U�Q�F�H�J�I �\ �N�Y�M�X�N�Q�N�H�F �K�Z�R�J �N�S ���
 �� �����
 �F�S�I �����
 �F�S�I �K�Q�^ �F�X�M�N�S �����
 �� �����
 �F�S�I
�����
 �� �(�T�R�U�W�J�X�X�N�[�J �X�Y�W�J�S�L�Y�M�T�K�H�Z�G�J�X�U�J�H�N�R�J�S�X�F�Y�� �I�F� �̂X�F�S�I ���� �I�F� �̂X�� �X�U�Q�N�Y�Y�J�S�X�N�Q�J�X�Y�W�J�S�L�Y�M�F�Y��
�F�S�I ���� �I�F� �̂X�F�W�J�S�T�Y�J�I �I�T�\ �S�G�J�Q�T�\ ��

������ �(�4�2�5�7�*�8�8�.�; �*�8�9�7�*�3�, �9�-

�9�F�G�Q�J������ �(�T�R�U�W�J�X�X�N�[�J�X�Y�W�J�S�L�Y�M�F�Y�� �I�F� �̂X�F�S�I ���� �I�F� �̂X
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�+�Q�^�F�X�M
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�I�F� �̂X
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�9�F�G�Q�J������ �8�U�Q�N�Y�Y�J�S�X�N�Q�J�X�Y�W�J�S�L�Y�M�F�Y���� �I�F� �̂X
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������ �, �7�&�5�- �8�8�- �4�<�.�3�, �(�4�2�5�7�*�8�8�.�; �*�8�9�7�*�3�, �9�-

�+�N�L�Z�W�J������ �, �W�F�U�M�X�M�T�\ �N�S�L�H�T�R�U�W�J�X�X�N�[�J�X�Y�W�J�S�L�Y�M�F�Y�� �
 �X�N�Q�N�H�F�K�Z�R�J



�+�N�L�Z�W�J������ �, �W�F�U�M�X�M�T�\ �N�S�L�H�T�R�U�W�J�X�X�N�[�J�X�Y�W�J�S�L�Y�M�F�Y���� �
 �X�N�Q�N�H�F�K�Z�R�J

�+�N�L�Z�W�J������ �, �W�F�U�M�X�M�T�\ �N�S�L�H�T�R�U�W�J�X�X�N�[�J�X�Y�W�J�S�L�Y�M�F�Y���� �
 �X�N�Q�N�H�F�K�Z�R�J



������ �, �7�&�5�- �8�8�- �4�<�.�3�, �8�5�1�.�9�9�*�3�8�.�1�*�8�9�7�*�3�, �9�-

�+�N�L�Z�W�J������ �, �W�F�U�M�X�M�T�\ �N�S�L�X�U�Q�N�Y�Y�J�S�X�N�Q�J�X�Y�W�J�S�L�Y�M�F�Y�� �
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�5 PROGRAM OUTCOMES 

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of mathematics, 

natural sciences, and engineering sciences. 

3.Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis of the 

information to provide valid conclusions. 

5.Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 

engineering and IT tools including prediction and modeling to complex engineering activities 

with an understanding of the limitations. 

6.The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to 

the professional engineering practice. 

7.Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 

for sustainable development. 

8.Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9.Individual and team work: Function effectively as an individual, and as a member or leader 

in   diverse teams, and in multidisciplinary settings. 

10.Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and write 
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effective reports and design documentation, make effective presentations, and give and receive 

clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

�H�Q�J�L�Q�H�H�U�L�Q�J�� �D�Q�G�� �P�D�Q�D�J�H�P�H�Q�W�� �S�U�L�Q�F�L�S�O�H�V�� �D�Q�G�� �D�S�S�O�\�� �W�K�H�V�H�� �W�R�� �R�Q�H�¶�V�� �R�Z�Q�� �Z�R�U�N���� �D�V�� �D�� �P�H�P�E�H�U�� �D�Q�G��

leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in 

independent and life-long learning in the broadest context of technological change. 

 

PROGRAMME SPECIF IC OUTCOMES (PSOs) 

Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway alignments and conduct 

geotechnical and geological investigations of the project. 

2. Test, analyze and design various substructures and superstructures by considering the 

environmental and societal issues. 

3. Organize various construction projects considering modern construction techniques, equipment 

and management issues. 

 

PROJECT MAPPING 

 

Classification 

 of  

Project 

 

Application Product Research Review 

  

 
�O 
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Note: 
Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based on level of 
mapping as follows:  1. Slightly (Low) mapped    

2.Moderately (Medium) mapped  
3.Substantially (High) mapped. 

EXPERIMENTAL TYPE PROJECT  
Course Outcomes 

 
Outcome 1 Work in a team and select the broad statement of problem for project work. 

Outcome 2  Review and evaluate the available literature on the chosen problem 
Outcome 3 Formulate the methodology to solve the identified problem by satisfying the 

ethical and societal conditions. 
Outcome 4 Gain knowledge on selecting suitable materials and their properties   

Outcome 5 Conduct experimental investigations on various  combinations of materials 
by using  various standard procedures 

Outcome 6 Draw inferences and  conclusions from the experimental results and prepare 
the report 

Course 
Outcome

s 

Programme Outcomes (POs) PSOs 

PO
1 

PO
2 

PO
3 

PO
4 

PO
5 

PO
6 

PO
7 

PO
8 

PO
9 

PO
10 

PO
11 

PO
12 

PSO
1 

PSO
2 

PSO
3 

Outcome 
1 

 2 2 2     2  2     

Outcome 
2 

2           1    

Outcome 
3 

2 2    1  1  1    2  

Outcome 
4 

      2      2   

Outcome 
5 

    2      2   3  

Outcome 
6 

     1         2 
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JUSTIFICATION  
 

�0�\�� �S�U�R�M�H�F�W�� �H�Q�W�L�W�O�H�G�� �³CHARATERIZATION OF UTILIZATION OF INDUSTRIAL 
WASTE BY-PRODUCTS FOR CONSTRUCTION OF LOW VOLUME ROADS �´�� �K�D�V��
satisfied all the NBA outcome requirements as the work carried out as a team work by equally 
distributing the work, sharing the knowledge among ourselves, in our project we collected the 
literature review from various standard books, journals, and analyzed critically and collected the 
data from standard code books, developed the plan and methodology and applied for chosen 
problem and analyzed the strength characteristics by conducting various experiments using 
modern equipment, our project is mainly aimed to suggest suitable material following the 
professional ethics in keeping view the safety of the public and society, recommended the 
environment sustainability materials for construction, our project can further extended in 
considering of material�����V�L�W�H���F�R�Q�G�L�W�L�R�Q�V���V�R���W�K�D�W���L�W�¶�V���D���O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���R�I���Q�H�Z���W�K�L�Q�J�V��  
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ABSTRACT 

 

Black cotton soil is one of the major soil deposits in India becomes problematic because 

of its properties of higher degree of swelling and shrinkage. Due to this reason, the 

construction on black cotton soil (expansive soil) has always been a difficult task for the 

engineers as the structure resting on black cotton soil cracks without any warning. For 

that, the properties of black cotton soil can be modified by stabilizing the soil with the 

use of additives or by mechanical means. The scarcity and rising cost of traditional 

stabilizers like Lime and Cement has led to the research into clay soil stabilizing potential 

of Lime waste that is cheaper, readily available and environmental friendly and has a 

serious disposal problem.  

In the present study the soil sampling was done on Gudlavalleru village Krishna district 

as per IRC recommendations. This soils was classified as CH as per Indian Standard 

Classification System (ISCS). Different dosages of Lime Waste i.e. 5%, 10%, 15% and 

20% were used to stabilize the expansive soils. The performance of Lime Waste 

stabilized soils were evaluated using physical and strength performance tests namely; 

Plasticity index, Specific gravity, Free swell index, Compaction, California bearing ratio 

(CBR) and Unconfined compressive strength Test (UCC). These tests were conducted in 

order to evaluate the improvement in strength characteristics of the sub-grade soils. 

Hence use of such advanced materials in road construction can prove efficient in 

increasing the strength of soil and in turn reduce the project cost. From the results, it was 

observed that the basic tests carried out proved significant after the addition of Lime 

Waste. 

Keywords: Black cotton Soil, Lime waste, Atterberg limits, Specific gravity, Free swell 

index, California bearing ratio, Un-Confined compressive strength, Standard proctor test. 
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CHAPTER 1 

INTRODUCTION  

1.1 GENERAL  

Expansive soils are common in Africa, Australia, South America, United States and some 

countries in Europe. These soils also occur in India. About 20 per cent of total area 

(almost the entire Deccan Plateau, Western Madhya Pradesh, parts of Rajasthan, 

Bundelkhand region in Uttar Pradesh and parts of Andhra Pradesh and Karnataka) is 

covered by expansive soils. There is considerable damage to build up property. The 

damage to structures is mainly by differential heaving of the dried up soil. Climatic 

environment is the most important for the swelling and shrinkage behavior of these soils. 

Besides this, local manmade conditions also cause changes in moisture content and 

volume of the soil mass. The shear strength of soil is very high in dry state and it reduces 

considerably in wet state.  Expansive soils in India are a boon to farmers but problematic 

to Civil Engineers. Usually even the lowest cost of the design alternative will be 

associated with high degree of risk. Hence, the properties of the soil may be improved to 

make the soil suitable for construction purposes. There are several techniques available to 

improve the soil properties. Stabilization by Lime waste is one among them. 

1.2 ORIGIN OF EXPANSIVE SOILS 

 Expansive soils are typical tropical formations, generally found in poorly drained 

localities where there are marked dry and wet seasons. The clay minerals are formed 

through extensive physical and chemical weathering of parent material. Donaldson 

(1973) classified the parent material into two groups; the first group comprises the basic 

igneous rocks and the second group comprises the sedimentary rocks, which contain 

montmorillonite as a constituent. The basic igneous rocks, poor in silica and rich in 

feldspars, pyroxenes and amphiboles, weather to clay minerals.  

�6�H�G�L�P�H�Q�W�D�U�\�� �U�R�F�N�V�� �V�X�F�K�� �D�V�� �V�K�D�O�H�¶�V�� �D�Q�G�� �F�O�D�\-stone, which contain varying amounts of 

volcanic ash and lime-stones and marls rich in magnesium, can also weather to clay 

minerals. An alkaline environment and the absence of leaching, the presence of Ferro 

magnesium minerals in parent materials and presence of bases favor the formation of 
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montmorillonite. The basic igneous rocks, volcanic ash and their derivatives serve as the 

parent materials for the formation of montmorillonite clay mineral. 

 

Fig 1.1 Picture of an Expansive soil 

The other important clay minerals are Kaolinite and illite. Kaolinite formation is favoured 

by prolonged leaching under acidic environment and high temperatures with parent rocks 

containing ferric iron. The conditions for the formation of illites material are similar to 

those leading to the formation of montmorillonite and in addition, the presence of 

potassium in the parent material is essential. 

1.3 PROBLEMS DUE TO EXPANSIVE SOILS  

These soils pose problems to civil engineers in general and to geotechnical engineers in 

particular. They cause damage to structures founded in them because of their potential to 

react to changes in moisture regime. They undergo severe volume changes corresponding 

to changes in moisture content. Because of their potential to undergo volumetric changes, 

civil engineering structures such as foundations, retaining walls, pavements, airports, 

sidewalks, canal beds and linings are damaged.  The problems associated with expansive 

soil are related to bearing capacity and cracking, breaking up of pavements, and various 

other building foundation problems. The most obvious way in which expansive soils can 

damage foundations is by uplift as they swell with moisture increases. Swelling soils lift 
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up and crack lightly-loaded, continuous strip footings, and frequently cause distress in 

floor slabs. Because of the different building loads on different portions of a structure's 

foundation; the resultant uplift will vary in different areas. Expansive soils have a 

tendency to change their volume to a large extent, this continuous change in soil volume 

can cause homes built on this soil to move unevenly and crack. They cause heavy distress 

to engineering constructions.  

1.4 IMPORTANCE OF STABILIZATION  

Stabilization is the process of improving the properties of soil by changing its gradation. 

Expansive soil is one among the problematic soils that has low strength and high 

potential for shrinking or swelling due to change of moisture content,making their use in 

construction very difficult. These soils cause more extensive damage than even natural 

disaster. Expansive soils can be found on almost all the continents on the Earth. 

Destructive results caused by this type of soils have been reported in many countries. In 

India, large tracts are covered by expansive soils known as black cotton soils. The major 

area of their occurrence is the south Vindhyachal range covering almost the entire 

Deccan Plateau. These soils cover an area of about 2,00,000 square miles and thus form 

about 20% of the total area of India.World over, problem of expansive soils has appeared 

as cracking and break-up of 4 pavements , railway and highway embankments, roadways, 

building foundations, irrigation systems, water lines, sewer lines, canal and reservoir 

linings.  

The losses due to extensive damage to highways running over expansive soil sub grades 

are estimated to be in billions of dollars all over the world. The primary problem that 

arises with regard to expansive soils is deformations which are significantly greater than 

the elastic deformation and they cannot be predicted by the classical elastic or plastic 

theory. Various remedial measures like soil replacement, moisture control, pre-wetting, 

lime stabilization have been practiced with varying degrees of success. However, these 

techniques suffer from certain limitations with respect to their adaptability like, longer 

time periods required for pre-wetting the highly plastic clays, difficulty in construction 

problems in case of lime stabilization and high cost for hauling suitable refill material for 

soil replacement etc. So, many stabilization techniques are in practice for improving 

expansive soils in which the characteristics of the soils are altered or the problematic soils 
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are removed and replaced which can be used alone or in conjunction with specific design 

alternatives. Additives such as wood ash, rice husk, fly ash etc..., are used to alter the 

characteristics of the expansive soils. The characteristics that are of concern to the design 

engineers are permeability, compressibility and durability. Modification of BC soil by 

Industrial waste such as Vitrified polish waste is also a common method for stabilizing 

the swell-shrink tendency of expansive soil. 

1.5 UTILIZATION OF INDUSTRIAL WASTE BY -PRODUCT IN 

SOIL STABILIZATION  

Ground improvement incorporates various methods employed for modifying the 

properties of the soil to improve its engineering performance. It supports the substructure 

of any structure and it is the sub-grade which supports the sub-base / base in 

the pavement. The existing soil at a particular location may not be suitable for the 

construction due to poor bearing capacity and higher compressibility or even sometimes 

excessive swelling in case of expansive soils . The improvement of soil at a site is 

indispensible due to rising cost of the land, and there is huge demand for high rise 

buildings. There is a need to concentrate on improving properties of soils using cost - 

effective practices like treating with industrial wastes those having cementitious value. In 

this study, industrial waste like Lime waste is used to improve geotechnical properties of 

a soil.  

Lime Kiln Dust (LKD) is the by-product of Quick Lime (QL) production. QL used as a 

material in purification of steel, manufacturing of Calcium Carbide, effluent treatment for 

waste water and many more. QL is white in color and granular. QL production requires 

lime stone as its raw material. The process involves using natural gas to heat the lime 

stone (CaCO3) to the temperature of 800°C to 1000°C to turn CaCO3 into QL (CaO) as 

shown in equation 1.  

CaCO3 +   CaO +CO2 

The heating process is a continuous process throughout the lime kiln. This also generates 

CO2 gases with dust or particulate matter (PM). The gas is filtered using fabric dust filter 

collector. The PM that is captured is called LKD. LKD chemical compositions may vary 

for different plants, because it is influenced by type of lime stones, kiln, fuel used, and 

also the kiln operating parameters. However, it generally contains relatively high 
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percentage of CaO. It has been estimated that production of Lime kiln dust is majorly 

dominated by Asian-pacific countries like China and India, followed by Europe and the 

U.S. As the lime industry  thrives the production of lime kiln dust industries. Globally, 

massive quantity of LKD is produced. The aim of this study is to experimentally 

investigate the potential benefits of Lime Kiln dust used in Stabilization soil. 

1.6 SCOPE AND OBJECTIVES OF PRESENT STUDY 

�x The main objective of this project to reduce the environmental pollution by 

the industrial wastes. And to increase the strength of the Black cotton soil 

with the utilizing of lime waste . 

�x To improve the strength of sub - bases , bases and sometimes surface courses 

, in case of low cost roads. 

�x To bring about economy in the cost of road. 

�x  To make use of inferior quality of locally available soils / material .( every 

time it is not possible to find required or specified strength in locally available  

�x material at that time we can go for soil stabilization methods )  

�x To improve certain undesirable properties of soils , such as excessive swelling 

or shrinkage , high plasticity , difficulty in compacting etc .  

�x To facilitate compaction and increase load - bearing capacity.  

�x To reduce compressibility and thereby settlements . 

�x To determine the CBR and UCC of the soil. 

�x  To improve permeability characteristics . 
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CHAPTER 2 

LITERATURE REVIEW  

2.1 GENERAL 

 The literature reviews presented in this chapter explains review of previous 

research work in reinforcement of soil. The reviews were restricted primarily to the use 

of waste materials in civil engineering applications and pavement in particular. Seven 

review papers are presented in this chapter. 

 

2.2LITERATURE 1  

2.2.1 TITLE 

�³�(�Y�D�O�X�D�W�L�R�Q���R�I���/�D�W�H�U�L�W�H���6�R�L�O���6�W�D�E�L�O�L�]�H�G���X�V�L�Q�J���3�R�O�\�P�H�U���6�D�F�N���)�L�E�H�U�V�´�� 

2.2.2 AUTHOR 

Jeeja Menon, M.S.Ravi Kumar. 

2.2.3 JOURNAL 

International Journal of Innovative Technology and Exploring Engineering. 

2.2.4 ABSTRACT 

This paper aims to evaluate the potential capability of stabilizing locally available laterite 

soil with waste polymer sack fibers thereby making it more suitable for the manufacture 

of compressed stabilized earth block (CSEB). Tests were conducted with Polypropylene 

(PP) sack fibers of lengths 1cm, 1.5cm, 2cm each of 2mm width in constant fiber - soil 

ratio of 0.15. The experimental analysis suggests that the optimal aspect ratio is 7.5 and 

the sack fibers with 1.5cm length and 2mm width were selected as the constituent for 

developing CSEB. This study also contributes to sustainable construction techniques by 

utilizing plastic waste for producing building material thereby addressing the current 

environmental crisis as well. 

2.2.5 CONCLUSION 

Based on the present investigation, the following findings can be drawn:  

The UCS value of fiber reinforced soil has  significantly improved & the UCS value 

depends on the fiber length  Max UCS value is for AR 7.5 for both 0th day and 7th day.  

Optimum Moisture Content does not vary much with the addition of plastic fibers and 
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also the effect of fiber length in OMC is negligible.  The MDD is found to be the min for 

AR 7.5  Liquid limit increases with an increase in AR but shows a decrease for AR 7.5  

Plastic Limit also increases with an increase in AR, but there is a sudden decrease for the 

AR 7.5. 

 

2.3 LITERATURE 2  

2.3.1 TITLE 

�³�$���6�W�X�G�\���R�Q���8�V�H���R�I���,�Q�G�X�V�W�U�L�D�O���:�D�V�W�H�V���L�Q���5�X�U�D�O���5�R�D�G���&�R�Q�V�W�U�X�F�W�L�R�Q�´�� 

2.3.2 AUTHOR 

BrajeshMishra , Ravi Shanker Mishra. 

2.3.3 JOURNAL 

International Journal of Innovative Research in Science, Engineering and Technology. 

2.3.4 ABSTRACT 

In present scenario safe disposal of Industrial wastes is a great problem. These waste 

materials create environmental pollution in the vicinity because many of them are non-

biodegradable. Studies reveal that in recent years, industrial wastes were successfully 

used in road construction in many developed countries. The use of these materials in road 

making is based on technical, economic, and ecological criteria. India has a vast network 

of industries located in different parts of the country and many more are to come in the 

near future. Million metric tons industrial wastes are produced in these Industries. The 

pollution and disposal problems may be minimized by properly utilizing these materials 

in highway construction. It is important to test these materials and to develop a 

methodology and specifications to enhance the use of these industrial wastes for their 

effective utilization in road construction in India. The probable use of these materials 

should be developed for construction of low-volume roads in different parts of our 

country. A review of various Industrial wastes to be used in the construction of highway 

has been discussed in this paper. The common waste materials are fly ash, blast furnace 

slag, cement kiln dust, phosphogypsum, waste plastic bags, foundry sand and colliery 

sand. 
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2.3.5 CONCLUSION 

A review of various Industrial wastes for use in the construction of highway has been 

discussed above. The waste materials are fly ash, blast furnace slag, cement kiln dust 

phosphogypsum, waste plastic bags, foundry sand, colliery sand and processed municipal 

solid waste (MSW) which are the industrial wastes posturing problems in the disposal 

and being deposited in the vicinity of industries in India. 

 

2.4 LITERATURE 3  

2.4.1 TITLE 

SOIL STABILIZATION BY USING BANANA FIBRE 

2.4.2 AUTHOR 

V.RAMESH BABU 

2.4.3 JOURNAL 

International Journal of Scientific Research and Review 

2.4.4 ABSTRACT 

This paper aims to stabilization of black cotton soil with banana fiber in a random 

manner. The soil used is a type of black cotton soil collected at Kopparthi, Kadapa 

district, and all laboratory works done in KSRM College, Kadapa. The fibers are cut to 

length (1.5cm) and mixed randomly with soil in varying percentages (0%, 0.3%, 0.6% 

and 0.9%,1.2%) by dry weight of soil and compacted to maximum dry density at 

optimum moisture content. The test results indicate a reduction in the maximum dry 

density and the optimum moisture content of soilis increase due to the addition of banana 

fiber. It also indicates an improvement in the CBR value and Unconfined compressive 

strength of soil due to the addition of banana fiber. 

2.4.5 CONCLUSION 

The tests conducted were Proctor compaction, and Unconfined Compression test and 

California Bearing Ratio tests. In case of California bearing ratio tests it is observed that 

the CBR value is gradually increased with adding of the banana fiber. In case the banana 

fiber is acting as reinforcement. In case of soaked CBR test it is observed that the CBR 

value of soil is decreased for raw soils it os observed that the 1.80% and the max CBR 

value observed at the application of 1.20% of fiber. After application of the fiber the 
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CBR value is gradually decreased. The unconfined compressive strength also conducted 

by application of fiber and it is observed that the for raw soils 0.89 kg/cm2. The UCS 

specimen were tested at 7 days curing and it is observed that the maximum strength at 

1.20% of fiber is 4.53 kg/cm2 . 

 

2.5 LITERATURE 4  

2.5.1 TITLE 

�³�8�W�L�O�L�]�D�W�L�R�Q���R�I���,�Q�G�X�V�W�U�L�D�O���:�D�V�W�H���L�Q���)�O�H�[�L�E�O�H���3�D�Y�H�P�H�Q�W���&�R�Q�V�W�U�X�F�W�L�R�Q�´�� 

2.5.2 AUTHOR 

Dr. D S V Prasad, Dr. G V R Prasada Raju, M Anjan Kumar. 

2.5.3 JOURNAL 

Electronic Journal of Geotechnical Engineering. 

2.5.4 ABSTRACT 

 In the project an attempt is made to use sand soil as sub-grade, murrum and flyash 

as sub-base soils, waste plastics and waste tyre rubber as reinforcing materials in sub-

base soils, WBM as base course in the flexible pavement system. Test pits of size 3m 

long, 1.5m wide to an average depth of 0.8m is prepared Out of which, 0.5m depth is for 

laying sub-grade, 0.15m is sub-base and 0.15m for base-course. In the prepared test pit, 

the sand soil mixed with water at OMC is laid in 10 layers such that each layer of 0.05m 

compacted thickness amount to a total thickness of 0.5m sub-grade is laid in the 

excavated pit. On the prepared sand sub-grade murrum or flyash sub-base material mixed 

with water content at OMC in 2 layers, each of 0.075m compacted thickness to a total 

thickness of 0.15m is laid. The reinforcement materials viz; waste plastics and waste tire 

rubber were (optimum percentage based on lab CBR) mixed uniformly throughout the 

sub-base material. On the prepared sub-base two layers of WBM-II each of 0.075m 

compacted thickness toa total thickness of 0.15m using crushed stone aggregate of size 

43mm to 60mm with murrum as binding material is laid. The compaction is done with 

the help of hand operated roller for the entire test. CBR test and cyclic load test are 

carried out. 
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2.5.5 CONCLUSION 

From the cyclic load test results, it is observed that, waste plastics reinforced model 

flexible pavement has shown better performance in comparison with waste tyre rubber 

reinforced model flexible pavement for both murrum and flyash sub-bases. The load 

carrying capacity of the model flexible pavement system has significantly increased for 

both murrum and flyash sub-bases reinforced with waste plastics as well as waste tyre 

rubber reinforced sub-base model flexible pavement laid on sand sub-base. 

2.6 LITERATURE 5  

2.6.1 TITLE 

�³�3�H�U�I�R�U�P�D�Q�F�H���R�I���%�L�W�X�P�L�Q�R�X�V���0�L�[���X�V�L�Q�J���(-waste and Fly-�D�V�K���I�R�U���W�K�H���)�O�H�[�L�E�O�H���S�D�Y�H�P�H�Q�W�´�� 

2.6.2 AUTHOR 

Darshit H. Javiya. 

2.6.3 JOURNAL 

International Journal for Research in Applied Science & Engineering Technology. 

2.6.4 ABSTRACT 

Marshall Stability Test is a very important test for the bituminous mixes in flexible 

pavement. Electronic waste and flyash are disposed very casually, which may cause 

serious health and pollution problems. The disposal of electronic waste is difficult 

because of non-degradable plastic contents and metals like lithium, copper and 

aluminum, which may lead to adverse effects on the environment. To deal with this 

problem, here to study the use of electronic waste and fly-ash as an alternative to 

conventional material in a BC (Bituminous Concrete) layer of flexible pavement. In 

Literatures, there are various tests which have been carried out by replacing coarse 

aggregates using electronic waste and fine aggregates with fly-ash. The results obtained 

by laboratory investigation indicate major gain in strength with substantial saving in cost. 

2.6.5 CONCLUSION 

In this experimental work, it is observed that the 4 % of stone dust can be volumetrically 

replaced by Fly-ash in BC layer having 5.5 % optimum bitumen content gives the best 

stability value. The stability decreased by 8% and 12% fly-ash replacement. When the 

Fly-ash percentage goes on increasing beyond 4% decrease in stability is observed clearly 

indicating negative results from excess use of fly-ash.The outcomes from the laboratory 
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investigation proves the suitability of electronic waste and fly-ash in road construction 

with substantial cost saving. So, disposal of hazardous electronic waste and fly-ash in the 

pavement can prove to be one of the alternatives to make the earth greener and 

pavements more durable. 

 

2.7 LITERATURE 6  

2.7.1 TITLE 

�³�6�W�D�E�L�O�L�]�D�W�L�R�Q��of Black Cotton Soil using GGBS, Glass Fiber and Ordinary Portland 

�&�H�P�H�Q�W�´�� 

2.7.2 AUTHOR 

Md. Mujaheduddin, Dr. Vageesha S Mathada, Md. KhajaMoinuddin, Poojeshwari M. 

Kotagi. 

2.7.3 JOURNAL 

International Journal for Innovative Research in Science & Technology. 

2.7.4 ABSTRACT 

The expansive soils are particular type of soils which are almost clayey soils. When they 

absorb the process of expansion takes place and they shrink when they dry out. The 

swelling process generates the hydraulic pressure which results in the heaving or lifting 

of the structure. Whereas differential settlement can be caused by the process of 

shrinkage. Due to the shrinkage and swelling process, many buildings and pavements 

which are placed on such soils are exposed to danger. Thus, the technique of stabilization 

is made for enhancing the properties of soil to avoid the mentioned risk. 20% of Indian 

land covers the black soil, which is around 0.8msqkm. The experiments are done in the 

laboratory by blending the optimum % of ground granulated blast furnace slag, ordinary 

Portland cement 0.3%, 0.6%, 0.9% and 1.2% and the glass fibre 0.25%, 0.5%, 0.75% and 

1% were used with black cotton soil to know their effects on it. OMC, MDD results were 

found out in the laboratory. The UCS is checked at 3,7 and 14 days of curing period for 

the mix proportions having highest values of MDD. 

2.7.5 CONCLUSION 

From the results and experimental work, following conclusions are made. 
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1. The black cotton soil blended with GGBS, GF & OPC shows higher MDD values 

than the soil mixed with GGBS & GF alone.  

2. The MDD value for black cotton soil alone was 1.430g/cc with 32.3% OMC, on 

addition of 25% GGBS+0.5%GF+0.9% OPC, MDD value increases to 1.653 and 

OMC reduces to 21.1%. 

3. As the % of GF increases the value of MDD also increases up to 0.5% further 

increase in % of glass fiber reduces the value, this is because of the workability 

property of the soil.  

4. The UCS strength increases with increase in the % of GF up to 0.75%, further 

increase of GF reduces the UCS strength.  

5. The highest UCS strength is achieved the soil blended with 

25%GGBS+0.75%GF+0.6%OPC at 14 days of curing. The value reaches to 

5.911kg/cm2 which is around 6 times the strength of B.C. soil alone tested at zero 

day. 

 

2.8 LITERATURE 7  

2.8.1 TITLE 

�³�6�W�D�E�L�O�L�]�D�W�L�R�Q���R�I���6�R�L�O���8�V�L�Q�J���)�O�\�D�V�K�����/�L�P�H���	���&�H�P�H�Q�W�´�� 

2.8.2 AUTHOR 

Santosh Dhakar , S. K. Jain 

2.8.3 JOURNAL 

 International Journal of Science and Research 

2.8.4 ABSTRACT 

Black cotton soil is considered to be problematic soil as it show major volume changes 

due to change in its moisture content. This volume change cause wide spread damages to 

building and roads necessitating stabilization of such soil prior to the construction. The 

present paper investigates the effectiveness of different stabilizing agent viz. lime, 

cement and fly ash with soil for improving its engineering properties. Soil samples were 

collected from district Morena, in state of Madhya Pradesh, in order to look in to the 

relative effectiveness, and arrive at appropriate proportion of stabilizing. (1) Lime, (2) 

Cement, (3) Fly ash alone and combination of (1) Lime�± Cement, (2) Cement�±Fly ash, 
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(3) Fly ash-Lime are used to stabilize the soil. Quantity of stabilizing agent varied from 

2% to 10% of the soil weight and the performance is evaluated by observing variation in 

various engineering properties like Liquid Limit, Plastic Limit, and Plasticity Index. 

2.8.5 CONCLUSION 

The liquid limit of soil increases when lime, fly ash, lime + fly ash and cement + lime is 

used as a admixture. When cement is used L.L is first increases then decreases and again 

increases. When fly ash + cement is used L.L is increases at 2% of their content and then 

decreases. L.L of soil is minimum for 2% of lime content. At 2% of lime content L.L of 

soil is 37%. The plastic limit of soil is regularly increases when lime, cement, lime + fly 

ash and cement + lime is used as a admixture. When fly ash and fly ash + cement is used 

as a admixture P.L of soil is first increases then decreases. P.L of soil at 10% of fly ash 

content is minimum. At 10% of fly ash P.L of soil is 29.58% . P.I. of soil has lesser value 

at 2% of cement content which is 3.2%. Soil having lesser value of P.I is good for 

engineering purposes. Hence compared to other combinations 2% of cement content is 

found to be more suitable. 
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CHAPTER 3 

METHODOLOGY  

 

Conclusion

Compilation of Results

Conducting above tests to the soil samples in presence of Lime waste

Mix the samples with varing of lime waste content i.e.,5%, 10%, 15%, 20%

Conducting SPCT,CBR ,UCC tests to the samples with 0% of lime waste

Finding the index properties of soil samples

Pulverise the Black cotton soil samples

sieve the Samples(4.75 - 4.25 mm)

Collection of Black cotton soil samples and lime Waste
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CHAPTER 4 

LABORATORY INVESTIGATION  

4.1 GENERAL 

This chapter elaborates the various physical and engineering properties of sub-grade soil 

namely natural moisture content, specific gravity, liquid limit, plastic limit, optimum 

moisture content , maximum dry density, unconfined compressive strength and CBR. 

Along with the properties of Lime waste. All the tests were carried out as per IS codes.  

4.2 SOIL SAMPLING  

a. Bulk BC soil samples for the analysis were collected back side of the 

Gudlavalleru Engineering college(Sample-1) and near Railway station at 

Gudalavalleru (sample-2).  

b. Location of sample-1 : 16°21'12.1''N 81°02'29.0''E 

c. Location of sample-2: 16°20'10.0''N 81°02'49.2''E 

d. Representative soil samples were collected from an open pit at a depth of which is 

clear of organic soil. 

e. Pulverizes the Black cotton soil samples and sieve under 4.75 and 4.25 mm. 

f. The soil used for analysis is cohesive soil predominantly clay. 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.1 Excavation of samples in Field 
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Fig 4.2 Pulverizing and sieving of Black cotton soil  

 

4.3 PROPERTIES OF SUB-GRADE SOIL  

The properties of the sub-grade soil were determined by conducting various laboratory 

tests such as  

1. Natural Moisture Content test 

2. Specific Gravity test 

3. Free swell index 

4. Atter berg Limits of soil 

5. Compaction test 

1. �6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W�� 

6. Unconfined Compression test 

7. California Bearing Ratio test 

 

4.3.1 NATURAL MOISTURE CONTENT TEST  

�x The test procedure is followed as per IS: 2720 (Part 2) �± 1973. 

�x The test is conducted on three samples and the average is taken as 

moisture content. The natural moisture content of  
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S. No Description Result 

Sample-1 Sample-2 

1 Natural moisture 

content 

27.20% 15.63% 

 

Table 4.1 Natural moisture content 

 

4.3.2 SPECIFIC GRAVITY TEST  

�x The test procedure is followed as per IS: 2720 (Part 3/sec 1)�±1980. 

�x The test is conducted on three samples and the average is taken as the value of Specific 

Gravity.  

 

Fig 4.3 Picture of an Specific Gravity 

 

S. No Description Result 

Sample-1 Sample-2 

1 Specific gravity 2.73 2.70 

 

Table 4.2 Specific gravity of Soil 
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4.3.3 FREE SWELL INDEX 

�x The test procedure is followed as per IS: 2720 (Part 11) �± 1977. 

�x Free swell or differential free swell, also termed as free swell index, and is the 

increase in volume of soil without any external constraint when subjected to 

submergence in water. 

 

 

 

Fig 4.4 Picture of an Free swell Index 

 

S.No Description Result 

Sample-1 Sample-2 

1 Free Swell Index 70 % 35% 

 

Table 4.3 Free Swell Index of Soil 

 

4.3.4 ATTERBERG LIMITS OF SOIL  

�x Liquid limit and Plastic Limit tests were conducted as per IS: 2720 (Part5) �±1985. 
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�x The soil is classified based on plasticity chart as per Bureau of Indian Standards. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.5  Picture of an Liquid limit      Fig 4.5.1 Picture of an Plastic limit 

 

S.No Description Result Remarks 

Sample-1 Sample-2 

1 Liquid limit(WL) 91% 120% - 

2 Plastic limit(WP) 50% 62% - 

4 Plasticity index(IP) 35 40 (IP) >17 Highly plastic 

7 Soil Classification CH CH Clay of High 

compressibility 

 

  Table 4.4 Atter Berg Limits of Soil 
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4.3.5 COMPACTION TESTS 

 

�����������������6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W 

�x The optimum water content (OMC) and maximum dry density (MDD) is obtained 

�E�\���F�R�Q�G�X�F�W�L�Q�J���6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���7�H�V�W���D�V���S�H�U���,�6��������������(Part 7) �± 1980. 

�x The relation between moisture content and dry density is obtained from 

compaction test is shown in Graph 4.1 and 4.1.2. 

 

 

 

Graph 4.1 Variation of OMC & MDD of soil Sample - 1 with 0% of LW  
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Graph 4.1.2 Variation of OMC & MDD of soil Sample - 2 with 0% of LW  

 

The optimum moisture content and maximum dry density obtained from compaction test 

on soil are given below. 

 

Compaction tests OMC (%) MDD (g/cc) 

Sample-1 Sample-2 Sample-1 Sample-2 

�6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q��

test 

36.56 34.251 1.37 1.43 

 

Table 4.5 Compaction test of Soil 

 

4.3.6 UNCONFINED COMPRESSIVE STRENGTH TEST  

 

�x The Unconfined Compressive Strength and Cohesion is obtained by conducting 

Unconfined Compressive Strength test.  

�x The test was conducted as per IS 2720 (Part 10) : 1991. 

�x The test were conducted on soil samples prepared under light compaction. 
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Fig 4.6  Pictures of an UCC test 

 

The relation between stress and strain obtained as a result of Unconfined Compressive 

Strength test on sample prepared under light compaction is shown in Fig 4.5 and Fig 4.6 

respectively. 

 

 

Graph 4.2 Variation of Stress & Strain of soil Sample - 1 with 0% of LW  
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Graph 4.2.1 Variation of Stress & Strain of soil Sample - 1 with 0% of LW  

 

The unconfined compressive strength and cohesion obtained as a result of unconfined 

compressive strength test conducted on soil samples prepared under light compaction is 

shown below 

 

Type of Compaction Unconfined Compressive Strength 

KN/m2 

Cohesion 

KN/m2 

Sample-1 Sample-2 Sample-1 Sample-2 

Light compaction 11.23 5.93 9.8 5.3 

 

Table 4.6 UCC Test of Soil 

 

4.3.7 CALIFORNIA BEARING RATIO TEST  

�x The CBR tests were conducted as per IS 2720(Part 16):1987.  

�x The CBR test is onducted under samples prepared with light energy of 

compaction. 
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�x The Load Vs. Penetration curve obtained as a result of Unsoaked CBR test in soil 

under light compaction is shown in Figures, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.7  Pictures of an CBR test 
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Graph 4.3 Variation of Load & Penetration of soil Sample - 1 with 0% of LW  

 

 

 

Graph 4.3.1 Variation of Load & Penetration of soil Sample - 2 with 0% of LW  
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S. No Description Sample-1 Sample-2 

 

1 CBR at 2.5mm Penetration 

(%) 

0.60 0.71 

2 

 

CBR at 5mm Penetration (%) 0.437 0.58 

3 CBR 0.62 0.58 

 

Table 4.7 CBR Test of Soil 

 

4.4 LIME DUST 

4.4.1 GENERAL 

�x Lime Waste were collected from the waste material disposed by industries at Piduguralla. 

�x Lime waste are generated by manufacturing of Lime. The major air contaminant from 

lime operations is dust ; limestone dust from mining , handling , crushing , and screening 

operations ; quicklime dust from kiln discharge , handling , shipping , and  milling 

operations ; hydrate lime dust  from hydrator operations , milling , and  packing .  
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Fig 4.8 Pictures of an Lime waste 

 

These dusts are generally looked upon by the community as a the nuisance rather than 

endangering  health . Pulverized limestone is applied  in copious quantities in many coal 

mines  as an inert material to minimize coal  dust explosions . Farm workers are  often 

exposed to hydrated lime dust during soil application . The building  trades are frequently 

exposed to both  dust and wetted lime products without  detrimental effect . Silicosis and 

respiratory ailments are not a problem  among lime plant workers . On the  other hand , 

lime ( both quick and hydrate ) are alkaline substances and , as such , can be irritating to 

eyes , respiratory membranes , and moist skin . For these reasons as well as the 

nuisance value , emission of these materials is objectionable even though they cannot be  

placed in a hazardous class. 

 

4.4.2 PHYSCIAL AND CHEMICAL PROPERTIES  

 

�x Appearance   :  White or grayish-white material. 

�x Physical State   :  Solid 

�x Odor    :  Odorless 

�x Odor threshold  :  Not applicable 
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�x pH at 25 degrees C  :  12.45 appox. 

�x Boiling Point   :  NA 

�x Melting Point   : 4658° F. 2570°C 

�x Flash Point   :  Not Applicable 

�x Evaporation Rate  :  NA 

�x Flammability   : NA 

�x Upper/Lower flammability 

�x or explosive limits  :  NA 

�x Vapor Pressure  :  N/A 

�x Vapor Density   :  N/A 

�x Relative Density  :  NA 

�x Auto-ignition temperature :  NA 

�x Solubility in Water  : Reacts with water to produce Ca(OH)2 

and large amounts of heat. 

�x Partition co-efficient  : n-octanol/water 

�x Decomposition temperature :  NA 

�x Viscosity   :  NA 

�x Stability    :  Chemically stable and reacts vigorously 

with water to form calcium hydroxide, 

releasing heat. LKD also reacts with 

carbon dioxide to form calcium 

carbonate. 

 

4.4.3 USES 

�x Blending LKD into wet fill, often referred to as "Dry Down" can keep projects on time 

and on budget. Dry Down is one of the most common uses for LKD. It is very good at 

removing moisture from fill materials, so compaction can be achieved faster allowing for 

another lift of fill to be placed.  

�x LKD can be used to stabilize building pad or parking lot sub-grades when  
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existing soils are mostly comprised of clay like materials. The increase in strength can be 

used to offset the thickness of aggregate base or surface (slab or pavement) needed to 

meet the engineers structural design. 

�x LKD can be used as an additive in combination with bituminous stabilizing agents to 

increase strength when repairing reclaimed materials with higher 

clay content.. 
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CHAPTER 5 

EXPERIMENTAL STUDY  

5.1 GENERAL 

The experimental study involves Specific Gravity tests, Free swell index, Atterberg Limit 

�W�H�V�W���� �6�W�D�Q�G�D�U�G�� �3�U�R�F�W�R�U�¶�V�� �&�R�P�S�D�F�W�L�R�Q�� �W�H�V�W���� �8�Q�F�R�Q�I�L�Q�H�G��Compression test, California 

Bearing Ratio tests varying percentage of Lime waste namely 5%, 10%, 15%, and 20%. 

All the tests were conducted with light energy of compaction. 

 

5.2 SPECIFIC GRAVITY TEST WITH ADDTION OF LIME WATSE  

Specific Gravity tests  is conducted on soil  Samples with 5%,10%,15% and 20% Lime 

waste to determine the Specific gravity of soils  with varying  of Lime waste.For each 

percentage of Lime waste three trials were carried out . 

S. No Description Proportions Result 

Sample-1 Sample-2 

1  

Specific 

gravity 

5 2.74 2.68 

2 10 2.70 2.7 

3 15 2.73 2.72 

4 20 2.77 2.75 

  

Table 5.1 Specific Gravity Test of Soil with addition of Lime Waste 

 

5. 3 FREE SWELL INDEX  WITH ADDTION OF LIME WATSE  
Free Swell indextest is conducted on soil with 5%,10%,15% and 20% Lime Waste to 

determine the Free Swell indexof soil with varying Lime Waste content.  
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Graph 5.1 Free Swell index sample-1 Graph 5.1.1 Free Swell index sample-2  

 

S. No Description Proportions Result 

Sample-1 Sample-2 

1  

Free Swell 

index 

5 63 29 

2 10 45 25 

3 15 32 19 

4 20 25 14 

 

Table 5.2 Free Swell Index of Soil with addition of Lime Waste  

 

5.4 ATTERBERG LIMITS OF SOIL WITH ADDTION OF LIME 

WATSE 

Atter Berg Limits were conducted on soil with 5%,10%,15% and 20% Lime Waste to 

determine the Liquid limit and Plastic Limit  of soil with varying Lime Waste content. 
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S. 

No 

Description Sample-1 Sample-2 

5 10 15 20 5 10 15 20 

1 Liquid 

limit(W L) 

63.62 56.98 49.47 43.82 82.56 64.99 51.22 36 

2 Plastic 

limit(WP) 

32.18 30.88 28.52 27.84 44.26 35.66 28.22 23.0 

3 Plasticity 

index(IP) 

31.44 26.10 20.95 15.98 38.3 28.9 23 12.45 

 

Table 5.3 Atter Berg Limits of Soil with addition of Lime Waste 

 

5.5 �6�7�$�1�'�$�5�'���3�5�2�&�7�2�5�¶�6���&�2�0�3�$�&�7�,�2�1���7�(�6�7���:�,�7�+���$�'�'�7�,�2�1���2�)��LIME 

WATSE 

 

�6�W�D�Q�G�D�U�G�� �3�U�R�F�W�R�U�¶�V�� �&�R�P�S�D�F�W�L�R�Q�� �W�H�V�W�� �L�V�� �F�R�Q�G�X�F�W�H�G�� �R�Q�� �V�R�L�O�� �Z�L�W�K�� ���������������������� �D�Q�G�� ��������

Lime Waste to determine the optimum moisture content and maximum dry density of soil 

with varying of Lime Waste content. The following are the compaction curves obtained 

from the Stan�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W�� 

 

5.5.1 SAMPLE �± 1 

The Compaction curves for Sample - 1 with replacement of Lime waste with proportions 

shown in figures, 
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�*�U�D�S�K�����������6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W���I�R�U���V�D�P�S�O�H-1-5% 
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�*�U�D�S�K���������������6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W���I�R�U���V�D�P�S�O�H-1-15% 
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�*�U�D�S�K���������������6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W���I�R�U���V�D�P�S�O�H-1 

 

 

5.5.2 SAMPLE - 2 

The Compaction curves for Sample - 2 with replacement of Lime waste with proportions 

shown in figures, 
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  �*�U�D�S�K���������������6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W���I�R�U���V�D�P�S�O�H-2-5 % 
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1.35

1.43

1.47

1.42

1.36

1.28
1.3

1.32
1.34
1.36
1.38
1.4

1.42
1.44
1.46
1.48

21.57 25.8 32.36 33.92 36.35

Sample-2-5%

D
ry

 D
en

si
ty

 g
/c

c

Water Content %

1.467

1.48
1.485

1.496

1.46

1.44

1.45

1.46

1.47

1.48

1.49

1.5

25.05 27.99 30.21 31.69 32.81

Sample-2-10%

Water content %

D
ry

 d
en

si
ty

g/
cc



37 
 

 

 

�*�U�D�S�K���������������6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W���I�R�U���V�D�P�S�O�H-2-15% 
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�*�U�D�S�K���������������6�W�D�Q�G�D�U�G���3�U�R�F�W�R�U�¶�V���&�R�P�S�D�F�W�L�R�Q���W�H�V�W���I�R�U���V�D�P�S�O�H-2 

 

S. 

No 

Description Sample-1 Sample-2 

5 10 15 20 5 10 15 20 

1 Max Dry 

Density 
1.491 1.53 1.55 1.69 1.47 1.496 1.56 1.595 

2 Optimum 

Moisture 

Content 
34.55 32.55 

 

 

 

30.3 28.356 32.36 31.69 28.05 27.99 

 

Table 5.4 Compaction test of Soil with addition of Lime Waste 
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5.6 UNCONFINED COMPRESSIVE STRENGTH TEST WITH ADDTION OF 

LIME WATSE  

 

Unconfined Compressive Strength test is conducted on soil with 5%,10%,15% and 20% 

Lime Waste to determine the Unconfined Compressive Strength and Cohesion of soil 

with varying of Lime Waste content. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.1 Pictures of an UCC test 

 

 

 

5.6.1 SAMPLE - 1 

Unconfined Compressive Strength test for Sample - 1 with replacement of Lime waste 

with proportions shown in figures, 
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Graph 5.3 Unconfined Compressive Strength testfor sample-1-5% 

 

 

 

Graph 5.3.1 Unconfined Compressive Strength testfor sample-1-10% 
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Graph 5.3.2 Unconfined Compressive Strength testfor sample-1-15% 

 

 

 

Graph 5.3.3 Unconfined Compressive Strength testfor sample-1-20% 
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Graph 5.3.4 Unconfined Compressive Strength testfor sample-1 

 

5.6.2  SAMPLE -2 

Unconfined Compressive Strength test for Sample - 2 with replacement of Lime waste 

with proportions shown in figures, 

 

 

Graph 5.3.5 Unconfined Compressive Strength testfor sample-2-5% 
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Graph 5.3.6 Unconfined Compressive Strength testfor sample-2-10% 

 

 

 

Graph 5.3.7 Unconfined Compressive Strength testfor sample-2-15% 
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Graph 5.3.8 Unconfined Compressive Strength testfor sample-2-20% 

 

 

 

Graph 5.3.9 Unconfined Compressive Strength testfor sample-2 
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S. 

No 

Description Sample-1 Sample-2 

5 10 15 20 5 10 15 20 

1 Unconfined 

Compressive 

Strength 

KN/m2 32.4 33.6 47.9 56.6 18.0 14.2 18.0 19.6 

2 Cohesion 

KN/m2 3.9 5.9 9.8 10.5 9.2 10.5 13.2 17.1 

 

Table 5.5 Unconfined Compressive Strength test with addition of Lime Waste 

 

5.7 UN-SOAKED CALIFORNIA BEARING RATIO TESTS (LIGHT 

COMPACTION) WITH ADDTION OF LIME WATSE  

�x Un-soaked California Bearing Ratio tests are conducted on soil samples prepared 

under Light compaction under un-soaked condition to determine CBR value of 

soil with varying LIME WATSE content.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.2 Pictures of an CBR test 
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�x The test is conducted on soil samples with 5%, 10%, 15% and 20% LIME 

WATSE to determine the optimum LIME WATSE content. The following are the 

Load Vs Penetration curves obtained from the tests. 

 

5.7.1  Sample-1 

�x The load Vs penetration curve of CBR test on soil sample prepared with light 

compaction under un-soaked condition are shown in figures, 

 

 

 

 

Graph 5.4 Un-soaked California Bearing Ratio Test for sample-1-5% 
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Graph 5.4.1 Un-soaked California Bearing Ratio Test for sample-1-10% 

 

 

 

Graph 5.4.2 Un-soaked California Bearing Ratio Test for sample-1-15% 
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Graph 5.4.3 Un-soaked California Bearing Ratio Test for sample-1-20% 

 

 

 

Graph 5.4.4 Un-soaked California Bearing Ratio Test for sample-1 
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5.7.2 Sample-2 

The load Vs penetration curve of CBR test on soil sample prepared with light compaction 

under un-soaked condition are shown in figures, 

 

 

Graph 5.4.5 Un-soaked California Bearing Ratio Test for sample-2-5% 

 

 

 

Graph 5.4.6 Un-soaked California Bearing Ratio Test for sample-2-10% 
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Graph 5.4.7 Un-soaked California Bearing Ratio Test for sample-2-15% 

 

 

 

Graph 5.4.8 Un-soaked California Bearing Ratio Test for sample-2-20% 
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Graph 5.4.9 Un-soaked California Bearing Ratio Test for sample-2 

 

S. 

No 

Description Sample-1 Sample-2 

5 10 15 20 5 10 15 20 

1 CBR at 

2.5mm 

Penetration 

(%) 1.09 1.14 1.751 1.53 0.76 1.094 1.53 1.75 

2 

 

 

 

 

CBR at 

5mm 

Penetration 

(%) 

 1.080 1.05 1.73 1.48 0.65 1.046 1.46 1.67 

3 CBR 1.09 1.14 1.751 1.53 0.76 1.094 1.53 1.75 

 

Table 5.6 Un-soaked California Bearing Ratio test with addition of Lime Waste 
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CHAPTER �± 6 

SUMMARY & CONCLUSIONS  

 6.1 SUMMARY  

Black cotton soils cover about 1/5th of the area of our country. Owing to its undesirable 

Engineering properties such as high swelling and shrinkage, the soil is not good either as 

foundation or embankment material. To make the best use of B.C soils, its properties are 

to be modified to suit the requirements in any specific case by means of stabilization.  

Due to growth in population and industrialization, the demand for site increasing 

tremendously. But availability of  good site for construction of structures decreasing. The 

sites comprises of poor soils like expansive soils which are not suitable for construction 

of structures, because these soils are tends to expand when it receives water and shrink 

when water is dried out due to presence of montmorillonite clay minerals. Hence these 

soils cause severe cracks in buildings, damages to floors, pavements, canals and dams 

etc. Expansive soils cover about 1/5thof the area of our country. So, it is necessary to 

improve their soil properties by using some ground improvement techniques and soil 

stabilization. 

 Increase in population and industrialization, large quantities of liquid and solid wastes 

are generating now a days. If these wastes are disposed randomly into the environment, it 

adversely affects the environment through water pollution, air pollution and land 

pollution. Finally the ecosystem is disturbed. The engineers have to take challenge for 

safe disposal of agricultural waste. Hence the assessment of geotechnical properties of 

wastes becomes essential for soil stabilization. 

For that cases the waste materials are taken and used for the stabilization works and by 

doing this the expansive soil will be useful for various purposes rather than to replacing 

of soil. 
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6.2 CONCLUSION 

�´  Free swell index, Liquid limit and Plastic limit values decrease with increase in 

percentage of LKD for both the soils. 

�´  Maximum Dry density increases with increase in percentage of LKD for both the 

soils.  

�´  Optimum moisture content decreases with increase in percentage of LKD for both 

the soils.  

�´  Unconfined compressive strength and CBR increases with increase in percentage 

of LKD for both the soils.  

�´  At 20% replacement of LKD with sample 1, Free swell index is reduced from 70 - 

25%, Liquid limit is reduced from 92 - 43.8% and Plastic limit is reduced from 50 

- 27.8%.  

�´  At 20% replacement of LKD with sample 1, Maximum Dry density is increased 

from 1.37 - 1.69%.  

�´  At 20% of replacement of LKD with sample 1, Optimum moisture content 

decreased from 36.56 - 28.35%.  

�´  At 20% replacement of LKD with sample 1, Unconfined compressive strength 

increased from 11.23-56.6% and CBR is increase from 0.62-1.53%.  

�´  At 20% replacement of LKD with sample 2, Free swell index is reduced from 35 - 

14%, Liquid limit is reduced from 12-36% and Plastic limit is reduced from 62 - 

12%.  

�´  At 20% replacement of LKD with sample 2, Maximum Dry density is increased 

from 1.43 - 1.59%.  

�´  At 20% of replacement of LKD with sample 2, Optimum moisture content 

decreased from 34.251 - 27.99%.  

�´  At 20% replacement of LKD with sample 1, Unconfined compressive strength 

increased from 5.93 - 19.6% and CBR is increase from 0.58 - 1.75%.  
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�F�X�U�L�Q�J�� �D�Q�G�� �:�H�W�� �F�X�U�L�Q�J���� �,�Q�� �W�K�L�V�� �G�L�U�H�F�W�L�R�Q���� �W�K�H�� �W�H�V�W���U�H�V�X�O�W�V�� �R�I�� �&�R�P�S�U�H�V�V�L�Y�H�� �V�W�U�H�Q�J�W�K���� �6�S�O�L�W���W�H�Q�V�L�O�H�� �V�W�U�H�Q�J�W�K�� �D�Q�G��

�Z�R�U�N�D�E�L�O�L�W�\���D�U�H���H�Y�D�O�X�D�W�H�G���D�Q�G���F�R�P�S�D�U�H�G���Z�L�W�K���&�R�Q�Y�H�Q�W�L�R�Q�D�O���F�R�Q�F�U�H�W�H����

�.�H�\�Z�R�U�G�V�������(�J�J���V�K�H�O�O���S�R�Z�G�H�U�����%�U�L�F�N���S�R�Z�G�H�U�����:�D�W�H�U���F�X�U�L�Q�J�����0�R�L�V�W���V�D�Q�G���F�X�U�L�Q�J�����:�H�W���F�X�U�L�Q�J�����0�H�P�E�U�D�Q�H��

�F�X�U�L�Q�J�����&�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K�����6�S�O�L�W���W�H�Q�V�L�O�H���V�W�U�H�Q�J�W�K�����:�R�U�N�D�E�L�O�L�W�\��������
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�������*�H�Q�H�U�D�O��

�� �����&�R�Q�F�U�H�W�H���L�V���W�K�H���P�R�V�W���Z�L�G�H�O�\���X�V�H�G���F�R�P�S�R�V�L�W�H���P�D�W�H�U�L�D�O���W�R�G�D�\�����7�K�H���P�D�L�Q���U�H�D�V�R�Q���E�H�K�L�Q�G���X�V�L�Q�J���F�R�Q�F�U�H�W�H��

�L�V�� �G�X�H�� �W�R�� �L�W�V�� �K�L�J�K�� �V�W�U�H�Q�J�W�K���� �G�X�U�D�E�L�O�L�W�\�� �D�Q�G�� �Z�R�U�N�D�E�L�O�L�W�\���� �7�K�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �S�U�R�M�H�F�W�V�� �O�L�N�H�� �+�L�J�K�Z�D�\�V���� �$�L�U�S�R�U�W�V����

�1�X�F�O�H�D�U�� �S�O�D�Q�W�V���� �%�U�L�G�J�H�V���� �'�D�P�V�� �H�W�F���� �L�Q�� �,�Q�G�L�D�� �L�V�� �L�Q�F�U�H�D�V�L�Q�J�� �\�H�D�U�� �D�I�W�H�U�� �\�H�D�U���� �6�X�F�K�� �G�H�Y�H�O�R�S�P�H�Q�W�D�O�� �D�F�W�L�Y�L�W�L�H�V��

�F�R�Q�V�X�P�H���O�D�U�J�H���T�X�D�Q�W�L�W�\���R�I���S�U�H�F�L�R�X�V���Q�D�W�X�U�D�O���U�H�V�R�X�U�F�H�V�������7�K�H���F�R�Q�V�W�L�W�X�H�Q�W�V���R�I���F�R�Q�F�U�H�W�H���D�U�H���F�R�D�U�V�H���D�J�J�U�H�J�D�W�H�����I�L�Q�H��

�D�J�J�U�H�J�D�W�H���� �E�L�Q�G�L�Q�J�� �P�D�W�H�U�L�D�O�V�� �D�Q�G�� �Z�D�W�H�U���� �5�D�S�L�G�� �L�Q�F�U�H�D�V�H�� �L�Q�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �D�F�W�L�Y�L�W�L�H�V�� �O�H�D�G�V�� �W�R�� �D�F�X�W�H�� �V�K�R�U�W�D�J�H�� �R�I��

�F�R�Q�Y�H�Q�W�L�R�Q�D�O���P�D�W�H�U�L�D�O�V����

���������������������������7�K�L�V���O�H�D�G�V���Q�R�W���R�Q�O�\���I�D�V�W�H�U���G�H�S�O�H�W�L�R�Q���R�I���Q�D�W�X�U�D�O���U�H�V�R�X�U�F�H�V���E�X�W���D�O�V�R���L�Q�F�U�H�D�V�H���W�K�H���F�R�V�W���R�I���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I��

�V�W�U�X�F�W�X�U�H�V�����,�Q���W�K�L�V���Y�L�H�Z���S�H�R�S�O�H���V�W�D�U�W�H�G���V�H�D�U�F�K�L�Q�J���I�R�U���V�X�L�W�D�E�O�H���R�W�K�H�U���Y�L�D�E�O�H���D�O�W�H�U�Q�D�W�L�Y�H���P�D�W�H�U�L�D�O�V���Z�K�L�F�K���F�R�X�O�G���E�H��

�X�V�H�G�� �H�L�W�K�H�U�� �D�V�� �D�Q�� �D�G�G�L�W�L�Y�H�� �R�U�� �S�D�U�W�L�D�O�� �U�H�S�O�D�F�H�P�H�Q�W�� �W�R�� �W�K�H�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �L�Q�J�U�H�G�L�H�Q�W�V�� �R�I�� �F�R�Q�F�U�H�W�H�� �V�R�� �W�K�D�W�� �W�K�H��

�H�[�L�V�W�L�Q�J�� �Q�D�W�X�U�D�O�� �U�H�V�R�X�U�F�H�V�� �F�R�X�O�G�� �E�H�� �V�D�Y�H�G�� �W�R�� �W�K�H���S�R�V�L�W�L�Y�H�� �H�[�W�H�Q�W���� �D�Q�G�� �F�R�X�O�G�� �E�H�� �P�D�G�H�� �D�Y�D�L�O�D�E�O�H�� �I�R�U�� �W�K�H���I�X�W�X�U�H��

�J�H�Q�H�U�D�W�L�R�Q���� �'�L�I�I�H�U�H�Q�W�� �L�Q�G�X�V�W�U�L�D�O�� �Z�D�V�W�H�� �P�D�W�H�U�L�D�O�V�� �V�X�F�K�� �D�V�� �I�O�\�� �D�V�K���� �E�O�D�V�W�� �I�X�U�Q�D�F�H�� �V�O�D�J���� �T�X�D�U�U�\�� �G�X�V�W���� �W�L�O�H�� �Z�D�V�W�H����

�E�U�L�F�N�� �S�R�Z�G�H�U���� �E�U�R�N�H�Q�� �J�O�D�V�V�� �Z�D�V�W�H���� �Z�D�V�W�H�� �D�J�J�U�H�J�D�W�H�� �I�U�R�P�� �G�H�P�R�O�L�W�L�R�Q�� �R�I�� �V�W�U�X�F�W�X�U�H���� �F�H�U�D�P�L�F�� �W�L�O�H�V���� �H�O�H�F�W�U�R�Q�L�F��

�Z�D�V�W�H�� �R�I�� �G�L�V�F�D�U�G�H�G�� �R�O�G�� �F�R�P�S�X�W�H�U�V���� �7�9�V�� �U�H�I�U�L�J�H�U�D�W�R�U�V���� �U�D�G�L�R�V���� �Z�D�V�W�H�� �S�D�S�H�U�� �P�L�O�O�� �S�X�O�S���� �L�U�R�Q�� �I�L�O�O�L�Q�J���� �Z�D�V�W�H��

�F�R�F�R�Q�X�W���� �U�L�F�H�� �K�X�V�N���� �P�D�U�E�O�H�� �D�J�J�U�H�J�D�W�H���� �G�X�V�W�� �S�R�Z�G�H�U���� �K�\�S�R�� �V�O�X�G�J�H���� �P�D�F�K�L�Q�H�� �F�U�X�V�K�H�G�� �D�Q�L�P�D�O�� �E�R�Q�H�V���� �F�K�L�F�N�H�Q��

�I�H�D�W�K�H�U�����H�J�J���V�K�H�O�O�����J�U�D�Q�L�W�H���T�X�D�U�U�\���V�O�X�G�J�H�����S�D�O�P���R�L�O���I�X�H�O���D�V�K�����F�R�S�S�H�U���G�X�V�W�����K�X�P�D�Q���K�D�L�U���H�W�F�����K�D�Y�H���E�H�H�Q���W�U�L�H�G���D�V���D��

�Y�L�D�E�O�H���V�X�E�V�W�L�W�X�W�H���W�R���W�K�H���F�R�Q�Y�H�Q�W�L�R�Q�D�O���P�D�W�H�U�L�D�O�V���L�Q���F�R�Q�F�U�H�W�H��������

�� �,�Q�G�L�D���L�V���L�Q���I�L�I�W�K���S�R�V�L�W�L�R�Q���L�Q���W�K�H���Z�R�U�O�G���D�Q�Q�X�D�O���H�J�J���S�U�R�G�X�F�W�L�R�Q�����$�E�R�X�W�������������P�L�O�O�L�R�Q���W�R�Q�V���R�I���H�J�J���V�K�H�O�O�V���D�U�H��

�E�H�L�Q�J�� �Z�D�V�W�H�� �D�Q�Q�X�D�O�O�\�� �E�\�� �G�L�V�S�R�V�L�Q�J�� �L�W�� �D�V�� �D�� �O�D�Q�G�I�L�O�O���� �Z�K�L�F�K�� �D�W�W�U�D�F�W�V�� �Y�H�U�P�L�Q�� �G�X�H�� �W�R�� �D�W�W�D�F�K�H�G�� �P�H�P�E�U�D�Q�H�� �D�Q�G��

�F�D�X�V�H�V�� �S�U�R�E�O�H�P�V�� �W�R�� �K�X�P�D�Q�� �K�H�D�O�W�K�� �D�Q�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �,�W�� �V�F�L�H�Q�W�L�I�L�F�D�O�O�\�� �N�Q�R�Z�Q�� �W�K�D�W�� �W�K�H�� �H�J�J�V�K�H�O�O�� �L�V�� �P�D�L�Q�O�\��

�F�R�P�S�R�V�H�G���R�I�� �F�R�P�S�R�X�Q�G�V���R�I�� �F�D�O�F�L�X�P���� �&�D�O�F�L�X�P���F�D�U�E�R�Q�D�W�H�����&�D�&�2�������L�V�� �W�K�H���P�D�M�R�U���F�R�P�S�R�V�L�W�L�R�Q���R�I���W�K�H���H�J�J�V�K�H�O�O����

�D�F�F�R�X�Q�W�L�Q�J���I�R�U�������������� �R�I�� �W�K�H���W�R�W�D�O���F�R�P�S�R�V�L�W�L�R�Q���R�I���W�K�H���H�J�J�V�K�H�O�O���� �6�L�P�L�O�D�U�O�\���� �F�D�O�F�L�X�P���F�D�U�E�R�Q�D�W�H�����&�D�&�2�������L�V���W�K�H��

�S�U�L�P�D�U�\�� �U�D�Z�� �P�D�W�H�U�L�D�O�� �L�Q�� �W�K�H�� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� �F�H�P�H�Q�W���� �7�K�H�� �S�U�R�G�X�F�H�G�� �2�3�&�� �L�V�� �F�R�P�S�R�V�H�G�� �R�I�� �I�R�X�U�� �P�D�L�Q�� �&�D�O�F�L�X�P��

�F�R�P�S�R�X�Q�G�V�� �L�Q�� �W�K�H�� �I�R�U�P�V�� �R�I�� �G�L�F�D�O�F�L�X�P�� �V�L�O�L�F�D�W�H�V�� ���&���6������ �W�U�L�F�D�O�F�L�X�P�� �V�L�O�L�F�D�W�H�� ���&���6������ �W�U�L�F�D�O�F�L�X�P�� �D�O�X�P�L�Q�D�W�H�� ���&���$����

�D�Q�G�� �W�H�W�U�D�F�D�O�F�L�X�P�� �D�O�X�P�L�Q�R�I�H�U�U�L�W�H�� ���&���$�)������ �,�W�� �L�V�� �W�K�H�U�H�I�R�U�H���� �L�Q�G�L�F�D�W�H�G�� �W�K�D�W�� �F�H�P�H�Q�W�� �D�Q�G�� �H�J�J�V�K�H�O�O�V�� �K�D�Y�H�� �W�K�H�� �V�D�P�H��

�S�U�L�P�D�U�\�� �F�R�P�S�R�V�L�W�L�R�Q�� �L�Q�� �W�K�H�� �F�D�O�F�L�X�P�� �F�R�P�S�R�X�Q�G�V���� �&�D�O�F�L�X�P�� �U�L�F�K�� �H�J�J�V�K�H�O�O�� �L�V�� �D�� �S�R�X�O�W�U�\�� �Z�D�V�W�H�� �Z�L�W�K�� �F�K�H�P�L�F�D�O��

�F�R�P�S�R�V�L�W�L�R�Q���Q�H�D�U�O�\���V�D�P�H���D�V���W�K�D�W���R�I���O�L�P�H�V�W�R�Q�H�����8�V�H���R�I���H�J�J�V�K�H�O�O���Z�D�V�W�H���L�Q�V�W�H�D�G���R�I���Q�D�W�X�U�D�O���O�L�P�H���W�R���U�H�S�O�D�F�H���F�H�P�H�Q�W��
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�L�Q�� �F�R�Q�F�U�H�W�H�� �F�D�Q�� �K�D�Y�H�� �E�H�Q�H�I�L�W�V�� �O�L�N�H�� �P�L�Q�L�P�L�]�L�Q�J�� �X�V�H�� �R�I�� �F�H�P�H�Q�W���� �F�R�Q�V�H�U�Y�L�Q�J�� �Q�D�W�X�U�D�O�� �O�L�P�H�� �D�Q�G�� �X�W�L�O�L�]�L�Q�J�� �Z�D�V�W�H��

�P�D�W�H�U�L�D�O������

�,�Q���,�Q�G�L�D�����E�U�L�F�N���N�L�O�Q���L�Q�G�X�V�W�U�L�H�V���D�U�H���W�K�H���W�K�L�U�G���O�D�U�J�H�V�W���L�Q�G�X�V�W�U�L�H�V�����%�U�L�F�N���S�R�Z�G�H�U���L�V���D���O�D�Y�L�V�K�����P�D�W�H�U�L�D�O�����Z�K�L�F�K����

�J�H�Q�H�U�D�W�H�V�� �� �D�V�� �� �Z�D�V�W�H�� �� �L�Q�� �� �E�U�L�F�N�� �� �N�L�O�Q�V�� �� �D�Q�G�� �� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �� �V�L�W�H�V���� �6�H�F�R�Q�G�D�U�\�� �F�H�P�H�Q�W�L�Q�J�� �P�D�W�H�U�L�D�O�V�� �O�L�N�H�� �%�U�L�F�N��

�3�R�Z�G�H�U�� �F�D�Q�� �E�H�� �X�V�H�G�� �W�R�� �S�D�U�W�L�D�O�O�\�� �U�H�S�O�D�F�H�� �F�H�P�H�Q�W�� �E�H�F�D�X�V�H�� �R�I�� �S�R�]�]�R�O�D�Q�L�F�� �Q�D�W�X�U�H�����%�U�L�F�N�V�� �D�U�H�� �P�D�G�H�� �X�S�� �R�I��

�G�L�I�I�H�U�H�Q�W���W�\�S�H�V���R�I���F�O�D�\�V���D�Q�G���R�W�K�H�U���P�D�W�H�U�L�D�O�V���O�L�N�H���V�D�Q�G�����&�O�D�\���F�R�P�S�R�V�H�G���R�I���$�O�X�P�L�Q�D�����6�L�O�L�F�D���D�Q�G���R�W�K�H�U���F�D�U�E�R�Q�D�W�H�V��

�D�Q�G�� �R�[�L�G�H�V���� �&�O�D�\�� �L�V�� �U�H�V�S�R�Q�V�L�E�O�H�� �� �I�R�U�� �� �W�K�H�� �S�R�]�]�R�O�D�Q�L�F�� �E�H�K�D�Y�L�R�U�� �R�I�� �� �E�U�L�F�N���� �&�O�D�\�� �L�W�V�H�O�I�� �K�D�V�� �Q�R�� �S�R�]�]�R�O�D�Q�L�F��

�S�U�R�S�H�U�W�L�H�V�� �E�X�W�� �Z�K�H�Q�� �I�L�U�H�G�� �W�R�J�H�W�K�H�U�� �Z�L�W�K�� �O�L�P�H�� �G�X�U�L�Q�J�� �E�U�L�F�N�� �P�D�N�L�Q�J�� �S�U�R�F�H�V�V�� �L�W�� �J�D�L�Q�V�� �S�R�]�]�R�O�D�Q�L�F�� �Q�D�W�X�U�H���� �7�K�H��

�X�V�D�J�H�� �R�I�� �E�U�L�F�N�� �S�R�Z�G�H�U�� �L�Q�� �S�D�U�W�L�D�O�� �U�H�S�O�D�F�H�P�H�Q�W�� �R�I�� �F�H�P�H�Q�W�� �U�H�G�X�F�H�V�� �W�K�H�� �F�R�V�W���� �F�R�Q�V�X�P�S�W�L�R�Q�� �D�Q�G�� �L�Q�F�U�H�D�V�H�� �H�F�R����

�I�U�L�H�Q�G�O�\����

�$�O�O�� �F�R�Q�F�U�H�W�H�� �U�H�T�X�L�U�H�V�� �F�X�U�L�Q�J�� �L�Q�� �R�U�G�H�U�� �W�K�D�W�� �F�H�P�H�Q�W�� �K�\�G�U�D�W�L�R�Q�� �F�D�Q�� �S�U�R�F�H�H�G�� �V�R�� �D�V�� �W�R�� �D�O�O�R�Z�� �I�R�U��

�G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �V�W�U�H�Q�J�W�K���� �G�X�U�D�E�L�O�L�W�\�� �D�Q�G�� �R�W�K�H�U�� �P�H�F�K�D�Q�L�F�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���� �7�R�� �R�E�W�D�L�Q�� �J�R�R�G�� �F�R�Q�F�U�H�W�H���� �W�K�H��
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                                     ABSTRACT 
Concrete is most used material in construction firms which is made from natural resources. As the 

natural resources are being consumed in massive way to create concrete jungle. In order to reduce 

the usage of the natural resources we need to find an alternate partial replacement to concrete and 

this also reduces the release of CO2 into atmosphere as there will be one ton of CO2 release into 

atmosphere while manufacturing of one-ton cement.  So an attempt is made to find alternate partial 

replacement to cement. The cement is replaced with 10%, 15%, 20%, 25% ,30% of fly ash by 

weight of cement and fly ash is optimized. The optimized cement concrete is further replaced with 

5%, 8%, 10% and 12% silica fume by weight of fly ash optimized cement to form ternary blended 

concrete. The strength and durability properties are studied to establish a ternary blended concrete 

for M40 Grade. 
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CHAPTER-1 

INTRODUCTION                                                                       

1.1 General: 

                           Concrete is the most versatile construction material because it can be designed to 

withstand the harshest environments while taking on the most inspirational forms. Engineers are 

continually pushing the limits to improve its performance with the help of innovative chemical 

�D�G�P�L�[�W�X�U�H�V���D�Q�G���V�X�S�S�O�H�P�H�Q�W�D�U�\���F�H�P�H�Q�W�L�W�L�R�X�V���P�D�W�H�U�L�D�O�V�����6�&�0�¶�V�������1�R�Z�D�G�D�\�V�����P�R�V�W���F�R�Q�F�U�H�W�H���P�L�[�W�X�U�H��

contains supplementary cementitious material which forms part of the cementitious component. 

These materials are majority by products from other processes. The main benefits of SCMs are their 

ability to replace certain amount of cement and still able to display cementitious property, thus 

reducing the cost of using Portland cement. The fast growth in industrialization has resulted in tons 

and tons of by product or waste materials, which can be used as SCMs such as fly ash, silica fume, 

ground granulated blast furnace slag, steel slag, eggshell powder etc. The use of these by products 

not only helps to utilize these waste materials but also enhances the properties of concrete in fresh 

and hydrated states. 

                            Silica fume and fly ash are well known supplementary cementing materials that have 

been used successfully for the production of high-performance concrete (Sarkar 1994). After high-

range water reducer, silica fume is essential, especially for high strength and durability of high-

performance concrete. Fly ash also contributes to improve the quality of concrete when used 

adequately (Naik et al. 1994). Therefore, the demand of silica fume and fly ash is high in the concrete 

industry. Both silica fume and fly ash are obtained as industrial by-products. Silica fume is obtained 

as a by-product during the manufacturing process of elemental silicon and ferro-silicon alloys. It 

consists of very fine spheroids. The mean particle size of silica fume is 0.1 µm (Malhotra et al. 

1992). It is about 100 times finer than cement particles. Silica fume possesses extremely high 

specific surface in the order of 20,000 m2/kg and may contain silicon dioxide higher than 90% 

(Malhotra et al. 1992). Because of high content of silicon dioxide and extreme fineness, silica fume 

is a highly reactive supplementary cementing material. On the contrary, fly ash is generally obtained 

as a finely divided residue during the combustion of ground or powdered coal. There are two classes 

of fly ash: Class C and Class F. Class C fly ash has both cementitious and pozzolanic properties. 

However, the cementitious property of Class C fly ash becomes very limited unless it is so finely 

divided that the average particle size is at least equal to or less than that of cement with which it will 
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be mixed. Conversely, Class F fly ash has higher pozzolanic properties but little or no cementitious 

properties. Owing to considerable pozzolanic properties, class F fly ash has been mostly used in the 

production of high-performance concrete (Bilodeau and Malhotra 1994) 

                           Silica fume and fly ash are proven to improve the properties of concrete. Particularly, the 

use of silica fume results in significant increase in compressive strength and other properties of 

concrete (Nawy 1996). Silica fume has lead to the production of HPC providing a very high strength 

in the order of 80 MPa.  

                           However, silica fume is more expensive than cement and thus the overall material cost 

of concrete becomes high. The concrete industry is generally more interested in cost-effective 

supplementary cementing materials. Fly ash is much more cost-effective than silica fume. It is also 

much cheaper than cement. In some places, it can be obtained at no cost. Hence, the material cost 

decreases when fly ash is incorporated in high performance concrete. In addition, fly ash imparts 

good property improvement in concrete.  

                           It can reduce porosity, water permeability, chloride penetration and diffusivity, and thus 

performs very well in resisting freeze-thaw damage, chloride induced corrosion, sulphate attack, 

and expansive reactions due to alkali-aggregate reactions (Bilodeau and Malhotra 1994). Therefore, 

fly ash could be used alone or with silica fume to reduce the production cost and to improve the 

properties of concrete. 

         1.2 Aim of the present study: 

                       The aim of our project is to study the compressive strength, split tensile strength, Flexure 

strength and Durability of concrete mix M40 grade, with a partial replacement of cement with fly 

ash and silica fume in different aspect ratio. 

1.3 Necessity of work:  

                  As the environmental resources are being exploited in growing rates and the   massive 

way to create concrete jungle. In order to reduce the usage of the natural resources we need to find 

an alternate partial replacement to concrete and this also reduces the release of CO2 into atmosphere 

as there will be one ton of CO2 release into atmosphere while manufacturing of one-ton cement.  

        It is a high time for the engineers to use the resources in the best effective manner. 

�³�0�D�W�H�U�L�D�O���F�R�Q�V�H�U�Y�H�G���L�V���0�D�W�H�U�L�D�O���S�U�R�G�X�F�H�G�¶�¶�����:�L�W�K���W�K�H���H�Y�H�U���L�Q�F�U�H�D�V�L�Q�J���G�H�P�D�Q�G���D�Q�G���F�R�Q�V�X�P�S�W�L�R�Q���R�I��

cement and in the backdrop of waste management, scientists & researches all over the world are 

always in quest for developing alternate binders that are environment friendly & contribute towards 
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sustainable management. Industrial wastes like blast furnace slag, coal fly ash, silica fumes & hazel 

nut shells, egg shell powders etc...Fly Ash & Silica Fume is being used as supplementary cement 

replacement materials. 

1.4 Objective of work: 

                           In this project objective is to study the influence of partial replacement of cement with 

Fly Ash and Silica Fume in concrete. Experimental investigation on partially replacement of cement 

with Fly Ash and Silica Fume. The variable factors considered in this study were concrete grade of 

M40 & curing periods of 7, 14, 28 days and 90 days of the concrete specimens. The parameter 

investigated was the time in days to cause strength deterioration factor of fully immersed concrete 

specimens in fresh water & in 3 % of H2SO4 and HCL solution. The cement is replaced with 10%, 

15%, 20%, 25%, 30% and 35% of fly ash by weight of cement and fly ash is optimized. The 

optimized cement concrete is further replaced with 5%, 8%, 10% and 12% silica fume by weight of 

fly ash optimized cement to form ternary blended concrete. The strength and durability properties 

are studied to establish a ternary blended concrete for M40 Grade. 

1.5 Scope of work: 

                 This investigation is focused on the study the mechanical and durability properties of 

concrete with partial replacements of Ordinary Portland Cement by Fly Ash and Silica Fume in 

concrete and for durability we have been subjected to 3% H2SO4 and HCL solution curing 

environments. Experimental investigation on replacement of Cement with Fly Ash and Silica Fume 

in concrete gives the strength variations in concrete with replacement of FA and SF. The utilization 

of industrial and agricultural waste produced by industrial process has been the focus of waste 

reduction research for environmental and technical benefits. 

                               

 

 

 

 

 

 



 

   

4 

 CHAPTER-2 

 LITERATURE REVIEW  
 Title of Journal : The greening of the concrete industry (C. Meyer Dept. of Civil Engineering, 

Columbia University, New York, NY 10027, USA (4 January 2009)         

                  The concrete industry is known to leave an enormous environmental footprint on Planet 

Earth. First, there are the sheer volumes of material needed to produce the billions of tons of concrete 

worldwide each year. Then there are the CO2 emissions caused during the production of Portland 

cement. Together with the energy requirements, water consumption and generation of construction 

and demolition waste, these factors contribute to the general appearance that concrete is not 

particularly environmentally friendly or compatible with the demands of sustainable development. 

                  This paper summarizes recent developments to improve the situation. Foremost is the 

increasing use of cementitious materials that can serve as partial substitutes for Portland cement, 

those materials that are by-products of industrial processes, such as fly ash and ground granulated 

blast furnace slag. But also, the substitution of various recycled materials for aggregate has made 

significant progress world-wide, thereby reducing the need to quarry virgin aggregates. The most 

important ones among these are recycled concrete aggregate, post-consumer glass, scrap tires, 

plastics, and by-products of the paper and other industries. 

Title of Journal : Physico-mechanical properties of composite cement pastes containing SF and 

FA (S.A. Abo-El-Enein a, Gamal El-kady b,T.M. El-Sokkary c, Mahmoud Gharieb d)(24 

February 2014) 

                  This study involves the partially replacement of ordinary Portland cement (OPC) by 

silica fume (SF) and fly ash (FA) on the Physico-mechanical properties of the hardened OPC�±FA�±

SF composite cement pastes. The OPC was partially replaced by 20% and 30% fly ash along with 

5% and 10% silica fume. The phase composition of the hydration products was investigated using 

XRD and DTA techniques. It was found that, the increase of FA content in OPC�±FA�±SF composite 

cement decreases the water consistency values and increases the setting times. On the other hand, 

the increase of SF content leads to increase the water of consistency and decrease the setting times. 

The partial substitution of OPC by FA and SF leads to higher porosity values with a consequent 

decrease in the compressive strength values especially during the early ages of hydration. At the 

later ages of hydration, however, the OPC�±FA�±SF cement pastes possess total porosity and 

compressive strength values close to those of the neat OPC paste. The lower of free lime contents 

were obtained for OPC�±FA�±SF composite cement pastes with the formation of further additional 
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amounts of CSH as a result of the pozzolanic reaction. The results showed also that, the Physico-

mechanical properties of composite cement paste [OPC (65%)�±FA (30%)�±SF (5%)] were improved 

at later ages. 

Title of Journal:  Strength and Durability Studies on Silica fume Modified High Volume Fly ash 

Concrete (M. Nazeer1, P.S. Anupama)(10, October (2014) 

                  This study involves the physical properties of a fly ash contribute to improvement of 

concrete quality. The majority of fly ash particles are spherical in shape. Workability and 

pumpability of concrete is improved with the addition of ash because of the increase in paste content, 

increase in the amount of fines, and the spherical shape of the fly ash particles. The use of fly ash 

may retard the setting of concrete. Fly ash concrete is less permeable because fly ashes reduces the 

amount of water needed to produce a given slump, and through pozzolanic activity, creates more 

durable C-S-H as it fills capillaries and bleed water channels occupied by water-soluble lime 

(calcium hydroxide). 

                  Concrete having large amount of fly ash (usually above 50% of the total binder material) 

is termed as high-volume fly ash (HVFA) concrete. Canada Centre for Mineral and Energy 

Technology (CANMET) first developed high volume fly ash concrete for structural use by the late 

���������¶�V�� �I�R�U�� �P�D�V�V�� �F�R�Q�F�U�H�W�H�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �W�R�� �U�H�G�X�F�H�� �W�K�H�� �K�H�D�W�� �R�I�� �K�\�G�U�D�W�L�R�Q���� �+�L�J�K�� �9�R�O�X�P�H�� �)�O�\�� �D�V�K��

Concrete mix contains lower quantities of cement and higher volumes of Fly Ash (above 50%). 

From the literature available, it is found that the proportions of Fly Ash in Concrete can vary from 

30% - 80% for various grades of concrete .High volume Fly Ash Concrete with larger replacement 

of Fly Ash in cement is a beneficial practice for sustainable, durable and economic concrete. HVFA 

concrete with 50% - 60% fly ash can be designed to meet the workability strength and durability 

requirements of concrete. 

                   The main features of silica fume are a high silica content, high specific surface area and 

amorphous structure. These characteristics account for the substantial pozzolanic activity of silica 

fume, in terms of both its capacity of binding lime and rate of reaction. The effects of silica fume 

on properties of the fresh concrete include improvement of the cohesiveness and reduction of 

bleeding. The main contribution of the silica fume to the strength development in hardened concrete 

at normal curing temperatures takes place from about 3 days onwards. At 28 days the strength of 

silica-fume concrete is always higher than the strength of the comparable Portland cement concrete. 

As the proportion of silica fume increases, the workability of concrete decreases nevertheless its 

short term mechanical properties such as 28-day compressive strength improves. 
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Title of Journal:  Partial Replacement of Cement with FA and SF for Sustainable Construction 

(Dr.S.Sundararaman, S.Azhagarsamy) (05 May-2016) 

                  This study involves of partial replacement of cement which is capable for sustainable 

development is characterized by application of industrial wastes to reduce consumption of natural 

resources and energy and pollution of the environment. Presently large amounts of fly ash are 

generated in thermal industries with an important impact on environment and humans. This research 

work describes the feasibility of using the thermal industry waste in concrete production as partial 

replacement of cement. Fly ash and silica fume can be used as filler and helps to reduce the total 

voids content in concrete. The cement has been replaced by fly ash accordingly in the range of 0%, 

25%, 30%, 35%, 40%,45%, 50%, 55% and 60% by weight of cement and 10% of silica fume in 

common for M-30 mix. Concrete mixtures produced, tested and compared in terms of compressive 

and split tensile strength with the conventional concrete for 3, 7, 28 days. It is found that,50% of fly 

ash and 10% of silica fume can be replaced and strength obtained is comparable to the conventional 

concrete. 

Title of Journal : Effects of SF and FA on Durability Characteristics of High-Performance Concrete 

Anil Kumar P M, M Raghavendra, J Sudhakumar (10, October 2014) 

                  This study involves over the past 20 years, the research involving the utilisation of 

mineral by-products to enhance the mechanical properties and durability characteristics of concrete 

has received an increased attention from construction industry. In recent years, the research has 

focused on developing high performance concrete in cooperating relatively large amounts of 

mineral by products as supplementary cementing materials. It is evident that mechanical and 

durability characteristics of high-performance concrete are complex, and several standard tests are 

available to access the above mentioned parameters. The tests that were carried out include water 

absorption, abrasion resistance, sulphate attack and permeability. This paper discusses the 

experimental evaluation of durability characteristics of high-performance concrete made from 

mixes using various percentages of fly ash and silica fume. 

Title of Journal:  Experimental Investigation on Strength and Durability of Concrete Incorporated 

with Silica Fume and Fly Ash V. Gopi, K. Shyam Chamberlin (April 2019) 

                   This study involves emission of CO2 has reached to its all-time high during this decade 

due to the increased construction activity and production of cement. While the domain experts and 

�U�H�V�H�D�U�F�K�H�U�¶�V���H�[�S�O�R�U�D�W�L�R�Q���I�R�U���D�Q���D�O�W�H�U�Q�D�W�L�Y�H���W�R���F�H�P�H�Q�W���L�V���F�R�Q�W�L�Q�X�L�Q�J�����W�K�H�\���S�O�D�F�H�G���R�S�W�L�R�Q�V���Ior partial 

replacement of cement before alternatives to cement, to dig further into their studies.  Some of 
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such options are the pozzolanic materials that include fly ash and silica fume. Basically the Fly Ash 

and Silica Fumes are industrial by-products. In this study, the optimal percentage of these by-

�S�U�R�G�X�F�W�V���I�R�U���S�D�U�W�L�D�O���U�H�S�O�D�F�H�P�H�Q�W���R�I���F�H�P�H�Q�W���L�V���V�W�X�G�L�H�G���L�Q���U�H�V�S�H�F�W���R�I���W�K�H�L�U���U�H�V�X�O�W�L�Q�J���F�R�Q�F�U�H�W�H�¶�V���V�W�U�H�Q�J�W�K��

properties. For fly-ash, 10%, 15%, 25%, and 35%, of replacement is tried and for silica fume, 0%, 

4%, 6%, 8%, and 10%, of replacement is tried to arrive at their optimal replacement to get the 

desired strength and durability properties of the concrete. Compressive strengths were tested on 

cubes, split tensile strengths were tested on cylinders and flexural strengths were tested on beams. 

�7�K�H���V�S�H�F�L�P�H�Q�¶�V���G�X�U�D�E�L�O�L�W�\���S�U�R�S�H�U�W�L�H�V���Z�H�U�H���W�H�V�W�H�G���Z�L�W�K���V�X�O�S�K�D�W�H���D�Q�G���D�F�L�G���D�W�W�D�F�N�V�����7�K�H���U�H�V�X�O�W�V���Z�H�U�H��

amazing, the usage of these pozzolanic materials, as a partial replacement of cement, in conventional 

concrete is resulting to enhancement of strength and durability properties. Hence these pozzolanic 

materials are the promising options to reduce CO2 emission of the construction industry. 

Title of Journal: Experimental Investigation on Mechanical Properties of Concrete by Partially 

Replacing Cement with Silica Fume and Fly Ash Arya S, Arun H J (05, May �± 2017) 

                  This paper summarizes the research work on the properties of Silica Fumes (SF) and Fly 

Ash (FS) when used as partial replacement for Ordinary Portland Cement (OPC) in concrete. OPC 

was replaced with SF and FA by weight at 0% (nominal), 5%, 10%, 15%and 20% as various 

combinations. The project work involves the determination of compressive strength and flexural 

strength at different levels of replacement. This research work was experimentally carried out to 

investigate the effects of introducing Silica Fume and Fly Ash as a Partial Replacement of OPC to 

determine whether the replaced Concrete can be used as a Structural Concrete at suitable 

replacement percentages. Mix proportion of M25 is adopted.  

In this study cement is replaced with SF and FA and specimens were casted with a 

water cement ratio of 0.5 and the compressive strength and flexural strength of specimen were found 

out. The results obtained were compared with the result obtained for OPC having same mix and 

same water cement ratio. 
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CHAPTER-3 

MATERIALS  

3.1 General: 

 Concrete is a mixture of cement, water and aggregates with or without admixtures. It is a 

composite material composed of granular materials like aggregates embedded in a matrix and bound 

together with cement or binder which fills the space between the particles and glues them together. 

Concrete is unique among major construction materials because it is designed specifically for 

particular civil engineering projects. Thus the concept of replacement of cement with and Fly Ash 

and Silica fume seems to be promising. The issue of environmental degradation and need for 

aggregates demands for the usage of any other alternative source. 

 In the present experimental program, the first step is selecting of raw materials. By replacing 

the cement with Fly Ash in the range of (10-35%) and to this optimum mix quarry Silica Fume were 

added(5%, 8%, 10% and 12%).Finally cement is replaced with egg shell powder (10-35%).The 

experimental program was carried out on cubes, cylinders and beams. The details of the materials 

Used for these specimens and testing procedure incorporated in the test program are presented in 

the subsequent sections.   

3.2 Description of the materials: 

 Concrete is a composition of cement, fine aggregate and coarse aggregate. These three raw 

materials play an important role in manufacturing of concrete. By varying the properties and amount 

of the above three materials, the properties of concrete will change.  Cement, Sand, Coarse aggregate 

are the raw material of cement and those materials play main role of concrete manufacturing process. 

3.3 Cement: 

            Ordinary Portland cement of 53 Grade was preferred for this study. The physical properties 

of cement are categorized as per IS 456-2000.  Company Of cement ULTRA TECH. 

            Cement can be defined as the bonding material having cohesive & adhesive properties which 

makes it capable to unite the different construction materials and form the compacted assembly.  
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The name Portland cement was given by Joseph Aspdin in 1824 due to its similarity in colour 

and its quality when it hardens like Portland stone. Portland stone is white grey limestone in island 

of Portland, Dorset.  

 

 

Figure 1: Cement 

                                       Table1: Physical Properties of Cement 

S.no Properties Value 

1 Specific Gravity 3.12 

2 Initial setting time 45min 

3 Final setting time 360 min 

4 
Fineness test 6% retained 

5 Normal consistency 32% 

 

3.3.1 Basic Composition:  

The chief chemical components of ordinary Portland cement are:  

1. Calcium  

2. Silica  
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3. Aluminium  

4. Iron                               

Table 2: Basic Chemical Composition of OPC  

Contents    CaO    SiO2   
  

Al 2O3   Fe2O3    MgO  Alkalis    SO3  

     %   60-67   17-25     3-8  0.5-6.0  0.5-4.0  0.3-1.2  2.0-3.5  

  

The chief compounds which usually form in process of mixing:  

�¾ Tri-Calcium Silicate (3CaO.SiO2)  

�¾ Di-Calcium Silicate (2CaO.SiO2)   

�¾ Tri-Calcium Aluminates (3CaO.Al2O3)   

�¾ Tetra-Calcium Alumina Ferrite (4CaO.Al2O3.Fe2O3)   

3.3.2 Uses of OPC (Ordinary Portland Cement):  

It is used for general construction purposes where special properties are not required. It is 

normally used for the reinforced concrete buildings, bridges, pavements, and where soil conditions 

are normal. It is also used for most of concrete masonry units and for all uses where the concrete is 

not subject to special hazard or where the heat generated by the hydration of cement is not 

objectionable. It has great resistance to cracking and shrinkage but has less resistance to chemical 

attacks.  

      3.4 Fly Ash:  

Fly ash is the finely divided residue that results from the combustion of pulverized coal and 

is transported from the combustion chamber by exhaust gases.  

            Fly ash is produced by coal-fired electric and steam generating plants. Typically, coal is 

pulverized and blown with air into the boiler's combustion chamber where it immediately ignites, 

generating heat and producing a molten mineral residue. Boiler tubes extract heat from the boiler, 

cooling the flue gas and causing the molten mineral residue to harden and form ash. Coarse ash 

particles, referred to as bottom ash or slag, fall to the bottom of the combustion chamber, while the 

lighter fine ash particles, termed fly ash, remain suspended in the flue gas. Prior to exhausting the 
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flue gas, fly ash is removed by particulate emission control devices, such as electrostatic 

precipitators or filter fabric bag houses. 

3.4.1 Classification of Fly Ash:  

ASTM-C 618-93 categories natural pozzolans and Fly ash into the following categories.   

1. Class N Fly ash: Raw or calcined natural pozzolans such as some diatomaceous earths, stuffs 

volcanic ashes and pumice are come are come in this category. Calcined kaolin clay and laterite 

shale also fall in this category of pozzolans.    

2. Class F Fly ash: Fly ash normally produced from burning bituminous coal falls in this category. 

This class of Fly ash exhibits pozzolanic property but rarely if any, self-hardening property. 

(USED)   

3.  Class C Fly ash: Fly ash normally produced from lignite or sub-bituminous coal is the only 

material included in this category. This class of Fly ash has both pozzolanic and varying degree 

of self-cementitious properties. (Most class C Fly ashes contains more than 15% CaO. But some 

class C Fly ash may contain as little as 10% CaO.  

                                                                  

                 Figure 2: Fly Ash 

 3.4.2 Composition of Fly Ash:  

Traditionally, the composition of fly ash is expressed in terms of oxide composition through 

the constituents are not strictly present in the form of oxides the typical composition of Indian fly 

ash is shown in tab.  

The temperature in a pulverized fuel bo�L�O�H�U���Z�R�X�O�G���E�H���D�U�R�X�Q�G�����������Û�&���D�Q�G���W�K�H���I�X�H�O���J�D�V���Y�H�O�R�F�L�W�\��

is such that to remove the ash particles rapidly out of the boiler. Due to this reaction with Ca(OH)2 

and hence the pozzolanic activity of fly ash. 
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Table 3: Typical Chemical Composition of Fly Ash and Cement   

Components Fly ash F % Fly Ash C % Cement % 

SiO2 55 40 23 

Al 203 26 17 4 

Fe2O3 7 6 2 

CaO (Lime) 9 24 64 

SO3 1 3 2 

MgO 2 5 2 

 

3.4.3 Physical properties:  

1. Particle Morphology  

As per morphological studies, Fly ash particles usually consist of clear glassy spheres and 

�V�S�R�Q�J�\���D�J�J�U�H�J�D�W�H���U�D�Q�J�L�Q�J���L�Q���G�L�D�P�H�W�H�U���I�U�R�P�������W�R�����������P�����W�K�H���P�D�M�R�U�L�W�\���E�H�L�Q�J���O�H�V�V���W�K�D�Q���������P���D�V���V�H�H�Q��

under-energy dispersive X-ray analysis (EDXA).   

2. Fineness  

Fineness is one of the primary characteristics of Fly ash that relates to its pozzolanic activity. 

�$���O�D�U�J�H���I�U�D�F�W�L�R�Q���R�I���D�V�K���S�D�U�W�L�F�O�H�V���L�V���V�P�D�O�O�H�U���W�K�D�Q�������P�L�Q���V�L�]�H�����,�Q���E�L�W�X�P�L�Q�R�X�V���D�V�K�H�V�����W�K�H���S�D�U�W�L�F�O�H���V�L�]�H�V��

�U�D�Q�J�H���I�U�R�P���O�H�V�V���W�K�D�Q�������W�R���R�Y�H�U�����������P�����7�K�H���D�Y�H�U�D�J�H���V�L�]�H���O�L�H�V���L�Q���W�K�H���U�D�Q�J�H���R�I�������W�R���������P���� 

3. Specific Gravity  

The specific gravity of Fly ash is related to shape as well as chemical composition of 

particles. Specific gravity of Fly ash usually varies from 1.3 to 4.8. coal particles with some mineral 

impurities have specific gravity between 1.3 to 1.6. opaque spherical magnetite (ferrite spinal) and 
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hematite particles, light brown to black in colour, when present in sufficient quantity in Fly ash 

increases the specific gravity.  

3.4.4 Mineralogical Characteristics:  

1. Anhydrite (Caso4)  

             The specific gravity of Fly ash is related to shape as well as chemical composition of 

particles. Specific gravity of Fly ash usually varies from 1.3 to 4.8. coal particles with some mineral 

impurities have specific gravity between 1.3 to 1.6. opaque spherical magnetite (ferrite spinal) and 

hematite particles, light brown to black in colour, when present in enough quantity in Fly ash 

increases the specific gravity.  

2. Magnetite and Hematite  

             There is at least a small amount from 0.1 to 1% of iron present as hematite in almost all 

types of Fly ashes. High calcium C Fly ashes have however less amount of hematite as well as total 

Fe2O3.                   

3. Tricalcium Aluminate (3cao.Al2O3)  

  High calcium class C Fly ashes invariably contain tri-calcium aluminate with its relative 

content increasing with an increase of CaO content of ash. Sometimes intermediate calcium ashes 

with CaO content of 8 to 15% have also been found to contain this compound.  

3.4.5 Reaction Mechanism of Fly Ash  

              Reaction mechanism for Fly ash can be basically explained as pozzolanic reaction 

mechanism Fly ash is considered to be a Pozzolana. Pozzolans are materials which, though not 

cementitious in themselves, contain certain constituents, which at ordinary temperatures in the 

presence of water, will combine with lime to form stable insoluble compounds with cementitious 

properties.  

              It is a well-known fact that the reaction of Fly ash in concrete with Portland cement under 

�D�P�E�L�H�Q�W���F�R�Q�G�L�W�L�R�Q�V���L�V���L�Q�L�W�L�D�W�H�G���R�Q�O�\���D�I�W�H�U���R�Q�H���R�U���P�R�U�H���Z�H�H�N�V�����,�Q���W�K�L�V���³�G�R�U�P�D�Q�W�´���S�H�U�L�R�G���W�K�H���)�O�\���D�V�K��

behaves as a more or less inert material and serves as a precipitation nucleus for lime for lime 

{Ca(OH)2} and calcium-silicate hydrate-gel originating from the cement hydration. The subsequent 

pozzolanic reaction appears to be a slow process.  
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              Fly ash from bituminous coal consists of a major part of glass phase with crystallization 

inclusions, the glass being an alumina-silica-glass. The pozzolanic reaction starts when the glass of 

the  fly ash particles dissolves. The formation of CS-H gel takes place when the glass of the fly ash 

particles has gone into the solution. The decomposition of the glass network appears to be strongly 

dependent on the alkalinity of pore water.  

               The glass structure of the Fly ash is only decomposed substantially beyond a pH of about 

13.2 or 13.3. In the beginning of cement hydration, the composition of the pore water is dominated 

by a saturated lime solution with gypsum. The pH of the pore solution is lower than 13. After about 

one week the pH increases.  

               The lime and sulphate concentration decrease to very low level and concentration of 

hydroxyl, potassium and sodium ions increase rapidly. This may be due to the following reason. 

The Fly ash may act as nucleus for lime precipitation so that cement reaction is accelerated. Fly ash 

itself may contribute to the alkalinity. The later could be due to the release of sodium and potassium 

ions from the surface Fly ash particles. However, after some months of hardening, the pore water 

cement shows a gradual decrease in the pH, which means that the reaction rate of Fly ash decreases 

with time. The deceleration of Fly ash reaction is augmented by the decreasing permeability of the 

concrete caused by the decreasing mobility of the ions during the densification of the pores. 

3.4.5 Factors Influencing The Fly Ash Reactions  

1. 33Cement Type:  

Rapid hardening cements develop high alkalinity faster than ordinary cements. 

Consequently, Fly ash reaction starts earlier. Similarly, different cements effect accordingly.  

2. Temperature:  

     Development of hydroxyl concentration appears to be much slower at 2oC. At 400C the 

pH reaches a high value within one day of hydration so that the reaction of Fly ash can start 

from the first day. Temperature also affects the reactivity of Fly ash itself. That means at a 

higher temperature the reaction will be initiated at lower alkalinity.  

3. Water Cement Ratio:  

There is a strong relation between Fly ash activity and water/cement ratio. Higher the W/C 

ratio, lower the alkalinity and slower the reaction. 
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3.4.6 Proportioning of Fly Ash Concretes:  

   Using of Fly ash in concrete must meet one or more of the following objectives.  

1. Reduction in cement content,   

2. Reduced heat of hydration,   

3. Improved workability    

4. Gaining levels of strength in concrete beyond 90 days of testing   

5. Fly ash is introduced into concrete by one of the following methods.   

6. Cement containing Fly ash may be used in place of OPC.   

7. Fly ash is introduced as an additional component at the time of mixing.   

 

           The first method is simple and problems of mixing additional materials are not there, there 

by uniform control is assured. The proportions of Fly ash and cement are predetermined, and mix 

proportion is limited.  

            The second method allows for more use of Fly ash as component of concrete. Fly ash plays 

many roles such as, in freshly mixed concrete, it acts as a fine aggregate and reduces water cement 

ratio in hardened state, because of its pozzolanic nature, it becomes a part of the cementitious matrix 

and influences the strength and durability.  

The assumptions made in selecting an approach to mix proportioning Fly ash concrete are   

1. It reduces the strength of concrete at early ages.   

2. For same workability, concrete containing Fly ash requires less water than concrete 

containing ordinary Portland cement.  

3.4.7 Application of Fly Ash:  

Fly ash is highly recommended for mass concrete applications, i.e. large mat foundations, 

dam etc. The Hungry Horse dam, Canyon ferry dam and the Wilson dam, Hart well dam and sultan 

dam in USA, the Lednock dam in UK and sudagindam in Japan are few examples abroad. LUI 

center in Vancouver successfully used 50% Fly ash for all structural elements. In India, some 

portions of Rihand dam in UP and some part of barrages in Bihar are some examples.  

Fly ash can be used for the following   

1 Filling of mines.  

2 Replacement of low-lying waste land and refuse dumps.  
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3 Replacement of cement mortar.  

4 Air pollution control.  

5 Production of ready-mix Fly ash concrete.  

6 Laying of roads and construction of embankments.   

7 Stabilizing soil for road construction using lime-Fly ash mixture.   

8 Construction of rigid pavements using cement-Fly ash concrete.  

9 Production of lime-Fly ash cellular concrete.  

10 Production of precast Fly ash concrete building units,   

11 Production of sintered Fly ash light weight aggregate and concrete. 

 

3.4.8 Process of Production of fly ash: 

 

            

                        Fig 3 : Production of Fly ash 

   3.4.9 Advantages of Fly ash: 

1. Produces various set times 

2. Cold weather resistance 

3. High strength gains, depending on use 

4. Can be used as an admixture 
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5. Considered a non-shrink material 

6. Produces dense concrete with a smooth surface and sharp detail 

7. Great workability 

8. Reduces crack problems, permeability, and bleeding 

9. Reduces heat of hydration 

10. Allows for a lower water-cement ratio for similar slumps when compared to no-fly-ash mixes 

11. Reduces CO2 emissions 

   3.4.10 Disadvantages of Fly ash 

Smaller builders and housing contractors may not be familiar with fly ash products, which 

can have different properties depending on where and how it was obtained. Additionally, fly ash 

applications may face resistance from traditional builders due to its tendency to efflorescence along 

with concerns about freeze/thaw performance. Other concerns about using fly ash in concrete 

include: 

1. Slower strength gain 

2. Seasonal limitation 

3. Increased need for air-entraining admixtures 

4. Increase of salt scaling produced by higher proportions of fly ash 

               3.5 Fine Aggregate 

�7�K�H���U�L�Y�H�U���V�D�Q�G�����S�D�V�V�L�Q�J���W�K�U�R�X�J�K�������������P�P���V�L�H�Y�H���D�Q�G���U�H�W�D�L�Q�H�G���R�Q�������������P���V�L�H�Y�H�����F�R�Q�I�L�U�P�L�Q�J���W�R��

Zone II as per IS 383-1970 was used as fine aggregate in the present study. The sand is free from 

clay, silt and organic impurities. The aggregate was tested for its physical requirements such as 

gradation, fineness modulus, and specific gravity and bulk modulus in accordance with IS: 2386-

1963. Sand is a naturally occurring granular material composed of finely 

divided rock and mineral particles. It is defined by size, being finer than gravel and coarser 

than silt. The composition of sand varies, depending on the local rock sources and conditions, but 

the most common constituent of sand in inland continental settings and non-tropical coastal settings 

is silica (silicon dioxide, or SiO2), usually in the form of quartz. Only some sands are suitable for 

the construction industry, for example for making concrete. 
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                                                              Figure 4: Fine Aggregate 

          3.6 Coarse Aggregate: -               

Throughout the investigations, a crushed coarse aggregate of 20mm procured from the local 

crushing plants was used. The aggregate was tested for its physical requirements such as gradation, 

fineness modulus, specific gravity and bulk density etc. In accordance with IS: 2386-1963 and IS: 

383-1970.The test results were tabulated in table 5. 

          3.7 Silica Fume: - 

          3.7.1 Introduction:  

Silica fume is an ultra-�I�L�Q�H���P�D�W�H�U�L�D�O���Z�L�W�K���V�S�K�H�U�L�F�D�O���S�D�U�W�L�F�O�H�V���O�H�V�V���W�K�D�Q���������P���L�Q���G�L�D�P�H�W�H�U�����W�K�H��

�D�Y�H�U�D�J�H�� �E�H�L�Q�J�� �D�E�R�X�W�� ���������� ���P���� �7�K�L�V�� �P�D�N�H�V�� �L�W�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� �������� �W�L�P�H�V�� �V�P�D�O�O�H�U than the average 

cement particle. The bulk density of silica fume depends on the degree of densification in the silo 

and varies from 130 (undensified) to 600 kg/m3. The specific gravity of silica fume is generally in 

the range of 2.2 to 2.3. The specific surface area of silica fume can be measured with the BET 

method or nitrogen adsorption method. It typically ranges from 15,000 to 30,000 m2/kg. 

3.7.2 Production: 

It is the product of Silica fume is a by-product in the carbothermic reduction of high-

purity quartz with carbonaceous materials like coal, coke, wood-chips, in electric arc furnaces in the 

production of silicon and ferrosilicon alloys. 
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3.7.3 Application: 

1. Because of its extreme fineness and high silica content, silica fume is a very 

effective pozzolanic material. Standard specifications for silica fume used in cementitious mixtures 

are ASTM C1240, EN 13263 

2. Silica fume is added to Portland cement concrete to improve its properties, in particular 

its compressive strength, bond strength, and abrasion resistance. These improvements stem from 

both the mechanical improvements resulting from addition of a very fine powder to the cement paste 

mix as well as from the pozzolanic reactions between the silica fume and free calcium hydroxide in 

the paste. 

3. Silica fume will protect concrete against de-icing salts, seawater, traffic and heavy impact. ... 

Increased abrasion and impact resistance on decks, floors, overlays and vertical structures. Superior 

resistance to chemical attack from chlorides, acids, nitrates and sulphates. 

4. Addition of silica fume also reduces the permeability of concrete to chloride ions, which protects 

the reinforcing steel of concrete from corrosion, especially in chloride-rich environments such as 

coastal regions and those of humid continental roadways and runways (because of the use 

of deicing salts) and saltwater bridges. 

5. Prior to the mid-1970s, nearly all silica fume was discharged into the atmosphere. After 

environmental concerns necessitated the collection and landfilling of silica fume, it became 

economically viable to use silica fume in various applications, in particular high-performance 

concrete. Effects of silica fume on different properties of fresh and hardened concrete include: 

6. Workability: With the addition of silica fume, the slump loss with time is directly proportional to 

increase in the silica fume content due to the introduction of large surface area in the concrete mix 

by its addition. Although the slump decreases, the mix remains highly cohesive. 

7. Segregation and bleeding: Silica fume reduces bleeding significantly because the free water is 

consumed in wetting of the large surface area of the silica fume and hence the free water left in the 

mix for bleeding also decreases. Silica fume also blocks the pores in the fresh concrete so water 

within the concrete is not allowed to come to the surface. 
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3.7.4 Chemical Composition Of Silica Fume: 

Table4: Typical Chemical Composition of Silica Fume and Cement      

     Property Portland cement Silica fume 

 Content (%) 

SiO2 21.9 85�±97 

Al 2O3 6.9 �²  

Fe2O3 3 �²  

CaO 63 < 1 

MgO 2.5 �²  

SO3 1.7 �²  

Specific Surface(m2/kg) 370 
15,000�± 
30,000 

Specific gravity 3.15 2.22 

General use in concrete Primary binder Property enhancer 

 

3.7.5 Advantages of Silica Fume: 

1. High early compressive strength. 

2. High tensile flexural strength and modulus of elasticity. 

3. Very low permeability to chloride and water intrusion. 

4. Enhanced durability. 
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5. Increased toughness. 

6. Increased abrasion resistance on decks, floors, overlays and marine structures. 

7. Superior resistance to chemical attack from chlorides, acids, nitrates and sulfates  and life 

cycle cost efficiency. 

8. Higher bond strength. 

9. High electrical resistivity and low permeability. 

3.7.6 Disadvantages of silica fume in concrete: 

1) Dry shrinkage. Silica fume concrete shrinkage rate is large, especially early dry shrinkage, easy 

to make crack in the application of silica fume concrete, affect the overall strength 

and using effect. 

2) The construction is difficult.  

3) It is easy to produce temperature cracks. 

3.7.7 Manufacturing Process of Silica Fume 

 

                           

                                                        Fig 5: Manufacturing Process 

 

                                                                

                               Figure 6: Silica Fume 
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           3.8 Water: 

                        Fresh potable water free from organic matter and oil is used in mixing the concrete. Water 

in required quantities were measured by graduated jar and added to the concrete. The rest of the 

materials for preparation of the concrete mix were taken by weight batching. The pH value should 

not be less than 6. The results and the permissible limits for solids are indicated in table. 
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                               CHAPTER-4 

                                   TESTS ON MATERIAL  

4.1CEMENT:  

4.1.1     Normal Consistency of Cement:  

               Prepare a paste of weighed quantity of cement with 100ml of H20, taking care that time of 

mixing is between 3.5min & shall be counted from the time of adding H20 to dry cement until the 

commencement of filling mould. Fill the vicat mould with the paste, the mould is resisting on a non 

porous plate & then smooth off the surface of the paste making it level with the top of the mould. 

Paste the test block in the mould together with non-porous resisting plate under the load bearing the 

plunger, lower the plunger gently to touch the surface of test block quickly release, allowing it to 

sink into the paste. The operation shall be carried out immediately after filling the mould at room 

temperature. Prepare trail paste with varying percentage of water & test as described above & 

measure the penetration of plunger. This test is to be carried out until the specified penetration is 

obtained.  

Result: From the test we get the value of normal consistency of cement is 32%.  

                                                              

                                                      Fig 7: Normal Consistency apparatus 

4.1.2 Initial and Final Setting Times of Cement  

               Initial and Final setting time test is confirming to IS4031 Part 5. In this test we use Vicat 

apparatus, gauging trowel and Balance. 
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1) Prepare a perfect cement paste with 300 gms of cement and 0.85 times of water required to 

given standard consistency.   

2) Start the stopwatch at the moment of addition of water.  Fill the vi-cat mould with above paste 

completely and smooth off the surface.   

3) Place the test block under load bearing needle lower the needle delicately in contact with the 

surface of test block & rapidly discharge permitting it to penetrate the test block.Repeat this 

investigation until the needle acquired contact with test block fails to pierce, the block for 5 + 

0.5mm measured from the bottom of mould, stop the stopwatch.  

4) The period passed since adding water   to the minute needle penetrates to a depth of 5 + 0.5 mm 

measured from the bottom of mould, is known as initial setting time. 

5) The period elapsed since adding water in initial setting time. To determine the final setting time, 

replace the needle in step 3 by a needle with angular attachment make impression on the test 

block. The cement is considered finally set, in the above process when the needle makes 

impression, while the attachment fails to do so. The total time taken 24 from the instant water 

is added to the dry cement to final set stage is known as final setting time.   

Result: Initial setting time of cement should not be less than 45minutes.  

             Final setting time of cement should not be greater than 360 minutes.   

                                                   

                                         Fig 8:Initial And Final Setting Time  Apparatus 
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4.1.3. Compressive Strength of Cement:   

Preparation of test specimen for each cube, take the quantities of materials (1:3) as 

follows   

Cement = 185gm   

Standard sand = 555gm   

Water = (P/4 + 3.0) percent of combined weight of cement and sand.   

Mix the cement and sand with towel on non-porous plate for one minute. Then add water 

to the mixture of cement, sand and mix until the mixture of uniform colour is obtained. The time of 

gauging shall be in any case not be less than 3 minutes and not more than 5 minutes, gauging time 

is time lapped between the water added to the mix and casting of cubes.   

Apply thin layer of oil to the interior faces of mould. Place it on the table of vibration 

machine, and firmly hold in position by means of clamps. Place the entire quantity of mortar in the 

hopper of the cube mould and compact the same by vibrations for period of about 2 minutes. At the 

end of vibration, remove the mould together with base plate from the machine and finish the top 

surface of cube in the mould by smoothing the surface with the blade of trowel. Engrave 

identification mark in cubes. Keep the filled mould in the atmosphere of at least 90% relative 

humility chamber, after completion of vibration. Also maintain temperature at 27+ 20c. At end of 

this period, remove cubes from mould and immediately submerge in clean fresh water and keep 

there until taken out just prior to breaking. After they are taken out and until they are broken, the 

cubes shall not allow to become dry.  

 Procedure for testing:  

Place the test cube on the platform of compression testing machine without any packing. 

Between cube and steel plates of the testing machine apply the load on smooth surface on the cube 

steadily & uniform starting from zero at a rate of 35N/mm2 / minute till cubes fails. Test three such 

cubes at the end of three days of curing. Three cubes at end of seven days of curing and if needed 

three cubes after 28 days of curing. Record the crushing load. Calculate the compressive load by 

strength of each cube by dividing crushing load by crushing area of cube. The compressive strength 

shall be average of the strength of three cubes for each period of curing.   
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Table 5: Compressive strength of Cement 

Types of Samples Compressive Strength(Map) 

Days 7 Days 28 Days 

    Conventional Mix 47.08 53.00 

10% Fly Ash 48.07 53.72 

15% Fly Ash 48.32 53.85 

20% Fly Ash 48.33 54.53 

25% Fly Ash 49.10 54.85 

30% Fly Ash 49.27 55.33 

35% Fly Ash 47.36 52.31 

 

 4.1.4 Specific gravity of Cement:   

Weigh a clean, dry, lechatlier flask or specific gravity bottle with stopper (W1). Place 

sample of cement up to half of flask about 500gms and weigh with its stopper (W2). Add kerosene 

���S�R�O�D�U���O�L�T�X�L�G���� �W�R�� �F�H�P�H�Q�W���L�Q�� �I�O�D�V�N�� �W�L�O�O���L�W�¶�V�� �D�E�R�X�W�� �K�D�O�I�� �I�X�O�O�� �P�L�[�� �W�K�R�U�R�X�Jhly with glass rod to remove 

entrapped air continue strings & add more kerosene, till its flush with graduated mark. Now weigh 

the bottle (W3). Now remove the cement and kerosene and clean it thoroughly. Fill the bottle with 

kerosene and weight it (W4).   

Specific Gravity of kerosene (Gk) = 0.78   
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                                                G    =    * Gk  

Table:6 Specific Gravity of Cement: 

 

                                     

Result: From the test the Specific Gravity of Cement = 3.12 

                                                   

                                               Figure 9: Specific gravity Flask 

4.1.5 Fineness of Cement:  

The Fineness of Cement is calculated by the 90-micron sieve method. In this the retained 

amount of Cement on the sieve should not be more than 10 % for ordinary Cement. 

S.no       Determination no Weight (kg) 

1   Weight of empty bottle (W1) 20 

2 
Weight of cement + empty bottle (W2) gm 

40 

3 Weight of cement + empty bottle+ kerosene 

(W3) gm 

75 

4 
Weight of empty bottle + kerosene (W4) gm 

60 

5 Specific gravity of kerosene (Gk) 0.78 
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                  Fineness defines the surface area of cement particles present in per unit weight, which 

implies that more fineness means more particles in unit weight. This enhances the reaction rate 

which in turn will result in faster gain of strength at earlier stages. Accurately weigh 100 gm of 

cement sample and place it over the test sieve. Gently breakdown the air set lumps if any with 

fingers. Hold the sieve with pan in both hands and sieve with gentle wrist motion, in circular and 

vertical motion for a period of 3 to 4 minutes without any spilling of cement. Place the cover on the 

sieve and remove the pan. Now tap the other side of the sieve with the handle of bristle brush and 

clean the outer side of the sieve. Empty the pan and fix it below the sieve and continue sieving. 

                  Totally sieve for 15 minutes and weigh the residue (Left over the sieve). 

Observations: 

                  Retained weight on sieve = 6gm 

 Result: 

                  The fineness of Cement = 94% 

4.2   Coarse Aggregate: 

4.2.1 Specific Gravity Test (As Per IS 383 �± 1970) 

The pycnometer is used for aggregate less than 10mm size. Dry the pycnometer 

thoroughly & weigh it with cap (W1). pycnometer is filled with aggregate to about 1/3rd and weigh 

again (W2). Add sufficient water till top & allow the entrapped air into escape. Fill the pycnometer 

with water slowly up to top of cap without spilling (W3) through pipe. Clean the pycnometer by 

washing with water thoroughly. Fill the pycnometer with only water as alone & weigh it (W4). 

Repeat the test twice as more and take the average for better results. 

                                       G    =     
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Table:7 Specific Gravity of Coarse Aggregate 

S.no Observation Weight (gm) 

1 Weight of empty bottle (W1) 420 

2 Weight of bottle with aggregate (W2) 785 

3 Wt of bottle + aggregate + water (W3) 1375 

4 Wt of bottle only with water (W4) 1150 

     Specific gravity of Water (Gw) 1.0 

 

Result:   Specific gravity of coarse aggregate = 2.623 

4.2.2 Fineness Modulus: 

               Fineness modulus of coarse aggregates represents the average size of the particles in the 

coarse aggregate by an index number. It is calculated by performing sieve analysis with standard 

sieves.  

The cumulative percentage retained on each sieve is added and subdivided by 100 gives 

the value of coarse aggregate. Higher the aggregate size higher the Fineness modulus hence fineness 

modulus of coarse aggregate is higher than fine aggregate.  

To find fineness modulus of coarse aggregate we need sieve sizes of 75mm, 37.5mm, 

19mm, 9.5mm, 4.75mm, 2.36mm, 1.18mm, 0.6mm, 0.3mm and 0.15mm.  

Fineness modulus is the number at which the average size of particle is known when we 

counted from lower order sieve size to higher order sieve. So, in the calculation of coarse aggregate 

we need all sizes of sieves.   

Sample Preparation: 
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Take a sample of coarse aggregate in pan and placed it in dry oven at a temperature of 100 

�± 110oC. After drying take the sample weight to nearest gram. 

Procedure: 

Arrange the sieves in descending order and put the arrangement on mechanical shaker. It 

is suggested that, to know the exact value of fineness modulus for coarse aggregate, mechanical 

shaker will give better value than hand shaking because of more no. of sieves and heavy size 

particles.  

After proper sieving, record the sample weights retained on each sieve and find out the 

cumulative weight of retained particles as well as cumulative % retained on each sieve. Finally add 

all cumulative percentage values and divide the result with 100. Then we get the value of fineness 

modulus. 

              Crushed Granite stone of sizes 20mm were selected for this work. Taking the reference of 

IS codes the properties of coarse aggregate have been tested. 

                                                     Table 8: Fineness Modulus Of CA   

S.no Sieve size Weight 

retained 

(gm) 

Cumulative 

weight retained 

(gm) 

Cumulative % 

of weight 

retained 

Cumulative% 

of weight passing 

1 40mm 0 0 0 100 

2 20mm 550 550 11 89 

3 10mm 3750 4300 86 14 

4 4.75mm 700 5000 100 0 

5 2.36mm 0 - 100 0 

6 1.18 

Mm 

0 - 100 0 

7 600 µ 0 - 100 0 

8 300 µ 0 - 100 0 

9 150 µ 0 - 100 0 

10 Pan 0    
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 697 0 

 

Result:     (Cumulative % retained) / 100=697/100 =6.97 

                                               Table 9:Grading limits of singe sized aggregate 

  
 
4.2.3 Water Absorption: 

Water absorption gives an idea on the internal structure of aggregate. Aggregates having 

more absorption are more porous in nature and are generally considered unsuitable, unless found to 

be acceptable based on strength, impact and hardness tests. 

Reference: IS 2386(Part 3):1963 Methods of Test for Aggregates. Reaffirmed- Dec 2016 

Procedure: 

1.About 2 kg of aggregate sample is taken, washed to remove fines and then placed in the wire 

basket. The wire basket is then immersed in water, which is at a temperature of 220C to 320C.  

2.Immediately after immersion the entrapped air is removed from the sample by lifting the basket 

25 mm above the base of the tank and allowing it to drop, 25 times at a rate of about one drop per 

second.  

3.The basket, with aggregate are kept completely immersed in water for a period of 24 ± 0.5 hour.  

 

IS sieve 

Percentage passing for coarse aggregate (%) 

20mm 16mm 12.5mm 10mm 

40mm 100 - - - 

20mm 85-100 100 - - 

16mm - 85-100 100 - 

12.5mm - - 85-100 100 

10mm 0-20 0-30 0-45 85-100 

4.75mm 0-5 0-5 0-10 0-20 

2.36mm - - - 0-5 
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4.The basket and aggregate are weighed while suspended in water, which is at a temperature of 22 

C to 32 C.  

5. The basket and aggregates are removed from water and dried with dry absorbent cloth.  

6.The surface dried aggregates are also weighed.  

7. The aggregate is placed in a shallow tray and heated to 100 to 1100C in the oven for 24 ± 0.5 

hours. Later, it is cooled in an airtight container and weighed. 

Calculation: 

1. Weight of saturated aggregates in air: W1 g = 500 gms 

2. Weight of oven dry aggregates in air: W2 g = 490 gms 

Result:    Water Absorption (%) = [(W1-W2) *100]/W2 =0.6% 

4.2.4 Results of Coarse Aggregate 

                                 Table: 10 Physical Properties of Coarse aggregate 

S.no Properties Value 

1 Specific Gravity 2.623 

2 Fineness Modulus 6.97 

3 Water absorption 0.6% 

 

4.3    Fine aggregate: 

Locally available river sand was preferred as fine aggregate for entire experimental 

work the physical properties of sand was carried out by taking the help of IS 383-1970 and IS 2386-

1963 code book. 

4.3.1 Specific Gravity of Fine aggregate: (As Per IS 383 �± 1970) 

Specific gravity is the major property of the aggregate. Specific gravity is   calculated 

by the Cylindrical (Pycnometer Bottle) method. 

The specific gravity can be calculated by the formula 
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               G    =    

                     Table: 11 Specific Gravity of Fine Aggregate 

S.no Observation Weight in gm 

1 Weight of empty bottle (W1) 625 

2 Weight of bottle with aggregate (W2) 960 

3 Wt of bottle + aggregate + water (W3) 1730 

4 Wt of bottle only with water (W4) 1520 

Specific gravity of water(Gk) 1.0 

 

Result:  Avg Specific gravity of fine aggregate =2.64 

4.3.2 Fineness Module: 

Fineness modulus of sand (fine aggregate) is an index number which represents the mean size 

of the particles in sand. It is calculated by performing sieve analysis with standard sieves. The 

cumulative percentage retained on each sieve is added and subtracted by 100 gives the value of 

fineness modulus. 

Fine aggregate means the aggregate which passes through 4.75mm sieve. To find the fineness 

modulus of fine aggregate we need sieve sizes of 4.75mm, 2.36mm, 1.18mm, 0.6mm, 0.3mm and 

0.15mm. Fineness modulus of finer aggregate is lower than fineness modulus of coarse aggregate 

Sample preparation: Take a sample of fine aggregate in pan and placed it in dry oven at a 

temperature of 100 �± 110oC. After drying take the sample and note down its weight. 

Test Procedure:  

1. Take the sieves and arrange them in descending order with the largest sieve on top. If mechanical 

shaker is using, then put the ordered sieves in position and pour the sample in the top sieve and then 

close it with sieve plate. Then switch on the machine and shaking of sieves should be done at least 5 

minutes. 
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2. If shaking is done by the hands then pour the sample in the top sieve and close it then hold the top 

two sieves and shake it inwards and outwards, vertically and horizontally. After some time shake the 

3rd and 4th sieves and finally last sieves. 

3. After sieving, record the sample weights retained on each sieve. Then find the cumulative weight 

retained. Finally determine the cumulative percentage retained on each sieves. Add the all cumulative 

percentage values and divide with 100 then we will get the value of fineness modulus.                                        

                                                 Table 12: Fineness Modulus Of FA   

S.No 

 

Sieve 

size 

Weight 

retained 

(grams) 

Cumulative 

weight 

retained 

(grams) 

Cumulative 

% of weight 

Retained 

Cumulative 

% of weight 

passing 

1 4.75mm 10 10 1.0 99 

2 2.36mm 100 110 11.0 89 

3 1.18mm 72 182 18.2 81.8 

4 600 µ 362 544 54.4 45.6 

5 300 µ 268 812 81.2 18.8 

6 150 µ 132 944 94.4 5.6 

7 Pan 56 1000 100 0 

 Total 260.2  

 

Result:  Fineness modulus of sand = (Total cumulative % retained)/100 

                                                   = 260.2/100 
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                                                   = 2.60 

Limits:  

                                                  Table 13: Limits of Fineness Modulus Of FA   

Type of sand Fineness modulus range 

Fine sand 2.2 �± 2.6 

Medium sand 2.6 �± 2.9 

Coarse sand 2.9 �± 3.2 

 

Fineness modulus limits for various zones of sand according to IS 383-1970 are tabulated below. 

                                           Table 14: Fineness Modulus Limits for Zones FA   

Sieve size Zone-1 Zone-2 Zone-3 Zone-4 

10mm 100 100 100 100 

4.75mm 90-100 90-100 90-100 95-100 

2.36mm 60-95 75-100 85-100 95-100 

1.18mm 30-70 55-90 75-100 90-100 

0.6mm 15-34 35-59 60-79 80-100 

0.3mm 5-20 8-30 12-40 15-50 

0.15mm 0-10 0-10 0-10 0-15 

Fineness modulus 4.0-2.71 3.37-2.1 2.78-1.71 2.25-1.35 
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4.3.3 Water Absorption: 

          Water absorption gives an idea on the internal structure of aggregate. Aggregates having more 

absorption are more porous in nature and are generally considered unsuitable, unless found to be 

acceptable based on strength, impact and hardness tests. 

Reference: IS 2386(Part 3):1963 Methods of Test for Aggregates. Reaffirmed- Dec 2016 

Procedure: 

1. About 2 kg of aggregate sample is taken, washed to remove fines and then placed in the wire 

basket. The wire basket is then immersed in water, which is at a temperature of 220C to 320C.  

2. Immediately after immersion the entrapped air is removed from the sample by lifting the basket 

25 mm above the base of the tank and allowing it to drop, 25 times at a rate of about one drop 

per second.  

3. The basket, with aggregate are kept completely immersed in water for a period of 24 ± 0.5 hour.  

4. The basket and aggregate are weighed while suspended in water, which is at a temperature of 

22 C to 32 C.  

5. The basket and aggregates are removed from water and dried with dry absorbent cloth.  

6. The surface dried aggregates are also weighed.  

7. The aggregate is placed in a shallow tray and heated to 100 to 1100C in the oven for 24 ± 0.5 

hours. Later, it is cooled in an airtight container and weighed. 

Calculation: 

1. Weight of saturated aggregates in air: W1 g = 100 gms 

2. Weight of oven dry aggregates in air: W2 g = 88 gms 

Result:  Water Absorption (%) = [(W1-W2)/(W2)] *100 = 1.8 % 
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    4.3.4 Results of Fine aggregate 

 Table 15:  Physical Properties of Fine aggregate 

S.no Properties Value 

1 Specific Gravity 2.61 

2 Fineness Modulus 2.60 

3 Water absorption 1.8% 

4 Grading Zone Zone II 

 

4.4 Fly Ash 

4.4.1Fineness test: 

The Fineness of Fly Ash is calculated by the 90 micron sieve method. In this the retained 

amount of Fly Ash on the sieve should not be more than 10 % for ordinary Cement. 

             Fineness defines the surface area of cement particles present in per unit weight, which 

implies that more fineness means more particles in unit weight. This enhances the reaction rate 

which in turn will result in faster gain of strength at earlier stages. Accurately weigh 100 gm of 

cement sample and place it over the test sieve. Gently breakdown the air set lumps if any with 

fingers. Hold the sieve with pan in both hands and sieve with gentle wrist motion, in circular and 

vertical motion for a period of 3 to 4 minutes without any spilling of cement. Place the cover on the 

sieve and remove the pan. Now tap the other side of the sieve with the handle of bristle brush and 

clean the outer side of the sieve. Empty the pan and fix it below the sieve and continue sieving. 

Result:  Totally sieve for 15 minutes and weigh the residue (Left over the sieve). 

Observations: 

              Retained weight on sieve = 6gm 

 Result: The fineness of Cement = 94% 
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4.4.2 Specific Gravity 

Weigh a clean, dry, lechatlier flask or specific gravity bottle with stopper (W1). Place 

sample of cement up to half of flask about 500gms and weigh with its stopper (W2). Add kerosene 

���S�R�O�D�U���O�L�T�X�L�G���� �W�R�� �F�H�P�H�Q�W���L�Q�� �I�O�D�V�N�� �W�L�O�O���L�W�¶�V�� �D�E�R�X�W�� �K�D�O�I�� �I�X�O�O�� �P�L�[�� �W�K�R�U�R�X�Jhly with glass rod to remove 

entrapped air continue strings & add more kerosene, till its flush with graduated mark. Now weigh 

the bottle (W3). Now remove the cement and kerosene and clean it thoroughly. Fill the bottle with 

kerosene and weight it (W4).   

                                                       Table: 16 Specific Gravity of Fly Ash 

 

Result:  Specific Gravity of Fly Ash = 2.2 

 4.5 Tests Results 

                                           Table: 17    Results of Materials  

Specific Gravity: 

Fineness Modules: 

 

S.no Observation Weight in gm 

1 Weight of empty bottle (W1) 20 

2 Weight of bottle with aggregate (W2) 42 

3 Wt. of bottle + aggregate + water (W3) 56 

4 Wt. of bottle only with water (W4) 70 

Specific gravity of water(Gk) 1.0 

Material  Specific Gravity 

Cement 3.12 

Fine aggregate 2.64 

Coarse aggregate 2.623 

Fly Ash 2.2 

Silica Fume 2.2 



 

   

39 

 
 
 
 
 
 
 
Water Absorption:  

        
 
 
 
        
Grading Zone: 
         
 
 
 
Tests on Cement: 

 

Silica fume:( As per Manufacturing Manual ) 
 
 
 
 

 
                     
 

Material  Fineness Modules 

Coarse Aggregate 6.97 

Fine Aggregate 2.60 

Material  Water absorption 

Fine Aggregate 1.8% 

Coarse Aggregate 0.6% 

Material    Grading Zone 

Fine Aggregate Zone II 

Material    Tests Results 

Cement Normal Consistency 32% 

Cement 
Initial and final setting time of 

cement 

45minutes & 

360minutes 

Cement Fineness test 6%(retained) 

Bulk Density 576 kg/m3 

Size (micron) 0.1 

Surface Area 20,000 
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         CHAPTER-5 
                              MIX DESIGN 

5.1 General: 

                  Mix Design is done as per Indian standards, Mix Design is the process of selecting 

suitable ingredients of concrete and determining their relative quantities for producing concrete of 

certain minimum properties as strength, durability and consistency etc., as economically as possible 

mix design for M40 grade of concrete. 

5.2     Mix Design �± M40 for w/c=0.40 

The steps involved in the design of concrete mix as per IS: 10262-2009, IS: 456-2000. 

Stipulations for proportion ing: 

Grade designation                                    : M40 

Type of Cement                                       : OPC 53 grade  

Maximum nominal size of aggregate      : 20 mm 

Minimum Cement content                      : 360 Kg/m3 

Maximum water cement ratio                 : 0.45 

Workability                                             : 25-50mm 

Exposure condition                                 :Severe 

Degree of supervision                             :Good                

Type of aggregate                                   :Crushed angular aggregate 

Maximum cement content                      :450 kg/m3 

Test data for Materials: 

Specific gravity of Cement                    :  3.12 
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Specific gravity of Coarse Aggregate    :  2.62 

Specific gravity of Fine Aggregate        :  2.6 

Step-1: Target mean strength  

    Fck
O=fck+1.65( S) 

   Fck
O =40+1.65(5)=48.25N/mm2 

   fck
O = target average compressive strength at 28 days  

   fck = characteristics compressive strength at 28 days 

   S= standard deviation (taken from table1 of is:10262-2009); S=5 

Step-2: Selection of Water-Cement ratio: 

The maximum water cement ratio = 0.45 (From IS: 456-2000, Table 5) 

Adopt water-cement ratio as 0.40 

   0.40<0.45, hence O.K 

Step-3: Selection of water content: 

The maximum water content =186 kg/m3 (For 20 mm size aggregate, From IS:10262 -2009, 

Table 2) 

Hence adopt water content as 160 litres 

 Step-4: Calculation of Cement Content: 

The minimum Cement content required for M40 as per IS:456-2000 of table is    360Kg/m3      

(Severe exposure condition) 

    W/C =0.40 

  Cement content=160/0.40 = 400 kg/m3  

   C = 450 kg/m3> 400 kg/m3,, hence O.K. 
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Step-5: Proportion of volume of Coarse Aggregate and Fine Aggregate content 

From Table 3,volume of coarse aggregate corresponding to 20 mm size aggregate and fine 

aggregate (Zone 2) for water-cement ratio of 0.50 =0.60 

In the present case water-cement ratio is 0.40  

Therefore volume of coarse aggregate is required to be increased to decrease the fine 

aggregate content. As the water-cement ratio is lower by 0.10. the proportion of volume of coarse 

aggregate is increased by 0.02 (at the rate of -/+ 0.01 for every ± 0.05 change in water-cement ratio). 

Increase volume of coarse aggregate as =0.62+0.02=0.64m3 

Fine aggregate content=1-0.64=0.36m3 

Step-6: Mix Calculations 

a) Volume of concrete = 1m3 

b) Volume of cement =(Mass of Cement/specific gravity of Cement) ×1/1000 

                                    = 400/3.12*1000  

                                    =0.128m3  

c) Volume of water = Mass of Water/Specific gravity of water×1/1000  

                                =160/1×1000  

                                =0.160m3 

d)Volume of all in aggregate =1-(0.128+0.160) 

                                               =0.712m3 

e) Mass of coarse aggregate =e × Volume of C.A specific gravity of C.A 1000                                                                  

                                        = 0.712×0.64×2.8×1000 

                                        = 1186 kg 
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 f)Mass of fine aggregate = e × Volume of F. A  specific gravity of   F.Ax1000                                                      

                                       = 0.712×2.63×0.36×1000  

                                       =669 kgs         

                                                               Mix Ratio  

                                       1:1.675:2.196   for water cement ratio of 0.40 

                                    Table: 18 Mix Proportion Ratio for M40 Grade  

Cement  

Kg/m3 

 

Fine Aggregate      

Kg/m3 

 

Coarse Aggregate 

Kg/m3 

 

Water 

l/m3 

400 669 1186 160 

 

5.3    Mix Design �± M40 For w/c=0.42 

The steps involved in the design of concrete mix as per IS: 10262-2009,IS: 456-2000. 

Stipulations for proportioning:  

Grade designation                                    : M40 

Type of Cement                                       : OPC 53 grade  

Maximum nominal size of aggregate      : 20 mm 

Minimum Cement content                      : 360 Kg/m3 

Maximum water cement ratio                 : 0.45 

Workability                                             : 25-50mm 

Exposure condition                                 :Severe 

Degree of supervision                             :Good                
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Type of aggregate                                   :Crushed angular aggregate 

Maximum cement content                      :450 kg/m3 

Test data for Materials: 

Specific gravity of Cement                   :3.12 

Specific gravity of Coarse Aggregate :2.62 

Specific gravity of Fine Aggregate      :2.64 

Step-1: Target mean strength  

    Fck
O=fck+1.65( S) 

   Fck
O =40+1.65(5)=48.25N/mm2 

   fck
O = target average compressive strength at 28 days  

   fck = characteristic compressive strength at 28 days 

   S = standard deviation (taken from table1 of is:10262-2009); S=5 

Step-2: Selection of Water-Cement ratio: 

The maximum water cement ratio = 0.45 (From IS: 456-2000, Table 5) 

Adopt water-cement ratio as 0.42 

   0.42<0.4, hence O.K 

Step-3: Selection of water content: 

The maximum water content =186 kg/m3 (For 20 mm size aggregate, From IS:10262 -2009,  

Table 2) 

Hence, We adopt the water content as 168 liters < 186 liters  

Step-4: Calculation of Cement Content: 
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The minimum Cement content required for M40 as per IS:456-2000 of table is    360Kg/m3      

(Severe exposure condition) 

    W/C =0.42 

  Cement content=168/0.42= 400 kg/m3  

   C = 400 kg/m3> 360 kg/m3,, hence O.K. 

Step-5: Proportion of volume of Coarse Aggregate and Fine Aggregate content 

  Volume of Coarse Aggregate =0.62+0.016=0.636 m3 

  Volume of Fine Aggregate = 1-0.636=0.364 m3 

Step-6: Mix Calculations 

  (a)Volume of concrete         = 1m3 

(b)Volume of cement          = (Mass of Cement/specific gravity of Cement) ×1/1000 

                                          =(400/3.12)x(1/1000)=  0.128m3 

(c)Volume of water            =  (Mass of water /specific gravity of water) ×1/1000 

                                          =  (168/1)x(1/1000) 

                                          =   0.168m3 

     (d) Volume of all in aggregate            = [a-(b+c)] 

                                                             = [1-(0.128+0.168)] = 0.704m3 

(e) (Mass of Coarse aggregate (C.A) = e × Volume of C.A specific    gravity of C.A  1000                                            

                                                               = 0.704 x 0.636 x 2.62 x 1000   

                                                               = 1174 kg 

(f)Mass of Fine aggregate (F. A)     =  e × Volume of F.A  specific gravity of  F.Ax1000                                                      
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                                                               = 0.704x0.364x2.64x1000   

                                                               = 677 kg/m3 

Mix Proportions:  

Cement                                  = 400 kg/m3 

Water                                     = 168 kg/m3 

Fine aggregate                       = 677 kg/m3 

Coarse aggregate                   = 1174 kg/m3 

Water-cement ratio               = 0.42 

                                            Mix Ratio  

                                    =    400: 677: 1174 

                                    =     1 : 1.70 : 2.94  

                                   Table:19 Mix Proportion w/c Ratio 0.42 for M40 Grade 

       Cement  

        Kg/m3 

Fine Aggregate    

   Kg/m3 

Coarse Aggregate 

       Kg/m3 

Water 

L/m3 

400 677 1174 168 

 
Table: 20 Standard Mixes 

                                                       

  S.no 
Grade of 

Concrete 
Mix Ratio  

W/c Ratio 
Water Content(lit)  

1 M40 1:1.69:2.985 0.4 160 

2 M40 1:1.70:2.94 0.42 168 
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                                      Table:21 Quantities 

 

5.4Types of Mixes 

          The following combinations mixes of Cement, Sand, and Silica fume are used in the project 

M40 grade conventional concrete for 0.40-MC1 

M40 grade conventional concrete for 0.42-MC2 

�¾ 10% Fly Ash-MFA1 

�¾ 15% Fly Ash-MFA2 

�¾ 20% Fly Ash-MFA3 

�¾ 25% Fly Ash-MFA4 

�¾ 30% Fly Ash-MFA5 

�¾ 35% Fly Ash-MFA6 

�¾ Maximum Strength of Concrete at 30% FA+5%  Silica fume- MSF1 

�¾ Maximum Strength of Concrete at 30% FA+8%  Silica fume -MSF2 

�¾ Maximum Strength of Concrete at 30% FA+10% Silica fume-MSF3 

�¾ Maximum Strength of Concrete at 30% FA+12% Silica fume-MSF4 

 

                             

 

 

 

 

 

Trial 

No 

Cement 

Kg/m3 

Sand 

Kg/m3  

        Coarse 

Aggregate 

Kg/m3                          

Water 

(Litres)  

W/c 

Ratio 

Mix 

Proportion  

1 400 672 1194 160 0.40 1:1.69:2.985 

2 400 677 1174 168 0.42 1:1.70:2.94 
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   Table 22: Types of mixes  

 

S.no Types of concrete Mix No. 

of 

cubes 

No.of  

Cylinders 

No.of  Beams 

1 MC1 9 6 3 

2 MC2 9 6 3 

3 MFA1 9 6 3 

4 MFA2 9 6 3 

5 MFA3 9 6 3 

6 MFA4 9 6 3 

7 MFA5 9 6 3 

8 MFA6 9 6 3 

9 MSF1 9 6 3 

10 MSF2 9 6 3 

11 MSF3 9 6 3 

12 MSF4 9 6 3 

 

 

 

5.4.1 Detailing of Mixes 

The mixes are prepared for M40 grade. For each grade the replacement of materials are 

stipulated as follows 
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                                        Table:23 Percentages of material replacements 

Material replacing Percentage of replacement 

Silica fume 5%,8%,10%,12% 

Fly ash 10%,15%,20%,25%,30%,35% 

 

5.5 Material Quantities: 

                                    Table 24: Trial Mixes for Fly Ash with w/c of 0.42: 

 
 
 
 
 
 
 
 
 
                                   

 

 

  S.no 

Percentage 

of Fly Ash Grade of 
Concrete 

Quantity Of Materials  
Kg/m3 W/c Ratio Water 

Content(lit)  
CE SA CA FA 

1 MFA1 M40 360 672 1165 40 0.42 168 

2 MFA2 M40 340 670 1162 60 0.42 168 

3 MFA3 M40 320 667 1155 80 0.42 168 

4 MFA4 M40 300 664 1151 100 0.42 168 

5 MFA5 M40 280 661 1145 120 0.42 168 

6 MFA6 M40 260 658 1142 140 0.42 168 
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       CHAPTER-6 

                  CASTING AND CURING OF SPECIMENS  

 

6.1 GENERAL  
 

After completing the mix proportioning of materials, concreting is done to represent the 

characteristics. Three types of concrete specimens are prepared in respective moulds in casting 

procedure. The types of specimens are cubes, cylinders and beams. The cast iron moulds are cleaned 

and mineral oil is applied on all sides before concrete is poured in to the moulds. The moulds are 

placed on a level platform. The well mixed concrete is filled in to the moulds. Excess concrete was 

removed with trowel and top surface is finished level and smooth as per IS 516-1959.  

 

6.2 TESTING OF FRESH CONCRETE 

Fresh properties of concrete are observed at the time of concreting. To measure the fresh 

properties of concrete workability test is very important. Concrete good in workability will shows 

better properties in its lifetime. Before pouring concrete into the moulds we need to check the 

workability by slump cone method. 

The workability test for concrete is confirms to IS 1199 �± 1959. 

6.2.1 Workability  
 

Compaction factor measures the workability in an indirect by determining the degree of 

compaction achieved by a standard amount of work done by allowing the concrete to fall through a 

standard height. 

The sample of concrete to be tested is placed in the upper hopper up to the brim. The trap 

door is opened so that the concrete falls in the lower hopper. The trap door of the lower hopper is 

opened and concrete is allowed to fall into the cylinder. In the case of a dry mix, it is likely that the 

concrete may not fall on opening trap door. In such case a slight pocking by the rod may be required 

to set the concrete in motion. The excess concrete remaining top level of cylinder is then cut off with 

the help of plain blades supplied with apparatus. The surface of cylinder is wiped clean and weighed 

to the nearest 10gms. This weight is �N�Q�R�Z�Q���D�V���³�Z�H�L�J�K�W���R�I���S�D�U�W�L�D�O�O�\���F�R�P�S�D�F�W�H�G���F�R�Q�F�U�H�W�H�´�����7�K�H cylinder 

is emptied and then refilled with the concrete from the sample in layers of each about 5cm depth. The 
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layers are heavily rammed or preferably vibrated so as to obtain full compaction. The top surface of 

fully compacted concrete is then carefully struck off and the cylinder is weighed to the nearest 10gms. 

The weight is known of fully compacted concrete 

6.3 FACTORS EFFECTING WORKABILITY  

Workable concrete is the one which exhibits very little internal friction between 

particle and particle, or which overcomes the frictional resistance offered by the formwork surface. 

The factors helping concrete to have more lubricating effect to reduce internal friction for helping 

easy compaction are given below. 

1. Water Content 

2. Mix  Proportion 

3. Size of Aggregates 

4. Shape of Aggregates 

5. Surface texture of Aggregate 

6. Grading of Aggregate 

7. Use of Admixtures 

6.4 MEASUREMENT OF  WORKABILITY  

1. Slump Test 

2. Compacting Factor Test 

3. Flow Test 

4. Kelly Ball Test 

5. Vee Bee Consistometer Test 

6.4.1 DEFINITION  

Slump is a measurement of concrete's workability, or fluidity.It's an indirect measurement 
of concrete consistency or stiffness. 

        A slump test is a method used to determine the consistency of concrete. The consistency, or 

stiffness, indicates how much water has been used in the mix. The stiffness of the concrete mix 

should be matched to the requirements for the finished product quality. 

6.4.2 SLUMP TEST 

The concrete slump test is used for the measurement of a property of fresh concrete. The 

test is an empirical test that measures the workability of fresh concrete. More specifically, it measures 
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consistency between batches. The test is popular due to the simplicity of apparatus used and simple 

procedure. 

6.4.3 PRINCIPLE OF SLUMP TEST:  

The slump test result is a measure of the behavior of a compacted inverted cone of concrete under 

the action of gravity. It measures the consistency or the wetness of concrete. 

Apparatus 

�x Slump cone, 

�x Scale for measurement, 

�x Temping rod (steel) 

 
The apparatus for conducting the slump test essentially consists of a metallic mould in the form 

of a cone having the internal dimensions as under: 

 
Bottom diameter    :20cm 

Top diameter         :10cm 

Height                    :30cm 

Procedure of Concrete Slump test: 

1. The mold for the slump test is a frustum of a cone, 300 mm (12 in) of height. The base is 200 

mm (8in) in diameter and it has a smaller opening at the top of 100 mm (4 in). 

2. The base is placed on a smooth surface and the container is filled with concrete in three layers, 

whose workability is to be tested. 

3. Each layer is temped 25 times with a standard 16 mm (5/8 in) diameter steel rod, rounded at the 

end. 

4. When the mold is completely filled with concrete, the top surface is struck off (leveled with 

mould top opening) by means of screening and rolling motion of the temping rod. 

5. The mould must be firmly held against its base during the entire operation so that it could not 

move due to the pouring of concrete and this can be done by means of handles or foot - rests brazed 

to the mould. 

6. Immediately after filling is completed and the concrete is leveled, the cone is slowly and 

carefully lifted vertically, an unsupported concrete will now slump. 

7. The decrease in the height of the center of the slumped concrete is called slump. 
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8. The slump is measured by placing the cone just besides the slump concrete and the temping rod 

is placed over the cone so that it should also come over the area of slumped concrete. 

9. The decrease in height of concrete to that of mold is noted with scale. (usually measured to the 

nearest 5 mm (1/4 in) 

6.4.4 Precautions in Slump Test 

In order to reduce the influence on slump of the variation in the surface friction, the inside of 

the mould and its base should be moistened at the beginning of every test, and prior to lifting of the 

mould the area immediately around the base of the cone should be cleaned from concrete which may 

have dropped accidentally. 

6.4.5 Types of Concrete Slump: 

The slumped concrete takes various shapes, and according to the profile of slumped concrete, 

the slump is termed as; 

 

A. Collapse Slump 

B. Shear Slump 

C. True Slump 

                             

Fig-10 Types of slumps 

6.4.5.1 Collapse Slump: 

In a collapse slump the concrete collapses completely. A collapse slump will generally mean 

that the mix is too wet or that it is a high workability mix, for which slump test is not appropriate. 

 

6.4.5.2 Shear Slump: 

In a shear slump the top portion of the concrete shears off and slips sideways 
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                                               Figure 11: Slump cone test        

                                

 

                                                
                                                All dimensions are in centimetre 

                                             Figure 12: -Dimensions of slump cone 

If one-half of the cone slides down an inclined plane, the slump is said to be a shear slump. 

1. If a shear or collapse slump is achieved, a fresh sample should be taken and the test is repeated. 

2. If the shear slump persists, as may the case with harsh mixes, this is an indication of lack of 

cohesion of the mix. 

6.4.5.3 True Slump: 

In a true slump the concrete simply subsides, keeping more or less to shape 

1. This is the only slump which is used in various tests. 

2. Mixes of stiff consistence have a Zero slump, so that in the rather dry range no variation can be  
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detected between mixes of different workability . 

                       However, in a lean mix with a tendency to harshness, a true slump can easily change 

to the shear slump type or even to collapse, and widely different values of slump can be obtained in 

different samples from the same mix; thus, the slump test is unreliable for lean mixes. 

6.4.5.4 Applications of Slump Test: 

1. The slump test is used to ensure uniformity for different batches of similar concrete under field 

conditions and to ascertain the effects of plasticizers on their introduction. 

2. This test is very useful on site as a check on the day-to-day or hour- to-hour variation in the 

materials being fed into the mixer. An increase in slump may mean, for instance, that the moisture 

content of aggregate has unexpectedly increases. 

3. Other cause would be a change in the grading of the aggregate, such as a deficiency of sand. 

4. Too high or too low a slump gives immediate warning and enables the mixer operator to remedy 

the situation. 

5. This application of slump test as well as its simplicity, is responsible for its widespread use. 

 

               Table 25 Workability, Slump and Compacting Factor of concrete with 19 or 38 mm 
(3/4 or 11/2 in) maximum size of aggregate. 

 
 

Degree of 
workability  

Slump Compacting 
 

Factor 

 
Use for which concrete is 

suitable mm In  

 
Very low 

 
0-25 

 
0-1 

 
0.78 

Very dry mixes; used in road 
making. Roads vibrated by power 

operated machines. 

 
Low 

 
25-50 

 
1-2 

 
0.85 

Low workability mixes; used for 
foundations with light 

reinforcement. Roads vibrated by 
hand operated Machines. 

 
 

Medium 

 
 

50-100 

 
 

2-4 

 
 

0.92 

Medium workability mixes; 
manually compacted flat slabs 

using crushed aggregates.Normal 
reinforced concrete manually 

compacted and heavily reinforced 
sections with vibrations. 
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High 

 
100-175 

 
4-7 

 
0.95 

High workability concrete; for 
sections with congested 

reinforcement.Not normally 
suitable for vibration 

 

6.5 TESTING OF HARDENED CONCRETE  

Testing of hardened concrete plays an important role in controlling and confirming the 

quality of cement concrete works. Systematic testing of raw materials, fresh concrete and hardened 

concrete are inseparable part of any quality control programmes for concrete, which helps to achieve 

higher efficiency of the material used and greater assurance of the performance of the concrete with 

regard to both strength and durability. The test methods should be simple, direct and convenient to 

apply. 

One of the purposes of testing hardened concrete is to confirm that the concrete used at site 

has developed the required strength. As the hardened of the concrete takes time, one will not come 

to know, the actual strength of concrete for some time. This is an inherent disadvantage in 

conventional test. But, if  strength of concrete is to be known at an early period, accelerated strength 

test can be carried out to predict 28 days strength 

6.6 CASTING AND CURING OF SPECIMENS 
 
a) Preparation of moulds: 

              With proper fitting and oiling for easy removal of specimens the moulds should be prepared 

carefully. 

 b) Calculation of materials:  

            The materials should be dry & well graded, and Calculation of materials should be done very 

carefully. 

 c) Mixing:  

                  Mixing shall be done in mechanical mixers only the mixer shall comply with 

IS1791:1968. In drum mixer, it is advisable to add dry material in to the drum after that pour some 

water into the drum next to that measured aggregates and cement shall be poured into the drum and 

then the remaining water should be added to the mix and it shall be continued for at least 1 minute 

till a uniform mix is obtained. 
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                                                                  Figure 13: Mixing  

d) Transporting:  

        Concrete shall be transported from the drum mixer to the work area without any loss of time 

because if it is late there will be an addition of water to give workability, but it leads to segregation 

of concrete. 

 

e) Placing 

                 The concrete shall be poured in layers continuously. While laying concrete care should 

be taken because the cement slurry should not be separate out & all the aggregates is uniformly 

coated with a cement layer. The placing of concrete should be done as soon as possible 

f) Compaction: 

               After placing of concrete compaction should be done carefully with tamping rod. It should 

be compacted gently with tamping rod. 

g) Naming of the trails: 

              Casted moulds are named and keep them aside for 24 hrs for setting without any 

disturbance. 

h) Demoulding:  

The specimens should be carefully removed after proper setting of concrete. The specimens 

are removed and then processed for curing days. 
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 6.6.1 CASTING OF CUBES 

              For each trail 24 cube specimens were casted for calculating 7 days, 28 days strengths and 

for durability properties. The dimensions of specimen for cube are of 150mmx150mmx150mm                                                                                                       

     

     Figure 14: Cubes Moulds                   Figure 15: Casted cubes 

    6.6.2 CASTING OF CYLINDES:  

                       For each trail 24-cylinder specimens were casted for calculating 28 days and 7 days 

and 90 strengths. The dimensions of the cylindrical specimen are of Height = 30cm Diameter = 

15cm 

                                           

                                           Figure 16: Casted Beams and cylinders 

6.6.3 CASTING OF BEAMS:  

              For each trail 12 beam specimens were casted for calculating 7days and 28 days and 90 

days strengths. The dimensions of the beam specimen are of 50cm x 10cm x 10cm 
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6.6.4 CURING OF SPECIMENS: 

              The specimens are left in the moulds undisturbed at room temperature for about 24 hours 

after casting. The specimens are then removed from the moulds and immediately transferred to the 

curing tank i.e. cubes are cured in fresh water. Curing is most important process in concreting. 

Concrete strength increases with age of curing. The specimens should keep in curing tank for better 

improvement in strength. Generally curing is done by ponding curing tanks. The water used for 

concrete curing should be free from salinity, scrap, vegetation and chemicals. We need to change 

the water for every 7 days of curing. The specimens are tested for 7 days and 28 days curing. 

                    

                                                      Figure 17:  Curing Tank 
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      CHAPTER-7 

                                  TESTING OF SPECIMENS  

 
7.1 GENERAL  
 

Calculation of fresh and hardened properties is the main era in concrete testing. The well cured 

specimens in curing tank are tested for compressive, split tensile and flexural strengths. By taking out 

the specimens from the curing tank, the specimens were exposed to sun light for surface drying. After 

the drying process, the specimens are processed for testing. The specimens are tested for 7 days and 

28 days strengths. In this chapter the testing procedures and formulations are discussed and presented 

as follows.  

7.2 MECHANICAL PROPERTIES  

Mechanical properties of concrete are mainly related to the calculation of its strength. The 

calculation of mechanical properties includes the testing of concrete for its performance in compressive 

strength, split tensile strength and flexural strength. A time schedule for testing of specimens is maintained 

to ensure their proper testing on the due date and time. The cast specimens are tested as per standard 

procedures, immediately after they are removed from curing tanks or curing tubs and wiped off the surface 

water, as per IS: 516-1959.  

7.2.1 Compressive strength  

Compressive strength or crushing strength is the main property observed in testing the cubes. 

The cubes of size 150 mm x 150 mm x 150 mm were casted. After 24 hours, the specimens are removed 

from the moulds and subjected to curing for 7 days and 28 days in portable water. After curing, the 

specimens are tested for compressive strength using compression testing machine (IS: 516 �± 1959). 

Cubes are tested to calculate compressive strength by applying gradual loading in Compression 

Testing Machine (CTM). The maximum load at failure occurs on the top of the machine.  

The Compressive strength has been calculated by the formula  

Compressive strength = ultimate compressive load/cross sectional area  

                                                  = P/A  

                                                  =Load/Area 
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                                         Figure 18: Compression Testing Machine (CTM) 

7.2.2 Split tensile strength  

Split tensile strength is the most important property of concrete. Concrete generally weak in 

tension. So to improve tensile behavior of concrete, split tensile strength is important. The tensile strength 

of concrete is necessary to determine the load at which the concrete members may crack. It is also important 

in reducing formation of cracks in concrete. Cylinders are casted for calculating split tensile strength. The 

cylindrical specimens are also tested in Universal Testing Machine (UTM). Here the cylinder split into the 

two parts and reading observed on the top of the machine.  

The split tensile strength has been calculated by the formula  

�6�S�O�L�W���W�H�Q�V�L�O�H���V�W�U�H�Q�J�W�K��� �����3�������Œ�/�'�� 

P = failure load (applied load)  

L = height of the cylinder specimen  

D = diameter of mould 

7.2.3 Flexural strength  

Most of the beam failures are occurred due to their failure in flexural strength. It is important that 

prediction of flexural strength by calculating modulus of rupture for reducing failure problems in beams. 

The calculation of modulus of rupture in terms of flexural strength is the main aim in casting beam 

specimens. In this modulus of rupture is calculated by testing specimens in the universal testing machine. 

In this line of fracture is the main important property in formulating the modulus of rupture.  

�7�K�H���P�R�G�X�O�X�V���R�I���U�X�S�W�X�U�H���L�V���G�H�Q�R�W�H�G���E�\���³�I�F�U�³���� 

�7�K�H���µ�I�¶���Y�D�O�X�H���L�V���P�D�L�Q�O�\���E�D�V�H�G���R�Q���W�K�H���V�K�R�U�W�H�V�W���G�L�V�W�D�Q�F�H���R�I���O�L�Q�H���I�U�D�F�W�X�U�H���µ�D�¶�� 
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If 110 mm < a < 133 mm, fcr = 3Pa/bd2  

If a > 133 mm, fcr= PL/bd2  

If a < 110 mm, the test shall be discarded 

 

        

                                        Figure 19: Flexural strength test on beams 

 

                                      

                                         Figure 20: Split tensile strength test on cylinders 
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       CHAPTER 8 

         RESULT AND DISCUSSIONS 

8.1 GENERAL                                                                                                              

Cement is replaced with silica fume in 5%,8%, 10% and 12% and fly ash in 10%,15%, 

20%,25%,30% and 35%. Compressive strength of cube specimens at 3,7 days and 28 days, split tensile 

strength at 28 days & flexural strength at 28 days are noted down below. 

8.2 Compression Test 

The capacity of a material or structure to resist the loads disposed to reduce the size is termed 

as compressive strength of concrete. The compressive strength test is done for cube specimen of sizes 

150*150*150mm for 7 and 28 days and 90 days of curing. 

                              Table: 26 Compressive Strength of Conventional Mix 

 

 

 

 

 

 

    

  8.3 Split Tensile Test 

 Out of all the properties of concrete, tensile strength is very important one. The tensile 

strength is calculated by testing cylindrical specimens of size 300mm height and 150mm diameter. 

Here each set of specimens are tested for 7 days and 28 days of curing. 

  

 

 

 

 

 

 

 

Mix details 

Compressive strength (Mpa) 

7days 28 days 90 days 

MC1 19.82 40.43 51.3 

MC2 20.87 41.73 53.25 
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             Table:27 Split Tensile Strength of Conventional Mix 

 

 

 

 

 

 

 

 

8.4 Flexural Test:        

 The modulus of rupture is the main property for the flexural members. To improve the flexural 

strength of concrete is one main task in present construction activities. Flexural strength for concrete 

is determined by casting beam specimens. The beam dimensions are of 500mm x 100mm x 100mm. 

 

                                   Table:28 Flexural Strength of Conventional Mix 

 

 The Maximum Strengths Are Obtained For w/c=0.42 Mix. Hence, we Adopt the 0.42 as 

Standard mix. 

8.5 Replacing cement with Fly ash: 

            Cement is replaced with Fly Ash in percentage of 10, 15, 20, 25, 30 and 35%. The values 

obtained are as follows 

 

 

Mix details                        Split tensile strength (Mpa) 

7days 28 days 90 days 

MC1 0.98 1.75           3.20 

MC2 1.10 1.85           3.98 

Mix details 

                      Flexural strength (Mpa) 

              7 days           28 days 90days 

MC1 2.02 3.30           5.2 

MC2 2.20 3.87           5.5 
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Table: 29 Compressive Strength of Cement with partial replacement of fly Ash 

 

Table: 30  Split tensile Strength of Cement with partial replacement of fly Ash 

 

 

Table: 31  Flexure Strength of Cement with partial replacement of fly Ash 
 

 

 

Fly Ash Mixes 

Compressive strength in N/mm2 

3Days 7 Days 28 Days 

MFA1 15.27 18.21 41.64 

MFA2 15.96 19.75 42.89 

MFA3 16.29 21.64 43.76 

MFA4 16.77 24.45 45.83 

MFA5 18.71 24.90 46.14 

MFA6 18.03 23.10 45.02 

 

Fly Ash Mixes 

Split Tensile strength in N/mm2 

3Days 7 Days 28 Days 

MFA1 0.98 1.52  2.15  

MFA2 1.02 1.59 2.29 

MFA3 1.25 1.64 2.33 

MFA4 1.47 1.68 2.42 

MFA5 1.41 1.74 2.47 

MFA6 1.39 1.68 2.32 

 

Fly Ash Mixes 

Flexure strength in N/mm2 

3Days 7 Days 28 Days 

MFA1 0.99 2.21  3.24 

MFA2 1.22 2.30 3.58 

MFA3 1.30 2.45  3.94 

MFA4 1.45 2.57 4.10 

MFA5 1.75 2.77 4.38 

MFA6 1.70 2.69 4.10 
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8.6 Optimum Content of Fly ash with Addition of Silica Fume: 

              Cement is partially replaced with Silica fume percentage of 5%, 8%, 10%and 

12% with optimum fly ash. The values obtained are as follows 

 

Table: 32 Compressive Strength of MFA5 (with optimum fly ash content 30%) with 

partial replacement of Silica Fume 

 

  Table: 33 Split Tensile Strength of MFA5 (with optimum fly ash content 30%) with 

partial replacement of Silica Fume 

 

 

 

         

Table: 34  Flexure Strength of MFA5 (with optimum fly ash content 30%) with partial 

replacement of Silica Fume                                                  

 

Silica Fume Mixes 

Compressive strength in N/mm2 

3Days 7 Days 28 Days 

MSF1 22.29 29.64 41.76 

MSF2 23.77 30.45 44.83 

MSF3 24.71 34.90 46.14 

MSF4 24.89 35.97 48.74 

 

Silica Fume Mixes 

Split tensile strength in N/mm2 

3Days 7 Days 28 Days 

MSF1 2.12 3.65 4.90 

MSF2 2.52 3.94 4.802 

MSF3 2.62 4.10 4.95 

MSF4 2.89 4.40 5.02 

 

Silica Fume Mixes 

Flexure strength in N/mm2 

3Days 7 Days 28 Days 

MSF1 3.21 5.20 5.90 

MSF2 3.98 7.23 7.95 

MSF3 4.70 7.50 9.00 
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7.7 Test Results: 

          
                                   

 

                          Fig 21:- Graph showing compressive strength for convention mix 
 
            

 
 
 
                           Fig 22:- Graph showing split tensile strength for convention mix 
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                             Fig 23: Graph showing flexural strength for convention mix 

 

GRAPHS SHOWING TEST RESULTS FOR CEMENT PLUS FLY ASH MIX  
 

 
    Fig 24:-Graph showing compressive strength of Cement with partial replacement of fly Ash 
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 Fig 25: - Graph showing split tensile strength  of Cement with partial replacement of fly Ash 

 

 

      Fig 26: -Graph showing flexural strength of Cement with partial replacement of fly Ash 
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GRAPHS SHOWING TEST RESULTS FOR CEMENT PLUS SILICA FUME MIX  
 

 

Fig 27: - Graph showing compressive strength For Optimum Content of Fly ash with partial 

replacement of Silica Fume 

 

Fig 28 :- Graph showing split tensile strength for Optimum Content of Fly ash with partial 

replacement of Silica Fume 
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 Fig 29:- Graph showing flexural strength for  Optimum Content of Fly ash with partial 
replacement of Silica Fume 
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         CHAPTER-9 

            DURABILITY  

Concrete with Ordinary Portland Cement is the major composition in present constructional 

activities. A concrete structure was good in strength can also be good in providing service life. 

durability is of concrete structure is justified only when it shows reliability in its lifetime. More 

durability means more service life of structure. The concrete under marine environment and exposed 

to aggressive chemical attack through water are the major problems in reducing the life time of 

structure. To overcome this problem, proper durability studies are needed for concrete before 

concreting a structure. 

           To check the Acid resistance of concrete Hydrochloric acid (HCL), Sulphur Acid (H2SO4) is 

selected. The concentrations of acids in water are taken as 3%. The standard specifications for this 

study are IS 516-1959 and ASTM C666-1997. 

Cubes of sizes 150mm were cast and cured for 28 days. After 28 days curing cubes were taken 

out and allowed for drying for 24 hours and weights were taken. For acid attack 5% dilute hydrochloric 

acid is used. The cubes were to be immersed in acid solution for a period of 30 days. The concentration 

is to be maintained throughout this period. After 30 days the specimens were taken  from acid solution. 

The surface of specimen was cleaned and weights were measured. The specimen was tested in the 

compression testing machine under a uniform rate of loading 140Kg/cm2 as per IS516. The mass loss 

and strength of specimen due to acid attack was determined. 

 

                                                       Figure 30: H2SO4 Solution 
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             Table: 35 Average reduction in weight for different FA percentages. 

 

     

 

 

 

 

 

    

 

Fig 31: - Graph showing Compressive strength v/s weight loss due to H2SO4 Solution. 
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                                                          Figure 32: HCL Solution 

The action of acids on concrete is the conversion of calcium compounds into calcium salts of 

the attacking acid. These reactions destroy the concrete structure. The percentage of loss in 

compressive strength was 11.91%, 8.18%, respectively. Thus replacement of silica fume is found to 

have increased the durability against acid attack. This is due to the silica present in silica fume which 

combines with calcium hydroxide and reduces the amount susceptible to acid attack.                 

 Table:36 Durability test due to the presence of HCL solution For Silica Fume. 

 

Si.no Silica Fume Mixes Loss in Weight (%) at 30 
Days 

(%) Loss in Compressive 
strength  at 30  days 

1 MSF1 4.40 11.91 

2 MSF2 2.81 9.18 

3 MSF3 
               2.23 

8.69 

4 MSF4 2.76 8.02 
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         Fig 33: Graphs showing Compressive strength v/s weight loss due to HCL 

Solution. 
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       CHAPTER-10 

                    CONCLUSIONS 

�™ In this experiment study the partial replacement of cement with Fly Ash and Silica Fume was 

studied and variations in the strengths was observed. 

�™ The optimum strength was obtained at 30% replacement of cement with fly ash. 

�™   The compressive strength obtained after 28 days when cement was replaced with      30% of 

fly ash is 46.14 N/mm2.So,The  increase of Compressive Strength is 1.20%  when compared 

with Nominal Mix of Concrete. Further Replacement of fly ash  leads to Decrease in 

Compressive Strength. 

�™ The Split tensile  strength obtained after 28 days when cement was  Replaced with 30% of fly 

ash is 2.47 N/mm2 .So, The increase of Split tensile Strength is 1.35% when compared with 

Nominal Mix of Concrete. Further Replacement of fly ash leads to Decrease in Split tensile  

Strength. 

�™ The Flexural  strength obtained after 28 days when cement was Replaced with 30% of fly ash 

is 4.38 N/mm2.So,The  increase of Flexural Strength is 1.14% when compared with Nominal 

Mix of Concrete. Further Replacement of fly ash leads to Decrease in Flexural  Strength. 

�™ When Cement was Replaced by optimum content of fly ash(30 percent) and 12% of Silica 

fume was gives high Compressive Strength. It was observed that the increase in Compressive 

strength is 1.05% when Compared with Fly ash mix. Further Replacement of fly ash and 

silica fume  Leads to decrease in Compressive strength. 

�™ It was observed that  Split Tensile Strength was increased by 2.04% when compared to fly 

ash Concrete mix  containing optimum content of fly ash(30 percent) and 12 of Silica fume. 

The increase in Split Tensile Strength is 2.72% when Compared with Nominal Mix. Further 

Replacement of  fly ash and silica fume Leads to decrease in Split Tensile Strength   

�™ The Flexural Strength was increased by 2.15% when compared to fly ash Concrete mix 

containing optimum content of fly ash(30 percent) and 12% of Silica fume .The increase in 

Flexural Strength is 2.44%  when Compared with Nominal Mix. Further Replacement of fly 

ash and silica  fume Leads to decrease in Split Tensile Strength 
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�™ The durability of optimum content of fly ash(30 percent) and 12% of Silica fume  replaced concrete 

under sulphate is higher than conventional concrete. For H2SO4 immersed solution the strength 

properties for optimum content of fly ash(30 percent) and 12% of Silica fume replaced concrete is 

higher. 

�™ The durability of optimum content of fly ash(30 percent) and 12% of Silica fume  replaced 

concrete under chloride is higher than conventional concrete. For HCL immersed solution the 

strength properties for optimum content of fly ash(30 percent) and 12% of Silica fume  

replaced concrete is higher. 
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1. Engineering Knowledge: Apply the knowledge of mathematics, science, engineering fundamentals 

and an engineering specialization to the solution of complex engineering problems. 

2. Problem analysis: Identify, formulate, review research literature and analyze complex engineering 

problems reaching substantial conclusions using first principles of mathematics, natural sciences and 

engineering sciences. 

3. Design/Development of solutions: Design solutions for complex engineering problems and design 

system components or processes that meet the specified needs with appropriate consideration for the 

public health and safety, aid the cultural, societal and environmental considerations. 

4. Conduct investigation of complex problems: Use research-based knowledge and research methods 

including design of experiments, analysis and interpretation of data and synthesis of the information to 

provide valid conclusions. 

5. Modern tool usage: Create, select and apply appropriate techniques, resources and modern 

engineering and IT tools including prediction and modeling to complex engineering activities with an 

understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal, 

health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional 

engineering properties. 

7. Environment and sustainability: Understand the impact of the professional engineering solutions in 

societal and environmental contexts and demonstrate the knowledge of and need for sustainable 

development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of  

the engineering practice. 

9. Individual and team work: Function effectively as an individual and as a member or leader in  

diverse teams and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the engineering 

community and with society at large, such as, being able to comprehend and write effective reports and 

design documentation, make effective presentations and give and receive clear instructions. 

 

 



11. Project management and finance: Demonstrate knowledge and understanding of the engineering 

�D�Q�G�� �P�D�Q�D�J�H�P�H�Q�W�� �S�U�L�Q�F�L�S�O�H�V�� �D�Q�G�� �D�S�S�O�\�� �W�K�H�V�H�� �W�R�� �R�Q�H�¶�V�� �R�Z�Q�� �Z�R�U�N���� �D�V�� �D�� �P�H�P�E�H�U�� �D�Q�G�� �Oeader in a team, to 

manage projects and in multidisciplinary environments. 

12. Life -long learning: Recognize the need for, and have the preparation and ability to engage in 

independent and life-long learning in the broadest context of technological change. 

PROGRAM SPECIFIC OUTCOMES (PSOs) 

  Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway alignments and conduct 

geotechnical and geological investigations of the project. 

2. Test, analyze and design various substructures and superstructures by considering the 

environmental and societal issues. 

3. Organize various construction projects considering modern construction techniques, equipment 

and management issues. 

PROJECT MAPPING  

Note: Tick Appropriate category. 
 

 

Classification 

of 

project 

 
Application 

 
Product 

 
Research 

 
Review 

   
 

 

 

 
Course Outcomes for Project Work 

DATA COLLECTION & ANALYSIS TYPE PROJECTS 

   After completion of this course ,students will able to 

�x Work in a team and select the broad statement of problem for project work 
�x Review and evaluate the available literature on the chosen problem 
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CHAPTER 01 

ABSTRACT 

India is the biggest user of ground water in the world and caters more than 60% for 
agriculture and up to 85% for drinking purposes. Ground water is an important resource for 
contributing significantly in total annual supply. However over exploitation has depleted 
ground water availability considerably and it leads to ground water scarcity at some places. 
So identifying the potential zones of ground water is extremely important for planning and 
management of ground water. 

 The conservation and sustainable advancement of soil and water assets is one of the 
fundamental standards for improvement of arid and semi-arid regions. Ground water potential 
zones can be identified with the help of RS&GIS techniques. The present study is to identify 
the ground water potential zones in APCRDA region of Guntur district. 

Ground water potential zones will be delineated using GIS tools and various thematic 
maps have to be developed to attain the result. The thematic maps that are needed for 
identifying the ground water potential zones are soils, slope, drainage, geomorphology, 
rainfall, land use and land cover and these are generated using satellite data, SOI Top sheet 
and GSI maps. The ground water potential map has to be prepared using analytical hierarchy 
process(AHP). All the themes and their features have been assigned with weights according 
to their relative importance and their normalised weights were calculated after the ranking by 
pair wise comparison of analytical hierarchy process (AHP). Then the proposed model can be 
significantly used by decision maker to identify the ground water potential zones, which is a 
prime factor for the planning and development. 
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CHAPTER 02 

  INTRODUCTION  

2.1 General: 

Water is an important part of our day to day life. Human mainly depends on the water 
for their survival. About 71 percent of earth surface is covered with water. In that the oceans 
�K�R�O�G���D�E�R�X�W�������������S�H�U�F�H�Q�W���R�I���H�D�U�W�K�¶�V���Z�D�W�H�U���D�Q�G�����������S�H�U�F�H�Q�W���K�R�O�G�V���I�U�H�V�K���Z�D�W�H�U�����:�D�W�H�U���D�O�V�R���H�[�L�V�W�V��
in the air as water vapour, rivers, lakes, icecaps, glaciers and in the ground as soil moisture 
and in aquifers. The majority of water on the earth surface is saline and it does not suitable 
for drinking &amp; agricultural purposes. 

 The 3.5 percentage of fresh water is not sufficient for both drinking and agricultural 
purpose. Generally this water is available in the sources like surface and sub-surface. The 
surface water is not available throughout the year due to less rainfall and warm climate. So 
the alternate source is sub-surface water. According to Hindu business line(paper) in the 
recent survey [15-dec-2019] India is largest user of ground water in the world for caters more 
than 60 percent for agriculture and also up to 85 percent for drinking purpose. 

 Ground water is used heavily for various purposes because it can be accessed more 
cheaply and easily. So it results in depending of ground water. Due to excessive extraction, 
the amount of ground water level decreases day by day. There will be a serious ground water 
issue within next years. The extraction of water takes place at a speed which does not allow 
the water table to recover its losses. Recharge process is inadequate comparison to rate of 
extraction. As a result of this shallow aquifers are drying up and drought like situations is 
happening over the several parts of the country before the pre-monsoon season. 

 Identification of ground water potential zones is very important for optimum 
utilization and conversation of this resource. Test drilling and Stratigraphy analysis are the 
conventional and reliable methods for determining the location of aquifers but this method is 
very costly and time consuming process. Remote sensing and geographic information system 
technologies have emerged as an important tool for mapping the ground water resources. 
Several factors such as soils, geology, slope, drainage, density, rainfall, geomorphic 
units.Researchers have successfully used RS&GIS techniques to integrate these factors for 
modelling the ground water potential zones in different zones. 

 Delineation of ground water potential zones through proper modelling approach is 
essential to handle the water scarcity problem of drought prone regions. The objective of this 
study is to identify the groundwater potential zones of CRDA region of Guntur district 
through RS-GIS and AHP Technique. 
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�7�K�H���J�U�R�X�Q�G�Z�D�W�H�U���F�R�Q�V�W�L�W�X�W�H�V���R�Q�H���S�D�U�W���R�I���W�K�H���H�D�U�W�K�¶�V���Z�D�W�H�U���F�L�U�F�X�O�D�W�R�U�\���V�\�V�W�H�P���Z�H�O�O-
known as hydrologic cycle. Figure-1.1 shows some of many facets involved in the hydrologic 
cycle these various facts involved in this cycle are evaporation, interception, transpiration, 
surface runoff, infiltration and percolation(subramanya,2008).Figure 1.1 shows a schematic 
diagram of hydrologic cycle. 

 

Figure 2.1: The Hydrologic cycle(Source: Subramanya, 2008)  

It can be seen from the above figure that, though the concept of the cycle seems simple, the 
whole Phenomena are enormously complicated. It is not just a large single cycle but it is 
composed of manyinterrelated cycles. 

 

 

 

 

 

 



4 
 

2.2Distribution of Groundwater: 

�7�K�H�� �I�R�U�P�D�W�L�R�Q�� �E�H�O�R�Z�� �W�K�H�� �H�D�U�W�K�¶�V�� �V�X�U�I�D�F�H�� �L�V�� �G�L�Y�L�G�H�G�� �L�Q�W�R�� �W�Z�R�� �]�R�Q�H�V�� �E�\�� �D�Q�� �L�U�U�H�J�X�O�D�U��
surface called the Water table(D.K. Todd,1980). At all points on the water table the pressure 
is atmospheric. The zonebetween the ground surface and the water table is called the 
unsaturated zone or the vadose zone. Inthis zone soil particles contain either air or water or 
both. Hence it is known as zone of aeration(D.K. Todd,1980).Water in this zone is held to the 
soil particles by capillary forces. Thus while thiswater is able to move within the vadose 
zone, it cannot move out of the zone into wells or other placesthat are exposed to atmospheric 
pressure. In the zone below the water table all the soil pores arecompletely filled with water 
and hence it is called the zone of saturation or the phreatic zone. Thephreatic zone may 
extend to considerable depth, but as the depth increases the weight of overburdentends to 
close the pore space little water is found at depths greater than 3km. 

 

Figure 2.2: Vertical distribution of Groundwater (Source: D.K.Todd, 1980) 
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2.3Historical context of Groundwater& its importance: 

Groundwater use took off to previously endless levels after 1950 in various parts of the 
world by the presentation of tube well and mechanical pumping designing in right on time 
twentieth century and their creating acclaim was seen after 1950. In Spain, groundwater use 
raised from 2 cubic kilometres for every annum to 6 in excess of 1960�±���������� ���0�D�U�W�L�Q�H�]�(��
Cortina and Hernandez-Mora 2003). Indian subcontinent groundwater use raised from around 
10�±20 cubic kilometres for every prior year 1950 to240�±260 by 2000 (Shah and others 2003). 
In the United States groundwater�¶s offer in wateringframework water rose from 23% in the 
year 1950 to 42% in 2000 (Winter and others 1998). Chinesehistory records accidental cases 
of rancher lifting water from shallow wells by barrels for watering vegetables. Anyway 
Northern China had very nearly no flooding framework until 1950, and its tube well watering 
framework vanished simply after 1970. Regardless of this exponential advancement in 
groundwater use in horticulture, the world is startingnow exploiting simply a small amount of 
the earth�¶s groundwater. At short of what 1,000 cubic kilometres for consistently overall 
groundwater use is a quarter of total overall water withdrawals yet just 1.5% of the world�¶s 
yearly renewable freshwater supplies, 8.2% of yearly renewable groundwater, and 0.0001% 
of overall groundwater stores (assessed to be 7�±23 million cubic kilometres) (Howard2004). 
Its contribution to human welfare was enormous. Supplied of groundwater to private 
waternecessities in distinctive human settlements, urban and normal, far and wide has been 
seen for the most part too. As demonstrated by various investigators, more than a far reaching 
section of the world�¶s masses depends on upon groundwater for its drinking water supply 
(Coughanowr 1994). The imperativeness of groundwater in our day by day life is as such. 

o  Provides guideline regarding design and construction of ground water structure. 
o  Water availability in the ground creates a sense of ownership amongst land holders. 
o  Availability shows there is no shortage of water for supplying the demand of 

irrigation. 
o  Generates a vast scope for development of different activities----agriculture, 

industries etc. 
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2.4RS and GIS applications in groundwater hydrology: 

Remote sensing and GIS plays a vital role in developing of water and land 
resourcesmanagement. The advantage of using remote sensing is to develop information 
onspatial technology which is useful for analysis and evaluation .Remote Sensing is 
thescience of acquiring information about the earth surface without being contact with it.This 
is done by sensing, recording, analyzing and applying the information. GIS is acollection of 
computer hardware, software and geographic data for capturing, storing,analyzing, and 
manipulating data for geographical information. For getting the soil, land use and land cover, 
geology, geomorphology, rainfall, drainage density datahigh resolution satellite images are 
taken for mapping of groundwater zones. 

National Remote Sensing Agency (NRSA) was first identify the remote sensing 
andGIS information for mapping of groundwater potential zones. GIS technique is usedto 
classify the results of remote sensing, assign the appropriate weights to therelated maps. 
These maps are used to identify the groundwater flow, and rechargezones. Remote Sensing 
and GIS plays a vital role in delineation of groundwaterpotential zones. From the satellite 
data we can identify the water holding capacity fordifferent geomorphologic and structural 
units. From the land use, slope and rainfalldata we can identify the groundwater quality of the 
study area. Remote Sensing andGIS technique has proved that it is time saving process and 
low cost for obtainingslope, drainage density, geology, geomorphology maps (Sharma, 
2016). 
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CHAPTER 3 

REVIEW OF LITERATURE  

3.1Groundwater: 

Groundwater is the water that is found underneath the Earth�¶s surface at profundities 
where all the pore (open) spaces in the soil, sediments, or rock are completely stacked with 
water. Groundwater of any structure whether from a shallow well or a significant well, 
devises and is refilled (energized) by precipitation. Groundwater is a piece of the hydrologic 
cycle, beginning when a piece of the precipitation that falls on the Earth�¶s surface sinks 
(infiltrates) through the soil and enters (seeps) diving to wind up groundwater. Groundwater 
will at long last come back to the surface, discharging to streams, springs, lakes, or the 
oceans, to complete the hydrologic cycle. 

3.2 Application of Remote sensing & GIS for Groundwater delineation: 

 Many researchers have come out with the procedures of different techniques for 
generating the groundwater potential zone maps by identifying remote sensing based on 
spatial layers of groundwater controlling parameters using GIS. 

Prabir Mukherjee (2012) made an integrated approach of remote sensing and GIS to 
determine the groundwater potential zones within an arid region of Kachchh district, Gujarat. 
Thematic layers have been generated by using ancillary data and digital satellite image. The 
potential zones have been obtained by weighted overlay analysis, the ranking given for each 
individual parameter of each thematic map and weights were assigned according to their 
influence. 

Cheng-Haw Lee (2008) proposed that assessing the potential zone of groundwater 
recharge is extremely important for the protection of water quality and the management of 
groundwater systems. Further groundwater potential study was carried out in Taiwan with the 
help of remote sensing and the geographical information system (GIS) by integrating the five 
contributing factors like Lithology, land cover/land use, lineaments, drainage, and slope. The 
weights of factors contributing to the groundwater recharge are derived using aerial photos, 
geology maps, a land use database, and field verification. 

Nag (2005) Delineated Groundwater potential zones in Baghmundi Block of Purulia 
district, West Bengal using integrated approach of remote sensing and Geographic 
Information System (GIS). After integrating hydro geomorphologic map and lineament 
density map using Weighted Index Overlay Method, the entire area was classified into 
following categories such as �±Very shallow weathered pediment, Moderately weathered 
pediment, Valley fills, Erosional gullies, Lateritic Upland and Accumulation gullies. The 
groundwater potential of various units was indicated from very to very good. 
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Narender (2013) made an integrated approach of remote sensing and GIS to delineate 
groundwater prospective zones in Narava basin, Visakhapatnam region. The various thematic 
maps like geomorphology, geology, lineament density, drainage density, slope and land 
use/land cover (LULC) were integrated for detecting groundwater potential zones. Using 
Weighted Index Overlay (WIO) technique different zones of groundwater prospects, viz. 
Very good (18.9% of the area), good (26.4% of the area), moderate (17.1% of the area) and 
poor (37.6% of the area) were detected. 

Mondal (2008) evaluated groundwater prospect in Rishikesh region based on hydro- 
geomorphological mapping of the area by applying probability-weighted approach. After 
overlay analysis of hydro geomorphology, geology, drainage, lineament, slope and relief it 
was found that good groundwater prospects dominated in the area with more than 50% of the 
study area showing moderate to excellent potential 

Jobin Thomas (2011) determined groundwater potential zone in tropical river basin 
(Kerala, India) using remote sensing and GIS techniques. The information on geology, 
geomorphology, lineaments, slope and land use/land cover was gathered from Landsat ETM 
+ data and Survey of India (SOI) top sheets of scale 1:50,000 in addition, GIS platform was 
used for the integration of various themes. The composite map generated was further 
classified according to the spatial variation of the groundwater potential. The spatial variation 
of the potential indicates that groundwater occurrence is controlled by geology, structures, 
slope and landforms. 

Ashim Das Gupta (1996) proposed that evaluation of long-term natural recharge 
based on water balance method combined with the evaluation of dynamic response of aquifer 
system provides an appropriate tool for assessing the long term sustainable yield of the 
groundwater system. This approach has been elaborated with reference to two case studies: 
one for the groundwater basin in the Kathmandu Valley of Nepal and the other for the coastal 
aquifer of Mannar Island in Sri Lanka. 

 

 

 

 

 

 

 

 

 



9 
 

CHAPTER 4 

THE STUDY AREA, FIELD SURVEY AND DATA COLLECTION  

4.1 Study Area 

 Andhra Pradesh Capital Region is the Megalopolis area surrounding  Amaravati, the 
new capital city of Andhra Pradesh and include major ancient cities of Vijayawada, 
Guntur, Tenali.Andhrapradesh capital region is one of the largest populated urban areas in the 
world, with its suburbs Vijayawada, Guntur, Tenali being the 3rd, 24th, 41th most densely 
populated cities in the world. Vijayawada is the most densely populated city in India while 
Guntur is 11th and Tenali is the most populated city of 14th place in Andhra Pradesh.  Andhra 
Pradesh capital region is the most populated metropolitan area in the state of Andhra 
Pradesh and 8th in India. Entire region is under the jurisdiction of Andhra Pradesh Capital 
Region Development Authority, and covers an area of 8,603 km2  (3,322 sqmi) under 
58 mandals, of which 29 are in Krishna district and 29 in Guntur district. The capital region 
covers 18 mandals fully and 11 mandals partially in Guntur district. In Krishna district, it 
covers 15 mandals fully and 14 mandals partially under the jurisdiction of APCRDA. The 
capital city is an Urban Notified Area, and will cover 217.23 km2 (83.87 sq mi), within the 
Andhra Pradesh Capital Region. 

 

Figure 4.1: Study Area 
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4.2 Physical Characteristics 

 Physical Characteristics of any study area described the natural environment of the 
place. They include the following parameters: 

4.1.1 Drainage 

The major rivers that drain through the district are the Krishna and Gunglakamma. Important 
tributaries of the Krishna River include Gundlavagu, Dindivagu, Naguleru, Gadidelavagu and 
Edduvagu. The drainage pattern, in general, is straight, parallel to sub-parallel and dendritic.  
The Krishna River is perennial, whereas most of the other streams are intermittent to 
ephemeral in nature.  

The river Krishna receives the Chandravanka, Golivagu, Dandivagu and Naguleru waters, 
which fertilize the adjoining tracts. It continues its easterly course through Venkatayapalem 
range and scales the slopes of Gundimettakonda and broadens gradually flowing with a wide 
and shallow bed in an easterly direction with a slight inclination towards the south, it touches 
Vijayawada and then runs eastwards and southwards. It ultimately turns sharply south-
eastwards and joins the sea at Hamsaladivi and Nachugunta in Krishna district. 

Drainage density is the total length of all the streams and rivers in a drainage basin divided by 
the total area of the drainage basin. It is a measure of how well or how poorly a watershed is 
drained by stream channels. It is equal to the reciprocal of the constant of channel 
maintenance and equal to the reciprocal of two times the length of overland flow. 

Drainage pattern means formation of surface and subsurface characteristics. If drainage 
density is more than the runoff will be more. Therefore the water will be less infiltrated in 
that area. If drainage density is less than infiltration will be more. So there may be 
groundwater potential zone. Here the drainage pattern is like dendritic. Drainage density is 
closeness of the spacing of the channels. Drainage map has been prepared in the Arc GIS 
software using the SRTM DEM data. 

 

4.1.2 Soil 

 The district is endowed with a rich variety of soils. It occupies an important 
place in agriculture which is the most important occupation and paddy is the main food crop 
produced. According to agricultural census 2016, the gross cropped area of the district was 
6.76 lakh hects, of which net cropped area is about 5.87 lakh hects. The gross irrigated area is 
3.36 lakh hects, whereas net irrigated area is about 2.86 lakh hects. The soils of the district 
can broadly be classified under three categories: (1) zonal (2) intra-zonal and (3) azonal. The 
zonal soils, which are developed insitu, are of red sandy type, distributed in parts of 
Macherla, Sattenapalle, Narsaraopet and Vinukonda taluks. These soils are good for 
agriculture, if properly manured and irrigated.Under the intra- zonal category calciumrich, 
deep black soils and mixed black and red soils occur over fairly large tract.  
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The deep black soils are distributed along a linear strip in parts of Palnad, Vinukonda 
and Narsaraopet taluks. The mixed black and red soils occur at south of Vinukonda. These 
soils are moderately productive. A major part of the area along the sea coast in the southeast 
and adjacent to Krishna River in the north is occupied by deltaic alluvial soils. These soils are 
highly productive, and keep the district in good stead in respect of agriculture. 

One type of soil is sand. Sand within soil is actually small particles of weathered rock. 
Sand is fairly coarse and loose so water is able to drain through it easily. While this is good 
for drainage, it is not good for growing plants because sandy soil will not hold water or 
nutrients. 

Silt is another type of soil. Silt can be thought of as fine sand, and it will hold water 
better than sand. If you were to hold a handful of dry silt in your hand, it would feel almost 
like flour. If you were to add water to the silt in your hand, it would do a fair job of holding 
the water and feels slick and smooth. 

Clay is very fine-grained soil. Its particles are even smaller than silt, so there is very 
little space between the fine grains for air or water to circulate. Therefore, clay does not drain 
well or provide space for plants roots to flourish.  

Now we can consider Loam as our fourth type of soil. Even though it is really a 
combination of sand, silt and clay. Loam will vary depending on how much of each 
component is present, but generally if you are a gardener. This is the type of soil you want 
because it holds moisture, but also allows for good drainage. If you were to hold loam in your 
hand, you could mold a ball, but the ball would easily crumble when disturbed. 

�,�Q�¿�O�W�U�D�W�L�R�Q���F�D�S�D�F�L�W�\���K�H�D�Y�L�O�\���G�H�S�H�Q�G�V���R�Q���W�K�H���V�R�L�O���W�H�[�W�X�U�H�����3�R�U�R�V�L�W�\���D�Q�G���S�H�U�P�H�D�E�L�O�L�W�\���D�U�H��
�G�L�U�H�F�W�O�\���L�Q�À�X�H�Q�F�H�G���E�\���W�H�[�W�X�U�H�����,�Q�¿�O�W�U�D�W�L�R�Q���F�D�S�D�F�L�W�\���R�I���W�K�H���¿�Q�H���J�U�D�L�Q�H�G���V�R�L�O���L�V���O�R�Z���F�R�P�S�D�U�H�G���W�R��
coarse grained soil because of porosity and permeability. 

4.1.3Rainfall  

 Rainfall is main source and plays an important role in the ground water recharge and 
also for all hydrological process. The Guntur lies on 26m above sea level. This city has a 
tropical climate. In winter, there is much less rainfall than in summer. The average annual 
temperature is 28.5 °C | 83.3 °F in Guntur. In a year, the average rainfall is 906 mm | 35.7 
inch.If the rainfall is more then it indicates the high potential capacity and the rainfall is less 
it indicates less potential capacity. 

4.1.4 Slope 

 �6�O�R�S�H���L�V���D���V�L�J�Q�L�¿�F�D�Q�W���I�D�F�W�R�U���I�R�U���W�K�H���G�H�W�H�F�W�L�R�Q���R�I���J�U�R�X�Q�G�Z�D�W�H�U���S�U�R�V�S�H�F�W�L�Y�H���]�R�Q�H�����6�O�R�S�H��
�L�V���D���P�D�M�R�U���I�D�F�W�R�U���Z�K�L�F�K���F�R�Q�W�U�R�O�V���W�K�H���L�Q�¿�O�W�U�D�W�L�R�Q���R�I���V�X�U�I�D�F�H���Z�D�W�H�U��into the subsurface. Surface 
�U�X�Q�Ru�� �L�V�� �V�O�R�Z�� �L�Q�� �J�H�Q�W�O�H�� �V�O�R�S�H�� �D�U�H�D�� �Z�K�L�F�K�� �D�O�O�R�Z�V�� �P�R�U�H�� �W�L�P�H�� �W�R�� �S�H�U�F�R�O�D�W�H�� �Z�K�H�U�H�D�V�� �K�L�J�K�� �V�O�R�S�H��
�D�U�H�D���D�O�O�R�Z�V���O�H�V�V���L�Q�¿�O�W�U�D�W�L�R�Q�� 
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4.1.5 Geology 

 The area is underlain by various geological formations of different age groups ranging 
from Archaean to Recent. The Archaean basement complex comprising the granite-gneisses, 
Schists, Khondalites, Charnockites and basic dykes of dolerites form the predominant rock 
types in the central part. The granitoids and granitic gneisses are intruded by number of 
Gabbros, Norite and Dolerite dykes. The fringe of the Archaeans in the central part is 
represented by Cuddapah basin, namely Nallamalai group of Upper Cuddapahs. In a 
�V�H�T�X�H�Q�W�L�D�O���R�U�G�H�U�����W�K�H���\�R�X�Q�J�H�U���.�X�U�Q�R�R�O�¶�V���R�F�F�X�U�U�L�Q�J���L�Q���W�K�H���&�X�G�G�D�S�D�K�¶s and those in the western 
parts of the district are thrust over by the Cuddapahs and these in turn by the Archaean 
granite gneisses. The Upper Gondwana group of sandstones and shales out crop are seen at 
places between Guntur and Tenali.  

 The youngest rock types of the district appear to be of Mio-Pliocene age followed by 
the alluvial deposits of Recent to Sub-Recent age. Basic Charnokites are exposed in the 
applied area in the form of boulders. They are made up of Hypersthene, Quartz, Biotite and 
Grey Feldspar and other mafic minerals. These rocks belong to Granulite facies of 
metamorphism and they are expected to have been formed due to palingnetic fusion of and 
metamorphism. These rocks represent the Precambrian basement of Easternghat province. 
The khondalites of this area are Melanocratic (dark colour), crystalline. Size of the grains 
ranges from very medium to coarse grained Anhedral to subhedral porphyritic texture is the 
characteristic feature. 

 

4.3 Field survey 

The field survey includes the collection ofbore well data from all the mandals come under the 
zone (study region).These information will helps the after the overlaying of all the thematic 
maps regarding the potential zone mapping and the final output map is check with these field 
data and whether the work is done right or wrong for that purpose we are collecting these 
information. 
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CHAPTER 5.0 

DATA COLLECTION  

5.1Detailed source of Data Collection: 

Different types of data was been collected for the present study purpose; such as satellite 
data, topographic maps, groundwater data, metrological data. 

Attribute    Source 
Geology Geological survey of India  

 
Slope 

 
SRTM DEM, USGS (scale 1:25000 or 1:50000) 

earth explorer USGS.gov 

Rainfall Directorate of Economics and Statistics 1990 to 2015 

 
Soil 

 
NBSS & LUP 

(National bureau of soil survey and Land utilisation 
planning) 

Drainage density data SRTM DEM,USGS 

Table 5.1: Data collection 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

5.2 Rainfall Data:Rain fall data was collected from the DIRECTORATE OF ECONOMICS 
AND STATISTICS. The below mentioned values are the average of 1990 to 2015 rainfall 
data collected from the various rain gauge station and data is given below 

S.no HQ-Name Avg. Rainfall 
1 Amaravathi 1009.9 
2 Thullur 962.2 
3 Tadepalli 1049.3 
4 Mangalagiri 1059.1 
5 Duggirala 649.01 
6 Tenali `1009.6 
7 Tsundur 606.39 
8 Amruthalur 954.79 
9 Ponnuru 888.43 
10 Bhattiprolu 663.83 
11 Kollur 856.02 
12 Kollipara 848.72 
13 Vemuru 763.93 
14 Chebrolu 876.18 
15 Vatticherukuru 908.88 
16 Prathipadu 862.42 
17 Guntur 928.2 
18 Pedakakani 653 
19 Tadikonda 921.31 
20 Edlapadu 561.59 
21 Phirangipuram 890.4 
22 Medikonduru 624.05 
23 Sattenapalli 862.2 
24 Pedakurapadu 896.12 
25 Krosuru 922.82 
26 Achampet 849.23 

Table 5.2: Average Rainfall data 
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CHAPTER 6 

 METHODOLOGY  

In this chapter, it describes about the different methodology adopted for present study; 
regarding the preparation of a report on groundwater potential zones, application of remote 
sensing and GIS techniques for remote sensing analysis, performing the weighted overlay 
technique. The details methodologyare described below 

 

 

Figure 6: Methodology of Flowchart 
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6.1 Development and Preparation Procedure of different thematic maps using Arc GIS 
tools  

Cartosat-1 Digital elevation model (DEM) data were collected (Source:earth explorer 
USGS.gov). Area of interest was extracted from the DEM data and was imported to Arc GIS. 
Overlaying was done with the previously drawn boundary map which was done using the 
toposheet. Then the required digital elevation model for the study area was developed. 

Other thematic layers were prepared; for present study, mainly five different themes were 
evaluated: (i) Geology, (ii) Slope, (iii) Soil,(iv) Drainage density, (v)Rainfall map. 

Geology:  

�x The data was collected from the GSI (Geological survey of India). 
�x The data will be digitised with high resolution and then adds to the arcgis 

software.  
�x Then mapping the geological formations like dykes and fissure cracks with the 

help of cut polygon tool. 
�x After the completion of mapping it will be classified as given in the table6.1. 
�x After preparing the map it will be converted into raster data using raster 

conversion and saved as raster geology data.  

Slope Map: 

�x The data which was collected from the USGS website as SRTM DEM data. 
�x The data will add to the arcgis software.  
�x After adding the data by using the mask tool and cut the map up to our 

boundary limits.  
�x After cutting the map and open the arc tool box in that go to surface (because 

slope is related to surface) in spatial analyst tools, then go and Click on slope. 
�x Then add the output measurement either percentages or degree, factor (z). 
�x These measurements are all varies not fixed and then click ok.  
�x Then deselect the old data and select the new ones only. Then go properties 

and categorise the classes as mentioned in the table6.1. 
�x If we need the variation of the slope the colour texture can be changed and 

then click on ok.  
�x The final out map was prepared and it will be converted into raster data using 

raster conversion and saved as raster slope data.  
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Soil Map:  

�x Soil maps were collected from the NBSS and LUP (National bureau of soil 
survey and Land utilisation planning) in the form of toposheets. 

�x The soil map was digitized with high resolution and then adds to the arcgis 
software.  

�x The grouping will be done as per requirement and mentioned in the table6.1.  
�x The changes will be done with help or support of satellite symbolism and put 

away as topical maps. 
�x Cartosat-1dem information from NRSA, Hyderabad India was utilized within 

the present study to concentrate slant guide.  
�x After preparing the map it will be converted into raster data using raster 

conversion and saved as raster soil data.  

Drainage Density:  

�x It was created with the help of SRTM DEM.  
�x The DEM of the study range was used as info. It has given a reasonable 

picture about the stream heading in the study range. 
�x The mapping of streams will be done with the help of cut polygon tools. 

Considering stream heading guide as information, stream collection(rivers, 
canals, tanks) guide was produced utilizing Arc GIS instruments. 

�x After preparing the map it will be converted into raster data using raster 
conversion and saved as raster drainage density data.  

Rainfall map:  

�x The rainfall data was collected from the DIRECTORATE OF ECONOMICS 
ANDSTATISTICS. 

�x The rainfall map is prepared using the Dem file. 

�x  By using the Mask tool we can cut the map up to the boundary limits. 

�x The average rainfall of each village can be allocated to the source file using 
the attribute table. 

�x  Then go to the arc tool box, in that bar we can go to the spatial analyst tools 
for the interpolation of each values go to the interpolation tool and source file 
By using Inverse distance weighted (IDW) interpolation determines cell 
values using a linearly weighted combination of a set of sample points. The 
weight is a function of inverse distance.  

�x The surface being interpolated should be that of a location ally dependent 
variable.This method assumes that the variable being mapped decreases in 
influence with distance from its sampled location. For example, when 
interpolating a surface of consumer purchasing power for a retail site analysis, 
the purchasing power of a more distant location will have less influence 
because people are more likely to shop closer to home. 
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�x After preparing the map it will be converted into raster data using raster 
conversion and saved as raster rainfall data.  
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Table6.1(1): Pair wise comparison matrix 
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Figure6.1(2): Graphical representation of Influence 

6.2 Method adopted 

There are several methods that can be used to explore groundwater but can be 
grouped into two major categories:  

1. Conventional methods  

2. Advanced methods  

1.Conventional methods  

The conventional methods used to prepare groundwater potential zones are mainly based on 
Ground surveys:   

1. Sensitivity Analysis Method such as resistivity, and ground penetrating radar.  

2. Probabilistic Models such as Logistic Regression Method.  

Conventional methods of exploration may not be highly reliable due to assessment of 
diverse factors which affects the presence of groundwater (Biswajeet&Saro et al. 2012). 
Similarly, GIS is an efficient tool for calculating and storing large volumes of data, 
integrating spatial and nonspatial information in a single system, offering a consistent 
framework for analyzing the spatial variation, allowing manipulation of geographical 
information, and allowing connection between entities based on geographical proximity 
(Pradhan 2010a, 2010b, 2011; Pradhan et al. 2010a,b,c). Jha et al. (2007) categorized six 
major areas of remote sensing and GIS applications in groundwater hydrology: (1) 
exploration and assessment of groundwater resources, (2) selection of artificial recharge sites, 
(3) GIS-based subsurface flow and pollution modelling, (4) groundwater pollution hazard 
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assessment and protection planning, (5) estimation of natural recharge distribution, and (6) 
hydrogeological data analysis and process monitoring.  

2. Remote-sensing based methods:  

1. Analytical hierarchical process (AHP)  

2. Weighted overlay method (WOM)  

3. Frequency ratio model (FRM) 

 4. Weighted aggregation method (WAM)  

ANALYTICAL HIERARCHICAL PROCESS  

The AHP (Saaty1980) is a multiple criteria decision-making tool that has been used in many 
applications related to decision making. The effectiveness of AHP in evaluating problems 
involving multiple and diverse criteria and the measurement of trade-offs sometimes using 
limited available data (Banai1989) �K�D�V���O�H�G���W�R���L�W�V���Z�R�U�O�G�Z�L�G�H���U�H�F�R�J�Q�L�W�L�R�Q���D�F�U�R�V�V���G�L�I�I�H�U�H�Q�W�����¿�H�O�G�V��
of application. It has been applied to a wide range of applications from selecting among 
competing alternatives in a multi objective environment, allocation of scarce resources, to 
forecasting (Forman and Gass2001).  More particularly, AHP has been successfully applied 
to many complex planning, resource allocation, and priority-setting problems in business, 
energy, health, marketing, transportation, natural resources, and environmental sciences 
(Schmoldt et al.2001). Over the years, many researchers, scientists, and decision makers in 
�Y�D�U�L�R�X�V�� �¿�Hlds have implemented AHP. In a recent review, Vaidya and Kumar(2006)  
presented ten different thematic areas where AHP has been applied. These are selection, 
�H�Y�D�O�X�D�W�L�R�Q���� �E�H�Q�H�¿t �±cost analysis, allocations, planning and development, priority and 
�U�D�Q�N�L�Q�J���� �G�H�F�L�V�L�R�Q�� �P�D�N�L�Q�J���� �I�R�U�H�F�D�V�W�L�Q�J���� �P�H�G�L�F�L�Q�H�� �D�Q�G�� �U�H�O�D�W�H�G�� �� �¿�H�O�G�V���� �D�Q�G�� �T�X�D�O�L�W�\�� �I�X�Q�F�W�L�Rn 
deployment (QFD).  More speci�¿cally, AHP is a decision-making approach based on the 
genuine ability of people to make critical decisions (Saaty1994a). It allows the active 
participation of decision makers in exploring all possible options in order to fully understand 
the underlying problems before reaching an agreement or arriving at a decision (Estoque and 
Murayama  2010;  Yalcin  2008)  .  Its fundamental purpose is to judge the given alternatives 
for a particular goal by developing priorities for these alternatives and for the selected criteria 
(Saaty  2001  ) . A pair-wise comparison technique is used to derive the priorities for the 
criteria in terms of their importance in achieving the goal. Similarly, the priorities for the 
alternatives (i.e., the competing choices under consideration) are derived in pair-wise 
comparisons in terms of their performance against each criterion. Generally, AHP is based on 
three principles: decomposition, comparative judgment, and synthesis of priorities 
(Malczewski1999 ;Saaty  1980,2008a).Its whole pr�R�F�H�V�V���L�Q�F�O�X�G�H�V�����¿�Y�H���I�X�Q�G�D�P�H�Q�W�D�O���V�W�H�S�V�����D�V��
presented below. Teknomo (2006)  and Coyle  (  2004)    provide open access comprehensive 
tutorials on the basic implementation of these steps in the AHP. 
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Step 1: Modeling the Problem  

 �7�K�H�� �Y�H�U�\�� �� �¿�U�V�W�� �V�W�H�S�� �L�Q�F�O�X�G�Hs stating the problem, broadening the objectives of the 
problem by considering all actors, objectives and corresponding outcomes, and the 
�L�G�H�Q�W�L�¿�F�D�W�L�R�Q�� �R�I�� �G�H�F�L�V�L�R�Q�� �H�O�H�P�H�Q�W�V�� �V�X�F�K�� �D�V�� �D�O�W�H�U�Q�D�W�L�Y�H�V�� �D�Q�G�� �F�U�L�W�H�U�L�D�� �R�U�� �G�H�F�L�V�L�R�Q�� �U�X�O�H�V���� �7�K�H��
decision elements are set up into a hierarchy of interrelated decision elements constituting the 
goal, criteria, sub-criteria, and alternatives (Johnson  1980 ; Vaidya and Kumar  2006)  .  This 
step has been thought to be the most important aspect of AHP (Zahedi  1986  ) . At the 
topmost position of the hierarchy is the overall goal (i.e., level 1), such as the goal of 
selecting the best alternative. The next lower level (i.e., level 2) of the hierarchy includes the 
decision rules or criteria that contribute to the attainment of the overall goal. This level can be 
expanded depending on how much detail is considered for each decision rule or criterion. The 
lowest level (i.e., level 3) contains the alternative decisions from which the decision 
�D�Q�D�O�\�V�W���P�D�N�H�U���Z�L�O�O���V�H�O�H�F�W�����$���V�L�P�S�O�L�¿�H�G���J�H�Qeral structure of the AHP is presented in Fig.11.1.  

Step 2: Determining Priorities Among the Decision Elements of the Hierarchy  

This step involves the gathering of ratings for each of the criteria and alternatives 
using a pair-wise comparison technique and the rating scale of relative importance.This step 
invokes the participation of experts and/or stakeholders in determining the relative 
importance of one criterion or alternative over another through a pair-wise comparison 
method presented in a matrix (see Saaty2008a, 2008b; Teknomo2006; Coyle2004 for 
examples). The number of comparisons for the decision elements in a particular level is 
derived using (6.2) (Teknomo  2006 ; Vaidya and Kumar  2006  ) . Each comparison (e.g., 
Criteria 1 vs. Criteria 2 or Alternative 1 vs. Alternative 2) is rated by a group of experts using 
the scale developed by Saaty (1980,2008b)  for a pair-wise comparison technique (Table  
6.2). To incorporate a group consensus, the process generally includes a questionnaire for 
comparing all elements and a g�H�R�P�H�W�U�L�F���P�H�D�Q���W�R���D�U�U�L�Y�H���D�W���D�����¿nal solution (Vaidya and Kumar  
2006  ) . 

Number of comparisons  = n(n-1)/2 

Where n is the number of elements 
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Intensity of importance Definition Explanation 

1 Equal importance Two activities contribute 
equally to the objective 

2 Weak or slight  Experience and judgment 
slightly favouroneactivity 

(element) over another 
 

3 Moderate importance   Experience and judgment 
slightly favouroneactivity 

(element) over another 

 

4 

 

Moderate plus  

Experience and judgment 
strongly favouroneactivity 

(element) over another 

 

 

5 

 

Strong importance 

Experience and judgment 
strongly favouroneactivity 

(element) over another 

 

 

 

6 

 

Strong plus 

 

 

 

An activity (element) is 
favoured very strongly over 
another; its dominance is 
demonstrated in practice 

7 Very strong or demonstrated 
importance 

An activity (element) is 
favoured very strongly over 
another; its dominance is 
demonstrated in practice 

8 Very, Very strong The evidence favouring one 
activity (element) over 
another is of the highest 

�S�R�V�V�L�E�O�H���R�U�G�H�U���R�I���D�I�¿rmation 

9 Extreme Importance  The evidence favouring one 
activity (element) over 
another is of the highest 

�S�R�V�V�L�E�O�H���R�U�G�H�U���R�I���D�I�¿rmation 

Table6.2:The fundamental scale of absolute numbers (Saaty2008b, p.86)    

Step 3: Deriving the Overall Relative Weights of the Decision Elements  

 In this step, the relative importance of the criteria, as far as the attainment of the goal 
is concerned, and the relative importance of the alternatives with respect to the criteria are 
determined after a pair-wise comparison matrix for the criteria and for the alternatives have 
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been prepared (Step 2). This is done by: (1) calculating the normalized values for each 
criterion and alternative, and (2) determining the normalized principal eigenvectors or 
priority vectors (herein also referred to as relative weights). In calculating the normalized 
values for each criterion and alternative in their respective matrices, the value for each cell is 
divided by its column total. This process produces a column total of 1 for each criterion and 
alternative. The relative weights are then calculated by averaging the rows of each matrix. 
The resulting values give the relative weights of the criteria with respect to the goal, and the 
relative weights of the alternatives with respect to the criteria. The overall relative weights of 
the alternatives are determined by calculating the linear combination of the product between 
the relative weight of each criterion and the relative weight of the alternative for that criterion 
(Coyle  2004 ; Forman and Gass2001; Saaty1980, 2008b ; Teknomo 2006 ; Zahedi1986) . If 
the expert judgments are consistent (see Steps 4 and 5), the decision makers then select the 
best choice based on the overall relative weights of the alternatives.   

Steps 4 and 5: Verifying the Consistency of Judgments and Making Conclusions Based on 
the Results. 

 These steps are necessary to determine the consistency of the evaluation by 
calculating the consistency ratio (CR) before a decision is made. If the problem under 
consideration was aimed at selecting the best alternative, the CRs for all the matrices (i.e., for 
the criteria and the �D�O�W�H�U�Q�D�W�L�Y�H�V�����D�U�H���F�D�O�F�X�O�D�W�H�G���¿rst before the overall relative weights of the 
alternatives are computed. The CR for a particular matrix is determined using (11.2) and      
(11.3). Saaty( 1980)    suggests that if the ratio exceeds 0.1, the set of judgments may be too 
inconsistent to be reliable. Thus, a CR below 0.1 or 10% is acceptable. When the evaluation 
is inconsistent, the procedure is repeated until the CR is within the desired range. Decision 
makers then reach a conclusion based on the results. 

CR = CI / RI 

CI = ���Omax ��n / n - 1 

where CR is the consistency ratio, CI is the consistency index, RI is the random consistency 
index, lmax is the principal eigenvalue or summation of the productsbetween each element of 

the relative weights and their corresponding column total in a particular matrix, and n is the 
number of elements (i.e., the number of criteria or alternatives). The RI developed by Saaty 
(1980) is presented in Table6.3 

n 1 2 3 4 5 6 7 8 9 10 11 12 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 

Table6.3:The random consistency index (RI) values (from Saaty1980, p. 21) 
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CHAPTER 07 

 RESULTS & DISCUSSION 

7.1Groundwater potential zone delineation 

The delineation of groundwater potential zone (GWPZ) consists in identifying areas 
favourable for the occurrence of groundwater. The parameters or factors used for GWPZ are 
composed of some influencing factors. Five main influencing factors, such as slope, geology, 
rainfall, soil, and drainage density have been identified to delineate the groundwater potential 
zones. Each factor is weighted according to its strength. The representative weight of a factor 
of the potential zone is the sum of all weights from each factor. A factor with a higher weight 
value shows a larger impact and a factor with a lower weight value shows a smaller impact 
on groundwater potential zones. Integration of these factors with their potential weights is 
computed through AHP technique in ARC GIS 10.3. 
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7.1.1 Rainfall Map 

 

Figure 7.1.1: Rainfall Map 
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7.1.2 Soil 

 

Figure 7.1.2: Soil 
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7.1.3 Drainage density 

 

Figure 7.1.3: Drainage Density 
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7.1.4 Slope 

 

Figure 7.1.4: Slope 
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7.1.5 Geology 

 

Figure 7.1.5:Geology 
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7.2Integration of Thematic Layers for Modelling using GIS: AHP technique:  

Depending upon the groundwater potentiality, each class of the main five thematic layers 
(slope, drainage density, geology, soil, land use/land cover) are roughly placed into one of the 
following �J�U�R�X�S�¶�V viz., i. Very good ii. Good iii . Moderate iv. Poor v. Very poor. Suitable 
weighted on a sca�O�H���R�I���µ��-5�¶���K�D�V���E�H�H�Q���J�L�Y�H�Q���W�R���H�D�F�K���F�O�D�V�V���R�I���D���S�D�U�W�L�F�X�O�D�U���W�K�H�P�D�W�L�F���O�D�\�H�U���E�D�V�H�G��
on their contribution towards ground water potentiality. The % influence of each thematic 
map is been given based upon its contribution toward ground water. The weighted and % of 
influence assigned for various classes on all thematic layers are shown in the (Table6.1). All 
the thematic maps have been integrated. A final groundwater potential map (Figure7.2) is 
prepared with application of above technique. 

 

Assigned ranks after the overlaying of all themes: 

Categorised Suitability  rank 

Very Good 5 
Good 4 

Moderate 3 

Poor 2 

Very Poor  1 

Table7.2: Assigned ranks 
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Figure 7.2: Ground water prospectus map  
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7.3 Validation with the bore well data 

Validation is one of the most important criteria for to know whether the work is right or 
wrong. Ground water data is collected from the respectivegovernment departments, bore well 
diggers and from farmers for to validate the ground water potential zone. The classification is 
done(G. Kangaraj, S. Suganthi, L. Elango, N.S.Magesh) and based on the depth of general 
water level. These are classified into three categories as high (2.5 and <2.5m), moderate (>3 
up to 4.5m) and low ( >4.5m). The data can be represented in the given below table.  

 

S.no Bore well 
no. 

Latitude Longitude Ground 
water level 

in (m) 

Yield class 

1 1 16.5028N 80.5790E 2.5 High 
2 2 16.4987N 80.5787E 3 High 
3 3 16.4395N 80.5598E 3.5 Moderate 
4 4 16.5011N 80.5579E 2.5 High 
5 5 16.4505N 80.5669E 4.5 Moderate 
6 6 16.4532N 80.5265E 4 Moderate 
7 7 16.5257N 80.4688E 5 Low 
8 8 16.3067N 80.4365E 5.5 TO 6 Low 
9 9 16.3960N 80.1493E 5 Low 
10 10 16.3398N 80.4912E 5 Low 

Table7.3:Bore well data 

The final ground water prospectus map will be checked with the help of our field records 
(bore well data). The latitude and longitude of a particular place will helps for to compare the 
zones which are high in bore well data and also representation in map also high. The final 
output map will correct as per our field records and validation also completed successfully. 
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CHAPTER 08 

CONCLUSION 

Delineating the groundwater potential zones in APCRDA region of Guntur district, Andhra 
Pradesh using Geospatial and AHP (Analytical hierarchy) techniques is found efficient to 
minimize the time, labour and money and thereby enables quick decision-making for 
sustainable water resources management. Satellite imagery, topographic maps and other 
conventional data were used to prepare the thematic layers of drainage density, soil, geology, 
rainfall and slope. The various thematic layers are assigned proper weight age through AHP 
(Analytical hierarchy) technique and then integrated in the GIS environment to prepare the 
groundwater potential zone map of the study area. According to the groundwater potential 
zone map, APCRDA region of Guntur  district has been categorized into five different zones, 
�Q�D�P�H�O�\�� �µ�Y�H�U�\�� �J�R�R�G�¶�� �µ�J�R�R�G�¶�� �µ�P�R�G�H�U�D�W�H�¶�����µ�S�R�R�U�¶���� �D�Q�G�� �µ�Y�H�U�\�� �S�R�R�U�¶���� �7�K�H�� �U�H�V�X�O�W�V�� �R�I�� �W�K�H�� �S�U�H�V�H�Q�W��
study can serve as guidelines for planning future artificial recharge projects in the study area 
in order to ensure sustainable groundwater utilization. This is an empirical method for the 
exploration of groundwater potential zones using remote sensing and GIS, and it succeeds in 
proposing potential sites for groundwater zones. This method can be widely applied to a vast 
area with not only in hard rock terrain also in different terrains for the exploration of sites 
suitable for groundwater exploration. 
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PROGRAM OUTCOMES  

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 
engineering problems reaching substantiated conclusions using first principles of mathematics, 
natural sciences, and engineeringsciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 
design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety, and the cultural, societal, and environmental 
considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research 
methods including design of experiments, analysis and interpretation of data, and synthesis of the 
information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 
engineering and IT tools including prediction and modeling to complex engineering activities 
with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to 
the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 
for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or leader 
in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and write 
effective reports and design documentation, make effective presentations, and give and receive 
clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 
engineering and management principles and apply th�H�V�H�� �W�R�� �R�Q�H�¶�V�� �R�Z�Q�� �Z�R�U�N���� �D�V�� �D��member and 
leader in a team, to manage projects and in multidisciplinary environments. 

Life-long learning: Recognize the need for, and have the preparation and ability to engage in 
independent and life-long learning in the broadest context of technological change. 



  

 

 

PROGRAMME SPECIFIC OUTCOMES (PSOs) 

Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway 
alignments and conduct geotechnical and geological investigations of the 
project. 

2. Test, analyze and design various substructures and superstructures by 
considering the environmental and societal issues. 

3. Organize various construction projects considering modern construction 
techniques, equipment and management issues. 

 
PROJECT MAPPING 

     Note: Tick Appropriate category: 
 

 
Classification 

of 
Project 

Application Product Research Review 

   
�9  

 

 

Student will be able to 
 

CourseOutcomes 

Outcome 1 Identify and solve challenging civil engineering problems. 

Outcome 2 Analyze and design civil engineering structures 

Outcome 3 Conduct experimental studies on various specialized areas of civil engineering. 

Outcome 4 Present project reports 

CO-PO Mapping 
 

Course Program Outcomes (POs) PSOs 
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me 1 2 
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Outco 
me 4 
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3 

Note: Map each project outcomes with POs and PSOs with either 1 or 2 or 3 based on 

level of mapping as follows:1-Slightly (Low) mapped 2-Moderately (Medium) mapped 3-

Substantially (High)mapped. 
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ABSTRACT 

Cement is the mostly commonly used material as a partial of 5% to 7% .The present 
study is focused on reduce the usage of cement to the maximum extent without 
compromising on the strength aspects. The mechanical properties (compressive strength, 
split tensile strength, flexural strength) of blended cement concrete mix of different grades 
25Mpa, 50Mpa are to be determined. Three mineral admixtures (Fly ash, Metakaoline, and 
Alccofine) were used as a partial replacement of cement in the preparation of blended 
concrete mix and the results were compared with control mix 
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CHAPTER 1 
  INTRODUCTION  

         1.1 GENERAL: 
Cement is one the most commonly used material in construction industry all over the world 

possessing good strength and durability  characteristics and the increase in demand for cement has 

led to huge emission of greenhouse gases. Cement production is an energy intensive process having 

significant impact on the environment and its production of one ton of cement is associated with the 

release of one ton of CO2 . 

Production of cement is releasing about 1.6 billion tons of CO2 which is approximately 7% of total 

amount of CO2 into the atmosphere leading to global warming. It is this momentous consequence of 

using cement that has made its replacement and increase the usage of supplementary cementitious 

�P�D�W�H�U�L�D�O�V�����6�&�0�¶�V�����D�V���V�X�F�K���D�Q���L�P�S�R�U�W�D�Q�W��task ���6�X�S�S�O�H�P�H�Q�W�D�U�\���F�H�P�H�Q�W�L�W�L�R�X�V���P�D�W�H�U�L�D�O�V�����6�&�0�¶s) include 

materials like cement, slag cement, fly ash, silica fume, Metakoline, rice husk ash, lime sludge, 

GGBS etc. The incorporation of mineral admixtures which are by - products from the industries, 

greatly reduces the amount of cement consumption and then reducing the global warming. Mineral 

admixtures such as fly ash, silica fume and GGBS are very commonly used up to certain proportions 

in order to enhance the hardened properties of concrete. An attempt was made to investigate the 

incorporation of lime sludge as one of the materials in bended concrete 

This study presents an experimental investigation on the strength properties of blended cement 

concrete by varying the proportions of mineral admixtures such as fly ash, silica fume, rice husk ash 

and metakaolin. The inclusion of these materials as an alternative material to cement improving the 

early and long term strength characteristics of concrete. Production of 1 ton of cement releases an 

equal amount of CO2 into the atmosphere which is accountable for 57% of total man-made carbon 

dioxide emissions globally. This is extremely hazardous, and there is a definite need to reduce these 

emissions so as to maintain the sustainability. The environmental issues associated with the 

production and consumption of cement can be also addressed with the utilization of these materials. 

The use of Supplementary Cementitious Materials (SCMs) in blended concrete can reduce the 

amount of CO2 into the atmosphere. In Recent times, SCMs and their use in blended concrete 

receiving great attention all over the world in reducing the carbon emission into atmosphere since 

the energy use and CO2 emissions from Portland cement clinker manufacturing significantly 

outweigh those of other concrete components. 

 



2  

1.2NEED OF SUPPLIMENTARY CEMENTITIOUSMATERIALS:  

�6�&�0�¶�V�� �D�U�H�� �X�V�H�G�� �W�R�� �V�X�E�V�W�L�W�X�W�H�� �H�L�W�K�H�U�� �3�R�U�W�O�D�Q�G�� �F�H�P�H�Q�W�� �F�O�L�Q�N�H�U�� �L�Q�� �W�K�H�� �S�U�R�G�X�F�W�L�R�Q�� �R�I��

�F�R�P�S�R�V�L�W�H�� �F�H�P�H�Q�W�� �R�U�� �F�H�P�H�Q�W�� �L�Q�� �W�K�H�� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� �F�R�Q�F�U�H�W�H���� �7�K�H�� �X�V�H�� �R�I�� �6�&�0�¶�V�� �L�V�� �Z�L�G�H��

spread in the concrete industry because of the economic and performance benefits they 

�S�U�R�Y�L�G�H�����5�H�F�H�Q�W�O�\�����6�&�0�¶�V���K�D�Y�H���E�H�H�Q���U�H�F�H�L�Y�L�Q�J���L�Q�F�U�H�D�V�L�Q�J���D�W�W�H�Q�W�L�R�Q���I�R�U���W�K�H���U�R�O�H���W�K�H�\���S�O�D�\��

in reducing the carbon foot print of concrete, since the energy use and CO2 emissions 

from Portland cement clinker manufacture in significantly outweigh those of other 

�F�R�Q�F�U�H�W�H�� �F�R�P�S�R�Q�H�Q�W�V�� �D�Q�G�� �6�&�0�¶�V�� �K�D�Y�H�� �D�� �V�L�P�L�O�D�U�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �L�P�S�D�F�W�� �W�K�D�Q�� �3�R�U�W�O�D�Q�G��

cement clinker. 

�,�Q���V�R�P�H���U�H�J�L�R�Q�V�����G�H�P�D�Q�G���I�R�U���6�&�0�¶�V���L�V���R�X�W���S�D�F�N�L�Q�J���V�X�S�S�O�\�����S�D�U�W�L�F�X�O�D�U�O�\���L�Q���G�H�Y�H�O�R�S�L�Q�J��

countries where concrete is expected to rise and tradition�D�O�� �6�&�0�¶�V���� �V�X�F�K�� �D�V�� �)�O�\�D�V�K�� �D�Q�G��

Silica Fume are not produced locally. Looking further into the future, the demand for 

�F�H�P�H�Q�W���D�Q�G���F�R�Q�F�U�H�W�H���Z�L�O�O���L�Q�F�U�H�D�V�H���D�Q�G���6�&�0�¶�V���S�O�D�\���D���F�U�L�W�L�F�D�O���U�R�O�H���L�Q���R�X�U���D�E�L�O�L�W�\���W�R���S�U�R�Y�L�G�H��

sufficient quantities of cementitious materials for the projected volumes of concrete 

production. 

 

       1.3BLENDED CEMENTCONCRETE  

Blended cement can be defined as uniform mix of ordinary Portland cement (OPC) 

and blending materials such as silica fumes, flyash, lime stone and slag to enhance its 

properties for different uses. Blended cement can improve workability, strength and 

chemical resistance of concrete. 

1.3.1Characteristics of BlendedCement: 
 

The enhanced properties that are obtained due to blending of cement with different materials 
are, 

 
1. Improved workability and pumpability. 

2. Reduced water demand 

3. Enhanced bleed control 

4. Lower drying shrinkage and creep 

5. Improved resistance to sulphate attack and chloride penetration 

6. Reduced potential for Alkali Aggregate Reaction 
7. Reduced waterdemand 
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8. Enhanced bleed control 

9. Lower drying shrinkage and creep 

10. Improved resistance to sulphate attack and chloride penetration 

11. Reduced potential for Alkali Aggregate Reaction. 

 

    1.3.2 Advantages of BlendedCement: 

It provides a finer texture than OPC when mixed and placed. So it can be used for finishing and 
elevation works. 

12. Water consumption is less which makes it easy to work with and shape. 

13. The strength gained after 28 days is significantly stronger than OPC, in both 
compressive strength. 

14. Reduced problems related to Alkali-Silica Reaction by using a mix of blended 
cement as either silica fume and slag, or silica fume and flyash. 

15. Blending material used are industrial by products, the used of these industrial by 
product reduces the use of natural resources such as limestone, silica and clay. 

 

        1.4 Scope: 
The scope of sustainable cement based materials are often added 

to concrete to make concrete mix more economical, Reduce permeability, Increase 

strength or influence other concrete properties. Fly Ash, which is the most commonly 

used pozzolan in concrete is a byproduct of thermal power generating stations,Alccofine 

is new generation,micro fine material of partical size much finer than other hydraulic 

materials like fly ash, cement,silica etc. being manufactured in india and metakaolin, 

which a calcined form of clay mineral and also light weight   material. 
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CHAPTER 2 

LITERATURE REVIEW  

��

�x Tarun R Naik et al (1995) investigated on the variation of high calcium fly ash proportion in 

cement content from 0 to 70% and tested the same for strength and durability characteristics and 

concluded that the inclusion of fly ash up to 30% have significantly benefited the concrete mixes. 

��

�x Jones et al. (1997) examined the chloride and carbonation durability performance of concrete 

containing ternary blended binders in comparison to OPC and binary blend of OPC+FA concrete. 

It has been shown that the chloride resistance of all the ternary binder concrete is significantly 

higher than corresponding OPC and binary mixes. 

��

�x Thomas et al. (1999) demonstrated that the combined usage of SF and FA in ternary blend 

cement system resulted in overall improvements in mechanical properties. The combination of 

silica fume and FA results improvement in ternary blend concrete with early strength and long-

term strength development. 

 
�x S P Pandey et al (2000) A study was conducted on the strength of Ordinary Portland cement 

(OPC) mortar which is influenced by porosity, pore size and its distribution and in this context 

five mineral admixtures namely lime sludge, granulated blast furnace slag, fly ash, limestone and 

granulated phosphorous furnace slag for 10% replacement were taken for the investigation and 

mixes with lime sludge and lime stone showed better strength . 

 
�x M.J Shannag et al (2000) examined on the production of concrete using local available natural 

pozzolana from 0-25% (volcanic tuffs from Jordan) and silica fume (0-25%) to determine a 

suitable combination of them using optimization technique to improve the properties of high 

strength concrete and concluded that NP 15% and SF 20% have shown better results. 

 
�x V.G. Papadikas et al (2000) investigated on durability studies of supplementary cementitious 

materials based mortars. Materials used were low and high calcium fly ash (10-30%) and silica 

fume ( 5-15%) as fine aggregate and cement replacement and concluded that the inclusion of SF 
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and FA has a significantly higher effect on the chloride transmission compared to the control mix 

mortar. 

 
�x Mullick et al (2007)discussed the role of mineral admixtures in ideal cement system can be the 

use of fly ash, GGBS and silica fume in requisite amounts as part replacement of OPC. Concrete 

incorporating the industrial wastes like fly ash, slag and silica fume are more durable in 

aggressive environment. 

 
�x S Vanchai et al (2007) �L�Q�Y�H�V�W�L�J�D�W�H�G�� �R�Q�� �6�&�0�¶�V�� �O�L�N�H�� �I�O�\�� �D�V�K������-40%) , fluidized bed combustion 

fly ash (10-40%)  , rice husk bark ash (10-30%)  and palm oil fuel ash (10-40%)  and compared 

with control mix and SF 10% concrete mixes and the results inferred that the all the materials 

have produced higher strength compared to control mix and FB20, FB30 and RHBA20 have 

almost equal strength to produce HSC replacing SF. 

 
�x A. Elahi et al (2010) investigated on the strength and chemical resistance of the ternary blended 

cement concrete containing silica fume (0-15%) , fly ash (0- 40%) and GGBS (0-70%). The 

inclusion of mineral additives were beneficial to the concrete and the concrete mixes with silica 

fume along with cement have shown better in both the aspects. 

 
�x Jayesh Kumar et al (2011) focussed on the investigation of mechanical and durability properties 

containing lime sludge in two grades of concrete and concluded that 10% level is the optimum 

content to be utilized as a partial replacement in cement content. 

 
�x M.A.M. Johari et al (2011) studied on the engineering properties of high strength concrete using 

�6�&�0�¶�V���L�Q���Y�D�U�L�R�X�V���S�U�R�S�R�U�W�L�R�Q�V���R�I���V�L�O�L�F�D���I�X�P�H������-15%) , Metakolin (5-20%) , fly ash (10-30%) and 

GGBS (20-60%). Tests conducted on the concrete were workability, compressive strength, 

porosity were and concluded that these materials have superior performance compared to control 

mix especially silica fume 10% have given the highest strength. 
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3.1 Cement: 

CHAPTER 3 

MATERIALS USED  

 

In concrete, cement act as a binder. It will bind the aggregate together to become one fine 

solid concrete. For this project, the cement used is the ordinary Portland cement (OPC) with 

grade 53 is used and is available in local market. Portland cements are commonly characterized 

by their physical properties for quality controlpurposes. 
 

Fig 1:Cement 
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The chemical composition of cement is as follows: 
 

Table 1: Chemical Composition of Cement 
 

S. No Major Components Cement 

1 Silicon Dioxide SiO2 20.00% 

2 Aluminum Oxide Al2O3 4.90% 

3 Ferric Oxide Fe2O3 2.30% 

4 Calcium Oxide CaO 65.00% 

5 Magnesium Oxide MgO 3.10% 

6 Sodium Oxide Na2O 0.20% 

7 Potassium Oxide K2O 0.40% 

8 Sulphur Oxide SO3 2.30% 

9 Loss of Ignition 2.40% 

 

The physical properties of cement are: 
 

Table 2: Physical Properties of Cement 
 

S.No Properties Value 

1 Specific Gravity 3.12 

2 Initial Setting Time 45 min 

3 Final Setting Time 
 

4 Normal Consistency 32% 

5 Fineness Test 3.5% retained 

 

3.2 FineAggregate: 

Locally available sand is preferred as fine aggregate for entire experimental work. The 

physical properties of sand is carried out by taking the help of IS codebooks. 
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Fig: 2 Fine Aggregate 
 
The physical properties of Fine Aggregate are as follows: 
 

Table 3: Properties of Fine Aggregate 
 

S.No Properties Value 

1 Specific Gravity 2.63 

2 Fineness Modulus 2.88 

 
 
 

3.3 CoarseAggregate: 

Crushed rock stones of sizes 20, 16, 12.5, 10 and 6.3 are selected for this work. Taking the 

reference of IS codes the properties of coarse aggregates are tested. 
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Fig: 3 Coarse Aggregate 
 

The physical properties of Coarse Aggregate are as follows: 
 

Table 4: Properties of Coarse Aggregate 
 

 
S.No 

 
Properties 

 
Value 

 
1 

 
Specific Gravity 

 
2.85 

 
2 

 
Fineness Modulus 

 
7.62 

 

3.4 Water:  

The quantity of water in the mix plays a vital role on the strength of the concrete. In this study 

portable water is used. The water used for study was free of acids, organic matter and suspended 

solids. 

3.5 FlyAsh: 

Fly ash is a fine powder that is a byproduct of burning pulverized coal in electric generation 

power plants. Fly ash is a pozzolana, a substance containing aluminous and siliceous material 

that forms cement in the presence of water.When mixed with lime and water, fly ash forms a 
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compound similar to Portland cement. This makes fly ash suitable as a prime material in blended 

cement, mosaic tiles, hollow blocks and other building materials. When used in concrete mixes 

fly ash improves the strength and segregation of the concrete and makes it easier to pump. 

3.5.1 Types of Fly Ash: 
 

There are two common types of fly ash: 

 
�x ClassF 

 
�x ClassC 

 
�x Class F fly ash contains particles covered in a kind of melted glass. This 

greatly reduces the risk of expansion due to sulphate attack, which may occur 

in fertilized soils or near coastal areas. It is generally low-calcium and has 

carbon content less than 5 percent but sometimes as high as 10percent. 

 
�x Class C fly ash is also resistant to expansion from chemical attack. It has a 

higher percentage of calcium oxide than Class F and is more commonly used 

for structural concrete. It is typically composed of high-calcium fly ashes with 

a carbon content of less than 2percent. 

3.5.2 Advantages of FlyAsh: 
 

�x Can be used as an Admixture 
 

�x Great workability 
 

�x Reduces crack problems, permeability and bleeding 
 

�x Reduces heat of hydration 
 

�x Allows for a low water content 

3.5.3 Disadvantages of FlyAsh: 
�ƒ Slower strength gain 

 
�ƒ Seasonal limitation 
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�ƒ Increased need for air entraining-admixtures 
 

�ƒ Increase of salt scaling produced by higher proportions of flyash 
 

Fig: 4 Fly Ash 
 

The chemical composition of Fly Ash are as follows: 
 

Table 5: Chemical Composition of Fly Ash 
 

S. No Chemical Composition Percentage 

1 Silicon Dioxide SiO2 66.8 

2 Aluminium Oxide Al2O3 24.5 

3 Ferric Oxide Fe2O3          4 

4 Calcium Oxide CaO 1.5 

5 Magnesium Oxide MgO 0.45 

6 Sodium Oxide Na2O 0.4 

7 Potassium Oxide K2O 0.22 
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3.6 Metakaoline: 

Metakaoline is an anhydrous calcined form of the clay mineral kaolinite. Minerals that are rich in 

kaolinite are known as china clay or kaolin, traditionally used in the manufacture of porcelain. 

The particle size of metakaolin is smaller than cement particles, but not as fine as silica fume. 

3.6.1 Characteristics of Metakaoline: 
 

�ƒ Calcination of clay mineral (kaolin) at moderately-hightemperature 
 

�ƒ (6500-8000 C). 
 

�ƒ Breaks down the crystal structure producing a transition phase (silica 
amorphous alumina in reactive form) of high surface area. 

 
�ƒ Optimum burning temperature will depend on the base mineral used. 

 
�ƒ Burning at higher temperature will cause recrystallization into quartz and 

mullite (inert material). 

3.6.2 Advantages of Metakaoline: 
 

�x Improved strength 
 

�x Improved Durability 
 

�x Improved Early Age behavior 
 

�x Contributes to Sustainability 
 

�x Improve Resistance to chemicalattack 
 

�x Reduced effects of alkali-silica area ctivity 

3.6.3 Disadvantages of Metakaoline: 
 

�x High drying shrinkage 
 

�x Quick setting time 
 

�x Highly prone to Carbonation 
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�x Highly reactive metastable clay mineral 
 

�x Decreases workability of fresh concrete mix 

 

Fig: 5 Metakaoline 
 

The chemical composition of Metakaoline are as follows: 
 

S. No Chemical Composition Percentage 

1 Silicon Dioxide SiO2 54.98 

2 Aluminum Oxide Al2O3 17.54 

3 Ferric Oxide Fe2O3 5.33 

4 Calcium Oxide CaO 5.40 

5 Magnesium Oxide MgO 0.20 

6 Sodium Oxide Na2O 0.95 

7 Potassium Oxide K2O 0.09 
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3.7  Alccofine : 

Alccofine  is a new generation ,micro fine material of paticle size much finer than other hydraulic 

materials like cement, fly ash, silica fume. It is manufactured in the controlled conditions with 

special equipments to produce optimized particle size distribution which is its unique property. , but 

not as fine as silica fume. 

3.7.1   Characteristics of alccofine: 

�¾ Micro fine material. 

�¾ Alccofine can be either cementitious  or  supplementary cementitious material. 

�¾ It is based on slag of high class content with high reactivity. 

�¾ It improves the alkalinity of concrete. 

3.7.2Advantages of alccofine: 

�¾ Higher compressive strength. 

�¾ Increase in strength in both compressive and in flexure. 

�¾ It provides resistance over chloride attack. 

�¾ Good workability 

3.7.3Disadvantages of alccofine: 

�¾ Non availability. 

�¾ Not in practical use. 

�¾ Less economical. 

Chemical composition of alccofine: 

S. No Chemical 
Composition 

Percentage 

1 Silicon Dioxide 
SiO2 

35.85 

2 Aluminum 
Oxide Al2O3 

21.40 

3 Ferric Oxide 
Fe2O3 

1.20 

4 Calcium Oxide 
CaO 

5.40 

5 Magnesium 
Oxide MgO 

6.20 
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CHAPTER4 

 
EXPERIMENTAL INVESTIGATION  

In the field of construction, concrete is the main material made up of different types of materials. 

The materials used in the investigation are Cement, Fine Aggregate, Coarse Aggregate and 

Water were used and their properties are examined by taking help of IS [INDIAN STANDARD] 

codes. 

 4.1 Tests on Materials:  

1. Normal consistency 
 

2. Fineness of cement 
 

3. Setting time of cement 
 

4. Fineness Modulus of Coarse Aggregate & Fineaggregate 
 

5. Specific gravity of Cement 
 

6. Specific gravity of Coarse Aggregate & Fineaggregate 
 

7. Specific gravity of FlyAsh 
 

8. Specific gravity of Alccofine 

       4.1.1Normal consistency of Cement: 

The normal consistency of cement paste is defined as percentage of water required to produce a 

cement paste of standard consistency by penetrating the plunger of 10mm diameter and 50mm 

length to a depth of 5 to 7mm from the bottom or 33-35mm from the top of the mould. 
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Procedure: 

Fig: 6�9�L�F�D�W�¶�V���$�S�S�D�U�D�W�X�V With Plunger 

1. Take about 500 gms of cement and prepare a paste with a weighed quantity of water 
(Say 24 percent by weight of cement) for the first trail. The paste must be prepared in a 
standard manner and filled into the vicat mould within3-5minutes. 

2. After completely filling the mould, shake the mould to expelair. 
3. A standard plunger is attached and brought down to touch the surface of the paste in the 

test block and quickly released allowing it to sink into the paste by its own weight. 
4. Take the reading by noting the depth of penetration of the plunger. 
5. Conduct a second trial (say with 25 percent of water) and find out the depth of 

penetration of the plunger. 
6. Similarly, conduct trials with higher water/cement ratio till such time the plunger 

penetrates for a depth of 33-35mm from the top of the mould (5-7mm from bottom of the 
mould). 

7. That particular percentage of water which allows the plunger to penetrate only to a depth 
of 33-35mm from the top is known as the percentage of water required to produce a 
cement paste of standard consistency. 
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8. Take about 500 gms of cement and prepare a paste with a weighed quantity of water 
(Say 24 percent by weight of cement) for the first trail. The paste must be prepared in a 
standard manner and filled into the vicatmould within3-5minutes. 

9. After completely filling the mould, shake the mould to expelair. 
10. A standard plunger is attached and brought down to touch the surface of the paste in the 

test block and quickly released allowing it to sink into the paste by its own weight. 
11. Take the reading by noting the depth of penetration of the plunger. 
12. Conduct a second trial (say with 25 percent of water) and find out the depth of 

penetration of the plunger. 
13. Similarly, conduct trials with higher water/cement ratio till such time the plunger 

penetrates for a depth of 33-35mm from the top of the mould (5-7mm from bottom of the 
mould). 

14. That particular percentage of water which allows the plunger to penetrate only to a depth 
of 33-35mm from the top is known as the percentage of water required to produce a 
cement paste of standard consistency. 

Result: Normal consistency of cement is 32% 

         4.1.2Fineness of Cement: 
 

The degree of fineness of cement is a measure of the mean size of the grains. The finer cement 

has quicker action with water and gains early strength without change in the ultimate strength. 

Finer cement is susceptible to shrinkage and cracking. A correction factor is to be applied for 

fineness of cement as all sieves are not exactly alike.
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Procedure: 

15. Accurately weigh 100 gm of cement sample and place it over the test sieve. 

Gently breakdown the air set lumps if any with fingers. 

16. Hold the sieve with pan in both hands and sieve with gentle wrist motion, in 

circular and vertical motion for a period of 10 to 15 minutes without any spilling 

of cement. 

17. Place the cover on the sieve and remove the pan. Now tap the other side of the 

sieve with the handle of bristle brush and clean the outer side of the sieve. 

18. Empty the pan and fix it below the sieve and continue sieving as mentioned in 

the steps 2 and 3. Totally sieve for 15 minutes and weigh the residue (Left over  

the sieve. 

Specification: Weight shall not exceed 10% for ordinary cement. 
 
 

Observations: Weight of cement taken= 100g 

Weight of cement retained (over the sieve) after sieving = 3.5% 
 
 

Result: The Fineness of Cement is 3.5% 

 
4.1.3Initial and Final setting time of Cement: 

 
Initial setting time: It is the time elapsed between the moments that the water is added 

to the cement, to the time that the paste starts losing its plasticity. 

 

Final setting time: It is the time elapsed between moment the water is added to cement and 

the time when the paste has completely lost its plasticity and has attained sufficient firmness to 

resist certain definite pressure. 
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Procedure: 

Fig: 7�9�L�F�D�W�¶�V���$�S�S�D�U�D�W�X�V���Z�L�W�K���1�H�H�G�O�H 

19. Take 500 gms of cement sample and gauge it with 0.85 times the water required to 

produce cement paste of standard consistency(0.85p). 

20. The paste shall be gauged and filled into the vicatmould in specified manner within 3- 

5minutes. 

21. Start the stopwatch the moment water is added to the cement. 

22. The temperature of water and that of the test room, at the time of gauging shall be 

within27
0
c+2

0
c. 

23. Lower the needle gently and bring it in contact with the surface of test block and 

quickly release. Allow it to penetrate into the test block. 

24. In the beginning the needle will completely pierce through the test block. But after 

sometime when the paste starts losing its plasticity, the needle may penetrate only to a 

depth of 33-35mm from the top. 

25. The time period elapsing between the time when water is added to the cement and the 

time at which the needle penetrates the test block to a depth equal to 33-35mm from the 

top is taken as initial setting time. 
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26. �7�R���G�H�W�H�U�P�L�Q�H���W�K�H���I�L�Q�D�O���V�H�W�W�L�Q�J���W�L�P�H�����U�H�S�O�D�F�H���W�K�H���Q�H�H�G�O�H���R�I���Y�L�F�D�W�¶�V���D�S�S�D�U�D�W�X�V���E�\�� �D���F�L�U�F�X�O�D�U��

attachment. The cement shall be considered as finally set when, upon, lowering the 

attachment gently cover the surface of the test block, the centre needle makes an 

impression, while the circular cutting edge of the attachment fails to doso. 

Result: Initial setting time is 45min 

Final setting time is 615min 

 

 
4.1.4Fineness Modulus of Coarse Aggregate & Finemodulus: 

 
4.1.4.1Fineness modulus of Coarse Aggregate: 

Fineness modulus is a numerical index used to know the mean size of particle in the 

total Quantity of aggregate. Fineness modulus is used to grade the given aggregate for 

most economical mix, workability with less assumption of cement lower FM, gives 

uneconomical mix and higher FM gives harshmix. 

Procedure: 

1. Arrange the test sieves with larger openings at top and smaller openings at bottom and 

keep a pan at bottom of all the sieves. 

2. Take 1 kg of sand into a tray and break the lumps, if any in case of fineaggregate and 

1kg of samples in the case of coarse aggregate and mixed aggregate. 

3. Keep the sample in the top sieve and allow it to pass through sequential order of sieves 

by continuous shaking of sieves, now collect the material retained on each sieve properly 

and weight. 

Sieving should do for a period not less than1 

The following limits may be taken as guidance. 

�x Fine sand:F.M�² 2.2�² 2.6 

4. 0minutes. 

Specification: Medium sand :F.M �² 2.6�² 2.9 

�x Coarsesand :F.M�² 2.9�² 3.2 
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Table: 8 Fineness Modulus of Coarse Aggregate 
 

S.no IS 
Sieve 

Weight 
Retained 

% of Weight 
Retained 

Cumulative % of 
weight 

% Weight of 
passing 

1 80mm 0 0 0 100 
2 40mm 0 0 0 100 
3 20mm 420 42                 42 58 
4 10mm 540 54                96 4 
5 4.75mm 40 4               100 0 
6 2.36mm 0 0 0 100 
7 1.18mm 0 0 0 100 
8 600µ 0 0 0 100 
9 300µ 0 0 0 100 

10 150µ 0 0 0 100 
 

Result: Fineness Modulus of Coarse Aggregate is7.62 

4.1.4.2Fineness Modulus of FineAggregate: 

Fineness modulus is a numerical index used to know the mean size of particle in the 

total quantity of aggregate .Fineness modulus is used to grade the given aggregate for 

most economical mix, workability with less assumption of cement lower FM, gives 

uneconomical mix and higher FM gives harshmix. 

 

Fig: 8 Is Sieves 
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Procedure: 

1. Arrange the test sieves with larger openings at top and smaller openings at 

bottom and keep a pan at bottom of all the sieves. 

2. Take 1 kg of sand into a tray and break the lumps, if any in case of fine 

aggregate and 1kg of samples in the case of coarse aggregate and mixed 

aggregate. 

3. Keep the sample in the top sieve and allow it to pass through sequential order of 

sieves by continuous shaking of sieves, now collect the material retained on each 

sieve properly and weight. 

4. Sieving should do for a period not lessthan10minutes. 
 

Table: 9 Fineness Modulus of Fine Aggregate 
 

S.n
o 

 
IS 
Sieve 

Weight 
Retained 

% of 
Weight 
Retained 

Cumulative % of 
Weight 
Retained 

 
% Weight 
passing 

1 4.75m
m 

0 0 0 100 

2 2.36m
m 

30 3 3 97 

3 1.18m
m 

350 35 38 62 

4 600µ 400 40 78 22 

5 300µ 170 17 95 5 

6 150µ 30 3 98 2 

 

Result: Fineness Modulus of Fine Aggregate is 2.88 

4.1.5Specific gravity of Cement: 

Specific gravity is the ratio of weight of substance to the equivalent weight of reference 
substance. 

Procedure: 

1. Weigh a clean, dry, empty Lechatli�H�U�¶�V�� �I�O�D�V�N�� �R�U�� �V�S�H�F�L�I�L�F�� �J�U�D�Y�L�W�\�� �E�R�W�W�O�H�� �Z�L�W�K��

stopper(W1). 

2. Pour 1/3 rd of the cement into flask and weighed it along with its stopper(W2). 



23  

3. Add kerosene (polar liquid) to that cement that taken above in flask till its flushmeets. 

4. 4the graduated mark of the flask. Now weigh the bottle(W3)the graduated mark of the flask. 

Now weigh the bottle(W3).Now remove the cement and kerosene and clean it 

thoroughly. Fill the bottle only with kerosene and weighed with(W4) 

Fig: 9�/�H�F�K�D�W�O�L�H�U�V�¶�V���)�O�D�V�N 

Observations: 

Weight of empty flask W1= 25g 
 

Weight of empty flask + cement W2= 40g 
 

Weight of empty flask + cement + kerosene W3= 75g 

Weight of empty flask + kerosene W4= 60g 

Specific Gravity of kerosene GK= 0.78 
 

Specific gravity of cement= (�9 ���î�91) 
                                                  (�9 ���î�9 1)�²(�9 3�²
�9 4) 
 

Result: Specific gravity of cement is 3.12 

X GK 
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 4.1.6 Specific gravity of Coarse Aggregate & FineAggregate: 

 4.1.6.1 Specific gravity of Fine Aggregate: 

Specific gravity is the ratio of the weight of volume of the substance to the weight of an equal volume of the 

reference substance(water). 

Procedure: 

1. Dry the pycnometer thoroughly& weighit with the cap(W1). 
r
 

2. Pycnometer is filled with aggregate to about 1/3 and weight again(W2). 

3. Add sufficient water through top and allow the entrapped air to escape. 

4. Gently tight the cap to avoid leakage of water. 

5. Fill the pycnometer with water slowly up to top of cap without spilling (W3) through 

the Pipe. 

6. Clean the pycnometer by washing it with water thoroughly. 

7. Fill the pycnometer with only water as alone and weight(W4). 

8. Repeat the test twice and take the averageof2trails 

Observations: 

W1= Weight of empty pycnometer= 615g 

W2= Weight of empty pycnometer +dry aggregate=1010g 

W3= Weight of empty pycnometer + dry aggregate + water= 1695g 

W4=Weight of empty pycnometer + water =1452g 

Specific gravity of cement= �����î���� 

                                                      �����î�����²(3�²4) 

 

Result: Specific gravity of Fine Aggregate is 2.63 
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Procedure: 
9. Dry the  pycnometer thoroughly& weigh it with the cap(W1).  
10. Pycnometer is filled with aggregate to about 1/3 and weigh again(W2). 
11. Add sufficient water through top and allow the entrapped air to escape. 
12. Gently tight the cap to avoid leakage of water. 
13. Fill the pycnometer with water slowly up to top of cap without spilling (W3) through 

the Pipe. 
14. Clean the pycnometer by washing it with water thoroughly. 
15. Fill the pycnometer with only water as alone and weight(W4). 
16. Repeat the test twice and take the averageof2trails 

Observations: 
W1= Weight of empty pycnometer= 615g 
W2= Weight of empty pycnometer +dry aggregate=1010g 
W3= Weight of empty pycnometer + dry aggregate + water= 1695g 

W4=Weight of empty pycnometer + water =1452g 

Specific gravity of cement= �����î���� 
�����î�����²(3�²4) 

 

Result: Specific gravity of Fine Aggregate is 2.63 

 4.1.6.2Specific gravity of CoarseAggregate: 

Specific  gravity  is  the  ratio  of  the  weight  of  volume of the substance to the weight 
of an equal volume of the reference substance(water). 

Procedure: 

1. Dry the pycnometer thoroughly& weigh it withthe
cap(W1). rd 

2. Pycnometer is filled with aggregate to about1/3 
 
and weigh again(W2). 

3. Add sufficient water through top and allow the entrapped air to escape. 
4. Gently tight the cap to avoid leakage of water. 
5. Fill the pycnometer with water slowly up to top of cap without spilling (W3) through 

the Pipe. 
6. Clean the pycnometer by washing it with water thoroughly. 
7. Fill the pycnometer with only water as alone and weigh (W4). 
8. Repeat the test twice and take the averageof2trails. 
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Observations: 

W1= Weight of empty pycnometer= 615g 
W2= Weight of empty pycnometer +dry aggregate=1015g 
W3= Weight of empty pycnometer + dry aggregate + water= 1710g 

W4=Weight of empty pycnometer + water =1450g 

Specific gravity of cement= �����î���� 
�����î�����²(3�²4) 

 

Result: Specific gravity of coarse Aggregate is 2.85 
Specific gravity of Fly Ash is 2.34 
Specific gravity of Metakaoline is 1.56 
Specific gravity of alccofine is 2.6
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CHAPTER5 
MIX DESIGN AND EXPERIMENTAL INVESTIGATION  

 
For M 25 grade of concrete: 

 
Control Mix:  
1. Proportion:  

o Grade designation =M25 

o Type of cement =OPC 53 grade 
o Maximum nominal size of concrete =20 mm 
o Minimum cement content =320 kg/cum 
o Maximum water/cement ratio =0.45 
o Workability =50 mm(slump) 
o Maximum cement content =450 kg/cum 
o Specific gravity of cement =3.14 
o Specific gravity of coarseaggregate =2.51 
o Specific gravity of fineaggregate =2.64 
o Water absorption of coarseaggregate =0.5% 
o Water absorption of fineaggregate =1.0% 

 
2. Target mean strength: 

�I�¶ck =fck+1.65(s) =25+(1.65x4)=31.6N/sqmm 

3. Selection of water/cement ratio: 
Maximum water/cement ratio =0.48 
Based on experience adopt, w/c =0.50 

0.48 > 0.50 

4. Selection of water content: 
Maximum water content                      = 186 lit for 20 mm Aggregate 

 
5. Calculation of cement content: 

Water/cement ratio = 0.48 
Water content = 186lit  
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Cement content = water content / w/c ratio 
= 186 / 0.48 
= 387.5 kg/cum 
387.5 > 300 kg/cum 
Hence ok 

6. Volume of Coarse aggregate and Fineaggregate: 
The volume of C.A for w/c ratio of 0.5 = 0.62 
For pumpable concrete, these value should reduced by10% 

Volume of C.A = 0.62 x0.9 
= 0.624 

Volume of F.A = 1 �±0.624 
= 0.376 

7. Mi x Calculations: 
a) Volume of concrete= 1cum 
b) Volume of cement = (mass of cement/sp.gravity ofcement)x1/1000 

= (387.5 / 3.14)x 1/1000 
=0.123 cum 

c) Volume of water = (mass of cement/sp.gravity ofwater)x1/1000 
= (186/1) x 1/1000 
= 0.186 cum 

d) Volume of all aggregates = [ a-(b+c)] 
= [ 1-( 0.123 + 0.186)] 
= 0.691 cum 

e) Mass of C.A = d x (vol.of C.A)x (sp.gravity of C.A)x1000 
= 0.691 x 0.624 x 2.51 x 1000 
=1082.27 kg/cum 

f) Mass of F.A = d x (vol.of F.A)x (sp.gravity of F.A)x 1000 
= 0.691 x 0.376 x 2.64 x 1000 
= 686  kg/cum 

 
Cement : F.A : C.A : W 
387.5  :    686:1082.27 : 186 

1 : 1.77  : 2.79 :0.48 

Calculations for 3 cubes 
0.15 x 0.15 x 0.15x3 =0.0101 
10% extraof0.0101 =0.0010 
Total concrete = 0.0010+0.0101 

= 0.011 cum 
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Total cement content = 0.011 x387.5 
= 4.26kgs 

Total F.A content = 0.011 x686 
= 7.546kgs 

Total C.A content = 0.011 x1082.27 
= 11.90kgs 

Water content = 0.011 x186 
= 2.046 lit  

Control mix: for 28 days curing 
 
 

Fig: 10 Mixing of Concrete 



30  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
FIG:  11 SLUMP 
 
 
 
 

 
Fig: 12 Curing 
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Fig: 13 Compressive testing Machine 
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Table: 10 Compressive Strength of Control Mix 
S.no Compressive strength of M25 grade of concrete 

for 28 days 
1 33.43 

2 32.63 
3 30.12 

Average 32.06 

 
Real Mix: Compressive strength of M25 grade of concrete: 

 
1) Partial replacement with Fly Ash for M25 grade of concrete: 

Here cement is replaced with Fly Ash considering the percentages of 0,10, 20, 
30,40 for 28 days of average compressive strength. 

Table: 11 Compressive Strength of Fly Ash 
 

S.NO Partial replacement of Fly 
ash 

Average compressive 
strength for 28 days 

1 0% 32.36 
2 10% 35.36 
3 20% 37.21 
4 30% 38.25 
5 40% 33.26 

 

 
 

Cement is replaced with Fly ash with 0%,10%,20%,30%,40%. The optimum 
compressive strength is obtained at 30%. 

28

30

32

34

36

38

40

0% 10% 20% 30% 40%

Compressive  
Strength

Percentage of Fly ash

Average Compressive Strength for 28 days
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2. Partial replacement with Metakaoline for M 25 grade ofconcrete: 
Here cement is replaced with Metakaolin considering the percentages of 0,5,10, 15, 
20,25 for 28 days of average compressive strength. 

 
Table: 12 Compressive Strength of Metakaoline 

 
 

S.no Partial Replacement of 
Metakaolin 

Average Compressive 
strength for 28 days 

1 0% 38.25 
2 5% 40.00 
3 10% 41.55 
4 15% 43.46 
5 20% 39.21 
6 25% 36.26 

 
 
 

 
 
 

Cement is replaced with Metakaoline with 0%,5%,10%,15%,20%,25%. The optimum 
compressive strength is obtained at 15%. 
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Average Compressive Strength For 28 days
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Fig: 14 Casting of Metakaolin Cubes 

3. Partial replacement with Alccofine for M 25gradeof concrete: 
Here cement is replaced with Alccofine considering the percentages of 
0,5,10,15,20.for 28 days of average compressive strength. 

Table: 13 Compressive Strength of Alccofine 
 

S.no Partial Replacement of 
alccofine 

Average Compressive 
strength for 28 days 

1 0% 43.46 
2 5% 45.32 
3 10% 48.56 
4 15% 44.21 
5 20% 38.27 

 

 
Cement is replaced with alccofine with 0%,5%,10%,15%,20%. The optimum 

compressive strength is obtained at 10%. 
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M 25  GRADE  %INCREASE OF STRENGTH :  
 
 

�x Control mix strength = 31.6Mpa 
 

�x Blended mix strength =40.52Mpa 
 

�x % increase of strength = (final �± original)/(original)*100 
 
                                               = (40.52-32.36)/(32.36)*100 
 
                                               = 25% 
 
 

 

STRNGTH AFTER 28 DAYS 

COMPRESSIVE STRENGTH SPLIT TENSILE STRENGTH FLEXURAL STRENTH 

40.52 2.96 4.44 
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For M50grade of concrete: 

 
Control Mix:  

1. Proportion:  
o Grade designation =M50 

o Type of cement =OPC 53 grade 
o Maximum nominal size of concrete =20 mm 
o Minimum cement content =350 kg/cum 
o Maximum water/cement ratio =0.4 
o Workability =100 mm(slump) 
o Maximum cement content =465 kg/cum 
o Specific gravity of cement =3.14 
o Specific gravity of coarse aggregate =2.51 
o Specific gravity of fineaggregate =2.64 
o Water absorption of coarseaggregate =0.5% 
o Water absorption of fineaggregate =1.0% 

 
2. Target mean strength: 

�I�¶ck =fck+1.65(s)=50+(1.65x5.0)=58.25N /sqmm 

4. Selection of water/cement ratio: 
Maximum water/cement ratio = 0.4 
Based on experience  adopt,w/c =0.50 

0.4 >0.50 

5. Selection of water content: 
Maximum water content                      = 197 lit for 100mm slump 

 
5. Calculation of cement content: 
Water/cement ratio = 0.4 
Water content = 140lit  
  

Cement  content = water content / w/c ratio 
= 140 / 0.4 
= 350 kg/cum 
350 > 320 kg/cum 
Hence ok 
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6. Volume of Coarse aggregate and Fineaggregate: 
The volume of C.A for w/c ratio of 0.4 = 0.6 
For pumpable concrete, these value should reduced by10% 

Volume of C.A = 0.62 x0.9 
= 0.56 

Volume of F.A = 1 �±0.56 
= 0.44 

8. Mix  Calculations: 
g) Volume of concrete= 1cum 
h) Volume of cement = (mass of cement/sp.gravity  of cement)x1/1000 

= (350 / 3.15)x 1/1000 
=0.111 cum 

i) Volume of water = (mass of cement/sp.gravity of water)x1/1000 
= (140/1) x 1/1000 
= 0.140 cum 

j) Volume of all aggregates = [ a-(b+c)] 
= [ 1-( 0.111 +0.006+ 0.140)] 
= 0.743 cum 

k) Massof C.A = d x (vol.of C.A)x (sp.gravity of C.A)x1000 
= 0.743 x 0.56 x 2.74 x 1000 
=1140.05kg/cum 

l) Massof F.A = d x (vol.of F.A)x (sp.gravity of F.A)x 1000 
= 0.743 x 0.44 x 2.74 x 1000 
= 896 kg/cum 

 
Cement :F.A : C.A : W 
350  :    896:1140 : 140 

1 :2.56  : 3.25 :0.4 

Calculations for 3 cubes 
0.15 x 0.15 x 0.15x3 =0.0101 
10% extraof0.0101 =0.0010 
Total concrete = 0.0010+0.0101 

= 0.011 cum 
 

Total cement content      = 0.011 x350 
= 3.85kgs 

                         Total F.A content         = 0.011 x896 
= 9.856kgs 
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Total C.A content = 0.011 x1140 
= 12.54kgs 

Water content = 0.011 x140 
= 1.54 lit  

 

                 Control mix: for 28 days curing 

Table: 10 Compressive Strength of Control Mix 
S.no Compressive strength of M25 grade of concrete 

for 28 days 
1 33.43 

2 32.63 
3 30.12 
Average 32.06 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG :  15 COMPRESSIVE STRENGTH TESTING  
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Partial replacement with Fly Ash for M50grade of concrete: 
Here cement is replaced with Fly Ash considering the percentages of 0,10, 20, 
30,40 for 28 days of average compressive strength. 

Table: 11 Compressive Strength of Fly Ash 
 

S.NO Partial replacement of Fly 
ash 

Average compressive 
strength for 28 days 

1 0% 58.25 
2 10% 61.28 
3 20% 63.56 
4 30% 65.21 
5 40% 59.25 

 
 

 

 
 
 
Cement is replaced with Fly ash with 0%,10%,20%,30%,40%. The optimum 

compressive strength is obtained at 30%. 
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7. Partial replacement with Metakaolin for M 50grade of concrete: 
Here cement is replaced with Metakaolin considering the percentages of 0,5,10, 15, 
20,25 for 28 days of average compressive strength. 

 
Table: 12 Compressive Strength of Metakaolin 

 
 

S.no Partial Replacement of 
Metakaolin 

Average Compressive 
strength for 28 days 

1 0% 65.21 
2 5% 68.75 
3 10% 69.21 
4 15% 70.21 
5 20% 67.21 
6 25% 66.41 

 
 

 
 

Cement is replaced with Metakaolin with 0%,5%,10%,15%,20%,25%. The optimum 
compressive strength is obtained at 15%. 
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8. Partial replacement with Alccofine for M50gradeof concrete: 
Here cement is replaced with Alccofine considering the percentages of 
0,5,10,15,20.for 28 days of average compressive strength. 

Table: 13 Compressive Strength of Alccofine 
 

S.no Partial Replacement of 
alccofine 

Average Compressive 
strength for 28 days 

1 0% 70.21 
2 5% 72.56 
3 10% 75.56 
4 15% 71.21 
5 20% 69.50 

 

 
 
 
 
 

Cement is replaced with alccofine with 0%,5%,10%,15%,20%. The optimum 
compressive strength is obtained at 10%. 

 
 
 
 

 

66

67

68

69

70

71

72

73

74

75

76

0% 5% 10% 15% 20%

co
m

pr
es

si
ve

 s
tr

en
gt

h

percentage of alccofine

Average compressive strength for 28 days

 



42  

 
M 50  GRADE  %INCREASE OF STRENGTH :  

 

�¾ CONTROL  MIX STRENGTH  = 58.25Mpa 

�¾ BLENDED MIX STRENGTH   =72.56 Mpa 

�¾ % Increase of strength =(final �± original)/(original)*100 

                                         = (72.56-58.25)/(58.25)*100 

=24.56% 

 

 

 

 

 

 

 

 

 

Fig : 16 Compressive Test of Blended Mix  

 

STRNGTH AFTER 28 DAYS 

COMPRESSIVE STRENGTH SPLIT TENSILE STRENGTH FLEXURAL STRENTH 

72.56 3.99 5.96 
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CHAPTER 6 

 CONCLUSION 

�¾ The control mix with an average compressive strength of 32.36 Mpa for M25 grade of 

concrete as a replacement with Fly Ash considering the percentages of 10, 20 and 30 gives 

an optimum of 38.25 Mpa at a percentage of 30.  

�¾ The control mix with an average compressive strength of 32.36 Mpa for M25 grade of 

concrete as a replacement with Metakaolin considering the percentages of 5, 10, 15 and20 

gives an optimum of 43.46Mpa at a percentage of 15. 

�¾ The control mix with an average compressive strength of 32.36 Mpa for M25 grade of 

concrete as a replacement with alccofine   considering the percentages of 5, 10,15 and20  

gives an optimum of 48.56Mpa at a percentage of 10. 

�¾ Concrete mix consisting of high volume supplementary cementitious materials as a partial 

replacement to cement is developed by considering optimum content of each mineral 

admixture utilized. 

�¾ The increase in the compressive strength of the concrete by using the combination of these 

mineral admixtures is noticed to be significantly enhanced.  

�¾ This final compressive strength when compared to control mix compressive strength is 

found to be increased25% the value. 
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EXTERNAL EXAMINER  
 



 
 

PROGRAM OUTCOMES  
 
Engineering Graduates will be able to: 
 
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems.  

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 
engineering problems reaching substantiated conclusions using first principles of 
mathematics, natural sciences, and engineering sciences.  

3. Design/development of solutions: Design solutions for complex engineering problems 
and design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety, and the cultural, societal, and environmental 
considerations.  

4. Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, and 
synthesis of the information to provide valid conclusions.  

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
modern engineering and IT tools including prediction and modelling to complex engineering 
activities with an understanding of the limitations.  

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 
assess societal, health, safety, legal and cultural issues and the consequent responsibilities 
relevant to the professional engineering practice.  

7. Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 
for sustainable development.  

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice.  

9. Individual and team work: Function effectively as an individual, and as a member or 
leader in diverse teams, and in multidisciplinary settings.  

10. Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and 
write effective reports and design documentation, make effective presentations, and give and 
receive clear instructions.  

11. Project management and finance: Demonstrate knowledge and understanding of the 
�H�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���P�D�Q�D�J�H�P�H�Q�W���S�U�L�Q�F�L�S�O�H�V���D�Q�G���D�S�S�O�\���W�K�H�V�H���W�R���R�Q�H�¶�V���R�Z�Q���Zork, as a member and 
leader in a team, to manage projects and in multidisciplinary environments.  

12. Life-long learning: Recognize the need for, and have the preparation and ability to 
engage in independent and life-long learning in the broadest context of technological change.  
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ABSTRACT  

Rice Husk Ash (RHA) is an agricultural waste product which is produced in large quantities 

globally every year and difficulty involved in its disposal, RHA becoming an environmental 

hazard in rice producing countries. India alone produces around 120 million tons of rice 

paddy per year, giving around 6 million tons of rice husk ash per year. RHA can be used in 

concrete to improve its strength and other durability factors. So we can use RHA as a partial 

replacement of cement in pervious concrete. In this research (OPC) cement has been replaced 

by RHA accordingly in the range of 10%, 20% and 30% by weight of cement for constant 

0.40 water cement ratio. The compressive strength test and water absorption test was carried 

out for 7, 28 days. So the main aim of the investigation to study the behaviour of PERVIOUS 

CONCRETE while replaces the RHA with different proportions in concrete. The test results 

were obtained from the research which are compared with the control mix (CM) 
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CHAPTER 1 
 

INTRODUCTION  

1.1 General: 

Pervious concrete which is also known as the no-fines, porous,  gap-graded,  and permeable concrete 

and Enhance porosity concrete have been found to be a reliable storm water management tool. By 

definition, pervious concrete is a mixture of gravel or  granite stone, cement, water, little to no sand  

(fine  aggregate).  When  pervious  concrete  is  used  for paving, the open cell structures allow storm 

water to filter through the pavement and into the underlying soils. In other words, pervious concrete helps 

in protecting the surface of the pavement and its environment. 

As stated above, pervious concrete has the same basic constituents  as  conventional concrete, 15 -30% 

of  its  volume  consists  of  interconnected  void  network,  which  allows  water to pass through the 

concrete. Pervious concrete can allow the passage of 11.35-18.97 liters  of water per minute through  its  

open cells  for  each square  foot  (0.0929m2) of surface  area  which is far greater than most  rain  

occurrences.  Apart  from  being  used  to  eliminate  or  reduce  the need for  expensive  retention  

ponds,  developers  and  other  private  companies  are  also  using  it to free up valuable real estate for 

development, while still providing a paved park. Pervious concrete is also a unique and  effective  means  

to  address  important environmental  issues  and  sustainable  growth.  When  it  rains,  pervious  

concrete  automatically acts as a drainage system, thereby putting water back  where  it  belongs.  

Pervious  concrete  is rough textured, and has a honeycombed  surface, with  moderate  amount  of  

surface  ravelling which occurs on heavily travelled roadways. Carefully controlled amount  of  water  

and cementitious materials are used to create a paste. The paste then forms a thick coating around 

aggregate particles, to prevent the flowing off of the  paste  during  mixing  and  placing.  Using enough 

paste to  coat  the  particles  maintain a system of  interconnected  voids  which  allow water and air to 

pass through.  The  lack  of  sand  in  pervious  concrete  results  in  a  very  harsh mix  that negatively  

affects  mixing,  delivery  and  placement.  Also,  due   to   the   high   void content, pervious concrete is 

light in weight (about 1600 to 2000 kg/m3). Pervious concrete void  structure  provides  pollutant  

captures  which  also  add  significant   structural  strength   as well. It also results in a very high 

permeable concrete that drains quickly. Pervious concrete can  be  used  in  a  wide  range  of  

applications,  although  its  primary use is in pavements which  are  in:  residential  roads,  alleys  and  

driveways,  low  volume  pavements, low water crossings, sidewalks and pathways, parking areas, tennis 

courts, slope stabilization, sub-base for conventional concrete pavements etc., 
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Figure 1.1: pervious concrete cube  

 

Pervious  concrete  system  has  advantages  over  impervious  concrete  in  that  it  is  effective  in  

managing run-off from paved  surfaces, prevent  contamination  in   run-off  water, and recharge 

aquifer, repelling  salt water  intrusion,  control  pollution  in  water  seepage  to ground water 

recharge thus, preventing subterranean storm water sewer drains, absorbs less heat than 

regular  concrete  and  asphalt,  reduces  the  need  for  air  conditioning.  Pervious concrete allows  

for  increased site  optimization  because  in  most  cases,  its  use  should  totally  limit the need  for  

detention  and  retention  ponds,   swales  and  other  more  traditional  storm water  management  

devices that are  otherwise  required  for  compliances  with  the  Federal storm water regulations 

on commercial sites of one  acre  or  more.  By  using  pervious  concrete, the ambient air 

temperature will be reduced,  requiring  less power to cool the building. In addition, costly storm 

water  structures such as piping, inlets and ponds will be eliminated. Construction scheduling  will  

also  be  improved  as  the  stone  recharge  bed  will  be  installed  at the beginning of  construction,  

enhancing  erosion  control  measures  and  preventing  rain  delays due to  harsh site conditions. 

Apparently, when compared to conventional concrete, pervious concrete has a lower compressive 

strength, greater permeability, and a lower unit weight (approximately 70% of conventional 

concrete). However, pervious concrete has a   greater advantage in many regards. Nevertheless,  it  

has  its  own  limitations  which  must  be  put  in effective consideration when planning its use. 

Structurally when higher permeability and  low strength are required, the effect of  variation  in  

aggregate  size  on  strength  and  permeability  for the same aggregate cement ratio need to be 

investigated. 
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Figure1.2: water flowing through pervious concrete cube 

 

�1�R�� �I�L�Q�H�V�� �F�R�Q�F�U�H�W�H�� �V�L�P�S�O�\�� �L�W�� �L�V�� �G�H�I�L�Q�H�G�� �D�V�� �³�W�R�W�D�O�� �H�O�L�P�L�Q�D�W�L�R�Q�� �R�I�� �I�L�Q�H�� �P�D�W�H�U�L�D�O�´���� �7�K�H�� �I�L�Q�H��

aggregate is removed in this concrete so that voids are left in the coarse aggregate. The coarse 

aggregate may be of the usual type or the light weight aggregate. The coarse aggregate should 

be finer than 20 mm size and not more than 10% should pass the 10 mm sieve. The 

proportion of cement to aggregate is usually 1:6 in case of light aggregate and 1:10 in case of 

heavy aggregate.  

Pervious concrete is sometimes called �³�Q�R���I�L�Q�H�V�´���F�R�Q�F�U�H�W�H�����,�W���L�V���G�H�V�L�J�Q�H�G���Z�L�W�K���K�L�J�K 

porosity and allows water to pass though. It is commonly used in concrete pavement so as 

to reduce surface runoff and allow the recharging of ground water. The high porosity is 

achieved �E�\���D���Q�H�W�Z�R�U�N���R�I���L�Q�W�H�U�F�R�Q�Q�H�F�W�H�G���Y�R�L�G�����³�1�R���I�L�Q�H�V�´���F�R�Q�F�U�H�W�H���K�D�V���O�L�W�W�O�H���R�U���Q�R���I�L�Q�H�V 

and contains just enough cement paste to cover the surface of coarse aggregates while 

maintaining the interconnectivity of voids. 

 

1.2. Historical Background 

The use of no-fines concrete as a pavement material has been extremely limited and has only 

recently been developed for this particular application. However, no-fines concrete has been 

used extensively as a structural building material in Europe, Australia and the Middle East for 

over 70 years (Macintosh et al. 1965). 

 

The earliest known application of no-fines concrete occurred in England in 1852 with the 

construction of two residential houses and a sea groyne 61 m long and 2.15  wide (Francis 

1965). The use of no-fines concrete became considerably more widespread during the 
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material shortages after World War II, for cast-in place load bearing walls of single and multi 

storey buildings. 

 

The early use of no-fines concrete was primarily for two-storey structures, however this 

expanded to five-�V�W�R�U�H�\���E�X�L�O�G�L�Q�J�V�� �L�Q���W�K�H�����������Æ�V���D�Q�G���F�R�Q�W�L�Q�X�H�V���W�R���H�[�S�D�Q�G�����,�Q recent years no-

fines concrete has been used as a load bearing material in high rise buildings up to ten-

storeys. The most remarkable use of this form of concrete was undertaken in Stuttgart, 

Germany where a high rise building was constructed using conventional concrete for the six 

bottom storeys and no-fines for the remaining thirteen upper storeys. 

 

1.3. Aims and Objectives 

 

No-fines concrete has been predominantly used in non-pavements applications with only a 

limited use in pavements applications. The purpose of this project is to assess the suitability 

of no-fines concrete to be used for the construction of road pavements. This assessment will 

include investigating current literature on the topic and also conducting some mix designs 

and standard concrete testing on conventional concrete and no-fines concrete to determine 

and compare their properties. In order to achieve these aims, the following objectives had to 

be met: 

 

1. Research background information relating to the use of no-fines concrete in pavement and 

non-pavement applications. 

2. Conduct some initial mix design test to evaluate some possible alternatives. This will 

include using different water/aggregate/cement ratios. 

3. Investigate some existing no-fines concrete pavement designs, construction specifications 

and maintenance procedures. 

4. Determine suitable tests to assess the strength, durability, skid resistance and cost of the 

above found mix design and normal concrete road surfaces. 

5. Conduct the tests and analyse the results to form a conclusion as to the effectiveness of no-

fines concrete as a road pavement. 
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1.4. Current Status of No-Fines Concrete 

Although there is very little documented use of no-fines concrete in Australia, it was first 

utilised as early as 1946. No-fines concrete was used in the construction of a residential house 

in Ryde, New South Wales. The Department of Works and Housing undertook this project as 

a method of investigating new cost effective construction materials (Ghafoori et al 1995). 

 

Developers and government organizations have been using no-fines concrete more readily as 

a method of pollution control in America. Pervious surfaces are in greater demand as 

planners, public works officials and developers search for methods to adequately and 

efficiently manage storm water in an economical and environmentally friendly method 

(Frentress et al 2003). This form of concrete allows the water to penetrate the soil, reducing 

the runoff and stopping the movement of pollutants. The predominant usage of no-fines 

concrete in America is low volume residential roads and ground level parking lots. The 

concrete can be placed up close to trees and vegetation without comprising their health as the 

porous nature of the concrete allows water and air to penetrate the surface. 

 

 

1.5.  General Engineering Properties of No-Fines Concrete 

 

The physical properties of the individual components and the no-fines concrete as a whole are 

extremely important and should be explored further. The theology of the concrete and the 

individual materials determine properties like the strength, void ratio, durability and the 

chemical properties. All these properties need to be known and assessed to make the most 

appropriate choice for a particular application. The strength and permeability of the no-fines 

concrete are the important properties that will be shown in later chapters. However, the 

following properties are critical to the performance of the no-fines concrete. By ensuring the 

desirable properties of no-fines concrete components a stronger material with good 

permeability and improved durability will be achieved. 
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1.5.1 Shape 

The ideal shape of the aggregate particles to be used in no-fines concrete is spherical. This 

shape allows the greatest number of bonding points and will produce concrete with the most 

strength. Flaky or elongated particles should be avoided for use in no-fines concrete as local 

crushing can occur more readily with these particles. 

 

1.5.2 Mix Proportions 

 

The mix proportions for no-fines concrete depends predominantly on the final application. In 

building applications, the aggregate-cement ratio used is leaner, usually ranging from 6:1 to 

10:1. This leaner mix ensures that the void ratio is high and prevents capillary transport of 

water. However, in pavement applications the concrete strength is more critical and 

aggregate-cement mixes as low as 4:1 is used. This lower ratio ensures an adequate amount 

of bonding between the aggregate and cement to withstand the higher loads. 

 

1.5.3 Water Content 

The water content is imperative for the bonding to occur between the aggregate. A water-

cement ratio higher than the optimum will not create an adequate bond between the cement 

paste and aggregate causing the cement paste to run off the aggregate particles. If the water-

cement is lower than the optimum, the cement paste will not be sufficiently adhesive to bond 

the aggregate. The general range for water-cement ratio is between 0.38 and 0.52 (Neville 

1997). The absorption rate of the aggregate will also affect the water 

content and this should be taken into account for design mixes. 

 

1.5.4 Aggregate Grading 

The aggregate generally used in no-fines concrete applications usually ranges from 10 mm to 

20 mm. Five percent oversized and ten percent undersized materials are acceptable for use 

but there should be no particles smaller than 5 mm (Neville 1997). If there are too many 

small particles it will tend to fill the voids, affecting the porosity of the concrete and the 

associated properties. 
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1.5.5 Density 

The density of no-fines concrete is dependent upon the void content in the concrete. Due to 

the high air content it is a lightweight concrete with a density of about two thirds of 

conventional concrete. The density of no-fines concrete normally ranges between 1600 and 

1900 kg/m3. This is dependent upon the shape, size and density of the aggregate, the 

aggregate-cement-water ratio and the compaction exerted on the concrete. 

 

1.5.6 Air-Void Content 

The cement paste is only a thin layer and does not contain air bubbles, so the voids are 

obtained mostly through the interconnected spaces of the aggregate particles. The air content 

is by definition the sum of the available voids between the aggregate particles and any 

entrained or entrapped air within the cement paste. The void content is dependent upon the 

aggregate-cement ratio and thus varies greatly. The air content of no fines concrete ranges 

from 13 to 28 percent for aggregate-cement ratios between 4:1 and 6:1. 

 

1.5.7 Shrinkage 

Drying shrinkage in no-fines concrete is relatively small but does vary depending on the 

aggregate-cement ratio. The difference in the amount of shrinkage can be attributed to the 

following factors. A reduction in the aggregate-cement ratio means there is more cement 

paste available to undergo volumetric contraction and shrinkage. At the same time, the 

decrease in aggregate-cement ratio causes the aggregate particles to induce a restraint on the 

drying shrinkage since they are in contact (Fulton 1977). 

1.5.8 Summary 

No-fines concrete has properties capable of being used in road pavement applications. It 

suffers from a number of problems like lower compressive strength and ravelling but still has 

favourable properties that can be utilised in road pavement applications. The mix proportions 

and water content are critical when obtaining a sufficient bond between the aggregate 

particles. The following chapter looks in detail at the maintenance, design and constructions 

specifications for no-fines concrete pavement 
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           CHAPTER 2 
 LITERATURE SURVEY 
 

T Abadjieva et all., investigated to determine the performance characteristics of concrete 

mixes made without fine aggregates. Single sized course aggregates fraction 13.5-19 mm 

from Kgale Hill quarry and Ordinary Portland cement were used in the experiments. Concrete 

mixes with different aggregate/cement and water/cement ratios were prepared to find an 

optimum mix yielding the highest strength. The influence of the above factors on the density, 

dynamic modulus of elasticity, compressive, tensile and flexural strength were studied 

experimentally. It was found that the strength of no-fines concrete is lower that that of normal 

weight concrete, but sufficient enough for structural use. Due to its high ratio of continuous 

voids, this concrete has high water permeability. 

 

Darshan S. Shah , Jayeshkumar Pitroda, studied that Pervious concrete is a special high 

porosity concrete used for flatwork applications that allows water from precipitation and 

other source to pass through there by Reducing the Runoff from a site and Recharging 

Ground Water Levels. Durability and Water Absorption are important properties of Pervious 

Concrete. This paper represents the experimental methodology and experimental results 

related to durability and water absorption. Cylinders of size 100 mm Ø and 200 mm height 

are prepared to investigate both these properties. This investigation should be carried out at 

the end of 28 days for water absorption and 56 days for durability in which cylinders are 

immersed in Sodium Chloride (NaCl) Solution after 28 days of casting. Different concrete 

mix proportion such as 1:6, 1:8 and 1:10 with different size of gravel such as 18.75 mm and 

9.375 mm should be used to check both these properties of pervious concrete. Test results 

indicates that pervious concrete made by 1:6 concrete mix proportion has more durability and 

less water absorption and pervious concrete made by 1:10 mix proportion has more water 

abso�U�S�W�L�R�Q�� �D�Q�G�� �O�H�V�V�� �G�X�U�D�E�L�O�L�W�\�� �W�K�D�W�¶s why durability and water absorption are inversely 

proportional to each other. 

 

Dr.M.Mageswari et all., investigated that In spite of having low Compressive and flexural 

strength, No-fines concrete has properties capable of being used as rigid pavement for low 

traffic volume roads. Along with the mix proportions and water content to have sufficient 

bond between the aggregate particles, it is critical to determine what happens to the water 

once it penetrates the pavement surface. Different combinations of Cement, GGBS, water and 
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Course aggregate with different maximum size and gradation were adopted for trial mixes to 

arrive at M20 grade concrete.M20 grade concrete is achieved with a w/c ratio of 0.36, Coarse 

aggregate of nominal size 20 mm passed and 10 mm retained ,cement is partly replaced with 

30% of GGBS and with a cement to Course aggregate ratio of 1:4. Its compressive strength 

were observed to be 20.4 kN/m3.A perforated pipe can be provided at center of the pavement 

above sub-base such that it collects the water stored in concrete and drains it to the required 

treatment plant or a recharge pit. 

 

T.Siddharth et all., Rice Husk Ash is one of the most active research areas that encompass a 

number of disciplines including civil engineering and construction materials. Rice Husk Ash 

(RHA) is an agricultural waste product which is produced in large quantities globally every 

year and due to the difficulty involved in its disposal, can RHA becoming an environmental 

hazard in rice producing countries. India alone produces around 120 million tons of rice 

paddy per year, giving around 24 million tons of rice husk per year and 6 million tons of rice 

husk ash per year. As the rice husk ash is piling up every day, there is a pressure on rice 

industries to find a solution for its disposal. It is most essential to develop eco-friendly 

concrete from RHA. RHA can be used in concrete to improve its strength and other durability 

factors. So we can use RHA as a partial replacement of cement in pervious concrete. In this 

research study the (OPC) cement has been replaced by RHA accordingly in the range of 10% 

and 20% by weight of cement for 0.30, 0.35, and 0.40 water/cement ratio. The compressive 

strength test and flexural strength test was carried out for 7, 14 and 28 days to measure the 

compressive strength and flexural strength of concrete. So the aim of the investigation is to 

study the behaviour of pervious concrete while replacing the RHA with different proportions 

in concrete. Test results have reflected, the compressive strength achieved up to 10% 

replacement of cement with RHA will be optimum without effecting properties of fresh and 

hardened concrete. 

 

 Amena I. Tamboli et all., Pervious concrete as a paving material has seen renewed interest 

due to its ability to allow water to flow through itself to recharge groundwater level and 

minimize storm water runoff. Pervious concrete mixtures are usually prepared by single sized 

coarse aggregate with negligible or zero percentage of fine aggregate. Our study includes the 

preparation of pervious concrete samples by varying the size of coarse aggregate used. The 

effect of variation in size of aggregate on compressive strength is studied and compared with 

conventional concrete. Coefficients of permeability for each mix are calculated and 
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compared. The results and various reasons affecting the results are discussed by graphical 

presentation and conclusions are drawn. 

 

 

 Aneel Manan et all., The aim of the study is to investigate compressive strength of pervious 

concrete by reduction of fine aggregate from zero to 100%, additionally investigate 

infiltration rate of pervious concrete. Experimental study has conducted at Cecos Engineering 

University Peshawar. The pervious concrete samples were produced for 7 and 28 days. 

Compressive strength of pervious concrete indicated higher reduction of the sand reduces 

compressive strength and almost 50% compressive strength decreased by reduction of 100% 

sand from the design mix. On the other side, infiltration rate for 28 days shows direct relation 

above 40% reduction of sand and highest 273% of infiltration rate by reducing 100% sand 

from the design mix. The 90% reduction of sand from concrete give considerable 

compressive strength of 2150 psi and infiltration rate of 165.79 inch/hour, which can be 

recommended for pavements of parking and walking area. 

 

 Sourabh Rahangdale et all., Pervious concrete is a very special type of concrete with high 

porosity used �I�R�U�� �I�O�D�W�� �Z�R�U�N�� �D�S�S�O�L�F�D�W�L�R�Q�� �E�D�V�L�F�D�O�O�\�� �W�K�D�W�¶�V�� �D�O�O�R�Z�� �Z�D�W�H�U�� �I�U�R�P�� �S�U�H�F�L�S�L�W�D�W�L�R�Q�� �D�Q�G��

other sources to pass directly through thereby reducing the runoff from the site and allowing 

ground water recharge. And in this concrete porosity is attain by a highly interconnected void 

content. Also in permeable or pervious concrete has no fine aggregate and has just enough 

cementing paste to coarse aggregate particles while preserving the interconnectivity of the 

voids .permeable or pervious concrete is traditionally used in parking area with lo traffic, 

walkways in park and garden residential , green house, basketball court , volleyball house. 

 

Darshan S. Shah et all., Pervious concrete is a relatively new concept for rural road 

pavement, with increase into the problems in rural areas related to the low ground water 

level, agricultural problem.Pervious concrete has introduced in rural road as a road pavement 

material. Pervious concrete as a paving material has seen renewed interest due to its ability to 

allow waterto flow through itself to recharge groundwater level and minimize storm water 

runoff. This introduction topervious concrete pavements reviews its applications and 

engineering properties, including environmentalbenefits, structural properties, and 

durability.In rural area cost consideration is the primary factor which must be kept in mind. 

So that in rural areas costly storm water management practices is not applicable. Pervious 
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concrete pavement is unique and effective means to meet growing environmental demands. 

By capturing rainwater and allowing it to seep into the ground. This pavement technology 

createsmore efficient land use by eliminating the need for retention ponds, swell, and other 

costly stormwater management devices. 

 

Praveenkumar Patil et all., Pervious concrete is a form of lightweight porous concrete, 

Obtained by eliminating the sand from the normal concrete mix. The advantages of this type 

of concrete are lower density, lower cost due to lower cement content, lower thermal 

conductivity, relatively low drying shrinkage, no segregation and capillary movement of 

water. It has better insulating characteristics than conventional concrete because of the 

presence of large voids. In the present study M20 pervious concrete is designed by ACI522R-

10 design code. The effect of w/c ratio and aggregate size on the strength of pervious 

concrete are studied. The property of pervious concrete by replacing cement by fly ash is also 

studied. It is revealed that the compressive strength increases as the water/cement ratio 

decreases up to optimum w/c ratio and with increase in volume of paste. It is observed that 

cement can be effectively replaced by fly ash which reduces the cost of pervious concrete. 

 

Karthik H. Obla investigated that Pervious concrete is a special type of concrete with a high 

porosity used for concrete flatwork applications that allows water from precipitation and 

other sources to pass through it, thereby reducing the runoff from a site and recharging 

ground water levels. The void content can range from 18 to 35% with compressive strengths 

of 400 to 4000 psi. The infiltration rate of pervious concrete will fall into the range of 2 to 18 

gallons per minute per square foot (80 to 720 liters per minute per square meter). Typically 

pervious concrete has little to no fine aggregate and has just enough cementitious paste to 

coat the coarse aggregate particles while preserving the interconnectivity of the voids. 

Pervious concrete is traditionally used in parking areas, areas with light traffic, pedestrian 

walkways, and greenhouses. Pervious Concrete is an important application for sustainable 

construction. 
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 CHAPTER 3 
        EXPERIMENTAL PROGRAMME  
 

3.1 GENERAL  
 

In this present experimental program, the first step is selecting of raw materials. Number of 

conventional trails is prepared and the mix proportions for M30 grade is selected by changing 

different water cement ratios. By replacing the cement with rice husk ash in the range of (0, 

10% 20% 30%) The experimental program was carried out on cubes. The details of materials 

used for these specimens and testing procedures incorporated in the test program are 

presented in the subsequent sections. 

 

3.2 DISCRIPTION OF MATERIALS  

Concrete is a composition of cement, fine aggregate and coarse aggregate. These three raw 

materials play an important role in manufacturing of concrete. By varying the properties and 

amount of the above three materials, the properties of concrete will changes. Cement, Coarse 

aggregate are the raw material of cement and those materials play main role of concrete 

manufacturing process. 

 

   3.2.1 CEMENT 

Cement is the main ingredient in manufacturing of concrete. The characteristics of 

concrete will be greatly affected by changing the Cement content.  

The Cement used in this project is Ordinary Portland Cement of 53 grade confirming to 

IS 12269-1987. 

 

 

 
 
  Figure 3.1 : cement 
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3.2.2 Rice Husk Ash 

The rice husk ash has good reactivity when used as a partial substitute for cement. These are 

prominent in countries where the rice production is abundant. The properly rice husk ashes 

are found to be active within the cement paste. So, the use and practical application of rice 

husk ash for concrete manufacturing are important. Burning the husk under controlled 

temperature below 800 °C can produce ash with silica mainly. Reported an investigation on 

the pozzolanic activity of RHA by using various techniques in order to verify the effect of 

incineration temperature and burning duration. the samples burnt at 500 or 700 °C and burned 

for more than 12 hours produced ashes with high reactivity with no significant amount of 

crystalline material. The effect of incineration conditions on the pozzolanic characteristics of 

the ash and a summary of the research findings from several countries on the use of RHA as a 

supplementary cementing pozzolanic material. 

 

     
    Figure 3.2: Rice husk ash 

 

 

Characteristics of Rice husk ash 

Characteristics of rice husk ash concrete (RHA) at the early stages mainly   depend on 

following factors. 

�x Water cement ratio 

�x Amount of rice husk ash added 

�x Amount of paste used in the mix 

�x Type and amount of admixture 

�x Mix proportion designed 
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Applications of Rice husk ash 

Rice husk ash can be used in a variety of applications like: 

�x Green concrete 

�x High performance concrete 

�x Ceramic glaze 

�x Water proofing chemicals 

�x Specialty paints 

�x Flame retardants 

�x Carrier for pesticides 

�x Insecticides and bio fertilizers etc.,  

 

Advantages of Rice husk ash 

�x The heat of hydration is reduced. This itself help in drying shrinkage and facilitate 

durability of the concrete mix. 

�x The reduction in the permeability of concrete structure. This will help in penetration 

of chloride ions, thus avoiding the disintegration of the concrete structure. 

�x RHA mixed concrete shows better bond strength as compared to OPC concrete. 

�x RHA improves compressive strength, split tensile strength and flexural strength. 

 
Table 3.1: Chemical properties of Rice husk ash 
 

COMPONENTS 
CHEMICAL 

FORMULA  
PERCENTAGES 

Silicon dioxide    SiO2 79.84 

Aluminium dioxide    Al2O3 0.14 

Ferric oxide                Fe2O3 1.16 

Calcium  Oxide           CaO 0.55 

Magnesium Oxide       MgO 0.19 

Sodium Oxide           Na2O 0.08 

Potassium Oxide          K2O 2.90 
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3.2.3 COARSE AGGREGATE 

 

Aggregate of size more than 4.75mm are generally considered as Coarse aggregate. The 

maximum size of Coarse aggregate used in this experimental work are 20 mm and 12 mm 

good quality of Coarse aggregate is obtained from nearest crusher unit. The Coarse 

aggregate are selected as per IS-383 specifications. 

 

 

Figure 3.3: Coarse aggregate  
 
 
3.3 Properties of Marerials 

3.3.1 Tests on Cement 

3.3.1.1 Initial and Final Setting Times of Cement 

Initial and Final setting time test is confirming to IS 4031 Part 5. In this test we use 

Vicat�¶�V apparatus, gauging trowel and Balance. The initial setting time of cement is 

�G�H�I�L�Q�H�G�� �D�V�� �W�K�H�� �³�W�L�P�H�� �H�O�D�S�V�H�G�� �E�H�W�Z�H�H�Q�� �W�K�H�� �P�R�P�H�Q�W�� �Z�D�W�H�U�� �D�G�G�H�G�� �W�R�� �W�K�H�� �F�H�P�H�Q�W���W�R�� �W�K�H��

�P�R�P�H�Q�W���F�H�P�H�Q�W���V�W�D�U�W�V���O�R�V�L�Q�J���L�W�V���S�O�D�V�W�L�F�L�W�\�´�����7�K�H���I�L�Q�D�O���V�H�W�W�L�Q�J���W�L�P�H���R�I���F�H�P�H�Q�W���L�V���G�H�I�L�Q�H�G��

�D�V�� �³�W�L�P�H elapsed between the moment water added to the cement to the moment 

�F�H�P�H�Q�W���O�R�V�W���L�W�V���S�O�D�V�W�L�F�L�W�\���´ 

Procedure: 

1) Prepare a perfect cement paste with 300 grams of cement and 0.85 times of 

water required to given standard consistency. 

2) Start the stopwatch at the moment of addition of water. Fill the vicat mould 

with above paste completely and smooth off the surface. 
 

3) Place the test block under load bearing needle lower the needle delicately in 

contact with the surface of test block & rapidly discharge permitting it to 

penetrate into the test block. Repeat this investigation until the needle acquired 

contact with test block fails to pierce, the block for 5 + 0.5mm. 
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4) The period passed since adding water to the minute needle penetrates to a 

depth of 5 + 0.5 mm measured from the bottom of mould, is known as initial 

setting time. 

5) To determine the final setting time supplant the needle in step 3 by a needle 

with rakish and circular attachment. The final setting time is the time period 

slipped between the minute water added to the cement to the moment the focal 

needle makes an impression while the circular cutting edge of the attachment 

fails to do so. The cement is considered finally set, in the above process when 

the needle makes impression, while the attachment fails to do so. 

Table 3.2: Normal consistency results 

 

 
 

Figure 3.4: Initial and Final setting time test 
 

Results: 

Initial setting time (t2 - t1) = 30 min 

Final setting time (t3 �± t2) =  460 min 

t1= Time at which water is first added to cement. 

t2 = Time when needle fails to penetrate 5 mm to 7 mm from bottom of the mould. 

t3 = Time when the needle makes an impression but the attachment fails to do so. 

3.3.1.2 Fineness of Cement 

Fineness defines the surface area of cement particles present in per unit weight, which 

implies that more fineness means more particles in unit weight. This enhances the 

reaction rate which in turn will result in faster gain of strength at earlier stages. 

SNO Percentage of water 
adding 

Needle Reading from 
bottom 

Time in seconds 

1 27.2 0 5 
2 27.2 1 15 
3 27.2 4 25 
4 27.2 5 30 
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Accurately weigh 100 gm of cement sample and place it over the test sieve. Gently 

breakdown the air set lumps if any with fingers. Hold the sieve with pan in both hands 

and sieve with gentle wrist motion, in circular and vertical motion for a period of 3 to 

4 minutes without any spilling of cement. Place the cover on the sieve and remove the 

pan. Now tap the other side of the sieve with the handle of bristle brush and clean the 

outer side of the sieve. Empty the pan and fix it below the sieve and continue sieving. 

Totally sieve for 15 minutes and weigh the residue (Left over the sieve). 

 
 

 
 

Figure 3.5: Sieving of cement 
 

Results: 

Weight of cement taken = 100 grams 

Weight of cement retained after sieving =        8 Grams 

Fineness of the given sample      = 92 

 

According to Indian Standards the fineness of given sample must be less than 10% by 

weight of cement. 

 
3.3.1.3 Specific Gravity of Cement 

To determine the specific gravity is normally defined as the ratio between the weight 

of a given volume of material and weight of an equal volume of water. To determine 

the specific gravity of cement, kerosene which does not recent with cement is used. 

Weigh a clean, dry, LeChatlier flask or specific gravity bottle with stopper (W1). 

Place sample of cement up to half of flask about 500gms and weigh with its stopper 

���:�������� �$�G�G�� �N�H�U�R�V�H�Q�H�� ���S�R�O�D�U�� �O�L�T�X�L�G���� �W�R�� �F�H�P�H�Q�W�� �L�Q�� �I�O�D�V�N�� �W�L�O�O�� �L�W�¶�V�� �D�E�R�X�W�� �K�D�O�I�� �I�X�O�O�� �P�L�[��

thoroughly with glass rod to remove entrapped air continue strings & add more 

kerosene, till its flush with graduated mark. Now weigh the bottle (W3). Now remove 
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the cement and kerosene and clean it thoroughly. Fill the bottle with kerosene and 

weight it (W4). 

 

Weight of empty flask     W1 = 25 grams. 

Weight of empty flask + cement   W2 = 45 grams. 

Weight of empty flask + cement+ kerosene  W3 = 85 grams.  

Weight of empty flask + kerosene   W4 = 70 grams. 

Specific gravity of cement    Gk = 0.78 

Specific gravity (G) = (W2 �± W1) / [(W2 �± W1) �± (W3 �± W4)] 

 

 

Figure 3.6: Specific gravity test for cement 

Results: 

Specific Gravity of Cement = 3.12 

o The specific gravity of Cement used further in the mix design of Concrete 

according to the IS Code 10262:2009.��

o The specific gravity of Portland cement used in the concrete must be in the 
range of 3 to 3.15. 

 

3.3.1.4 Soundness of Cement 

Soundness of cement determined by using Le-chatlier apparatus. Soundness is the 

property of hardened cement paste undergoing change in volume after setting. This 

expansion is caused by excessive amounts of free lime or magnesia.  

�x Prepare a cement paste with 0.78 times water to give a paste of standard 

consistency. 
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�x Place the mould on glass sheet and fill it with cement paste and cover the 

mould, and place in water for 24 hrs. 

�x Take out the mould and measure the distance flow of the indicator points and 

record as D1. 

�x Submerge the mould again in water and bring the water to boiling in 25 to 30 

minutes and keep it for 3hrs.  

�x Remove the mould from the water, allow it to cool and measure the distance 

between the indicator points as D2. 

Results: 

D1= 10mm 

D2= 5mm 

The expansion of the cement is 5mm 

 

         Table 3.3: Chemical composition of cement 

COMPONENTS CHEMICAL FORMULA  PERCENTAGE 

Silicon Dioxide SiO2 20.0% 

Aluminum Oxide Al2O3 4.90% 

Ferric Oxide Fe2O3 2.30% 
Calcium Oxide CaO 65.0% 

Magnesium Oxide MgO 3.10% 

Sodium Oxide Na2O 0.20% 

Potassium Oxide K2O 0.40% 

Sulphur Oxide SO3 2.30% 
 
 
                                                  Table 3.4: Physical Properties of Cement 

S.NO PROPERTIES VALUE  

1 Specific gravity 3.12 

2 Initial setting time 30 min 

3 Final setting time 460 min 
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4 Normal consistency 34% 

5 Fineness test 96 

 
3.3.2 Tests on Coarse Aggregate 

3.3.2.1 Specific gravity of coarse aggregate 

The pycnometer is used for aggregate less than 10mm size. Dry the pycnometer 

thoroughly & weigh it with cap (W1). Pycnometer is filled with aggregate to about 

1/3rd and weigh again. Add sufficient water till top & allow the entrapped air into 

escape. After air bubble on the cap gently tight to avoid leakage of water. Fill the 

pycnometer with water slowly up to top of cap without spilling (W3) through pipe. 

Clean the pycnometer by washing with water thoroughly. Fill the pycnometer with 

only water as alone & Weigh it (W4). Repeat the test twice as more and take the 

average for better results. 

 

 

Figure 3.7: Specific gravity test for Coarse aggregate 

 

Weight of empty Pycnometer     W1 = 580 grams. 

Weight of empty Pycnometer + dry aggregate  W2 = 1120 grams. 

Weight of empty Pycnometer + dry aggregate + water W3 = 1785 grams. 

Weight of empty Pycnometer + water   W4 = 1450 grams. 

Specific Gravity of coarse aggregate = (W2 �± W1) / [(W2 �± W1) �± (W3 �± W4)] 

 

Results: specific gravity of coarse aggregate = 2.63 
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3.3.2.2 Fineness Modulus of Coarse Aggregate 

Fineness modulus is an index used to know the mean size of particle in the total 

quantity of aggregate. Fineness modulus is to grade the given aggregate for most 

economical mix and workability with less assumption of cement lower FM gives 

uneconomical mix and higher FM gives harsh mix 

 

 

Figure 3.8: Sieving of Coarse Aggregate 

 

Table 3.5: Sieve analysis of coarse aggregate 

SIEVE 

SIZES 

WEIGHT 

RETAINED (kg) 

% WEIGHT 

RETAINED  

CUMULATIVE 

% RETAINED  

40mm 0 0 0 

20mm 3.5 35 35 

10mm 4.5 45 80 

4.75mm 2.0 20 100 

2.36mm 0 0 100 

1.18mm 0 0 100 

0.6mm 0 0 100 

0.3mm 0 0 100 

0.15mm 0 0 100 

     

 Fineness Modulus of Coarse Aggregate= (�™Cumulative %retained) / 100=7.15 
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Table 3.6: Properties of coarse aggregate 

S.NO PROPERTIES VALUES 

1 Fineness modulus 7.15 

2 Specific gravity 2.63 

 

 
 
 
 

3.3.3 Test on Water  

�x The quantity of water in the mix plays a vital role on the strength of the concrete. In 

this study portable water is used confirming to IS 456-2007. 

�x The water used for the study was free of acids, organic matter, and suspended solids. 

According to IS Code water used in the concrete must be greater than 6. 

�x The pH of water used in the concrete mix is 6.9, so it is suitable for the concrete. 

 

 

 

 

Figure 3.9: PH test of water 
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3.3.4 Tests on Replacement Materials 

3.3.4.1 Specific gravity of Rice husk ash 

Weight of empty of bottle     W1 = 25 grams. 

Weight of empty of bottle + rice husk ash   W2 = 50 grams. 

Weight of empty of bottle + rice husk ash + water  W3 = 85 grams. 

Weight of empty bottle + water    W4 = 70 grams. 

Specific Gravity of rice husk ash = (W2 �± W1) / [(W2 �± W1) �± (W3 �± W4)] 

Results: specific gravity of rice husk ash = 2.5 

 

 

                                   Table 3.7:  Physical properties of rice husk ash 

 

 

       

 

           

 

 

 

 

 

 

 

             

 

S.NO PROPERTIES VALVES  

1 Colour black 

2 Partial size < 90 microns 

3 Specific gravity 2.5 
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CHAPTER 4 

MIX DESIGN  

 

4.1 General 

Mix Design is done as per Indian standards .Mix Design is the process of selecting 

suitable ingredients of concrete and determining their relative quantities for producing 

concrete of certain minimum properties as strength, durability and consistency etc., as 

economically as possible. Mix design done for M30 grade concrete. 

 The grade designation giving the characteristic strength requirement of concrete. The 

type of cement influences the rate of development of compressive strength of concrete. 

Maximum nominal size of aggregates to be used in concrete may be as large as possible 

within the limits prescribed by IS 456:2000.The cement content is to be limited from 

shrinkage, cracking and creep. The workability of concrete for satisfactory placing and 

compaction is related to the size and shape of section, quantity and spacing of reinforcement 

and technique used for transportation, placing and compaction. 

The process of selecting suitable ingredients of concrete and determining their 

relative amounts with the objective of producing a concrete of the required, strength, 

durability, and workability as economically as possible, is termed the concrete mix design. 

The proportioning of ingredient of concrete is governed by the required performance of 

concrete in 2 states, namely the plastic and the hardened states. If the plastic concrete is not 

workable, it cannot be properly placed and compacted. The property of workability, 

therefore, becomes of vital importance. 

In the process of mix design for calculating mix proportion of cement, fine aggregate 

and coarse aggregate, the values of specific gravity of cement, fine aggregate and coarse 

aggregate are used. The fineness modulus of fine aggregate is used for determining the zone 

which is used for the determining the volume of coarse aggregate and fine aggregate. 
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4.2 Mix Design �± M 30 

The steps involved in the design of concrete mix as per IS: 10262-2009, IS: 456-2000. 

Stipulations for proportioning : 
  
Grade designation      : M30 

Type of cement      : OPC   53 grade confirming to IS 8112 

Maximum nominal size of aggregate    : 20mm 

Degree of supervision                 : Good 

Minimum cement content     : 320 Kg/m3 

Workability       : 80mm (slump) 

Exposure condition      : severe 

 

Test data for materials: 

Cement used: OPC 53 grade confirming to IS12269:1987 

Specific gravity of:- 

�x Cement  : 3.12 

�x Coarse aggregate : 2.63 

 

STEP-1: Target mean strength for mix proportioning 

f�¶
ck =fck+1.65 S 

ft=30+1.65(5)=38.25N/mm2 

ft = Target average Compressive strength at 28 days  

fck = Characteristic Compressive strength at 28 days  

S = Standard deviation (taken from Table1 of IS (10262-2009) S=5 

 

STEP-2: Selection of Water-Cement ratio 

From IS: 456-2000, Table 5 by taking severe exposure condition for M30 grade, the 

maximum water Cement ratio is 0.43 

Adopt W/C = 0.40 
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STEP-3: Selection of water content 

From IS: 10262-2009, Table 2 depending upon the nominal size of aggregate (20mm), the 

maximum water content is 186 litres. 

Maximum water content = 186+186*(3/100) 

                                        = 191.58 liters 

 

STEP-4: Calculation of Cement content 

 

The minimum Cement content required for M30 as per IS 456-2000 of table is 320Kg/m3 

(Severe exposure condition). 

W/C = 0.40 

Cement Content =191.58/0.4 

478.75 Kg/m3 > 320 Kg/m3, hence OK. 

 

STEP-5: Proportion of volume of coarse aggregate and fine aggregate content 

Volume of Coarse aggregate = 0.62 

Volume of fine aggregate = 1-0.62 = 0.38 

 

STEP-6: M ix calculations 

The mix calculations per unit volume of concrete shall be as follows 

1. Volume of concrete = 1m3 

2. volume of cement           = (Mass of Cement/sp.gravity of Cement) ×1/1000   

           = (450/3.12)×1/1000=0.144 m3 
3. Volume of water                  = (Mass of water /sp.gravity of water) ×1/1000. 

                                                   = (191.58/1) × (1/1000) 

                                                   = 0.191 m3 

4. Volume of all in aggregate  = 1-(0.144+0.191)  

                                                         = 0.665 m3  
 

5. Mass of Coarse aggregate   = Volume of all in aggregate ×Volume of Coarse 
                                                Aggregate ×Sp.gravity of Coarse aggregate  
                                                ×1000 
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                                                          = 0.665 × 0.62 × 2.63× 1000 

                                                         = 1084.34 kg 

 

6. Mass of fine aggregate        =  Volume of all in aggregate ×Volume of fine                                                                
                                                             Aggregate ×Sp.gravity of fine aggregate ×1000 

 
                      = 0.665 × 0.38 × 2.6× 1000 

                      = 657.02 kg 

 

Mix proportion:  

Cement : fine aggregate : coarse aggregate 

450  :     657.02        : 1084.34 

      1     :      1.46           : 2.40 

 

For no fines concrete the total content of fine aggregate is neglected, Hence  the final mix 

proportion is 

Cement  : Coarse aggregate 

1           :     2.40 

        

                                            Table 4.1: Mix Proportions 

Cement 

(kg/m3) 

Coarse 

aggregate 

(kg/m3) 

Water 

(l/m3) 

418.60 1138.2 180 

1 2.71 0.43 

 
 

 
Table 4.2: Trial mix values 

 
Mix Type Cement(Kg/m3) R.H.A(Kg/m3) C.A(Kg/m3) Water (liters) 

Normal mix 450 0 1084.34 191.58 
10% R.H.A 405 45 1084.34 191.58 
20% R.H.A 360 90 1084.34 191.58 
30% R.H.A 315 135 1084.34 191.58 
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CHAPTER 5 

CASTING OF SPECIMENS 

 

5.1 General 

After completing the mix proportioning of materials concreting is done to represent 

the characteristics. Three types of concrete specimens are prepared in respective moulds in 

casting procedure. The type of specimens are Cubes. 

 

5.2 Casting Procedure 

a) Preparation of moulds:  

With proper fitting and oiling for easy removal of specimens the moulds should be 

prepared carefully.  

 

     
 

Figure 5.1: Preparation of moulds 
 

 

b) Calculation of materials:  

The required materials are calculated for casting. The materials should be dry and well 

graded.  

 

c) Mixing of materials:  

Mixing shall be done in mechanical mixers and manmade mix, only the mixer shall 

comply with IS1791:1968. In drum mixer, it is advisable to add dry material into the 

drum after that pour some water into the drum next to that measured aggregates and 

cement shall be poured into the drum and then the remaining water should be added to the 

mix and it shall be continued for at least 1 minute till a uniform mix is obtained. 
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Figure 5.2: Mixing of concrete 

d) Transporting:  

Concrete shall be transported from the drum mixer to the work area without any loss of 

time because if it is late there will be an addition of water to give workability but it lads to 

segregation of concrete. 

e) Placing:  

Place the concrete into the moulds with a trowel. The concreting should be done in layers 

of 5cm each. For each layer proper compaction is required by tamping bar. After 

compacting top layer, the moulds are vibrated on the vibrating table for better mixing and 

bonding.  

 

 

Figure 5.3 : Placing of concrete 

 

f) Compaction:  

After placing of concrete compaction should be done carefully with tamping rod. It 

should be compacted gently with tamping rod. 

 

g) Naming of the trails:  

Casted moulds are named and keep them aside for 24 hours for setting without any 

disturbance.  
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h) De-moulding:  

The specimens should be carefully removed after proper setting of concrete. The 

specimens are removed and then processed for curing days. 

 

   
  Figure 5.4: De moulding of cubes 

 

5.3 Casting of Cubes  

For each trail 3 cubes were casted for calculating 7 days and 28 days strengths. The 

dimensions of specimen for cube are of 150mm x 150mm x 150mm . The cast iron moulds 

are cleaned of dust particles with mineral oil on all sides before concrete is poured in to the 

moulds. The moulds are and applied placed on a level platform. This plastic concrete is 

placed in the cube, cylinder and beam moulds. After this the filled moulds are placed over the 

vibrator for compaction. After 24 hours the specimens are remoulded. 

 

5.4 Curing of Specimens 

           Curing is most important process in concreting. Concrete strength increases with age 

of curing. The specimens should keep in curing tank for better improvement in strength. 

Generally curing is done by pounding curing tanks. The water used for concrete curing 

should be free from salinity, scrap, vegetation and chemicals. We need to change the water 

for every 7 days of curing. The specimens are tested for 7 days and 28 days curing. 

 

Figure 5.5: Curing of cubes 
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CHAPTER 6 

TESTING OF SPECIMENS 

 

 6.1General 

 Calculation of   Hardened properties of concrete testing. The well cured specimens in 

curing tank are tested for Compressive strength. By taking out the specimens from the curing 

tank, the specimens were exposed to sun light for surface drying. After the drying process, 

the specimens are processed for testing. The specimens are tested for 7 days and 28 days 

strengths. In this chapter the testing procedures and formulations are discussed and presented 

as follows. 

 

6.2 Strength Properties 

6.2.1 Compressive Strength 

Compressive strength or crushing strength is the main property observed in testing the 

cubes. Cubes are tested to calculate compressive strength by applying gradual loading in 

compression testing machine. The measured compressive strength of the specimen shall be 

calculated by dividing the maximum load applied during the test by the cross sectional area 

calculated from mean dimensions of the section and shall be expressed to the nearest N/mm2. 

Among many test applied to the concrete, this is given out most important which has an idea 

view about all the characteristics of concrete. The cubes of size 150x150x150mm were 

casted.         

After 24 hours, the specimens are removed from the moulds and subjected to curing 

for 7 days and 28 days in portable water. After curing, the specimens are tested for 

compressive strength using compression testing machine of 2000 KN capacity (IS: 516 �± 

1959). The maximum load at failure is taken. A minimum of three specimens should be 

tested for determining strength. The average compressive strength of concrete specimens is 

calculated.  

The Compressive strength has been calculated by the formula:  

Compressive strength             = applied load/cross sectional area  

                                               = P/A  

                                               = load/area N/mm2 
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    Figure 6.1: Testing of cube 

 

6.3 Water Absorption of Pervious Concrete: [IS: 2386 �± (PART �± III) 1963]  

Water absorption is measured by measuring the increase in mass as a percentage of dry mass.  

It can be seen that surface water absorption is higher than internal water absorption for all the 

specimens. This is due to the rapid loss of water at the cover concrete during curing 

The water absorption of a concrete surface depends on many factors including: (a) concrete 

mixture proportions; (b) the presence of chemical admixtures and supplementary 

cementations materials; (c) the composition and physical characteristics of the cementations 

component and of the aggregates; (d) the entrained air content; (e) the type and duration of 

curing; (f) the degree of hydration or age; (g) the presence of micro cracks; (h) the presence 

of surface treatments such as sealers or form oil; and (i) placement method including 

consolidation and finishing. Water absorption is also strongly affected by the moisture 

condition of the concrete at the time of testing. 
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6.3.1 TEST PROCEDURE FOR WATER ABSORPTION TEST 

The 150 x150 mm cubes will be immersed in water for 28 days curing. These specimens will 

then oven dried for 24 hours at the temperature 110°C until the mass became constant and 

again weighed. This weight was noted as the dry weight (W1) of the block. After that the 

specimen will be kept in hot water at 85°c for 3.5 hours. Then this weight will noted as the 

wet weight (W2) of the block. The percentage Water Absorption (WA) is calculated as 

follows.  

% Water Absorption = [(W2 �± W1) / W1] x 100 Where, W1 = Oven dry weight of the cube 

in grams W2 = after 3.5 hour wet weights of cube in grams 

 

    

     Figure 6.2: Placing of cube in oven 

 

    

     Figure 6.3: water absorption of cube 
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               CHAPTER 7 

RESULTS AND DISCUSSIONS 

 

 

7.1 General 

 In this chapter the results are tabulated by calculating Fresh and Hardened properties 

of concrete. The Compressive strength is the main property for determining the concrete 

strength. In this the strength properties are calculated by replacing the cement with Rice husk 

ash at different proportions of 10%,20%,30% . The detailed tabulations and graphs are 

presented as follows. 

 
7.2 Compressive strength Results 

Table 7.1 Strength Properties for Nominal Mix 
 

 Compressive Strength 

S.NO                                           (Mpa) 
   

 7days 28days 
   

1 8.50 10.27 
   

2 8.54 10.30 
   

3 8.56 10.29 
   

4 Mean 8.533 Mean 10.28 
   

 
 

 Table 7.2 Compressive strength results 

   
           Compressive  Strength (Mpa) 

Rice husk Ash%   
 7 days 28 days 
   

0% 8.533 10.28 
   

10% 9.10 10.91 
   

20% 7.88 9.63 
   

30% 7.54 9.52 
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Graph 7.1  : Compressive strength of R.H.A concrete After 7and 28 days 
 
 

Observation from graph:  

Compressive strength is Optimum  when the cement is replaced With R.H.A by 10%    

weight of Cement. 

 
 

7.3 Water absorption results: 
 
 
% Water Absorption = [(W2 �± W1) / W1] x 100 Where, W1 = Oven dry weight of the cube 

in grams W2 = after 3.5 hour wet weights of cube in grams 

 
For control mix:  
    
    W1 = 8.10 kg 
 
    W2 = 8.8 kg 
 

% of water absorption = 8.64% 
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For 10% replacement of R.H.A : 
 
     W1 = 8.055 kg 

 
   W2 = 8.628 kg  
 

% water absorption = 7.11% 
 
 
For 20% replacement of R.H.A : 
 
     W1 = 7.99 kg 
    
     W2 = 8.54 kg 
  
     % water absorption = 6.8 % 
 
For 30% replacement of R.H.A : 
   
     W1 = 7.83  kg 
    
     W2 = 8.30 kg 
 
     % water absorption = 6.002 % 
 
 

 
 
        Graph 7.2 water absorption for different proportions of pervious concrete 
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CHAPTER 8 

CONCLUSIONS 

 

The major findings of this study can be summarized as follows 

1. Compressive strength of pervious concrete ranges from 7 to 9.5 Mpa for seven days and 

9.5 to 11 Mpa for twenty eight days . 

 

2. The optimum compressive strength is 10.91 Mpa for 10% replacement of R.H.A. 

 

3. The compressive strength of pervious concrete is increase up to 10% replacement of 

cement with R.H.A beyond that it is starting to decrease. 

 

4. Water absorption of pervious concrete after 28days ranges from 6.002% to 8.64%. 

 

5. The percentage of water absorption decreases with increase in percentage of R.H.A 
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ABSTRACT 

Transmission costs of electricity can be made more economical and effective by using light 
weight configuration of transmission line tower. Four legged transmission tower are most 
commonly used as transmission line tower. In this study an attempt is made to design, 
analyze and compare four legged model with different bracing system using common 
parameters such as constant height. This study includes designing the tower as 132KV single 
circuit transmission line tower by considering load conditions and wind forces as per IS: 
802(1995), IS: 800(2007), IS: 875(1987).Design parameters such as basic wind speed, 
influence of height above ground and terrain, design wind speed, design wind pressure, 
design wind force will be considered according to the above mentioned codes. This work is 
focused on selecting the most effective and economical section by conducting comparative 
study of both X and K bracing system towers. 
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CHAPTER 1 
INTRODUCTION  

1.1 General 

The requirement of electricity uses has continued to grow in every country, the amount of 

requirement being bigger in the developing countries. The transmission line towers are 

considered one of maximum important life-line structures that help in transmitting 

electric powered energy. The Transmission towers are essential for the cause of providing 

electricity to diverse areas of the nation. In present situation, there may be growth in 

building of power stations and consequent increase in energy transmission traces from the 

producing stations to the distinct corners. Interconnections between structures also are 

growing to enhance reliability and financial system. Transmission line should be solid 

and punctiliously designed so that they do now not fail all through herbal catastrophe and 

should agree to the countrywide and global popular. The planning and designing of a 

transmission line encompass some of requirements of both structural and electric. From 

the electrical point of view, the most important requirement is insulation and safe 

clearances of the strength sporting conductors from the ground. The cross-segment of 

conductors, the spacing between conductors, and the area of ground wires with appreciate 

to the conductors will decide the design of towers and foundations. Transmission line is 

an incorporated device inclusive of conductor subsystem, ground cord subsystem and one 

subsystem for each category of guide structure. Mechanical supports of transmission line 

represent a considerable portion of the price of the road and that they play a crucial 

position in the reliable power transmission. They are designed and built in huge form of 

shapes, types, sizes, configurations and materials. The supporting shape types utilized in 

transmission lines normally fall into one of the three categories: lattice, pole and guyed. 

The supports of EHV transmission traces are usually steel lattice towers. The value of 

towers constitutes approximately sector to half of transmission lines and for this reason 

ultimate tower design will bring in substantial savings. 
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1.2 Transmission tower 
 

 
 Fig.1.1 Transmission Tower 

 
Overhead transmission lines play a significant role inside the operation of dependable 

electricity equipment. Sustained business throughput and performance of operations of 

essential sectors of the countrywide economic system rely highly on protection and 

reliability of energy lines. Transmission line towers are used to aid the electricity 

conductors on the stipulated clearances from ground and different carrying out media. 

From the point of electricity transmission, the tower shape is considered as 

nonproductive. Conductors are considered as efficient and costs 36% of transmission line 

machine. The tower shape and basis expenses are 33% and 14% respectively. This 

without a doubt shows that the nonproductive charges are a good deal higher than the 

productive fees and emphasizes the significance of affecting all possible economies in 

towers and foundations from design stage to erection. Transmission line towers are 

erected in large numbers and therefore their designs ought to be commercially 

competitive. Substantial financial savings in materials can be performed through choice 

of efficient structural configuration and highest quality designs without compromising at 

the safety and reliability of towers. The geometry of the tower is mainly governed by 

means of the practical and structural requirements such as 

�” The line voltage 
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�” Number of circuits to be carried 

�” The location of the tower in the line 

�” Arrangement of conductors and earth wires 

�” Sag-tension properties of the conductors and ground wires 

�” Electrical clearance requirements 

�” Arrangement of insulator strings 

�” Landscape / terrain 

Bracing elements are used to decrease the slenderness ratio of the main contributors 

thereby growing their sporting ability. The force within the bracing depends on the 

stiffness of the bracing. The most usually used bracing structures in transmission line 

towers are Single lattice bracings X or Cross bracing and K- bracing. A standard 

transmission line tower, its elements and the loads to which they are subjected are explain 

in Figure 1.1. The design of transmission line towers, which are heavily produced, is 

commonly based on minimum weight philosophy. The towers, in fashionable, are of 

lattice type which include legs, number one, secondary bracings and cross arm 

individuals. The structural design of the tower is particularly ruled with the aid of the 

wind hundreds performing at the conductor /tower frame, self-weight of the conductor 

/tower and different masses due to line deviation, damaged twine condition, cascading, 

erection, maintenance, and many others. The towers also are checked for other incidental 

environmental hundreds like icing, wind impact on icing and everyday temperature 

variations, and many others. The tower is modeled as a pin jointed space truss for the 

evaluation. For the member layout, quit restraint (both as pinned and as partially 

restricted) and stop eccentricities within affordable limits are considered. Linear static 

analysis is carried out to acquire the member forces assuming that each one participant 

are subjected to best axial forces and the deformations are small. The members are 

designed based totally on the winning codes of practice. Bearing kind bolted connections 

are used to connect the tower individuals with nominal bolts. Proof checking out of 

systems is essential to confirm the engineering components of the layout process. The 

evidence check demonstrates the efficiency of the evaluation approaches used in 

calculating the load results from design loads, the adequacy of the electricity and the 

detailing of the structural additives. Full scale testing of towers provide an insight into the 
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real stress distribution in unique tower configurations, pressure-suit verification, and 

motion of the structure in deflected positions, adequacy of connections and other 

detailing. Generally, these tests are made on the prototype towers prior to the producing 

technique or beneath certain situations, these assessments may also be made as 

recognition check for a batch of towers. In view of the above, maximum of the energy 

transmission tower industries everywhere in the global have made evidence testing of 

transmission line towers obligatory. Study of test outcomes offers a perception into the 

behavior of the system and it also enables in arriving at suitable remedial measures within 

the event of premature failure of towers. 

 

1.3 Need for the study 

Most of the earlier studies have been concentrated on additives along with single attitude 

behavior, X and K braced panels. Studies on failure of full scale transmission line towers 

are accomplished by way of very few researchers. 

Literature to be had at the experimental behavior of complete scale transmission line 

towers is scant. Hence specified investigations have been conducted on the failure of 

transmission line towers. Lattice towers include primary contributors like leg and bracing 

members. The secondary bracing members are supposed to aid the primary participants at 

their intermediate duration, as a result, reducing their powerful period and increasing 

their buckling power. The lattice towers are generally analyzed assuming the contributors 

to be concentrically related using hinged joints so that the forces in the angle contributors 

are only axial. Under this assumption, the forces within the redundant are negligibly 

small or zero and subsequently are not covered within the linear evaluation models. 

However, the main legs and the bracing contributors aren't axially loaded and the 

redundant forces aren't negligibly small, because of the following reasons: 

The foremost legs are commonly continuous via the joint. 

Usually more than one bolt is used in the connections and subsequently the joints are 

semi rigid. 

The angle members are typically bolted through best one in every of their legs and as a 

result the pressure transfer inside the member is eccentric. 
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The joints are flexible because of the local deformation of the leg of the angles beneath 

the focused bolt forces. 

The towers with high electric rankings have a tendency to be flexible and therefore 

equilibrium in the deformed configuration has to be considered. 

The compression member deformation increases the bending moments (P- effects). 

Therefore, the angle contributors of the tower experience each axial force and bending 

moments, even properly before the tower fails. This additionally produces forces in the 

redundant participants because of typical body movement, which isn't always negligible 

as often assumed in designs. The Indian Standard IS:802 - Use of Structural Steel in 

overhead Transmission line towers �± Part 1 gives six buckling curves for computing the 

buckling pressure of hot rolled angles similar to ASCE 10-ninety seven preferred 

primarily based on slenderness ratio and end conditions. The permissible stress curves are 

primarily based on Euler formula in the elastic range and Structural Stability Research 

Council (SSRC) method in the inelastic range for concentrically loaded columns. The 

influence of stop fixity is believed to have negligible impact.  
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CHAPTER-2 

   LITERATURE REVIEW   

V. Lakshmi, A. Rajagopala Rao  �³�(�)�)�(�&�7�� �2�)�� �0�(�'�,�8�0�� �:�,�1�'�� �,�1�7�(�1�6�,�7�<�� �2�1��

�����0�� �������N�9�� �7�5�$�1�6�0�,�6�6�,�2�1�� �7�2�:�(�5�´�� �$�V�V�L�V�W�D�Q�W�� �3�U�R�I�H�V�V�R�U���� �&�L�Y�L�O�� �(�Q�J�L�Q�H�H�U�L�Q�J���� �-�1�7��

University Kakinada, Andhra Pradesh, India, Professor of Civil Engineering (Retd) JNT 

University Kakinada, Andhra Pradesh, India, ISSN: 2250�±3676 Volume-2, Issue-4, 820 �± 

824. 

CONCLUSIONS: 

The results revealed that the bottom tier members have more roles in performance of the 

tower in taking axial forces and the members supporting the cables are likely to have 

localized role.   

The vertical members are more prominent in taking the loads of the tower than the 

horizontal and diagonal members. The members supporting the cables at higher elevation 

are likely to have larger influence on the behaviour of the tower structure. The effect of 

twisting moment of the intact structure is not significant. 

 

Shivam Panwar et. al. (2016) Design and evaluation of the considered energy machine 

has been finished the use of STAAD.ProV8i. Under the layout and analysis of the 

machine, the effect of wind and earthquake masses were studied and the consequences so 

obtained had been in comparison for wind zones II and IV (seismic region IV) for the 

equal configuration of tower.  

CONCLUSIONS: 

The results revealed that there is large change in the bending moment of the front 

members of the cross arm at the two different locations. Transmission tower with same 

bracing can be used at these two different wind zones with same seismic zone by using 

different steel members at different phases of the transmission tower according the effect 

of the load on the specific location members.  

 

D.B.Sonowal, J.D.Bharali �³Analysis and Design of 220 kV Transmission Line Tower(A 

�F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �P�H�W�K�R�G�� �R�I�� �D�Q�D�O�\�V�L�V�� �D�Q�G�� �,�Q�G�L�D�Q�� �&�R�G�H�� �E�D�V�H�G�� �'�H�V�L�J�Q���´ IOSR Journal of 
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Mechanical and Civil Engineering, Department of Civil Engineering Tezpur University, 

Napaam 784028, Assam, India, e-ISSN : 2278-1684, p-ISSN : 2320�±334X 

CONCLUSIONS:  

The results revealed that the transmission line tower is a statically indeterminate structure 

and the manual analysis of such a structure is very complex. In summary, the study 

presented here would certainly useful for Design Engineers basically for the new learners 

for better understanding the behaviors and the method of analysis and design of the 

transmission tower as per Indian Standard Codes of practice in a very simple and easy 

manner. 

Archana R, Aswanthy S Kumar �³�$�Q�D�O�\�V�L�V�� �D�Q�G�� �'�H�V�L�J�Q�� �R�I�� �)�R�X�U�� �/�H�J�J�H�G�� �7�U�D�Q�V�P�L�V�V�L�R�Q��

�7�R�Z�H�U�´���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���M�R�X�U�Q�D�O���R�I���V�F�L�H�Q�F�H���D�Q�G���U�H�V�H�D�U�F�K�����9�R�O�X�P�H���������,�V�V�X�H���������-�X�O�\���������� 

CONCLUSIONS: 

The resulted reveals that the angular section is more economical than the other section. 

The angular section is found to have the lesser amount of displacement throughout the 

height of the tower as compared with the other sections. This implies that this section 

behaves more rigidly than the other section tower. The angular sections are found to have 

lesser amount of axial forces in comparison with the other section of tower. From the 

whole analysis it is concluded that angular section is more economical and more effective 

section compared with other sections. 
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CHAPTER-3 

TRANSMISSION LINE TOWER  

3.1 Introduction  

A transmission tower or power tower is a tall structure, usually a steel lattice tower, used 

to support an overhead power line. 

They are used in high-voltage AC and DC systems, and come in a wide variety of shapes 

and sizes. Typical height ranges from 15 to 55 m (49 to 180 ft), though the tallest are the 

370 m (1,214 ft) towers of a 2,700 m (8,858 ft) span of Zhoushan Island Overhead Power 

line Tie. In addition to steel, other materials may be used, including concrete and wood. 

Three phase electric power systems are used for high voltage (66- or 69-kV and above) 

and extra-high voltage (110- or 115-kV and above; most often 138- or 230-kV and above 

in contemporary systems) AC transmission lines. In some European countries, e.g. 

Germany, Spain or Czech Republic, smaller lattice towers are used for medium voltage 

(above 10 kV) transmission lines too. The towers must be designed to carry three (or 

multiples of three) conductors. The towers are usually steel lattices or trusses (wooden 

structures are used in Canada, Germany, and Scandinavia in some cases) and the 

insulators are either glass or porcelain discs or composite insulators using silicone rubber 

or EPDM rubber material assembled in strings or long rods whose lengths are dependent 

on the line voltage and environmental conditions. 

Typically, one or two ground wires, also called "guard" wires, are placed on top to 

intercept lightning and harmlessly divert it to ground. 

Towers for high- and extra-high voltage are usually designed to carry two or more 

electric circuits (with very rare exceptions, only one circuit for 500-kV and higher). If a 

line is constructed using towers designed to carry several circuits, it is not necessary to 

install all the circuits at the time of construction. Indeed, for economic reasons, some 
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transmission lines are designed for three (or four) circuits, but only two (or three) circuits 

are initially installed. 

Some high voltage circuits are often erected on the same tower as 110 kV lines. 

Paralleling circuits of 380 kV, 220 kV and 110 kV-lines on the same towers is common. 

Sometimes, especially with 110 kV circuits, a parallel circuit carries traction lines 

for railway electrification.  

3.2 Types of towers 

There are four major categories of transmission towers: suspension, terminal, tension, 

and transposition. Some transmission towers combine these basic functions. 

Transmission towers and their overhead power lines are often considered to be a form 

of visual pollution.  

3.2.1 Suspension tower  

In an electric power transmission line, a suspension tower is where the conductors are 

simply suspended from the tower, the mechanical tension being the same on each side. 

 
Fig 3.1 Suspension Towers 

In this case, the tower is supposed to carry a downward force, and a lateral force, but not 

a longitudinal force.  
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These may have, for each conductor, an insulator string hanging down from the tower, or 

two strings making a "V" shape. In either case, sometimes several insulator strings are 

used in parallel to give higher mechanical strength. These are used where a transmission 

line continues in a straight line, or turns through a small angle. In other cases, a tension 

tower (C or D Towers) is used. 

 

3.2.2 Tension tower 

Tension towers use at locations where the angel of deviation is more than degree of 

5. Tension towers are also known as angle towers and these type of tower are designed to 

take the tension load of the cable. 

The piece of line form one angle tower to other angle tower is known as section and 

length of the section may vary and depend on the geographical location. Suspension 

towers are light weight and much economical compare to angle towers. 

 

 
   Fig 3.2 Tension Tower 

3.2.3 Transposition tower 

In electrical power transmission, a transposition tower is a transmission tower that 

changes the relative physical positions of the conductors of a transmission line in 

a Polyphase system. A transposition tower allows these sections to be connected together, 

while maintaining adequate clearance for the conductors. This is important since it 



11 
 

distributes electrical impedances between phases of a circuit over time, reducing the 

problem of one conductor carrying more current than others. 

 
         Fig 3.3 Transposition Tower 

Double-circuit lines are usually set up with conductors of the same phase are placed 

opposite each other. This reduces the reactance due to mutual inductance; the reactance 

of both circuits together is less than half that of one circuit. For example, a section of a 

line may be (top-to-bottom) phases A-B-C on the left, also phases C'-B'-A' on the right. 

The next section may be B-C-A on the left, also A'-C'-B' on the right. Therefore, the 

rotation on each side of the tower will be opposite. 

3.2.4 Terminal tower 

A terminal tower is a fully self-supporting structure used in construction of overhead 

power lines. A dead-end transmission tower uses horizontal strain insulators at the end of 

conductors. Terminal towers may be used at a substation as a transition to a "slack span" 

entering the equipment, when the circuit changes to a buried cable, when a transmission 

line changes direction by more than a few degrees, or just once in a while to limit the 

extent of a catastrophic collapse.  

Since dead-end towers require more material and are heavier and costlier than suspension 

towers, it is uneconomic to build a line with only self-supporting structures.  
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Fig 3.4 Terminal Tower 

Terminal towers are used at regular intervals in a long transmission line to limit the 

cascading tower failures that might occur after a conductor failure. An in-line terminal 

tower will have two sets of strain insulators supporting the lines in either direction, with 

the lines connected by a jumper between the two segments. Terminal towers can resist 

unbalanced forces due to line weight and tension, contrasted with suspension 

towers which mostly just support the conductor weight and have relatively low capacity 

for unbalanced load. Terminal towers may use earth anchor cables to compensate for 

the asymmetric attachment of the conductors. They are often used when the power line 

must cross a large gap, such as a railway line, river, or valley. 

3.3 Bracing 

A braced frame is a structural system commonly used in structures subject to lateral 

loads such as wind and seismic pressure. The members in a braced frame are generally 

made of structural 

steelwhichcan work effectivelybothin tension and compression.The beams and columns t

hat form the framecarry vertical loads, and the bracing system carries the lateral loads. 

The positioning of braces, however, can be problematic as they can interfere with 

the design of the façade and the position of openings. Buildings adopting high-tech or 

post-modernist styles have responded to this by expressing bracing as an internal or 

external design feature. 
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3.3.1 Types of bracings 

�x Single diagonal bracing 

 

Fig.3.5 Single diagonal bracing 

 This is the simplest form of bracing. The wind shear at any level is shared by the 

single diagonal of the panel. Such bracing is used for towers up to 30m height. 

 

�” X-X bracing 

       

Fig.3.6 X-X bracing 

   This is double diagonal system without horizontal bracing, and used for towers up to 
50m height. 
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�x K-Bracing 

 

       Fig 3.7 K-Bracing 

    Such bracings give large head room, and hence bracing can be used in lower panels 

where large head room is required and can be used for up to 50- 200m height. 

�x X B X Bracing 

 

            Fig 3.8 X B X Bracing 

This is combination of XX and XB bracing where horizontal members are 

provided only at the level of crossing of diagonals this system is suitable for 

towers of 50- 200 m height. 
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�x W  Bracing 

 

    Fig 3.9 W-Bracing 

This system uses a number of overlapping diagonals. The effective length of diagonals 

is reduced the system is quite rigid and can be used for 50- 200m height. 

�x Y-Bracing 

 

         Fig. 3.10 Y-Bracing 

This system gives the larger head room and can be used for lower panels. The system 

is statically determinate. In most of the transmission line towers, lower panels are 

either Y-braced on K-braced upper panels are X-B braced on K-braced. 

�” Arch-Bracing 

     Such a bracing can be adopted for wider panels. This system also provide greater 

head room. The system is statically determinate. 
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�x Subdivided V-bracing 

Such a bracing are used for tall towers of communication systems, radio and 

television transmission etc; for heights between 50 to 200m. 

   3.4 Components of Transmission Tower: 

1. Cage of Transmission Tower 

2. The boom of Transmission Tower 

3. Body of Tower 

4. Cross Arm of Transmission Tower 

5. The peak of Transmission Tower 

3.4.1 Cage of tower: 

The area between the tower body and peak is known as the cage of the Transmission 

Tower. The main vertical section of any transmission tower is named as a cage. 

Normally cross-section of cage take square shape and the shape also depends on the 

height of the transmission line. 

 
Fig 3.11 Cage of tower  

3.4.2 Body of Tower: 

The tower body is the main part of the tower which connects the boom and the cage to 

tower foundation on body extension or the leg extension. The shape of the body is square 
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type and tower body consists of two columns which connected at the end of the 

foundations. The body is the largest part of the transmission tower and according to the 

voltage level the size of transmission tower body is also changing. 

 
Fig 3.12 Tower body 

 
3.4.3 Cross Arm of Transmission Tower: 

Cross Arm is one of the key components of the transmission line and it holds the power 

conductor. Cross arm can vary due to the location and power carried by the transmission 

line. A number of cross arms depend on the number of circuits consists in Transmission 

Line. 
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Fig 3.13 Cross arms 

 
3.4.4 The peak of Transmission Tower: 

The Peak of the tower is mainly used for lay ground wire in suspension clamp and 

tension clamp in suspension and angle tower locations. The peak is a portion of the above 

vertical configuration of the top cross arm. We can simply say that Peak is the section 

above the boom in case of the horizontal section of the tower. The peak height depends 

on the specific angle of shield and clearance of mid-span. 

 
       Fig 3.14 Peak of the tower 
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CHAPTER -4 

MANUAL DESIGN  

4.1 Dimension details 

1. Voltage of transmission = 132 kV 

2. Power conductor 

30 mm diameter A.C.S.R (aluminium cable steel reinforced conductors  

(Consisting of 54 strands of 3 mm diameter of aluminium and 7 strands of 3 

mm diameter of steel) shall be used. 

Unit weight of conductor = 16.76N/m (0.01676kN/m) 

Permissible axial tension =35.60kN  

�<�R�X�Q�J�¶�V���P�R�G�X�O�X�V���R�I���H�O�D�V�W�L�F�L�W�\��� �������������[������5 N/mm2 

�&�R�H�I�I�L�F�L�H�Q�W���R�I���H�[�S�D�Q�V�L�R�Q��� �����������������������• 

Shape factor for conductor = 0.67 

3. Ground wire  

10mm diameter galvanized steel wire shall be used  

Permissible axial tension = 25.40kN 

4. Clearance requirements 

Vertical height of conductor above ground = 6.7(m) 

Vertical spacing between power conductors = 3.5(m) 

Horizontal spacing between power conductors =6.25(m) 

Height of ground wire above topmost power conductor shall be half of the 

horizontal spacing of power conductors. 

Telegraph wires shall not be provided under the transmission line. 

5. Variation of temperature   

     Range = �����W�R�������ˆc 

6. Wind 
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          Uniform intensity of wind =1.50kN\m2 

7. Snow  

Snowfall is not expected 

Tangent of the tower with not more than 2�h line deviation shall be erected, 

Weight span of tower = wind span =240m. 

 

Step 1: Geometry of tower 

  The total height of tower is decided keeping in view the clearance 

requirements and maximum sag for power conductions. 

1. Clearance requirements  

Vertical height of conductor above ground =6.70m (min) 

Vertical spacing between power conductors = 4.00m 

Provided more than minimum of 3.5m 

Height of the ground wire above top-most  

 Power conductor ½ x 6.25m = 3.12 

     Total   13.82m 

1. Maximum sag for power conductor  

Sag below lowest wire support, from Eq.13.1 

 

     d = (w.L2/8PH) 

 Step   2: Tension in transmission cable  

Both the supports of wire are the considered at one level. The weight span 

of tower is 240 m. Weight of the conductors at minimum temperature and not 

wind, w2 =16.76N/m. 

Horizontal component of wire pull, p from Eq. 13.4. 

T2
2 [(T2-T1) +w1

2.L2EA/24T1
2+ (t2-t1�����.�����(�$�@��� �����Z1

2.L2EA/24) 

Where, T1 = Permissible tension in the conductor = 35.60kN 
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    T2   = Tension in the cable at mid-span, 

   A = Effective cross-sectional area (It is calculated on basis of net area of 

each stand) 

 �$��������� ���������������������Œ�������[����2 =431.8 mm2 

  (t2 - t1)  = Variation of temperature   

  � ��������-������� �������ˆ�F 

 E = 0.842 x 105 N/mm 

Since, the wind gusts are not likely to cover complete span, and the swinging of 

the conductors continues, the intensity of wind is decreased to 75 percent. 

 Wind load = (0.75 x 1.50) x 0.667 x 0.03 kN/m  

  w1 = 0.0225kN/m 

Weight of the conductor at minimum temperature with wind, 

  w2 = [0.02252 + 0.016762]1/2 

        = 0.02806 kN/m 

T2
2[T2-35.60 

+(2.8062×2402×0.842×105×431.18÷100×100×24×35.60×35.60×1000)+(55×0.000

01992÷1000)×0.842×105×431.18] 

= (1.6762×2402×0.842×105÷100×100×24×1000)×431.18 

T2
2 + 58.308.T23 = 2.4475×104 

58.308T22+T2
3 = 2.4475×104 

�1 T2
 = 17.918kN 

At mid span PH = T2 = 17.918kN 
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Maximum sag of the conductor at mid span  

 d = (wL2/8PH) = (0.01676×240×240/8×17.918) = 6.7347m 

Step 3: Height of tower  

From clearance requirements  = 13.82m 

Maximum sag of the conductor  = 6.7347m 

  Total    = 20.5547 

Height of the tower may be fixed as 21m. 

Step 4: Width of the base of tower  

For stability requirements, the width of the tower at the base is kept as 

1/4th×height of the tower = 21/4 = 5.25m 

The width of the tower at the base may be adopted as 5.50m.The complete 

proposed geometry of tower. 
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4.2 Four legged tower with X-bracing: 

    

Fig 4.1 Four Legged Tower with X Bracing 

 Length of members  

             DD' = 2(2.75 - 0.75) × 2/16 + 1.50 = 2.00 m 

             CC' = 2(2.75 - 0.75) × 4/16 + 1.50 = 2.50 m 

             BB' = 2(2.75 - 0.75) × 10/16 + 1.50 = 4.00 m 

             AA' = 2(2.75 - 0.75) × 16/16 + 1.50 = 5.50 m 

             EE' = FF' = GG' = 1.50 m 

             ED = E'D = (22 + 0.252)1/2 = 2.0155 m 
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             DC = D'C' = (22 + 0.252)1/2 = 2.0155 m 

             CB = C'B' = 62 + 0.752)1/2 = 6.0467 m 

             BA = B'A' = (62 + 0.752)1/2 = 6.0467 m 

 DE' = ED' = (22 + 1.752)1/2 = 2.6575 m 

 DC' = CD' = (22 + 2.252)1/2 = 3.0104 m 

 CB' = BC' = (62 + 3.252)1/2 = 6.8326 m 

 BA' = AB' = (62 + 4.752)1/2 = 7.6526 m 

Length of each diagonal in the upper four panels 

= (1.002 + 1.52)1/2 =1.8028 m 

GH = G'H = 12 + 0.752)1/2= 1.25 m 

Forces: 

Various forces acting on the tower under the normal operating conditions of the 

conductors are as below: 

1. Lateral force due to wind. 

The lateral force due to wind acting at every panel joint is found as a 

product of intensity of wind and the exposed area of the members of tower 

consists of projected area of the windward face plus fifty percent of that of the 

leeward face. In order to estimate projected area, the sizes of members taken are 

as under: 

Column sizes for complete length: ISA 130mm×130mm×10mm  

Horizontal members for panel joint: ISA 80mm×80mm×6mm 

Other horizontals, diagonals and secondary members of nominal (minimum) size: 

ISA 65mm×65mm×6mm. 

The member sizes are compared with those found after their design. 
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1. Panel joint B (Exposed area for windward plus leeward faces) 

Columns:      2× (AB+BC/2) ×0.130×1.50 

                     2× (6.046+6.0467/2) ×0.130×1.50 = 2.358 m2 

Horizontal:   1×BB'×0.080×1.50 

        1×4×0.080×1.50 = 0.480 m2 

Diagonals:    2× (BA'+BC'/2) ×0.065×1.50 

        2× (7.6526+6.8236/2) × 0.065×1.50 = 1.411 m2 

�6�H�F�R�Q�G�D�U�\�¶�V�������������î�����������î����������� ���������������P2 

TOTAL = 4.737 m2 

Lateral force due to wind = 1.50×4.737 = 7.1055kN. 

2.  Panel joint C (Exposed area for windward plus leeward faces) 

Columns:      2× (CB+CD/2) ×0.130×1.50 

                     2× (6.046+2.0115/2) ×0.130×1.50 = 1.572 m2 

Horizontal:   1×CC'×0.065×1.50 

        1×2.5×0.065×1.50 = 0.244 m2 

Diagonals:    2× (CB'+CD'/2) ×0.065×1.50 

        2× (6.8234+3.0104/2) × 0.065×1.50 = 0.959 m2 

�6�H�F�R�Q�G�D�U�\�¶�V�����������î�����������î����������� ���������������P2 

TOTAL = 3.116 m2 

Lateral force due to wind = 1.50×3.116 = 4.6740kN. 

3.  Panel joint D (Exposed area for windward plus leeward faces) 

Columns:      2× (DC+DE/2) ×0.130×1.50 

                     2× (2.0155+2.0155/2) ×0.130×1.50 = 0.786 m2 

Horizontal:   1×DD'×0.065×1.50 

        1×2×0.065×1.50 = 0.195 m2 

Diagonals:    2× (DC'+DE'/2) ×0.065×1.50 

        2× (3.0104+2.6575/2) × 0.065×1.50 = 0.533 m2 
 

TOTAL = 1.514 m2 

Lateral force due to wind = 1.50×1.514 = 2.2710kN. 

4. Panel joint E (Exposed area for windward plus leeward faces) 
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Columns:      2× (ED+EF/2) ×0.130×1.50 

                     2× (2.0155+2.0/2) ×0.130×1.50 = 0.783 m2 

Horizontal:   1× (EE'×0.75) ×0.065×1.50 

        1× (1.50×0.75) ×0.065×1.50 = 0.219 m2 

Diagonals:    (ED'/2+2 ×1.8021) ×0.065×1.50 

        ((2.6575/2)+2×1.8028) × 0.065×1.50 = 0.481 m2 

Cross arms    = 0.750 m2      TOTAL = 2.233 m2 

 Lateral loads 

Lateral load due to wind = 1.50×2.233 = 3.3495kN. 

Lateral load due to wind acting on the conductor. 

     IS: 802 (Part I) �± 1967 recommends that projected area of conductors is                       

found as 0.667 times its diameter and the intensity of wind is decreased by 

percent in order to account the swinging effect of the conductors 

   240× 0.020×0.667×1.50×0.750 = 5.4027kN 

 Lateral load due to deviation of conductor from the tangent line. 

Three adjacent towers 1, 2, 3 are shown in Fig. Each conductor deviates from the 

�W�D�Q�J�H�Q�W�� �O�L�Q�H�� �E�\�� �§�� � �� �������h.The permissible tension, T in the cable is 35.60kN.The 

lateral loads acting on the conductor at the level of conductor  

  ���7���V�L�Q���§��� �������������î�V�L�Q�������h 

        = 2×35.60 × 0.026176 

                                = 1.86kN 

  Total lateral load at the panel joint E 

  (3.3495 + 5.4027 + 1.86380) = 10.616kN 

 5. Panel joint F (Exposed area for windward plus leeward faces)   

 Columns:       (2 × 2 × 0.130 × 1.5) 
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 Horizontals: (EF' + 2 × 0.75) × 0.065 × 1.50 

   (1.50 + 2 × 0.75) × 0.65 × 1.50 = 0.2925 m2 

 Diagonals:   4 × 1.8028 × 0.065 × 1.50            = 0.7031 m2 

 Cross arms                                         = 0.75 m2 

       Total     = 2.5356 m2 

 1. Lateral load due to wind                            = 1.50 × 2.5256 = 3.7884kN 

 2. Lateral load due to wind acting on the conductor = 5.4027kN 

 Its magnitude is equal to that for panel joint E. 

 3. Lateral load due to deviation of the conductor from the tangent line. 

  = 1.8638kN 

  Its magnitude is equal to that for the panel point E. 

  Total lateral load at the panel joint F 

    (3.7448 + 5.4027 + 1.8638) = 11.0549 KN 

 6. Panel joint G 

        Total lateral load at the panel joint G is equal to that for the panel joint F 

                              = 11.0549kN 

 7. Panel joint H 

  Cross arms and bracings   = 0.80 m2 

  Lateral load due to wind 

      =1.50 × 0.80 = 1.20kN 
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Lateral load due to wind acting on the ground wire (10 mm diameter 

galvanized steel wire) 

      = 240 × 0.010 × 0.667 × (1.50 × 0.75) 

                        = 1.8009kN 

  Lateral load due to deviation of the ground wire from the tangent line  

                         � �����7���V�L�Q���������h��� �������î�������������î������������������ 

                         = 1.32794kN 

 Total lateral load at the panel joint   = (1.20 + 1.8009 + 1.32974) = 4.3306kN 

These lateral loads are resisted by two faces of the tower. As such, the lateral forces 

acting on one tower are made half and these loads have been listed. 

Lateral loads resisted by tower at different panel joints 

Table 4.1 Lateral forces resisted by tower at different panel joints for X bracing 

Lateral Force 
Under the Condition 

1(kN) 2(kN) 3(kN) 

PH 0.50×4.3306 0.50×4.3306 0.50×3.61024 

PG 0.50×11.0549 0.50×8.8938 0.50×11.0549 

PF 0.50×11.0549 0.70×11.0549 0.50×11.0567 

PE 0.50×10.6160 0.50×10.6160 0.50×10.6160 

PD 0.50×2.2710 0.50×12.2710 0.50×2.2710 

PC 0.50×4.6740 0.50×4.6740 0.50×4.6740 

PB 0.50×7.1055 0.50×7.1055 0.50×7.1055 
Dead load acting on tower 

 �6�H�O�I���Z�H�L�J�K�W���R�I���W�R�Z�H�U���L�V���I�R�X�Q�G���I�U�R�P���5�\�O�H�¶�V���I�R�U�P�X�O�D 

   W = 0.04H.M1/2 

 Where, W = Self weight of tower in kN 
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   H = Height of the tower in m     

   M = Total moment due to lateral forces about the base in kN-m 

  M = (PH×21)+(PG×20)+(PF×18)+(PE×16)+(PD×14)+(PC×12)+(PB×6)  

=(4.3306×21)+(11.0549×20)+(11.0549×18)+(10.6160×16)+(2.2710×14)+

(4.6740×12)+(4.71055×6)  

       = 811.3998kN-m 

Therefore, 

 W = 0.0004×21× (811.3998)1/2×100kN    = 23.9273kN 

Trail weight of the tower 

 The sizes of various members have been assumed to determine the lateral forces 

due to wind. The trial weight of the tower may be found measuring the lengths and by 

multiplying by their respective unit weights (which may be noted from ISI Handbook 

No.1). 

Columns: ISA 130mm×130mm×10mm @ 0.107 kN/m 

       = 4× [(2×5.467) + (4×2.0155)] × 0.197 

           = 15.8580kN. 

Diagonals: ISA 65mm×65mm×6mm @ 0.058 kN/m 

        = 4× [(2×7.656) + (2×6.8236) + (2×3.0104) + (2×2.6575)] ×0.058 

           = 3.3468kN. 

Horizontals: ISA 80mm×80mm×6mm @ 0.073 kN/m 

          = 4×4 ×0.073 

              = 1.1610kN. 
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      ISA 65mm×65mm×6mm @ 0.058 kN/m 

        = 4× [(2.5×2) + (5×1.5)] × 0.058 

            = 2.7840kN. 

�6�H�F�R�Q�G�D�U�\�¶�V�����,�6�$�������P�P�î�����P�P�î���P�P���#���������������N�1���P 

            = 4×5×3.5×0.058 

            = 1.9720kN 

Cross-arms = 5.5252kN 

Total Estimated weight of the tower = 40.00kN 

Weight of three power conductors = 3×240×0.01676 

         = 12.0672kN 

Weight of ground wire = 240×0.006 = 1.44kN 

Weight of lineman with tools as recommended in IS: 801 = 1.50kN 

Total dead load = 55.007kN 

 Various forces acting on the tower under top-most power conductor in 

broken condition are as below: 

Lateral loads due to wind at panel joints B, C, D, E, F and H remain unaltered where as 

the lateral load at the panel joint G  is as under: 

Due to wind (unchanged) = 3.789kN 

Due to wind on the conductors (broken condition) for 60percent span  

 (0.60×240)× (0.030×9.667) × (1.50×0.750) 

 = 3.24162kN 

Due to deviation of the conductor from the tangent line (unchanged) 

=1.8638kN 

Total = 8.89382kN 
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These lateral loads have been listed in Table 4.1   

The broken power conductor causes a longitudinal tensile force on the tower =60 percent 

of working tension  

= 0.60 ×35.00 

= 21.36kN 

The broken tower conductor also cause torsional force as shown in Fig 4.2 

 
Fig 4.2 Torsional force 

2F1×a = T × b 

2×F1×1.50 = 21.36×3.125 

 F1 = 22.25kN 

Dead load 

As one conductor is broken, its 40 percent weight is reduced from that calculated above  

  (0.40×240×0.01676)  = 1.6089kN 

Total dead load = (55.0072-1.6089) = 53.3982kN  

 

3. Various forces acting on the tower underground wire in broken conditions  

Lateral loads due to wind at the panel joints B,C,D,E,F and G remains unchanged 

where as the lateral load at the panel joint H is as under 

      Due to wind (unchanged)                                  =1.20kN 

      Due to wind on the ground                                 
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      (Broken condition) for 60 percent span 

      (0.60 × 240 × (0.010 × 0.667) × (1.50 × 0.75) = 1.0805kN 

     Due to deviation of the ground wire from the tangent line (unchanged) 

                                                                                = 1.32974kN 

                                                           Total            = 3.61024kN 

    These lateral loads are also listed in table 13.2 

    The broken ground wire cause a longitudinal tensile force on the tower 

= 100 % of working tension = 25.40kN 

 Dead load 

As the ground wire is broken, its 40% weight is reduced from that calculated in the first 

condition 

   = 0.4 x 240 x 0.006 = 0.576kN 

Total dead load = (55.0072 �± 0.5760 = 54.4312kN 

The lateral forces acting on one face of the tower at the various panel joints are 

shown in Fig 4.1 

STRESSES 

 STRESSES IN VARIOUS MEMBERS OF THE TOWER UNDER NORMAL 

OPERATION CONDITION OF THE CONDUCTOR ARE AS FOLLOWS: 

  The transmission line tower as shown in is highly indeterminate. The stresses in 

the various members may be found by approximate method. The tower is reduced to 

determinate plane frame as by neglecting the horizontal and secondary members. 

The horizontal reaction at the foot of each column is equal to half the sum of total load 

acting on one face of the tower  

     = 12.7767kN 

The maximum bending moment about the base of one tower  

     M1=0.5×811.3998 
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          =405.6999kN-m 

The spacing between the columns is 5.50 m 

Vertical reaction = (405.6999/5.5) = 73.7636kN 

The axial forces in the column and diagonal members of the bottom panel are found by 

resolving the forces horizontally and vertically. 

   Axial force in column   = 68.96306kN 

Axial force in diagonal = 6.80344kN 

The axial forces in the column and diagonal members of the third panel from bottom are 

found by method of sections and horizontal equilibrium. 

   Axial force in column   = 44.6882kN 

   Axial force in diagonal = 6.90945kN 

The axial forces in the column and diagonal members of the fifth panel from bottom are 

found by method of sections and horizontal equilibrium. 

   Axial force in column   = 24.2907kN 

   Axial force in diagonal = 7.9444kN 

STRESSES IN VARIOUS MEMBERS OF THE TOWER UNDER TOP MOST 

POWER CONDUCTOR BROKEN CONDITION ARE AS FOLLOWS: 

1. Stresses due to lateral forces (wind forces) 

Let the total moment due to lateral force about the base M' kN-m. It is noted from 

table 13.3, that there is difference in magnitudes of lateral forces at the panel 

joints G. As such 

   M' = M- PG × 20 + PG × 20 

        = 811.3998 �± 20 (11.0549 �± 8.8981) 
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        = 768.178kN-m 

The maximum bending moment about the base of one tower  

     M'1=0.5×768.178 kN-m 

          =384.3889kN-m 

The spacing between the columns is 5.50 m 

Vertical reaction = (384.3889/5.5) = 69.3843kN 

The horizontal reaction at the foot of each column is equal to half the sum of total 

load acting on one face of the tower  

     = (12.7767-50×11.0549+0.5×8.8938) 

     = 11.6962kN 

The axial forces in the column and diagonal members of the bottom panel are 

found by resolving the forces horizontally and vertically. 

   Axial force in column   = 60.37kN 

Axial force in diagonal = 5.67595kN 

The axial forces in the column and diagonal members of the third panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 41.7224kN 

   Axial force in diagonal = 6.63155kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 22.3994kN 

   Axial force in diagonal = 7.2951kN 
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2. Stresses in the members due to longitudinal force acting on the tower 

The maximum bending moment at the base due to longitudinal force due 

to broken condition of the top most power conductor  

 = (0.5×21.36×20) = 213.60kN-m 

 Vertical reaction = (213.60/5.5) = 38.83636kN 

 Horizontal reaction = 0.5×0.5×21.36kN = 5.34kN 

 Axial force in column = 38.40398kN 

Axial force in diagonal = 0.92862kN 

The axial forces in the column and diagonal members of the third panel from 

bottom are found by method of sections and horizontal equilibrium. 

Moment about point of intersection of diagonal members 

  = (0.5×21.36×6.889) kN-m 

  = 73.57452kN-m 

   Axial force in column   = 33.3687kN 

   Axial force in diagonal = 1.9348kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 24.92kN 

   Axial force in diagonal = 6.4179kN 

3. Stress in the members due to torsional force acting on the tower 

The stresses developed in the columns due to torsional forces on adjacent 

faces cancel each other. However, the torsional forces develop stresses in the web 

members. 
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The maximum bending moment at the base 

   = 22.25×20 = 445kN-m 

 Vertical reaction     = (445/5.5) = 80.9091kN 

 Horizontal reaction = 0.5×22.25 = 11.125kN 

 Axial force in diagonal = 17.9233kN 

The axial forces in the column and diagonal members of the third panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in diagonal = 14.1019kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in diagonal = 13.37059kN 

 

STRESSES IN THE VARIOUS MEMBERS OF THE TOWER UNDER THE 

GROUND WIRE IN BROKEN CONDITION ARE AS FOLLOW: 

1. Stresses due to lateral forces 

Let the total member due to lateral forces �D�E�R�X�W���W�K�H���E�D�V�H���E�H���0�‰�����,�W���L�V���Q�R�W�H�G��

from table 13.2, that there is difference in magnitude of lateral forces at the panel 

joint H. As such 

  �0�Š��� ���0���± PC×21 - PC�Š�î���� 

        = 811.3998 �± 21(4.3347 �± 3.61014) 

        = 796.27224kN-m 

 The maximum bending moment about the base of one tower 

      = 0.5×796.27224 

      = 398.13612kN-m 
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 Vertical reaction        = (398.13612/5.5) 

          = 72.38838kN 

 Horizontal reaction     = (12.7767- 0.5×4.3306 + 0.5×3.16024) 

         = 12.41652kN 

 Axial force in column = 67.9591kN  

 Axial force in diagonal = 6.44324kN    

The axial forces in the column and diagonal members of the third panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 43.3976kN 

   Axial force in diagonal = 6.8772kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 23.4802kN 

   Axial force in diagonal = 7.7279kN 

2. Stress in the members due to longitudinal force acting on the tower 

The maximum bending moment about the base due to longitudinal force 

(due to broken condition of ground wire). 

    = 0.5×25.40×21 = 26.670kN-m 

Vertical reaction = (266.7/5.5) = 48.49091kN 

Horizontal reaction = 6.35kN 

Axial force in the column = 48.4310kN 

Axial force in the diagonal = 0.4446kN 
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The axial forces in the column and diagonal members of the third panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 33.9202kN 

   Axial force in diagonal = 1.0783kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 38.10kN 

   Axial force in diagonal = 7.63175kN 

4.3 Four legged tower with K-Bracing 

    

Fig 4.3 Four legged tower with K Bracing 

Length of members  

             DD' = 2(2.75 - 0.75) × 7/16 + 1.50 = 3.25 m 
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             BB' = 2(2.75 - 0.75) × 13/16 + 1.50 = 4.75 m 

             CC' = 2(2.75 - 0.75) × 10/16 + 1.50 = 4.00 m 

             AA' = 2(2.75 - 0.75) × 16/16 + 1.50 = 5.50 m 

             II' = HH' = GG' = 1.50 m 

  EE' = 2.50 m 

  FF' = 2.00 m 

             GF = G'F' = (22 + 0.252)1/2 = 2.0155 m 

             FE = F'E' = (22 + 0.252)1/2 = 2.0155 m 

             ED = E'D' = (32 + 0.3752)1/2 = 3.023 m 

             DC = D'C' = (32 + 0.3752)1/2 = 3.023 m  

 CB = C'B' = (32 + 0.3752)1/2 = 3.023 m  

 AB = A'B' = (32 + 0.3752)1/2 = 3.023 m  

 AB1 = A'B1 = (2.752 + 32)1/2 = 4.069 m 

 BC1 = B'C1 = (2.3752 + 32)1/2 = 3.826 m 

 CD1 = C'D1 = (22 + 32)1/2 = 3.605 m 

 DE1 = D'E1 = (1.6252 + 32)1/2 = 3.411 m 

 EF1 = E'F1 = (1.252 + 22)1/2 = 2.358 m 

 FG1 = F'G1 = (12 + 22)1/2 = 2.236 m 

Length of each diagonal in the upper four panels 

= (1.002 + 1.52)1/2 =1.8028 m 

IJ = I'J = (12 + 0.752)1/2= 1.25 m 
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FORCES: 

Various forces acting on the tower under the normal operating conditions of the 

conductors are as below: 

 

1. Lateral force due to wind. 

The lateral force due to wind acting at every panel joint is found as a 

product of intensity of wind and the exposed area of the members of tower 

consists of projected area of the windward face plus fifty percent of that of the 

leeward face. In order to estimate projected area, the sizes of members taken are 

as under: 

Column sizes for complete length: ISA 130mm×130mm×10mm  

Horizontal members for panel joint: ISA 80mm×80mm×6mm 

Other horizontals, diagonals and secondary members of nominal (minimum) size: 

ISA 65mm×65mm×6mm. 

The member sizes are compared with those found after their design. 

1. Panel joint B (Exposed area for windward plus leeward faces) 

Columns:      2× (AB+BC/2) ×0.130×1.50 

                     2× (3.023+3.023/2) ×0.130×1.50 = 1.17 m2 

�+�R�U�L�]�R�Q�W�D�O�����������î�%�%�¶�î�����������î�������� 

        1×4.75×0.080×1.50 = 0.570 m2 

Diagonals:    1× (BC1) ×0.065×1.50 

        2× (3.826) × 0.065×1.50 = 0.37 m2 

TOTAL = 2.11 m2 

Lateral force due to wind = 1.50×2.11 = 3.165kN. 

2.  Panel joint C (Exposed area for windward plus leeward faces) 

Columns:      2× (CB+CD/2) ×0.130×1.50 

                     2× (3.023+3.605/2) ×0.130×1.50 = 1.29 m2 

�+�R�U�L�]�R�Q�W�D�O�����������î�&�&�¶�î�����������î�������� 

        1×4×0.065×1.50 = 0.48 m2 

Diagonals:    2× (CD1) ×0.065×1.50 
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        2× (3.605) × 0.065×1.50 = 0.35 m2 

TOTAL   =   2.12 m2 

Lateral force due to wind = 1.50×2.12 = 3.182kN. 

3. Panel joint D (Exposed area for windward plus leeward faces) 

Columns:      2× (DC+DE/2) ×0.130×1.50 

                     2× (3.023+3.023/2) ×0.130×1.50 = 1.17 m2 

�+�R�U�L�]�R�Q�W�D�O�����������î�'�'�¶�î�����������î�������� 

        1×3.25×0.065×1.50 = 0.31 m2 

Diagonals:    2× (DE1) ×0.065×1.50 

        2× (3.411) × 0.065×1.50 = 0.33 m2 

TOTAL = 1.81 m2 

Lateral force due to wind = 1.50×1.81 = 2.72kN. 

4. Panel joint E (Exposed area for windward plus leeward faces) 

Columns:      2× (ED+EF/2) ×0.130×1.50 

                     2× (2.0155+3.023/2) ×0.130×1.50 = 0.982 m2 

Horizontal:   1× (EE'×0.75) ×0.065×1.50 

        1× (1.50×0.75) ×0.065×1.50 = 0.243 m2 

Diagonals:    EF' ×0.065×1.50 

        2.358 × 0.065×1.50 = 0.229 m2 

TOTAL = 1.45 m2 

Lateral force due to wind = 1.50×1.45 = 2.18kN. 

5. Panel joint F (Exposed area for windward plus leeward faces) 

Columns:      2× (EF+FG/2) ×0.130×1.50 

                     2× (2.015+2.015/2) ×0.130×1.50 = 0.786 m2 

Horizontal:   1×FF'×0.065×1.50 

        1×2×0.065×1.50 = 0.24 m2 

Diagonals:    2× FG1 ×0.065×1.50 

        2× 2.236× 0.065×1.50 = 0.218 m2 

TOTAL = 1.238 m2 

Lateral force due to wind = 1.50×1.238 = 1.857kN. 
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6. Panel joint G (Exposed area for windward plus leeward faces) 

Columns:      2× (GF+2/2) ×0.130×1.50 

                      2× (2.0155+2/2) ×0.130×1.50 = 0.783 m2 

Horizontal:   1×GG'×0.75×0.065×1.50×2 

        1×1.5×0.065×1.50×2×0.75 = 0.219 m2 

Diagonals:    2× 1.802 × 0.065×1.50 = 0.35 m2 

Cross arms: 0.75 m2 

TOTAL = 2.103 m2 

     Lateral loads 

Lateral load due to wind = 1.50×2.103 = 3.1545kN. 

Lateral load due to wind acting on the conductor. 

IS: 802 (Part I) �± 1967 recommends that projected area of conductors is                       

found as 0.667 times its diameter and the intensity of wind is decreased by 

percent in order to account the swinging effect of the conductors 

   240× 0.020×0.667×1.50×0.750 = 5.4027kN 

  Lateral load due to deviation of conductor from the tangent line. 

Three adjacent towers 1, 2, 3 are shown in Fig. Each conductor deviates from the 

�W�D�Q�J�H�Q�W�� �O�L�Q�H�� �E�\�� �§�� � �� �������h.The permissible tension, T in the cable is 35.60kN.The 

lateral loads acting on the conductor at the level of conductor  

  ���7���V�L�Q���§��� �������������î�V�L�Q�������h 

        = 2×35.60 × 0.026176 

                                = 1.868kN 

Total lateral load at the panel joint E 

   (3.1545 + 5.4027 + 1.86380) = 10.416kN 
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 7.  Panel joint H (Exposed area for windward plus leeward faces)  

 Columns:       (2 × 2 × 0.130 × 1.5) 

  Horizontals: (HH' + 2 × 0.75) × 0.065 × 1.50 

   (1.50 + 2 × 0.75) × 0.65 × 1.50 = 0.2925 m2 

  Diagonals:   4 × 1.8028 × 0.065 × 1.50         = 0.7031 m2 

  Cross arms                                           = 0.75 m2 

       Total          = 2.5356 m2 

 1. Lateral load due to wind                            = 1.50 × 2.5256 = 3.7884kN 

 2. Lateral load due to wind acting on the conductor = 5.4027kN 

 Its magnitude is equal to that for panel joint G. 

 3. Lateral load due to deviation of the conductor from the tangent line. 

  = 1.8638kN 

 Its magnitude is equal to that for the panel point G. 

 Total lateral load at the panel joint H 

    (3.7448 + 5.4027 + 1.8638) = 11.0549KN 

 8. Panel joint I 

     Total lateral load at the panel joint I is equal to that for the panel joint H=  

  11.0549kN 

 9.  Panel joint J 

  Cross arms and bracings   = 0.80 m2 

  Lateral load due to wind 

      =1.50 × 0.80 = 1.20kN 
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Lateral load due to wind acting on the ground wire (10 mm diameter 

galvanized steel wire) 

        = 240 × 0.010 × 0.667 × (1.50 × 0.75) 

                       = 1.8009kN 

  Lateral load due to deviation of the ground wire from the tangent line  

                               � �����7���V�L�Q���������h��� �������î�������������î������������������ 

                               = 1.32794kN 

  Total lateral load at the panel joint J 

                               = (1.20 + 1.8009 + 1.32974) = 4.3306kN 

These lateral loads are resisted by two faces of the tower. As such, the 

lateral forces acting on one tower are made half and these loads have been 

listed. 

Lateral loads resisted by tower at different panel joints 

Table 4.2 Lateral forces resisted by tower at different panel joints for K bracing 

Lateral Force 
Under the Condition 

1(kN) 2(kN) 3(kN) 

PJ 0.50×4.3306 0.50×4.3306 0.50×3.6102 

PI 0.50×11.054 0.50×8.8938 0.50×11.054 

PH 0.50×11.054 0.50×11.054 0.50×11.054 

PG 0.50×10.410 0.50×10.410 0.50×11.0549 

PF 0.50×1.857 0.50×1.857 0.50×11.0567 

PE 0.50×2.180 0.50×2.180 0.50×10.6160 

PD 0.50×2.720 0.50×2.720 0.50×2.2710 

PC 0.50×3.182 0.50×3.182 0.50×4.6740 

PB 0.50×3.165 0.50×3.165 0.50×7.1055 
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Dead load acting on tower 

 �6�H�O�I���Z�H�L�J�K�W���R�I���W�R�Z�H�U���L�V���I�R�X�Q�G���I�U�R�P���5�\�O�H�¶�V���I�R�U�P�X�O�D 

   W = 0.04H.M1/2 

Where, W = Self weight of tower in kN 

   H = Height of the tower in m     

   M = Total moment due to lateral forces about the base in kN-m 

  M = (PJ×21)+(PI×20)+(PH×18)+(PG×16)+(PF×14)+(PE×12)+(PD×9)+(PC×6) 

+ (PB×3)  

=(4.3306×21)+(11.0549×20)+(11.0549×18)+(10.4160×16)+(1.85×14)+(2.

18×12)+(2.72× 9)+(3.182×6)+(3.165×3)  

       = 782.8118kN-m 

Therefore, 

 W = 0.0004×21× (782.8118)1/2×100 

     = 23.50kN 

Trail weight of the tower 

 The sizes of various members have been assumed to determine the lateral forces 

due to wind. The trial weight of the tower may be found measuring the lengths and by 

multiplying by their respective unit weights (which may be noted from ISI Handbook 

No.1). 

Columns: ISA 130mm×130mm×10mm @ 0.107kN/m 

       = 4× [(2×3.023) + (2×3.023) + (2×3.023) + (2×3.023) + (2×2.1055)] × 0.107 

           = 12.076kN. 
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Diagonals: ISA 65mm×65mm×6mm @ 0.058kN/m 

      

=4×[(2×4.069)+(2×3.876)+(2×3.0104)+(2×3.065)+(2×2.355)+(2×2.238)]×0.058 

           = 9.043kN. 

Horizontals: ISA 80mm×80mm×6mm @ 0.073 kN/m 

          = 4×4.75 ×0.073 

              = 13.87kN. 

ISA 65mm×65mm×6mm @ 0.058 kN/m 

        = 4× [(1.5×5) +4+3.25+2.5+2] × 0.058 

            = 4.466kN. 

Cross-arms = 5.5252kN 

Total Estimated weight of the tower = 45.00kN 

Weight of three power conductors = 3×240×0.01676 

         = 12.0672kN 

Weight of ground wire = 240×0.006 = 1.44kN 

Weight of lineman with tools as recommended in IS: 801 = 1.50kN 

Total dead load = 60kN 

Various forces acting on the tower under top-most power conductor in broken condition 

are as below: 

Lateral loads due to wind at panel joints B, C, D, E, F and H remain unaltered where as 

the lateral load at the panel joint G is as under: 

Due to wind (unchanged) = 3.789kN 

Due to wind on the conductors (broken condition) for 60percent span  
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 (0.60×240)× (0.030×9.667) × (1.50×0.750) 

 = 3.24162kN 

Due to deviation of the conductor from the tangent line (unchanged) 

=1.8638kN 

Total = 8.89382kN 

These lateral loads have been listed in Table 4.2.  

The broken power conductor causes a longitudinal tensile force on the tower =60 percent 

of working tension  

= 0.60 ×35.00 

= 21.36kN 

The broken power conductor also cause torsional force as shown in Fig 4.2 

 
   Fig 4.4 Torsional force diagram for K bracing 
2F1×a = T × b 

2×F1×1.50 = 21.36×3.125 

 F1 = 22.25kN 

Dead load 

As one conductor is broken, its 40 percent weight is reduced from that calculated 

above  

  (0.40×240×0.01676)  = 1.6089kN 

Total dead load = (55.0072-1.6089) = 53.3982kN  

3. Various forces acting on the tower underground wire in broken conditions  
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Lateral loads due to wind at the panel joints B,C,D,E,F and G remains unchanged 

where as the lateral load at the panel joint H is as under 

Due to wind (unchanged)                                  =1.20kN 

Due to wind on the ground (Broken condition) for 60 percent span 

         (0.60 × 240 × (0.010 × 0.667) × (1.50 × 0.75) = 1.0805kN 

Due to deviation of the ground wire from the tangent line (unchanged) 

                                                                                = 1.32974kN 

                                                           Total            = 3.61024kN 

These lateral loads are also listed in table  

The broken ground wire cause a longitudinal tensile force on the tower 

= 100 % of working tension = 25.40kN 

Dead load 

As the ground wire is broken, its 40% weight is reduced from that calculated in 

the first condition 

   = 0.4 x 240 x 0.006 = 0.576kN 

Total dead load = (55.0072 �± 0.5760) = 54.4312kN 

  STRESSES 

 STRESSES IN VARIOUS MEMBERS OF THE TOWER UNDER NORMAL 

OPERATION CONDITION OF THE CONDUCTOR ARE AS FOLLOWS: 

  The transmission line tower is highly indeterminate. The stresses in the various 

members may be found by approximate method. The tower is reduced to determinate 

plane frame by neglecting the horizontal and secondary members. 

The horizontal reaction at the foot of each column is equal to half the sum of total load 

acting on one face of the tower  

     = 12.48kN 

The maximum bending moment about the base of one tower  
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     M1=0.5×782.8118kN-m 

          =392.4059kN-m 

The spacing between the columns is 5.50 m 

Vertical reaction = (392.4059/5.5) = 71.16kN 

The axial forces in the column and diagonal members of the bottom panel are found by 

resolving the forces horizontally and vertically. 

   Axial force in column   = 68.85kN 

Axial force in diagonal = 6.74616kN 

The axial forces in the column and diagonal members of the fifth panel from bottom are 

found by method of sections and horizontal equilibrium. 

   Axial force in column   = 50.06kN 

   Axial force in diagonal = 6.91kN 

The axial forces in the column and diagonal members of the seventh panel from bottom 

are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 35.16kN 

   Axial force in diagonal = 7.84kN 

STRESSES IN VARIOUS MEMBERS OF THE TOWER UNDER TOP MOST 

POWER CONDUCTOR BROKEN CONDITION ARE AS FOLLOWS: 

1. Stresses due to lateral forces (wind forces) 

Let the total moment due to lateral force about the base M' kN-m. It is noted from 

that there is difference in magnitudes of lateral forces at the panel joints G. As 

such 

   M' = M- PG × 20 + PG × 20 
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        = 782.8118 �± 20 (11.0549 �± 8.8981) 

        = 739.6758kN-m 

The maximum bending moment about the base of one tower  

     M'1=0.5×739.6758kN-m 

          =369.8379kN-m 

The spacing between the columns is 5.50 m 

Vertical reaction = (369.8379/5.5) = 67.24kN 

The horizontal reaction at the foot of each column is equal to half the sum of total 

load acting on one face of the tower  

     = (12.48-(0.5×11.0549+0.5×8.8938) 

     = 11.39945kN 

The axial forces in the column and diagonal members of the bottom panel are 

found by resolving the forces horizontally and vertically. 

   Axial force in column   = 63.98kN 

Axial force in diagonal = 5.25kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 49.67kN 

   Axial force in diagonal = 5.78kN 

The axial forces in the column and diagonal members of the seventh panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 30.76kN 
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   Axial force in diagonal = 6.23kN 

2. Stresses in the members due to longitudinal force acting on the tower 

The maximum bending moment at the base due to longitudinal force due 

to broken condition of the top most power conductor  

 = (0.5×21.36×20) = 213.60kN-m 

 Vertical reaction = (213.60/5.5) = 38.83636kN 

 Horizontal reaction = 0.5×0.5×21.36kN = 5.34kN 

The axial forces in the column and diagonal members of the bottom panel   are 

found by resolving the forces horizontally and vertically. 

 Axial force in column = 38.55kN 

Axial force in diagonal = 0.89kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

Moment about point of intersection of diagonal members 

  = (0.5×21.36×6.889) kN-m 

  = 73.57452kN-m 

   Axial force in column   = 32.96kN 

   Axial force in diagonal = 1.943kN 

The axial forces in the column and diagonal members of the seventh panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 23.9kN 

   Axial force in diagonal = 6.07KN 
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3. Stress in the members due to torsional force acting on the tower 

The stresses developed in the columns due to torsional forces on adjacent 

faces cancel each other. However, the torsional forces develop stresses in the web 

members. 

The maximum bending moment at the base 

   = 22.25×20 = 445kN-m 

 Vertical reaction     = (445/5.5) = 80.9091kN 

 Horizontal reaction = 0.5×22.25 = 11.125kN 

The axial forces in the column and diagonal members of the bottom panel are 

found by resolving the forces horizontally and vertically. 

   Axial force in diagonal = 17.9233kN 

The axial forces in the column and diagonal members of the third panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in diagonal = 14.1019kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in diagonal = 13.37059kN 

 

STRESSES IN THE VARIOUS MEMBERS OF THE TOWER UNDER THE 

GROUND WIRE IN BROKEN CONDITION ARE AS FOLLOW: 

1. Stresses due to lateral forces 

�/�H�W���W�K�H���W�R�W�D�O���P�H�P�E�H�U���G�X�H���W�R���O�D�W�H�U�D�O���I�R�U�F�H�V���D�E�R�X�W���W�K�H���E�D�V�H���E�H���0�‰�����,�W���L�V���Q�R�W�H�G��

from table 13.2, that there is difference in magnitude of lateral forces at the panel 

joint H. As such 
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  �0�Š��� ���0���± PH×21 �± PH�Š�î���� 

        = 782.8118 �± 21(4.3347 �± 3.61014) 

        = 767.59kN-m 

 The maximum bending moment about the base of one tower 

      = 0.5×767.59 

      = 383.80N-m 

 Vertical reaction        = (383.80/5.5) 

          = 69.78kN 

 Horizontal reaction     = (12.48- (0.5×4.3306 + 0.5×3.16024) 

         = 12.117kN 

The axial forces in the column and diagonal members of the bottom panel are 

found by resolving the forces horizontally and vertically. 

   Axial force in column = 65.37kN  

   Axial force in diagonal = 6.08kN    

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 41.87kN 

   Axial force in diagonal = 6.53kN 

The axial forces in the column and diagonal members of the seventh panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 22.39kN  

  Axial force in diagonal = 7.09kN 
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2. Stress in the members due to longitudinal force acting on the tower 

The maximum bending moment about the base due to longitudinal forces (due to 

broken condition of ground wire). 

    = 0.5×25.40×21 = 26.670kN-m 

Vertical reaction = (266.7/5.5) = 48.49091kN 

Horizontal reaction = 6.35kN  

The axial forces in the column and diagonal members of the bottom panel are 

found by resolving the forces horizontally and vertically. 

Axial force in the column = 48.57kN 

Axial force in the diagonal = 0.56kN 

The axial forces in the column and diagonal members of the fifth panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 35.32kN 

   Axial force in diagonal = 1.028kN 

The axial forces in the column and diagonal members of the seventh panel from 

bottom are found by method of sections and horizontal equilibrium. 

   Axial force in column   = 29.07kN 

   Axial force in diagonal = 6.832kN 
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CHAPTER-5 

MODELLING OF TOWERS  

5.1 STAAD Pro Tower Design of X Bracing 

      

Fig 5.1 2D Design    Fig 5.2 3D Design   
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5.1.1 Assigning of loads 

 

Fig 5.3 Normal Load condition 

 

 

Fig 5.4 Power conductor broken load condition 
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Fig 5.5 Ground wire broken load condition 

  

Fig 5.6 Axial force diagram for different load conditions 
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Fig 5.7 Deflection diagram for different load conditions 
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5.2 STAAD Pro Tower Design of K Bracing 

    

  Fig 5.8 2D design   Fig 5.9 3D design 
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5.2.1 Assigning of the loads 

 

Fig 5.10 Normal load condition 

 

 

Fig 5.11 Power conductor broken Load condition 
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Fig 5.12 Ground wire broken load condition 

 

 

Fig 5.13 Axial force diagram for different load conditions 
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Fig 5.14 Deflection diagrams for different load conditions 
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CHAPTER 6 
DESIGN OF MEMBERS 

 
6.1 Design of tension member by limit state method (IS 800:2007) 

  Tension members are linear members in which axial forces act to cause 

elongation (stretch).such members can sustain loads up to the ultimate load, at which 

stage they may fail by rupture at a critical section. 

 The design strength of tension member shall be minimum of Tdg, Tdn and Tdb. 

6.1.1 Strength Due To Yielding of Gross section 

 The design strength in the member under axial tension is given by: 

 Tdg = fyAg������mo, where 

 ��mo � �� �W�K�H�� �S�D�U�W�L�D�O�� �V�D�I�H�W�\�� �I�D�F�W�R�U�� �I�R�U�� �I�D�L�O�X�U�H�� �L�Q�� �W�H�Q�V�L�R�Q�� �E�\�� �\�L�H�O�G�L�Q�J���� �7�K�H�� �Y�D�O�X�H�� �R�I�� ��mo 

 according to IS 800:2007 is 1.10. 

6.1.2 Design Strength Due To Rupture of Critical Section  

Tension rupture of the plate at the net cross-section is given by: 

Tdn = 0.9fuAn ������ml, where 

��ml � �� �W�K�H���S�D�U�W�L�D�O���V�D�I�H�W�\�� �I�D�F�W�R�U���D�J�D�L�Q�V�W���X�O�W�L�P�D�W�H���W�H�Q�V�L�R�Q���I�D�L�O�X�U�H���E�\�� �U�X�S�W�X�U�H������ml = 1.25) 

Single Angle Tension Member: 

The strength of an angle connected by one leg as governed by tearing at the net 

section is given by, 

Tdn= 0.9fu Anc ����ml �������$go fy ����m0, where 

�����D�F�F�R�X�Q�W�V���I�R�U���W�K�H���H�Q�G���I�D�V�W�H�Q�H�U���U�H�V�W�U�D�L�Q�W���H�I�I�H�F�W���D�Q�G���L�V���J�L�Y�H�Q���E�\�� 

����� �����������± 0.076 (w/t) (fu/fy) (bs/Lc�����”�����Iu ��m0 / fy��m1�����•�������� 

The bs (shear lag distance) is calculated as shown in the Figure 5 

 

Fig 6.1 Angles with End Connection 
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6.1.3 Design Strength Due To Block Shear 

A tension member may fail along end connection due to block shear as shown 

in Figure 6. The corresponding design strength can be evaluated using the following 

equations. The block shear strength Tdb, at an end connection is taken as the smaller of 

Tdb1 = ( Avgfy �����¥����m0) + 0.9fuAtn ����m1 ) or, Tdb2 = (0.9fuAvn �����¥����m1) + fyAtg ����m0 ) 

 
  Fig 6.2: Block Shear Failure 

6.2 Critical section of X-bracing tower 

Design charts tension member 

The charts have been prepared based on IS 800:2007 for tension members. The procedure 

is shown below. Assumed material properties:  

fy = 250MPa, fu = 400MPa, fub = 410MPa 

 

6.2.1 Design chart for critical section ISA 120×120× 8 

 Tension strength of single Angle ISA 120×120× 8(As per IS 800:2007) with 

single row bolted connection as shown in figure The no. of bolts considered for the 

design of tension members for end connections based on minimum no. of bolts required 

for the full strength of the angle of block shear. 

 

 

 

Fig 6.3: Design Details of leg member (All Dimensions are in mm). 

Block Shear Plane 
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Design strength due to yielding of gross section 

Tdg = fy Ag������mo 

Ag= 1856 mm2������m0 = 1.1  

Tdg= 250×1856/1.1 = 421.8 kN 

 

Design Strength due to rupture of critical section 

e = 30 mm, p = 70 mm 

Tdn= 0.9fu Anc ����ml �������$go fy ����m0 

Anc = (120 �± 18 �± 8/2) ×8 = 784 mm2 

Ago = (120 �± 8/2) ×8 = 928 mm2 

����� �����������± 0.076 (w/t) (fu/fy) (bs/Lc�����”�����Iu ��m0 / fy ��m1�����•���������� 

Lc = 70×2 = 140, bs = 120+30-8 = 142 

����� �����������± 0.076(120/8) (250/410) ((142)/140) =0.7  

0.7< (fu ��m0 / fy��m1) = (410×1.1)/ (250×1.25) =1.44 

   ���������•�������•������ 

Therefore, Tdn= (0.9×784×410)/1.25 + (0.7×928×250)/1.1 = 379.07 kN 

Design strength due to block shear 

The block shear strength Tdb, at an end connection is taken as the smaller of 

Tdb1 = ( Avgfy �����¥����m0) + 0.9fuAtn ����m1 ) or,  

Tdb2 = (0.9fuAvn �����¥����m1) + fyAtg ����m0 )  

Avg = (30+70×2) ×8 = 1360 mm2 

Avn = (30+70×2-18×2.5) ×8 = 1000 mm2 

Atg = (90×8) = 720 mm2 

Atn = 720-(9×8)= 648 mm2 

Tdb1 � ���������������î���������������¥���î���������������������������î�������î����������������������� ���������������N�1���R�U���� 

Tdb2 � �������������î���������î���������������¥���î�����������������������������î��������������������� ���������������N�1 

Therefore, the block shear strength is Tdb = 334.7 kN 

Now, Strength of the single angle Tension member should be least of the above three 

values (i.e. 421.81 kN, 379.07 kN and 334.7 kN) which is equal to 334.7 kN. 

As per our calculation we get that the maximum tension force is in the leg member of 

the ground panel which is 
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55.735 kN i.e. factored load = 55.735×1.5 = 83.60 kN is lesser than the above three 

values. Therefore our design is safe for maximum tension. 

 

6.3 Critical section of K bracing tower 

Design charts tension member 

The charts have been prepared based on IS 800:2007 for tension members. The procedure 

is shown below. Assumed material properties:  

fy = 250MPa, fu = 400MPa, fub = 410MPa 

 

6.3.1 Design chart for critical section ISA 125×95× 8 (X Bracing) 

 Tension strength of single Angle ISA 125×95× 8(As per IS 800:2007) with single 

row bolted connection as shown in figure  

 The no. of bolts considered for the design of tension members for end connections 

based on minimum no. of bolts required for the full strength of the angle of block shear. 

 

 

Fig 6.4: Design Details of leg member (All Dimensions are in mm). 

Design strength due to yielding of gross section 

Tdg = fy Ag������mo 

Ag= 1698 mm2������m0 = 1.1  

Tdg= 250×1698/1.1 = 385.9 kN 

 

Design Strength due to rupture of critical section 

e = 30 mm, p = 70 mm 

Tdn= 0.9fu Anc ����ml �������$go fy ����m0 

Anc = (125 �± 18 �± 8/2) ×8 = 824 mm2 
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Ago = (95 �± 8/2) ×25 = 728 mm2 

����� �����������± 0.076 (w/t) (fu/fy) (bs/Lc�����”�����Iu ��m0 / fy ��m1�����•�������� 

 Lc = 70×2 =140, bs = 95+30-8 = 117 

����� �����������± 0.076(95/8) (250/410) ((117)/140) =0.94  

0.7< (fu ��m0 / fy ��m1) = (410×1.1)/ (250×1.25) =1.44 

   ���������•���������!������ 

Therefore, Tdn= (0.9×824×410)/1.25 + (0.94×728×250)/1.1 = 398.77 kN 

 

Design strength due to block shear 

The block shear strength Tdb, at an end connection is taken as the smaller of 

Tdb1 = ( Avgfy �����¥����m0) + 0.9fuAtn ����m1 ) or,  

Tdb2 = (0.9fuAvn �����¥����m1) + fyAtg ����m0 )  

Avg = (30+70×2) ×8 = 1360 mm2 

Avn = (30+70×2-18×2.5) ×8 = 1000 mm2 

Atg = (95×8) = 760 mm2 

Atn = 760-(9×8)= 688 mm2 

Tdb1 � ���������������î���������������¥���î���������������������������î�������î����������������������� ���������������N�1���R�U 

Tdb2 � �������������î���������î���������������¥���î�����������������������������î��������������������� �����������������N�1 

Therefore, the block shear strength is Tdb = 343.16  kN 

Now, Strength of the single angle Tension member should be least of the above three 

values (i.e. 385.9 kN, 398.77 kN and 343.16 kN) which is equal to 343.16 kN. 

As per our calculation we get that the maximum tension force is in the member of the 

given panel which is 75.605 kN i.e. factored load = 75.607×1.5 = 117.41 kN is lesser 

than the above three values. Therefore our design is safe for maximum tension. 
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CHAPTER-7 

RESULTS AND DISCUSSIONS: 
7.1 STRESSES 

Table 7.1 Stresses in members of tower with X Bracing 

MEMEB
ER 

CONDITIONS  MEMBE
R 

CONDITIONS 
1(N/mm
²) 

2(N/mm
²) 

3(N/mm
²)  

1(N/mm
²) 

2(N/mm
²) 

3(N/mm
²) 

1 0 0 0  31 32.067 28.407 31.422 

2 0 0 0  32 -48.48 -44.118 -47.549 

3 0 0 0  33 6.843 10.395 6.702 

4 0 0 0  34 34.565 32.597 33.987 
5 12.997 11.36 12.798  35 8.302 11.708 8.134 

6 34.328 30.996 33.641  36 -36.939 -32 -36.035 

7 16.593 14.607 16.318  37 -0.965 -1.285 -0.968 

8 -38.465 -34.395 -37.703  38 2.315 2.794 2.308 
9 -26.727 -29.836 -26.451  39 -11.947 -13.358 -11.823 

10 -26.576 -29.517 -26.287  40 -11.946 -13.367 -11.821 

11 31.838 35.474 31.495  41 7.745 8.692 7.666 

12 32.453 36 32.093  42 2.32 2.786 2.313 
13 34.423 30.681 33.737  43 -0.963 -1.283 -0.966 

14 24.089 25.963 23.787  44 3.095 3.798 3.077 

15 -20.304 -21.621 -20.057  45 -0.515 -1.191 -0.526 

16 -18.749 19.809 -18.506  46 5.059 5.43 5.021 
17 -5.605 -6.205 -5.523  47 5.091 5.432 5.023 

18 27.144 29.888 26.844  48 -8.939 -9.473 -8.826 

19 -2.4 -2.674 -2.355  49 -8.938 -9.468 -8.824 

20 -54.186 -59.985 -53.577  50 -0.51 -1.192 -0.521 
21 23.444 25.306 23.141  51 3.096 3.799 3.079 

22 44.405 42.827 43.709  52 -8.45 -10.661 -8.387 

23 -63.936 -61.737 -62.913  53 2.358 5.584 2.394 

24 -67.601 -66 -66.557  54 -0.155 -0.46 -0.158 
25 -1.597 -2.718 -1.577  55 -0.153 -0.458 -0.156 

26 34.735 36.004 34.267  56 2.408 5.628 2.442 

27 0.565 -0.455 0.556  57 -8.408 -10.625 -8.348 

28 -67.711 -71.715 -66.778  58 -10.98 -10.544 -10.804 
29 44.76 43.312 44.058  59 -10.976 -10.54 -10.8 

30 -46.113 -42.646 45.21  60 -13.126 -11.947 -12.872 
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61 -13.148 -11.965 -12.893  100 3.389 -3.964 -3.222 
62 -7.595 -6.829 -7.561  101 -4.676 -4.527 -4.039 
63 8.25 8.496 8.239  102 2.94 3.026 2.333 
64 10.496 9.344 10.28  103 4.408 4.367 4 
65 10.485 9.368 10.269  104 -17.829 -16.27 -17.52 
66 8.186 8.441 8.178  105 13.29 12.07 13.135 
67 -7.611 -6.855 -7.577  106 -11 -9.667 -10.78 
68 58.094 51.515 56.636  107 -11.267 -9.841 -10.973 
69 70.455 62.49 68.754  108 0.201 0.174 0.194 
70 -103.11 -90.908 -100.576  109 13.643 12.386 13.383 
71 -102.805 -90.818 -100.818  110 -17.117 -15.645 -16.827 
72 1.74 1.297 2.588  111 -14.866 -13.349 -14.613 
73 25.508 22.313 24.283  112 16.309 15.04 16.095 
74 3.136 2.524 2.946  113 -6.566 -5.578 -6.369 
75 -0.683 -0.596 -0.66  114 -6.776 -5.919 -6.572 
76 52.764 45.678 51.514  115 0.279 0.203 0.227 
77 48.144 41.451 46.575  116 16.033 14.8 15.826 
78 -67.638 -58.926 -66.579  117 -14.721 -13.227 -14.477 
79 -67.17 -58.406 -65.106  118 -19.382 -15.789 -18.825 
80 5.083 5.394 5.138  119 10.192 8.645 9.934 
81 16.065 13.894 15.515  120 -3.998 -3.396 -3.828 
82 5.323 5.598 5.377  121 -4.212 -3.582 -4.034 
83 -1.621 -1.367 -1.548  122 1.018 0.866 0.977 
84 34.619 29.322 33.188  123 11.98 10.159 11.647 
85 35.636 30.344 34.173  124 -19.291 -15.633 -18.626 
86 -39.443 -33.844 -37.93  125 -13.493 -11.427 -13.087 
87 -39.785 -34.131 -38.249  126 11.26 9.364 10.968 
88 -13.407 -11.388 -13.153  127 -1.088 -0.921 -1.045 
89 8.083 6.862 7.75  128 -1.3 -1.103 -1.249 
90 -16.257 -13.794 -15.95  129 0.216 0.186 0.208 
91 -0.487 -0.42 -0.478  130 8.155 6.731 7.963 
92 13.084 11.742 12.079  131 -8.499 -7.196 -8.24 
93 14.91 13.185 13.893  132 -26.893 -29.991 -26.612 
94 -18.683 -16.213 -17.605  133 -26.592 -29.563 -26.305 
95 -13.316 -11.589 -12.449  134 30.682 37.177 30.351 
96 10.258 8.355 10.233  135 31.464 34.987 31.12 
97 4.084 3.799 3.641  136 22.486 24.187 22.203 
98 5.976 4.7 6.112  137 -19.481 -20.749 -19.293 
99 -1.767 -1.789 -1.449  138 -18.871 -19.989 -18.629 
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139 22.895 24.586 22.601  145 0.118 0.136 0.116 
140 -0.121 -0.14 -0.12  146 0.311 0.363 0.309 
141 0.601 0.673 0.593  147 0.295 0.341 0.291 
142 -1.132 -1.46 -1.119  148 0.007 0.006 0.006 
143 0.781 0.858 0.772  149 -0.022 -0.019 -0.038 
144 0.075 0.093 0.074  150 -0.007 -0.006 -0.006 

 

Table 7.2 Stresses in members of tower with K Bracing 

MEMBE
R 

CONDITIONS  MEMBE
R 

CONDITIONS 
1(N/mm
²) 

2(N/mm
²) 

3(N/mm
²)  

1(N/mm
²) 

2(N/mm
²) 

3(N/mm
²) 

1 0 0 0  23 -58.045 -54.473 -57.398 
2 0 0 0  24 -57.385 -53.74 -56.64 
3 0 0 0  25 100.642 100.36 100.609 
4 0 0 0  26 -71.284 -71.603 -71.341 
5 121.187 120.082 121.002  27 -60.367 -60.651 -60.404 
6 -54.68 -56.36 -55.006  28 -20.965 -20.782 -20.932 

7 
-
104.494 

-
105.903 

-
104.757  29 39.893 37.041 39.358 

8 12.146 10.484 11.837  30 36.398 33.815 35.916 
9 -72.921 -69.024 -72.232  31 -48.811 -45.393 -48.174 
10 -71.42 -67.701 -70.767  32 -45.715 -42.45 -45.1 
11 42.088 39.765 41.677  33 94.794 94.476 94.792 

12 45.495 43.156 45.083  34 
-
128.319 

-
128.804 

-
128.406 

13 41.081 38.707 40.656  35 -56.114 -56.46 -56.162 
14 38.02 35.918 37.648  36 -27.199 -26.914 -27.147 
15 -66.459 -62.728 -65.796  37 48.11 44.114 47.334 
16 -64.277 -60.641 -63.627  38 39.914 36.443 39.234 
17 51.09 50.931 51.07  39 -87.455 -80.402 -86.094 
18 -31.824 -32.085 -31.875  40 -82.796 -75.832 -81.373 
19 -24.673 -24.811 -24.657  41 108.928 108.324 108.848 

20 -27.167 -27.097 -27.155  42 
-
117.841 

-
118.244 

-
117.915 

21 40.448 37.93 39.99  43 -56.762 -57.472 -56.855 
22 35.443 33.183 35.034  44 -28.077 -27.627 -27.998 
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45 42.155 37.364 41.212  81 5.555 4.302 5.658 
46 33.375 29.412 32.542  82 5.282 4.891 4.82 
47 -60.983 -54.365 -59.617  83 4.885 3.666 5.031 
48 -52.967 -46.901 -51.692  84 -0.767 -0.848 -0.459 
49 117.352 116.566 117.248  85 -4.686 -4.535 -4.049 

50 -120.765 -121.633 
-
120.928  86 -3.842 -3.9 -3.15 

51 -50.181 -51.188 -50.327  87 3.02 3.126 2.41 
52 -34.258 -33.804 -34.164  88 4.436 4.405 3.724 
53 77.496 68.404 75.547  89 52.418 52.91 52.409 
54 37.96 31.303 36.522  90 405.425 406.921 405.727 
55 -63.857 -53.349 -61.581  91 -202.581 -202.092 -202.634 

56 -117.398 -106.174 
-
115.431  92 -3.843 -6.206 -4.332 

57 -1.094 -1.646 -1.234  93 91.863 92.179 91.893 
58 37.859 33.81 36.999  94 129.243 129.516 129.291 
59 -3.45 -4.359 -3.683  95 -128.029 -127.687 -127.992 
60 39.937 37.519 39.559  96 -24.578 -24.648 -24.591 
61 51.955 44.863 50.304  97 24.459 24.655 24.48 
62 60.832 53.376 59.119  98 163.867 164.194 163.926 
63 -73.064 -63.986 -70.955  99 -41.631 -41.418 -41.607 
64 -66.75 -57.832 -64.674  100 -14.885 -15.057 -14.916 
65 3.375 3.687 3.41  101 49.996 50.335 50.032 
66 17.635 15.439 17.094  102 235.205 235.732 235.3 
67 2.799 3.238 2.865  103 -73.33 -73.957 -73.29 
68 1.375 1.486 1.434  104 -19.029 -19.27 -19.073 
69 33.597 28.399 33.17  105 38.653 39.135 38.694 
70 34.28 29.034 32.829  106 198.142 198.637 198.235 
71 -37.521 -31.933 -36.007  107 -65.517 -64.983 -65.466 
72 -40.074 -34.539 -38.564  108 -16.518 -16.874 -16.585 
73 -23.175 -20.079 -22.71  109 91.176 92.382 91.278 
74 8.978 7.673 8.612  110 251.066 252.05 251.258 
75 -17.106 -14.596 -16.789  111 -92.606 -91.661 -92.512 
76 -0.481 -0.435 -0.477  112 -24.445 -24.816 -24.518 
77 12.85 11.487 11.842  113 -4.672 -4.624 -4.664 
78 12.351 11.1 11.428  114 4.67 4.623 4.666 
79 -18.689 -16.26 -17.622  115 -0.007 -0.007 -0.007 
80 -16.018 -13.848 -15.262  116 -0.062 -0.06 -0.062 
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117 4.642 4.572 4.611  147 0.097 0.096 0.097 
118 -4.616 -4.571 -4.612  148 -0.762 -0.24 -0.755 
119 0.028 0.027 0.028  149 23.823 23.196 23.773 
120 -0.027 -0.025 -0.026  150 -85.872 -83.606 -85.689 
121 -5.308 -5.242 -5.302  151 0.425 0.408 0.422 
122 5.302 5.237 5.297  152 -0.408 -0.394 -0.406 
123 0.007 0.006 0.007  153 -7.629 -7.707 -7.618 
124 -0.072 -0.069 -0.071  154 7.624 7.503 7.613 
125 5.225 5.163 5.22  155 0.032 0.03 0.032 
126 -5.213 -5.168 -5.225  156 -0.112 -0.107 -0.111 
127 0.049 0.046 0.048  157 7.474 7.36 7.464 
128 -0.031 -0.03 -0.031  158 -7.478 -7.364 -7.469 
129 -9.926 -9.725 -9.909  159 0.078 0.075 0.078 
130 9.923 9.722 9.906  160 -0.06 -0.057 -0.06 
131 0.095 0.091 0.095  161 -16.198 -14.624 -15.93 
132 -0.153 -0.146 -0.152  162 13.433 12.305 13.25 
133 9.69 9.5 9.675  163 -15.363 -13.561 -14.979 
134 -9.693 -9.503 -9.678  164 -16.916 -15.013 -16.514 
135 0.137 0.131 0.136  165 13.61 13 13.453 
136 -0.116 -0.119 -0.116  166 -18.814 -17.039 -18.506 
137 -16.436 -16.044 -16.403  167 0.368 0.322 0.357 
138 16.428 16.026 16.394  168 118.619 118.399 118.559 
139 0.222 0.212 0.22  169 -15.675 -14.172 -15.415 
140 -0.324 -0.31 -0.322  170 15.534 14.242 15.326 
141 15.89 15.521 15.86  171 -5.411 -4.67 -5.238 
142 -15.882 -15.513 -15.852  172 -5.655 -4.88 -5.473 
143 0.289 0,275 0.287  173 16.032 14.775 15.832 
144 -0.264 -0.252 -0.262  174 -14.685 -13.213 14.433 
145 -24.735 -24.065 -24.675  175 0.232 0.202 0.225 
146 24.732 24.064 24.675      
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7.2 AXIAL FORCES  

X-Bracing: 

Table 7.3 Axial force for X bracing 

MAXIMUM AXIAL FORCE   MINIMUM AXIAL FORCE  

BEAM 
NO 

LOAD 
CONDITION 

AXIAL FORCE 
KN 

 

BEAM 
NO 

LOAD 
CONDITION 

 
AXIAL 
FORCE 
KN 

22 1 50.62  43 1 -49.481 
22 2 55.735  43 2 -55.358 
22 3 50.058  43 3 -48.966 

 

Fig 7.1 Bar Chart of Maximum and Minimum Axial forces in X -Bracing 

K-Bracing: 

Table 7.4 Axial force for K bracing  

MAXIMUM AXIAL FORCE   MINIMUM AXIAL FORCE  

BEAM 
NO 

LOAD 
CONDITION 

AXIAL 
FORCE 
KN  

BEAM 
NO 

LOAD 
CONDITION 

 AXIAL 
FORCE KN 

12 1 75.607  9 1 -75.555 

12 2 71.607  9 2 -71.559 
12 3 74.9  9 3 -74.849 
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Fig 7.2 Bar Chart of Maximum and Minimum Axial forces in K-Bracing 

 
 

7.3 Displacements 

X-Bracing      K-Bracing 

Table 7.5 Node Displacement for X bracing        Table 7.6 Node Displacement for K 
bracing  

MAXIMUM DISPLACEMENTS  MAXIMUM DISPLACEMENTS 
NODE 
NO 

LOAD 
CONDITION 

DISPLACEMENT 
(mm)  

NODE 
NO 

LOAD 
CONDITION 

DISPLACEMENT 
(mm) 

58 1 23.786  20 1 35.772 

58 2 23.877  20 2 33.034 

58 3 23.373  20 3 35.22 
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Fig 7.3 Bar chart of Maximum Node Displacement 
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CONCLUSIONS 

As all the towers are analyzed and designed, the following conclusions are made 

�x The steel weight for the four legged tower with K bracing is found to be 28.16 

kN, less than that of the tower with X bracing which is 55.26 kN.  

�x K Bracing system shows a saving of 49.04% steel by weight when compared to X 

Bracing Tower. 

�x The tower with X bracing is found to have lesser amount of displacement 

throughout the height of the tower as compared with K bracing tower. 

�x The tower with X bracing is found to have lesser amount of axial force throughout 

the height of the tower as compared with K bracing tower. 

�x Axial load at critical section in manual calculation is 60.37 and in STAAD 

analysis is 55.736 is differs by 7.98% for X bracing tower. 

�x Axial load at critical section in manual calculation is 68.85 and in STAAD 

analysis is 70.60 is differs by 9.34% for K bracing tower. 

�x From the whole analysis it is concluded that tower with X bracing is more 

effective when compared with K bracing. 

Scope for further research 

Further studies can be made for channel section bracings to double circuit towers 

with different combinations                                                                                                                           

 

 

 

        



77 
 

  

REFERENCES 

1. �$�U�F�K�D�Q�D�� �5���� �$�V�Z�D�Q�W�K�\�� �6�� �.�X�P�D�U�� �³�$�Q�D�O�\�V�L�V�� �D�Q�G�� �'�H�V�L�J�Q�� �R�I�� �)�R�X�U�� �/�H�J�J�H�G��

�7�U�D�Q�V�P�L�V�V�L�R�Q�� �7�R�Z�H�U�´�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �M�R�X�U�Q�D�O�� �R�I�� �V�F�L�H�Q�F�H�� �D�Q�G�� �U�H�V�H�D�U�F�K���� �9�R�O�X�P�H�� ������

Issue 7, July 2016.              

2. �9�����/�D�N�V�K�P�L�����$�����5�D�M�D�J�R�S�D�O�D���5�D�R�����³�(�I�I�H�F�W���R�I���0�H�G�L�X�P���:�L�Q�G���,�Q�W�H�Q�V�L�W�\���R�Q�������0���������N�9��

�7�U�D�Q�V�P�L�V�V�L�R�Q�� �7�R�Z�H�U�´�� �$�V�V�L�V�W�D�Q�W�� �3�U�R�I�H�V�V�R�U���� �&�L�Y�L�O�� �(�Q�J�L�Q�H�H�U�L�Q�J���� �-�1�7�� �8�Q�L�Y�H�U�V�L�W�\��

Kakinada, Andhra Pradesh, India, Professor of Civil Engineering (Retd) JNT 

University Kakinada, Andhra Pradesh, India, ISSN: 2250�±3676 Volume-2, Issue-4, 

820 �± 824. 

3. D.B.Sonowal, J.D.Bharali �³Analysis and Design of 220 kV Transmission Line 

�7�R�Z�H�U���$�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �P�H�W�K�R�G�� �R�I�� �D�Q�D�O�\�V�L�V�� �D�Q�G�� �,�Q�G�L�D�Q�� �&�R�G�H�� �E�D�V�H�G�� �'�H�V�L�J�Q���´ IOSR 

Journal of Mechanical and Civil Engineering, Department of Civil Engineering 

Tezpur University, Napaam 784028, Assam, India, e-ISSN : 2278-1684, p-ISSN : 

2320�±334X. 

4. Shivam Panwar et. al. (2016)�´Structural Analysis and Design of Steel Transmission 

Tower in Wind Zones II and IV- A Comparative Study�  ́ Department of Civil 

Engineering, Amity University, Uttar Pradesh, Noida , India , Volume 4, Issue 5, 

ISSN 2349-4476 

LIST OF CODES 

a. IS 802 part 1 sec 1 1995 code of practice for use of structural steel in overhead 

transmission line towers. 

b. IS 875 Part 3 2015 code of practice for design loads for buildings (other than 

Earthquake) and structures. 

c. IS 800 2007 code of practice for general construction in steel. 

 

 



 
 
 

STUDY ON DURABILITY CHARACTERISTICS OF SELF 
COMPACTING CONCRETE BY USING FLYASH AS 

REPLACING MATERIAL OF CEMENT  
 

A Report 
Submitted to 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA, KAKINADA  
In partial fulfillment of the requirements for the award of the Degree of 

 
BACHELOR OF TECHNOLOGY  

In 
CIVIL ENGINEERING  

Submitted By 

P.NAVEEN E.VEERA GANGA RAO 

(17485A0152)  (17485A0146) 

R.NAGA SAI KUMAR  R.NAGA VENKATESH 

(16481A01B0) (16481A01B1) 

SECTION C �± BATCH 11 

Under the Guidance of 
Sri S.ARUN CHAITANYA  

Assistant Professor M. Tech,(Ph.D) 
Department of Civil Engineering 

 
 
 
 
 
 
 
 

DEPARTMENT OF CIVIL ENGINEERING 
GUDLAVALLERU ENGINEERING COLLEGE  

(An Autonomous Institute with permanently affiliation to JNTUK) 
SESHADRI RAO KNOWLEDGE VILLAGE  

GUDLAVALLERU -521 356 
ANDHRA PRADESH 



2019-2020 

GUDLAVALLERU ENGINEERING COLLEGE  
SESHADRI RAO KNOWLEDGE VILLAGE::GUDLAVALLERU  

 
DEPARTMENT  OF CIVIL ENGINEERING  

 
 

CERTIFICATE  
 

This is to certify that the project report entitled �³�6�7�8�'�<�� �2�1�� �'�8�5�$�%�,�/�,�7�<��
CHARACTERISTICS OF SELF COMPACTING CONCRETE BY USING FLYASH  AS 
�5�(�3�/�$�&�,�1�*�����0�$�7�(�5�,�$�/�����2�)�����&�(�0�(�1�7�´����is  the  bonafide  work  done  and  submitted by 

AVEEN (17485A0152), E.VEERA GANGA RAO (17485A0146), R.NAGA SAI 
KUMAR (16481A01B0), R.NAGA VENKATESH (16481A01B1) in partial fulfillment of the 
requirements for the award of the degree of BACHELOR OF TECHNOLOGY in CIVIL 
ENGINEERING of JAWAHARLAL NEHRU TECH NOLOGICAL UNIVERSITY 
KAKINADA, KAKINADA.  

 
 
 
 
 
 

Sri S.ARUN CHAITANYA   Dr. P.KODANDA RAMA RAO 
(PROJECT GUIDE)  (HEAD OF THE  DEPARTMENT)  

 
 
 
 

EXTERNAL EXAMINER  



PROGRAM OUTCOMES  
Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, 
engineering fundamentals, and an engineering specialization to the solution of complex 
engineering problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze 
complex engineering problems reaching substantiated conclusions using first principles 
of mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering 
problems and design system components or processes that meet the specified needs 
with appropriate consideration for the public health and safety, and the cultural, 
societal, and environmental considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and 
research methods including design of experiments, analysis and interpretation of data, 
and synthesis of the information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
modern engineering and IT tools including prediction and modeling to complex 
engineering activities with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge 
to assess societal, health, safety, legal and cultural issues and the consequent 
responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional 
engineering solutions in societal and environmental contexts, and demonstrate the 
knowledge of, and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and 
responsibilities and norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member 
or leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with 
the engineering community and with society at large, such as, being able to comprehend 
and write effective reports and design documentation, make effective presentations, 
and give and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of 
the engineering and management principles and apply these to �R�Q�H�¶�V���R�Z�Q���Z�R�U�N�����D�V���D��
member and leader in a team, to manage projects and in multidisciplinary 
environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to 
engage in independent and life-long learning in the broadest context of technological 
change. 



PROGRAMME SPECIFIC OUTCOMES (PSOs) 
Students will be able to 

1. Survey, plot and prepare layout for buildings, dams, canals and highway 

alignments and conduct geotechnical and geological investigations of the project. 

2. Test, analyze and design various substructures and superstructures by 

considering the environmental and societal issues. 

3. Organize various construction projects considering modern construction 

techniques, equipment and management issues. 

PROJECT MAPPING 
Note: Tick Appropriate category. 

Classification 
of 
Project 

Application Product Research Review 

  �9��  

 
Student will be able to 

Course Outcomes 

CO1 Work in a team and select the broad statement of problem for project work 

CO 2 Review and evaluate the available literature on the chosen problem 

CO 3 
Formulate the methodology to solve the identified problem by satisfying the ethical and 
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ABSTRACT  
Self-compacting concrete is a highly flow able type of concrete that spreads 
into the form without the need of mechanical vibration. It is a non-segregating 
concrete which placed by means of its own weight. 
   Fly ash is a fine powder obtained as a by-product of burning coal in thermal 
power plants. It can be replaced up to 30% by mass of portable cement, but can 
be used in higher dosages in certain applications. In some cases fly ash can be 
added to the concrete to get final strength and increases its chemical resistance 
and durability. Fly ash can be significantly improving the workability of 
concrete . 
     
 Cement is going to replace with fly ash at range of 5% up to 30% by its 
weight in M40 mix. Plasticizer has to use as admixture to obtain the fresh 
properties of self compacting concrete. By conducting Acid resistance, sulphate 
attack and saturated water absorption at the age of 28, 56 and 90days we will 
find the durability of this concrete. 
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General 

1. INTRODUCTION  
 
 

Concrete is a composite material composed of fine and 

coarse aggregate bonded together with a fluid cement (cement paste) that 

hardens (cures) over time. In the past limebased cement binders were often 

used, such as lime putty, but sometimes with other hydraulic cements, such as 

a calcium aluminate cement or with Portland cement to form Portland cement 

concrete. Many other non - cementitious types of concrete exist with different 

methods  of   binding   aggregate   together,   including asphalt   concrete with 

a bitumen binder, which is frequently used for road surfaces, and polymer 

concretes that use polymers as a binder. 

When aggregate is mixed with dry Portland cement and water, the mixture 

forms a fluid slurry that is easily poured and molded into shape. The cement 

reacts with the water and other ingredients to form a hard matrix that binds the 

materials together into a durable stone-like material that has many uses. Often, 

additives (such as pozzolans or superplasticizers) are included in the mixture to 

improve the physical properties of the wet mix or the finished material. Most 

concrete is poured with reinforcing materials embedded to provide tensile 

strength, yielding reinforced concrete. 

Concrete is one of the most frequently used building materials. Its usage 

worldwide, ton for ton, is twice that of steel, wood, plastics, and aluminum 

combined. Globally, the ready-mix concrete industry, the largest segment of the 

concrete market, is projected to exceed $600 billion in revenue by 2025. 

Concrete is a mixture of cement, water and aggregates with or without admixtures. 

It is a composite material composed of granular materials like aggregates 
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embedded in a matrix and bound together with cement or binder which fills the 

space between the particles and glues them together. Concrete is unique among 

major construction materials because it is designed specifically for particular civil 

engineering projects. Thus the concept of replacement of cement with egg shell 

powder and fine aggregate with quarry dust seems to be promising. The issue of 

environmental degradation and need for aggregates demands for the usage of any 

other alternative source . 

2. MATERIALS  USED 

Concrete is a composition of cement, fine aggregate and coarse aggregate. These 

three raw materials play an important role in manufacturing of concrete. By 

varying the properties and amount of the above three materials, the properties of 

concrete will changes. 

Cement : 

Ordinary Portland cement of 53 Grade was preferred for this study. The physical 

properties of cement are categorized as per IS 456-2000. 
 

Figure 1: Cement 
 

Table1: Physical Properties of Cement 
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S.no Properties Value 

1 Specific Gravity 3.12 

2 Initial setting time 45min 

3 Final setting time 480 min 

4 Fineness test 5% retained 

5 Normal consistency 32 

 

 

The chief compounds which usually form in process of mixing: 
 

�x Tri-Calcium Silicate (3CaO.SiO2) 
 

�x Di-Calcium Silicate (2CaO.SiO2) 
 

�x Tri-Calcium Aluminates (3CaO.Al2O3) 
 

�x Tetra-Calcium Alumino Ferrite (4CaO.Al2O3.Fe2O3) 
 

Fine Aggregate 
 

The river sand, passing through 4.75 mm sieve and retained on 600 ���P��sieve, 

confirming to Zone II as per IS 383-1970 was used as fine aggregate in the present 

study. The sand is free from clay, siltand organic impurities. The aggregate was 

tested for its physical requirements such as gradation, fineness modulus, and specific 

gravity and bulk modulus in accordance with IS: 2386-1963. Sand is a naturally 

occurring material composed of finely dividedand particles. It is defined by size, 

being finer than and coarser than . The composition of sand varies, depending on the 

local rock sources and conditions, but the most common constituent of sand in inland 

continental settings and non-tropical coastal settingsis (silicon dioxide, or SiO2), 
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usually in the form of . Only some sands are suitable for the construction industry, 

for example for making . 
 

Coarse Aggregate:- 
 

Throughout the investigations, a crushed coarse aggregate of 20mm procured from 

the local crushing plants was used. The aggregate was tested for its physical 

requirements such as gradation, fineness modulus, specific gravity and  bulk 

density etc. In accordance with IS: 2386-1963 and IS: 383-1970. 

Water:  
 

Fresh potable water free from organic matter and oil is used in mixing the 

concrete. Water in required quantities were measured by graduated jar and added 

to the concrete. The rest of the materials for preparation of the concrete mix were 

taken by weight batching. The phvalue should not be less than 6. The results and 

the permissible limits for solids are indicated in table. 

Self Compacting Concrete: 

Self-consolidating concrete or self-compacting concrete (commonly abbreviated to 

SCC) is a concrete mix which has a low yield stress, high deformability, good 

segregation resistance (prevents separation of particles in the mix), and moderate 

viscosity (necessary to ensure uniform suspension of solid particles during 

transportation, placement (without external compaction), and thereafter until the 

concrete sets). 
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In everyday terms, when poured, SCC is an extremely fluid mix with the following 

distinctive practical features �± it flows very easily within and around the formwork, 

can flow through obstructions and around corners ("passing ability"), is close to 

self-leveling (although not actually self-levelling), does not require vibration or 

tamping after pouring, and follows the shape and surface texture of a mold (or 

form) very closely once set. As a result, pouring SCC is also much less labor- 

intensive compared to standard concrete mixes. Once poured, SCC is usually 

similar to standard concrete in terms of its setting and curing time (gaining 

strength), and strength. SCC does not use a high proportion of water to become 

fluid �± in fact SCC may contain less water than standard concretes. Instead, SCC 

gains its fluid properties from an unusually high proportion of fine aggregate, such 

as sand (typically 50%), combined with superplasticizers (additives that ensure 

particles disperse and do not settle in the fluid mix) and viscosity-enhancing 

admixtures (VEA). 

Ordinarily, concrete is a dense, viscous material when mixed, and when used in 

construction, requires the use of vibration or other techniques (known as 

compaction) to remove air bubbles (cavitation), and honeycomb-like holes, 

especially at the surfaces, where air has been trapped during pouring. This kind of 

air content (unlike that in aerated concrete) is not desired and weakens the concrete 

if left. However it is laborious and takes time to remove by vibration, and improper 

or inadequate vibration can lead to undetected problems later. Additionally some 

complex forms cannot easily be vibrated. Self-consolidating concrete is  designed 

to avoid this problem, and not require compaction, therefore reducing labor, time, 

and a possible source of technical and quality control issues. 

SCC was conceptualized in 1986 by Prof. Okamura at Kochi University, Japan, at 
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a time when skilled labor was in limited supply, causing difficulties in concrete- 

related industries. The first generation of SCC used in North America was 

characterized by the use of relatively high content of binder as well as high  

dosages of chemicals admixtures, usually superplasticizer to enhance flowability 

and stability. Such high-performance concrete had been used mostly in repair 

applications and for casting concrete in restricted areas. The first generation of 

SCC was therefore characterized and specified for specialized applications. 

SCC can be used for casting heavily reinforced sections, places where there can be 

no access to vibrators for compaction and in complex shapes of formwork which 

may otherwise be impossible to cast, giving a far superior surface than 

conventional concrete. The relatively high cost of material used in such concrete 

continues to hinder its widespread use in various segments of the construction 

industry, including commercial construction, however the productivity economics 

take over in achieving favorable performance benefits and works out to be 

economical in pre-cast industry. The incorporation of powder, including 

supplementary cementitious materials and filler, can increase the volume of the 

paste, hence enhancing deformability, and can also increase the cohesiveness of the 

paste and stability of the concrete. The reduction in cement content and increase in 

packing density of materials finer than 80 µm, like fly ash etc. can reduce the 

water-cement ratio, and the high-range water reducer (HRWR) demand. The 

reduction in free water can reduce the concentration of viscosity-enhancing 

admixture (VEA) necessary to ensure proper stability during casting and thereafter 

until the onset of hardening. It has been demonstrated that a total fine aggregate 

content ("fines", usually sand) of about 50% of total aggregate is appropriate in an 

SCC mix. 



7  

Self compacting concrete mix design requirements: 
 

1. High Volume of Paste 
 

As SCC concrete undergoes self-compaction by its own weight, it has to attain 

adequate filling ability so that the mix reaches every area. Friction between the 

aggregates restricts this spreading and hence the filling ability. This issue is solved 

by increasing the paste content in SCC mix design in a range of 300 to 400 l/m³. 

The volume of paste implies the combination of cement, water, additions, and air. 

This increase in paste helps separation of the aggregates and easy movement of the 

mix. 

2. High Volume of Fines (<80µm) 
 

SCC must be designed for sufficient workability to show the property of self- 

compaction. This workability must not bring segregation and bleeding issues. To 

limit these risks, SCC is designed to have a large number of fines in a range of 500 

kg/ meter cube. 

Excessive fines in the form of cement alone bring chances of anincreased heat of 

hydration. For this, a part of fines is replaced by pozzolans or mineral admixtures 

like silica fume or fly ash.The strength and durability requirements of the SCC 

concrete governs the volume of filler fines added to the mix. 

3. High Dosage of Superplasticisers 
 

Superplasticizers are introduced in SCC to obtain the fluidity and workability. 

Nevertheless, a highdosage near the saturation amount can increase the proneness 

of the concrete to segregate.The increase of workability by using superplasticisers 

�Z�R�Q�¶�W���O�H�D�Y�H���V�H�J�U�H�J�D�W�Lon or bleeding issues. 
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4. Use of Viscosity Modifying Agent 
 

The viscosity modifying agent in SCC mix design has the same objective as that of 

fine particles. These help to attain flowability property for concrete without 

segregation and bleeding issues. These hold the mix by thickening the paste and 

holding the water with the skeleton created by these agents.Viscosity modifying 

agents are cellulose derivatives, polysaccharides or colloidal suspensions. 

The introduction of such products in SCC seems to be justified in the case of SCC 

with the high water to binder ratio (for e.g. residential building). On the other hand, 

they may be less useful for high-performance SCC (strength higher than 50 MPa) 

with low water to binder ratio. 

Viscosity agents make SCC less sensitive to water variations in water content of 

aggregates occurring in concrete plants. 

5. Less Coarse Aggregate 
 

To increase the passing ability of SCC, the volume of coarse aggregate added is 

less. The coarse aggregate used can be either naturally rounded, crushed or semi- 

crushed aggregate. 

The coarse aggregate has a role in increasing the packing density of the SCC. So 

the volume of the coarse aggregate must not be too high nor too low. The size of 

coarse aggregate used can be between 10mm and 20mm. With the increase in the 

size of the coarse aggregate, the passing ability decreases. The choice of a higher 

aggregate size is thus possible but is only justified with low reinforcement content. 
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3. METHODS OF TESTING SELF COMPACTING  CONCRETE 

The tests methods presented here are devised specifically for self compacting 
concrete. Existing rheological test procedure have not considered here, though the 
relationship between the results of these tests and the rheological characteristics of 
the concrete is likely to figure highly in future work, including standardization 
work. 

A concrete mix can only be classified as self compacting concrete if the 
requirements for all the following three workability properties are fulfilled. 

�x Filling ability 

�x Passing ability and 

�x Segregation resistance. 

Slump flow test: 

The slump flow test is used assess the horizontal free flow of self 
compacting concrete in the absence of obstructions. The test method is based on  
the test method for determining the slump. 

 

V- Funnel Test: 

V-funnel test on self compacting concrete is used to measure the 
flowability. But the flowability of concrete is affected by its other properties as 
well which may affect the flowability of the concrete during testing. 
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L- Box Test: 

This test assesses the flow of the concrete and also the extent to which 
it is subjected to blocking by reinforcement. 

 

 
 

U- Box Test: 

U Box test is used to measure the filing ability of self compacting 
concrete. U box test was developed by the Technology Research Centre of the 
�7�D�L�V�H�L���&�R�U�S�R�U�D�W�L�R�Q���L�Q���-�D�S�D�Q�����6�R�P�H���W�L�P�H���W�K�H���D�S�S�D�U�D�W�X�V���L�V���F�D�O�O�H�G���D���³�E�R�[���V�K�D�S�H�G�´���W�H�V�W�� 
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4. Fly Ash 

What is fly ash? Fly ash is the finely divided residue that results from the 
combustion of pulverized coal and is transported from the combustion chamber by 
exhaust gases. Over 61 million metric tons (68 million tons) of fly ash were 
produced in 2001. 

Where does fly ash come from? Fly ash is produced by coal-fired electric and 
steam generating plants. Typically, coal is pulverized and blown with air into the 
boiler's combustion chamber where it immediately ignites, generating heat and 
producing a molten mineral residue. Boiler tubes extract heat from the boiler, 
cooling the flue gas and causing the molten mineral residue to harden and form 
ash. Coarse ash particles, referred to as bottom ash or slag, fall to the bottom of the 
combustion chamber, while the lighter fine ash particles, termed fly ash, remain 
suspended in the flue gas. Prior to exhausting the flue gas, fly ash is removed by 
particulate emission control devices, such as electrostatic precipitators or filter 
fabric baghouses. 

Where is fly ash used? Currently, over 20 million metric tons (22 million tons) of 
fly ash are used annually in a variety of engineering applications. Typical highway 
engineering applications include: Portland cement concrete (PCC), soil and road 
base stabilization, flowable fills, grouts, structural fill and asphalt filler. 

What makes fly ash useful? Fly ash is most commonly used as a pozzolan in PCC 
applications. Pozzolans are siliceous or siliceous and aluminous materials, which  
in a finely divided form and in the presence of water, react with calcium hydroxide 
at ordinary temperatures to produce cementitious compounds.The unique spherical 
shape and particle size distribution of fly ash make it a good mineral filler in hot 
mix asphalt (HMA) applications and improves the fluidity of flowable fill and 
grout. The consistency a�Q�G�� �D�E�X�Q�G�D�Q�F�H�� �R�I�� �I�O�\�� �D�V�K�� �L�Q�� �P�D�Q�\�� �D�U�H�D�V�¶�� �S�U�H�V�H�Q�W�� �X�Q�L�T�X�H��
opportunities for use in structural fills and other highway applications. 

 
 

Environmental benefits: 

�x Fly ash utilization, especially in concrete, has significant environmental 
benefits including: 

�x increasing the life of concrete roads and structures by improvingconcrete 
durability 
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�x net reduction in energy use and greenhouse gas and other adverse air 
emissions when fly ash isusedto replace or displace manufactured cement, 

�x reduction in amount of coal combustion products that must be disposed in 
landfills, and conservation of other natural resources and materials. 

Classification of fly ash: 

�x class F��

The burning of harder, older anthracite and bituminous coal typically produces 
Class F fly ash. This fly ash is pozzolanic in nature, and contains less than 7% lime 
(CaO). Possessing pozzolanic properties, the glassy silica and alumina of Class F 
fly ash requires a cementing agent, such as Portland cement, quicklime, or 
hydrated lime�² mixed with water to react and produce cementitious compounds. 
Alternatively, adding a chemical activator such as sodium silicate (water glass) to a 
Class F ash can form a geopolymer. 

�x Class C��

Fly ash produced from the burning of younger lignite or sub-bituminous coal, in 
addition to having pozzolanic properties, also has some self-cementing properties. 
In the presence of water, Class C fly ash hardens and gets stronger over time. Class 
C fly ash generally contains more than 20% lime (CaO). Unlike Class F, self- 
cementing Class C fly ash does not require an activator. Alkali and sulfate contents 
are generally higher in Class C fly ashes. 

Advantages of fly ash: 

�x Reduced water content for a given workability or improved workability at 
the same water content. 

�x The rate of bleeding is reduced while workability is increased. 
�x Improved long term strength and durability performance. 
�x Lower shrinkage and porosity as a result of the lower water content. 
�x Lower permeability and better resistance to sulphate attack. 
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Table 1.1 Chemical properties of fly ash 
 

COMPONENTS CHEMICAL FORMULA PERCENTGE 

Silicon dioxide Sio2 64.58 

Aluminium dioxide Al 2o3 25.89 

Ferric oxide Fe203 5.27 

Calcium oxide Cao 0.59 

Magnesium oxide Mgo 0.26 

Sodium oxide Na2o 0.027 

Potassium oxide K2o 0.041 

Sulfur trioxide S03 0.31 
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5. LITERATURE  REVIEW  

A literature review is a report of information from the journals in 

our area of study. This review should describe, summarize, evaluate and 

clarify the journals. This literature review will help you to understand our 

work. A literature review is more than the research for information. All 

works include in the review must read, evaluated analyzed in relation to 

your field of research. 

Rafat Siddique (2010): 

An experimental program was carried out to study the properties of self 

compacting concrete made with class F fly ash. He find out the strength and 

durability properties for SCC mixes deicing salt surface scaling weight loss 

increased with the increase in fly ash content except with mix containing 15% 

fly ash. At 90 days the maximum weight loss was observed with 15% fly ash. 

For 365 days age the weight loss was almost consistent for all percentages of 

fly ash. 

Mehmet Gesog�O�E u a, ErhanGüneyisi a, Erdog an Özbay b(2008): 

Self-compacting concretes (SCCs) have brought a promising insight into the 

concrete industry to provide environmental impact and cost reduction. In this 

paper A total of 22 concrete mixtures were designed having a constant 

water/binder ratio of 0.44 and a total binder content of 450 kg/m3. The control 

mixture included only a Portland cement (PC) as the binder while the 

remaining mixtures incorporated binary, ternary, and quaternary cementitious 

blends of PC, fly ash (FA), ground granulated blast furnace slag(S), and silica 

fume (SF). Fresh properties of the SCCs were tested for slump flow diameter, 

slumpflow time, L-box height ratio, and V-funnel flow time. The results 

indicated that when the durability properties of the concretes were taken into 
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account, the ternary use of S and SF provided the best performance. Using any 

of the mineral admixtures in production of SCCs decreased the chloride ion 

permeability, thus improved durabil-ityof concretes. The most effective 

mineral admixture on chlo-ride ion permeability was found to beS. 

�+�D�O�L�W�<�D�]�Õ�F�Õ�������������� 

In this study, cement has been replaced with a Class C fly ash (FA) in various 
proportions from 30% to 60%. Durability properties of various self-compacting 
concrete (SCC) mixtures such as, freezing and thawing, and chloride penetration 
resistance have been investigated besides mechanical properties  within the scope 
of this study. Similar tests were carried out with the incorporation of 10% silica 
fume (SF) to the same mixtures. Test results indicate that, high-performance SCC 
can be obtained with a high volume FA content especially with 10% SF 
replacement. These mixtures have good mechanical properties, freeze�±thaw and 
chloride penetration resistance. Moreover, these mixtures have also great 
environmental and economical benefits. It is obvious that heat of hydration and 
shrinkage of these mixtures are lower than SCC mixtures made with high- volume 
Portland cement. To improve the chloride penetration resistance, incorporation of 
FA and/or SF in SCC is veryeffective. 

Miao Liu (2010): 

This research investigated self-compacting concrete (SCC) with levels of up to  
80% cement replacement by fly ash in mixes adjusted to give constant fresh 
concrete properties. The hardened concrete and the relationships between hardened 
properties were then studied. The results show that SCC with up 80% cement 
replaced by fly ash is possible. To keep the filling ability constant, replacement of 
cement with fly ash would require an increase in water/powder (W/P) ratio and a 
reduction in super plasticiser dosage. It shows that to keep slump flow and v-funnel 
time constant, replacement of cement with fly ash would require an increase in 
water/powder ratio and a reduction in super plasticizer dosage. Depending on the 
water/powder ratio and the replacement ratio, the compressive strength obtained 
vary from 16 to73 Mpa, splitting strength 1.8�±5.5 Mpa, UPV 4.35�±4.91 km/s and 
Ed 31�±47 Gpaat the age of 28 days. Although in strength terms, there is clearly a 
strength loss in the high-volume fly ash SCCs, potential use of this low-cost 
material for structuresnof low-strength requirements and cement savings is 
practical. 
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BinuSukumar, K. Nagamani , R. SrinivasaRaghavan (2007): 

Self-compacting concrete (SCC) demands large amount of powder content and 
fines for its cohesiveness and ability to flow with-out bleeding and segregation. In 
the present investigation, part of this powder is replaced with high volume fly ash 
based on a rational mix design method developed by the authors. Because of high 
fly ash content, it is essential to study the development of strength at early ages of 
curing which may prove to be a significant factor for the removal of formwork. 
Rate of gain in strength at different periods of curing such as 12 h, 18 h, 1 day, 3 
days, 7 days, 21 days and 28 days are studied for various grades of different SCC 
mixes and suitable relations have been established for the gain in strength at the 
early ages in comparison to the conventional concrete of same grades. SCC mixes 
are prepared for different grades ranges from 30 to 70 Mpa with all required 
rheological characteristics such as flow ability, filling ability, passing ability and 
segregationresistance. 

H.A.F. Dehwah (2011): 

This paper presents the results of a study conducted to evaluate the mechanical 
properties of self-compacting concrete (SCC) prepared using quarry dust 
powder (QDP), silica fume (SF) plus QDP or only fly ash (FA). Trials were 
conducted to assess the proportions of QDP, SF + QDP or FA required for 
producing SCC meeting the flow criteria. SCC specimens were prepared and 
tested for compressive strength, pulse velocity, split tensile strength and 
flexural strength. The results indicated that the mechanical properties of SCC 
incorporating QDP (8�±10%) were equal to or better than those of SCC 
prepared with either SF plus QDP or FA alone. The compressive strength and 
pulse velocity in all SCC specimens increased with age. The compressive 
strength and pulse velocity of SCC specimens prepared with only QDP were 
more than those incorporating SF plus QDP or FA alone. The maximum 
compressive strength and maximum pulse velocity were noted in M2 
specimens while the minimum was noted in M5. 
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Neelam Pathak, Rafat Siddique (2011): 

This paper aimed to study the properties of Self-Compacting-Concrete (SCC) such 
as compressive strength, splitting tensile strength, rapid chloride permeability, 
porosity, and mass loss when exposed to elevated temperatures. In this research, 
mixes were prepared with three percentages of class F fly ash ranging from 30% to 
50% and for comparison; one controlled mixture without fly ash was also 
produced. The variables included were the temperature effects (20 _C, 100 _C, 200 
_C, and 300 _C) using Ordinary Portland Cement. SCC mixes developed 28 days 
compressive strength ranging from 21.43to 

40.68 Mpa and splitting tensile strength ranging from 1.35 to 3.60 Mpa. Test 
results clearly show that there is little improvement in compressive strength within 
temperature range of 200�±300 _C as compared to 20�±200 _C but there is little 
reduction in splitting tensile strength ranging from 20 to 300 _C and with the 
increase in percentage of fly ash. All the high volume fly ash concretes have 
satisfied the norms that were set to qualify them as SCC and the fresh properties 
like workability were in good agreement with European guidelines. The developed 
SCC was highly segregation resistant and had good flow ability and passing 
ability. 

MuctebaUysal ,KemalettinYilmazv (2011): 

In this study, the benefits of limestone powder (LP), basalt powder (BP) and 
marble powder (MP) as partial replacement of Portland cement are established. 
Furthermore, LP, BP and MP are used directly without attempting any additional 
processing in the production of self-compacting concrete (SCC). The water to 
binder ratio is maintained at0.33 for all mixtures. The examined properties include 
workability, air content, compressive strength, ultrasonic pulse velocity, and static 
and dynamic elastic moduli. Workability of the fresh concrete is determined by 
using both the slump-flow test and the L-box test. The results show that it is 
possible to successfully utilize waste LP, BP and MP as mineral admixtures in 
producing SCC. Due to its observed mechanical advantages, the employment of 
waste mineral admixtures improved the economical feasibility ofSCC production 
on a unit strength basis. mixtures containing different mineral admixtures were 
investigated; all the mineral admixtures have shown significant performance 
differences and the highest compressive strength has been obtained for the MP 
mixtures. There was a reasonable correlation between the compressive strength and 
UPV of the ten SCC mixtures. 
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Mohammad SoleymaniAshtiani , Allan N. Scott, Rajesh P. Dhakal(2013): 

In the present study, using the locally available materials in Christchurch, New 
Zealand, a commercially reproducible high-strength self-compacting concrete 
(HSSCC) mix of 100 Mpa compressive strength was designed following the 
available guidelines for normal- strength self-compacting concrete (NSSCC). 
Benchmark mixes of conventionally vibrated high-strength concrete (CVHSC) were 
also designed considering the most important parameters in producing 
comparable concrete mixes; i.e. similar water-to- binder (w/b) ratio and 
comparable concrete compressive strength. It was found that with an equivalent 
w/b ratio, HSSCC develops considerably higher compressive strength (more than 
15 Mpa) compared to that of CVHSC. Therefore, a lower w/b ratio was chosen to 
reproduce CVHSC mix with strength comparable to the HSSCC mix.  Fresh 
properties (slump cone, slump flow, J-ring, L-box and V-funnel) and mechanical 
properties (compressive, splitting tensile and flexural strengths as well  as 
modulus of elasticity and shrinkage) of all concrete types were evaluated at 3, 7, 
28, and 90 days. The higher strength in HSSCC was attributed to the improved 
homogeneity and lower possibility of partial segregation resulting from vibration. 
A better packing factor in HSSCC also contributed to the higher strength 
development. The use of higher quantities of super-plasticizer in HSSCC was also 
believed to partially take part in its higher compressive strength compared 
toCVHSC-2. 

N. BouzoubaaÃa, M. Lachemib(2000): 

The use of fine materials such as fly ash can ensure the required concrete 
properties. The initial results of an experimental program aimed at producing and 
evaluating SCC made with high volumes of fly ash are presented and discussed. 
Nine SCC mixtures and one control concrete were investigated in this study. 
Cementinious materials were maintained constant (400 kg/m3), while the 
water/cementinious material ratios ranged from 0.35 to0.45. The self-compacting 
mixtures had a cement replacement of 40%, 50%, and 60% by Class F flyash. 
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General: 

6. MIX  DESIGN 

Mix Design is done as per Indian standards, Mix Design is the process of selecting 
suitable ingredients of concrete and determining their relative quantities for 
producing concrete of certain minimum properties as strength, durability and 
consistency etc., as economically as possible.mix design for M40 grade of concrete. 

Mix Design �± M40: 

The steps involved in the design of concrete mix as per IS: 10262-2009,IS: 456- 
2000. 

Stipulations for proportioning: 

Grade designation : M40 

Type of Cement  : OPC 53 grade 

Maximum nominal size of aggregate  : 20 mm 

Minimum Cement content : 360 Kg/m3 

Maximum water cement ratio : 0.45 

Workability : 25-50mm 

Exposure condition :Severe 

Degree of supervision :Good 

Type of aggregate :Crushed angular aggregate 

Maximum cement content :430 kg/m3 

 
 

Test data for Materials: 

Specific gravity of Cement : 3.12 

Specific gravity of Coarse Aggregate : 2.78 

Specific gravity of Fine Aggregate :2.61 
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Step-1: Target mean strength 

Fck
O=fck+1.65( S) 

Fck
O��=40+1.65(5)=48.25N/mm2 

fck
O��= target average compressive strength at 28 days 

fck = characterstic compressive strength at 28 days 

s = standard deviation (taken from table1 of is:10262-2009); s=5 

Step-2: Selection of Water-Cement ratio: 

The maximum water cement ratio = 0.45 (From IS: 456-2000, Table 5) 

Adopt water-cement ratio as 0.38 

0.38<0.4, hence O.K 

Step-3: Selection of water content: 

The maximum water content =186 kg/m3 (For 20 mm size aggregate, From IS:10262 
-2009, Table 2) 

Estimated water content for 75mm slump = (182+(3/100)186)= 192 kg/m3 

As super plasticizer is used, the water content can be reduced. 

Based on trails with super plasticizer water content reduction of 15 percent has been 
achieved. 

Hence, the arrived water content =192-(3/100)192) 

= 163.2 kg/m3 

Step-4: Calculation of Cement Content: 

The minimum Cement content required for M40 as per IS:456-2000 of table is 
360Kg/m3 (Severe exposure condition) 

W/C =0.38 

Cement content=163.2/0.38 = 430 kg/m3 

C = 430 kg/m3> 360 kg/m3,, hence O.K. 
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Step-5: Proportion of volume of Coarse Aggregate and Fine Aggregate content 

Volume of Coarse Aggregate =0.62 

Volume of Fine Aggregate = 1-0.62=0.38 

Step-6: Mix Calculations 

(a) Volume of concrete = 1m3 

(b) Volume of cement = (Mass of Cement/specific gravity of Cement) ×1/1000 

=(430/3.12)x(1/1000)= 0.137m3 

(c) Volume of water = (Mass of water /specific gravity of water) ×1/1000 

= (163/1)x(1/1000) 

= 0.16m3 

(d) Volume of chemical admixture (super plasticizer) @ 0.62% by mass of 
cementitious material 

 
admixture)x(1/1000) 

= mass of chemical admixture/spgt of 
 

= ( 2.66/1.08)x(1/1000) 

= 0.0024m3 

(e) Volume of all in aggregate = [a-(b+c+d)] 

= [1-(0.137+0.16+0.0024)] = 0.7m3 

(f) (Mass of Coarse aggregate  (C.A)  =  e × Volume of C.A specific gravity of 
C.A 1000 

= 0.7 x 0.5 x 2.78 x 1000 

= 973 kg/m 

(g) Mass of Fine aggregate (F.A) = e × Volume of F.A specific gravity of 
F.Ax1000 

= 0.7x0.38x2.6x1000 

= 910 kg/m3 
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Mix Proportions: 

Cement = 430 kg/m3 

Water = 163.2 kg/m3 

Fine aggregate = 910 kg/m3 

Coarse aggregate = 973 kg/m3 

Water-cement ratio = 0.38 
 
 
 
 
 
 
 

 
 
 

= 1 : 2.11 : 2.26 

Mix Ratio 

= 430 :910 : 973 
 
 

Cement: F.A: C.A 
 

Table : 14. Mix Proportion Ratio for M40 Grade 
 

Cement 

Kg/m3 

 

Fine Aggregate 
Kg/m3 

 

Coarse Aggregate 

Kg/m3 

 

Water 

l/m3 

430 910 973 163.2 
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General: 

7. CASTING  

 

After completion of mix proportioning of materials concreting is done to represent 

the characteristics, three types of concrete specimens Cubes, Beams, Cylinders are 

prepared in respective moulds in casting procedure. 

Casting Procedure: 
 

a) Preparation of moulds: 
With proper fitting and oiling for easy removal of specimens the moulds 

should be prepared carefully. 
b) Calculation of materials: 

The materials should be dry & well graded and Calculation of materials 
should be done very carefully. 

c) Mixing :  
Mixing shall be done in mechanical mixers only the mixer shall comply with 

IS1791:1968. In drum mixer, it is advisable to add dry material in to the drum after 
that pour some water into the drum next to that measured aggregates and cement 
shall be poured into the drum and then the remaining water should be added to the 
mix and it shall be continued for at least 1 minute till a uniform mix is obtained. 

 
Figure 6: Mixing 

 
 

d) Transporting:  
Concrete shall be transported from the drum mixer to the work area without any 

loss of time because if it is late there will be an addition of water to give workability 
but it leads to segregation of concrete. 
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e) Placing 
The concrete shall be poured in layers continuously. While laying concrete  

care should be taken because the cement slurry should not be separate out & all the 
aggregates is uniformly coated with a cement layer. The placing of concrete should 
be done as soon as possible 
f) Compaction: 

After placing of concrete compaction should be done carefully with tamping rod. 
It should be compacted gently with tamping rod. 
g) Naming of the trails:  

Casted moulds are named and keep them aside for 24 hrs for setting without any 
disturbance. 
h) Demoulding: 
The specimens should be carefully removed after proper setting of concrete. The 
specimens are removed and then processed for curing days. 
Casting of Cubes: 
For each trail 24 cube specimens were casted for calculating 7 days, 28 days 

strengths and for durability properties. The dimensions of specimen for cube areof 
150mmx150mmx150mm. 

 

Figure 7: Cubes Moulds Figure 8: Casted cubes 
 

Casting of Cylinders: 
 

For each trail 24 cylinder specimens were casted for calculating 28 days and 7 days 

and 90 strengths. The dimensions of the cylindrical specimen are of 

Height = 30cm 
 

Diameter = 15cm 
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Figure 9: Casted Beams 
 

Casting of Beams: 
 

For each trail 12 beam specimens were casted for calculating 7days and 28 days and 

90 days strengths. The dimensions of the beam specimen are of 50cm x 10cm x 

10cm. 

Curing of Specimens: 
 

Curing plays an important role in the process of concreting. The strength of 

Concrete increases with age of curing. For better improvement in strength the 

specimens should kept in curing tank. The water used for concrete curing should be 

free from salinity, scrap, vegetation and chemicals. We need to change the water for 

every 7 days of curing. The specimens are tested for 7 days, 28 and 90 days curing. 
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8. TESTS ON MATERIALS  

This chapter explains the methodology followed for the tests on Cement, fly ash, 
fine aggregate, copper slag, coarse Aggregate. 

 
Tests onCement: 

For Quality, Strength and checking for other properties of cement we are 
conducted many types of tests in laboratory those are 

1. Fineness of cementtest 

2. Consistencytest 

3. Initial and Final setting time of cementtest 
 

 

 
Objective of Experiment: 

a.Fineness ofcement: 

To determine the fineness of cement by dry sieving as per IS: 4031(Part 1) �±1996. 

Apparatus: 

�x Sieve �V�L�]�H���������P�� 

�x Diameter of sieve: 150mm to200mm. 

�x Depth of sieve: 45mm to100mm. 

�x Balance, Brush, Trowel, Cement(100g). 

Procedure: 

�x Take 100g of cement (W1) in �������P�V�L�H�Y�H�� 

�x Fit the tray under the sieve and fit the lid over thesieve. 

�x Agitate the sample of cement to be tested by shaking for 2 to 4 min in 
�������P�V�L�H�Y�H�� 

�x Weigh the �D�P�R�X�Q�W���R�I���V�D�P�S�O�H���U�H�W�D�L�Q�H�G���R�Q���������P���V�L�H�Y�H���D�Q�G���D�P�R�X�Q�W ofcement 

�x �3�D�V�V�L�Q�J���W�K�U�R�X�J�K���������P���V�L�H�Y�H�����&�D�O�F�X�O�D�W�H���W�K�H���S�H�U�F�H�Q�W�D�J�H ofretained. 
 
 

Calculation: 

�3�H�U�F�H�Q�W�D�J�H���R�I���U�H�W�D�L�Q�H�G��� �����:�H�L�J�K�W���R�I���W�K�H���F�H�P�H�Q�W���U�H�W�D�L�Q�H�G���R�Q���������P��
sieve/Total sample taken)*100 
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Table 4.1 Fineness of cement 
 
 
 

 
S.NO 

Amount of 
cement 

taken(in gms) 

Retained 
weight(in 

gms) 

Fineness 
of   

Cement 
% 

1 100 5 5 

2 100 5 5 

3 100 5 5 

Avg: 5 

RESULT: The fineness of cement is 5%. 
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b.Consistency of cement: 

Objective of Experiment: 

To determine the quantity of water required to produce a cement paste of 

standard consistency as per IS: 4031 (Part 4) - 1988. 

Principl e: 

The standard consistency of a cement paste is defined as that 

consistency which will permit the Vicat plunger to penetrate to a point 5 to 

7mm from the bottom of the Vicatmould. 

Apparatus: 

�x Vicat apparatus conforming to IS: 5513 �±1976 

�x Balance, whose permissible variation at a load of 1000g should be+1.0g 

�x Gauging trowel conforming to IS: 10086 �±1982 

Procedure: 

�x Weigh approximately 400g of cement and mix it with a weighed quantity of 

water. The time of gauging should be between 3 to 5 minutes. 

�x Fill the Vicatmouldwith paste and level it with atrowel. 

�x Lower the plunger gently till it touches the cementsurface. 

�x Release the plunger allowing it to sink into thepaste. 

�x Note the reading on thegauge. 

�x Repeat the above procedure taking fresh samples of cement and different 

quantities of water until the reading on the gauge is 5 to7mm. 

RESULT: The standard consistency of cement is 32 % of water for 6mm 

penetration. 
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c. Initial Setting time forcement 

Objective of Experiment: 

To determine the initial setting time of cement by using Vicat apparatus. 

Apparatus: 

�x Vicatapparatus 

�x Plunger (needletype) 

�x Cement mould(conetype) 

�x Glass plate andlubricant 

Procedure: 

�x Take the vicat apparatus and fit the standard consistency plunger (needle 

type), lower the stem and check if the reading is zero when the plunger 

touches the non- porous resting plate (glass plate) if not adjust it tozero. 

�x The temperature of cement and water and that of testing room shall be 

preferably within the range of 27±20C. 

�x Coat the non-porous resting plate (glass plate) with petroleum jelly place the 

mould after coating it lightly with petroleum jelly on the non-porous resting 

plate (glass plate).Take 300g ofcement. 

�x Prepare a neat cement paste mixed with water which is 0.85 times that of 

standard consistency (Ex: If std. consistency is 31 % water for initial setting 

time=0.30x300x0.85). 

�x The time from adding water to the dry cement until stating to fill the 

vicatmouldshould be within 3 to5min. 

�x Start the stop watch as soon as you start adding water and mixing the cement 

paste. The mixing should be done using a stain-less steel trowel called 

gauging trowel which is available with lab equipmentdealers. 

�x Fill the Vicatmouldcompletely with the cement paste made and smooth off 

the surface of the paste, make it level to the top of themould. 
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�x Place the mould under the needle (1mm square) together with non-porous 

resting plate cementpaste. 

�x Lower the needle gently to touch the surface of the block and release quickly 

make sure that the dash pot worksproperly. 

�x Initially the needle will pierce completely into the test block repeat this 

procedure until the needle fails to penetrate into the test block by 5±0.5mm 

from the bottom of the mould 

Initial setting time:  

The time started from mixing of water to the cement to the time when the 

needle fails to penetrate the test block by 5±0.5mm is described as the initial 

setting time. That is 45 min. 
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d. Final Setting Time forCement 

Objective of Experiment: 

To determine the final setting time of cement by using vicat apparatus. 

Apparatus: 

�x Vicatapparatus 

�x Needle (annularattachment) 

�x Cement mould(conetype) 

�x Glass plate &lubricant 

Procedure: 

�x After determining the initial setting time replaces the needle of Vicat 

apparatus by the needle with annularattachment. 

�x Lower the attachment gently to touch the surface of the block and release use 

the dash-pot. 

�x Repeat this procedure at regular intervals until the time to find the needle 

makes an impression on the surface of the block and the circular impress is 

notseen. 

Final settingtime: 

The time elapsed from mixing of water to the cement and the time till step 3 

is the final setting time of cement. That is 480 min. 
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e.Specific Gravity ofcement 

To determine the specific gravity is normally defined as the ratio between the 

weight of a given volume of material and weight of an equal volume of water. 

To determine the specific gravity of cement, kerosene which does not recent 

with cement is used.Weigh a clean, dry, Le Chatlierflask or specific gravity 

bottle with stopper (W1). Place sample of cement up to half of flask about 

500gms and weigh with its stopper (W2). Add kerosene (polar liquid) to cement 

in �I�O�D�V�N�� �W�L�O�O�� �L�W�¶�V�� �D�E�R�X�W�� �K�D�O�I�� �I�X�O�O�� �P�L�[�� �W�K�R�U�R�X�J�K�O�\�� �Z�L�W�K�� �J�O�D�V�V�� �U�R�G�� �W�R�� �U�H�P�R�Y�H��

entrapped air continue strings & add more kerosene, till its flush with graduated 

mark. Now weigh the bottle (W3). Now remove the cement and kerosene and 

clean it thoroughly. Fill the bottle with kerosene and weight it(W4). 

Weight of empty flaskW1:25gm. 
 

Weight of empty flask+ cement  W2: 45 gm 

Weight of empty flask +cement+kerosene W3:80gmWeight 

of empty flask+ kerosene W4:65gm 

Specific gravityofkerosene Gk:0.78 
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From the test the Specific Gravity of Cement = 3.12 
Specific Gravity of flyash: 

 
Weight of empty flask W1: 25gm. 

 
Weight of empty flask +flyash W2: 40gm. 

Weight of empty flask + fly ash+ kerosene W3: 75gm. 

Weight of empty flask+ kerosene  W4: 65gm. 

Specific gravityofwater G : 1.0 
 
 

Specific Gravity of fly ash = 2.34 
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9.COMPRESSIVE STRENGTH OFCEMENT 
 

PROCEDURE: 

1. Preparation of test specimens - Clean appliances shall be used for mixing and 
the temperature of water and that of the test room at the time when the above 
operations are being performed shall be 27 ± 2°C. Potable/distilled water shall 
be used in preparing thecubes. 

2. The material for each cube shall be mixed separately and the quantity of 
cement, standard sand and water shall be as follows: Cement 200g and 
standard Sand 600g are required to produce a paste of standard consistency 
determined as described in IS : 4031 (Part 4)-1988 or ExperimentNo.1(a) 

3. Place on a nonporous plate, a mixture of cement and standard sand. Mix it dry 
with a trowel for one minute and then with water until the mixture is of 
uniform colour. The quantity of water to be used shall be as specified in step 
2. The time ofmixing shall in any event be not less than 3 min and shouldthe 
time taken to obtain a uniform colour exceed 4 min, the mixture shall be 
rejected and the operation repeated with a fresh quantity of cement, sand and 
water. 

4. Moulding Specimens - In assembling the moulds ready for use, treat 
theinterior faces of the mouldwith a thin coating of mouldoil. 

5. Place the assembled mouldon the table of the vibration machine and hold it 
firmlyin position by means of a suitable clamp. Attach a hopper of suitable 
size and shape securely at the top of the mould to facilitate filling and this 
hopper shall not be removed until the completion of the vibrationperiod. 

6. Immediately after mixing the mortar in accordance with step 1 & 2 Place the 
mortar in the cube mouldand prod with the rod. Place the mortar in the hopper 
of the cube mouldand prod again as specified for the first layer and then 
compact the mortar byvibration. 

7. The period of vibration shall be two minutes at the specified speed of 12 000± 
400 vibration perminute. 

8. At the end of vibration, remove the mouldtogether with the base plate from the 
machine and finish the top surface of the cube in the mould by smoothing the 
surface with the blade of atrowel. 

9. Curing Specimens - keep the filled mouldsin moist closet or moist room for 24 
± 1 hour after completion of vibration. At the end of that period, remove them 
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from the mouldsand immediately submerge in clean fresh water and keep 
there until taken out just prior tobreaking. 

10. The water in which the cubes are submerged shall be renewed every 7 days 
and shall be maintained at a temperature of 27 ± 2°C. After they have been 
taken out and until they are broken, the cubes shall not be allowed to 
becomedry. 

11. Test three cubes for compressive strength for each period of curing mentioned 
under the relevant specifications (i.e. 3 days, 7 days, 28days) 

12. The cubes shall be tested on their sides without any packing between the cube 
and the steel plattens of the testing machine. One of the plattens shall be 
carried on a base and shall be self-adjusting, and the load shall be steadily and 

uniformly applied, starting from zero at a rate of 35N/mm2/min. 

DIAGRAM:  
 

 
 
 

RESULT:  

 
i) The average 3 Days Compressive Strength of given cement sample is found to 

be27MPa 

ii)  The average 7 Days Compressive Strength of given cement sample is found to 
be39MPa 

iii)  The average 28 Days Compressive Strength of given cement sample is found 
tobe54MPa 
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10.TESTS ON AGGREGATES: 
 

a.Sieve Analysis of Fine Aggregate and FinenessModulus 

Objective of Experiment: 

The sieves are used for the determination of particle size distribution 

of fine Aggregate by sieving. (As per IS: 2386 part-1 methods of test for 

aggregates for concrete). 

Principle:  

By passing the sample downward through a series of standard sieves, 

each of decreasing size openings, the aggregates are separated into several 

groups, each of which contains aggregates in a particular size range. 

Apparatus: 

�x Sieves: sizes of 10m�P�������������P�P�������������P�P�������������P�P�������������P�� ���������P��
�D�Q�G���������P�� 

�x Balance (weightingmachine). 

Procedure: 

�x Take known weight of drysample. 

�x Sieve the sample progressively starting from the largest sieve i.e10mm. 

�x On completion of sieving weight the material retained on eachsieve. 
�x Calculate the percentage % of sand retained in each sieve and 

cumulative % passing through eachsieve. 

�x Calculate the fineness modulus of sand by summing up the cumulative 

�����R�I���V�D�Q�G���U�H�W�D�L�Q�H�G���R�Q�����P�P�����������P�P�����������P�P�����������P�P�����������P�����������P��

�	���������P���V�L�H�Y�H�V���D�Qd dividing the sum by100. 

�x Find out which grading zone the sand conforms to by checking with 
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Table 4.2 Fine aggregate grading zone: 
 

Cumulative passing IS Sieves for grading zone 
IS Sieve Zone-I  Zone-II  Zone-III  Zone-IV  
10mm 100 100 100 100 

4.75mm 90-100 90-100 90-1000 90-100 
2.36mm 60-95 75-100 85-100 95-100 
1.18mm 30-70 55-90 75-100 90-100 
�����������P 15-34 35-59 60-79 80-100 
�����������P 5-20 8-30 12-40 15-50 
�����������P 0-10 0-10 0-10 0-15 

 
Table 4.3Sieve Analysis of fine aggregate and Fineness Modulus 

 
S.NO Sieve 

Size 

Weight 

retainedon 

Sieve(gm) 

Cumulative 

Weight(gm) 

Cumulative 

% 

retained(N) 

Percentage 

finer(100-N) 

1 4.75mm 0.005 0.005 0.5 99.5 

2 2.36mm 0.015 0.020 2 98 

3 1.18mm 0.165 0.185 18.5 81.5 

4 �����������P 0.455 0.640 64 36 

5 �����������P 0.320 0.960 96 4 

6 �����������P 0.040 1.000 100.0 0 

7 ���������P 0.000 0.000 0.000 0 

8 Pan 0.000 0.000 0.000 0 

Fine modules of fine aggregate = Cumulative %retained/100 
 

=2.81 
 
 

The obtained values are similar to Zone-II. Hence taken sand is Zone-II.  
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Sieve Analysis of coarse aggregate and Fineness Modulus: 

Table 4.4 Sieve analysis of coarse aggregate 
 

 
S.NO Sieve 

Size 

Weight 
retained on 
Sieve(kgs) 

Cumulative 
Weight(kgs) 

Cumulative 
% 

retained(N) 

Percentage 
finer(100-N) 

1 80mm 0 0 0 100 

2 40mm 0 0 0 100 

3 20mm 3.00 3.00 30.0 70.0 

4 10 mm 6.90 9.900 99.0 1.0 

5 4.75 mm 0.100 10.00 100 0 

6 2.36mm 0 0 100 0 

7 1.18mm 0 0 100 0 

8 �����������P 0 0 100 0 

9 �����������P 0 0 100 0 

10 �����������P 0 0 100 0 

 

Results :Fine modules of coarse aggregate = Cumulative %retained/100 
=7.29 

\ 
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pecific Gravity Tests on Fine Aggregate and CoarseAggregate: 

 
Objective: 

To determine the specific gravity of fine-grained soil by density bottle 

Method as per IS: 2720 (Part III/Sec 1) - 1980. 

Principle:  

Specific gravity is the ratio of the weight in air of a given volume of a material at a 
standard temperature to the weight in air of an equal volume of distilledwater at 
the same statedtemperature. 

Apparatus: 

�x Two density bottles of approximately 50ml capacity along withstoppers 

�x Constant temperature water bath (270C) 

�x Vacuumdesiccators 

�x Oven, capable of maintaining a temperature of 105 to 1100C 

�x Weighing balance, with an accuracy of0.001g 

�x Spatula 

Preparation of Sample: 

The soil sample (50g) should if necessary be ground to pass through a 

2mm IS Sieve. A 5 to 10g sub-sample should be obtained by riffling and 

oven-dried at a Temperature of 105 to 1100C. 

 
Procedure: 

�x The density bottle along with the stopper, should be dried at a 

temperature of 105 to 110oC, cooled in the desiccators and weighed to 

the nearest 0.001g(W1). 

�x The sub-sample, which had been oven-dried, should be transferred to 

the density bottle directly from the desiccators in which it was cooled. 
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The bottles and contents together with the stopper should be weighed 

to the nearest 0.001g(W2). 

�x Cover the soil with air-free distilled water from the glass wash bottle 

and leave for a period of 2 to 3hrs. For soaking. Add water to fill the 

bottle to abouthalf. 

�x Entrapped air can be removed by heating the density bottle on a water 

bath or a sandbath. 

�x Keep the bottle without the stopper in vacuum desiccators for about 1 

to 2hrs. Until there is no further loss ofair. 

�x Gently stir the soil in the density bottle with a clean glass rod,carefully 

wash off the adhering particles from the rod with some drops of 

distilled water and see that no more soil particles arelost. 

�x Repeat the process till no more air bubbles are observed in the soil- 
watermixture. 

�x Observe the constant temperature in the bottle and record. Insert the 

stopper in the density bottle, wipe and weigh(W3). 

�x Now empty the bottle, clean thoroughly and fill the density bottle with 

distilled water at the same temperature. Insert the stopper in the bottle, 

wipe dry from the outside and weigh(W4). 

�x Take at least two such observations for the sameaggregate 
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Table 4.5Specific gravity of fine aggregate, coarse aggregate: 
 
 
 

 For fine 

Aggregate(g) 

Coarse 

aggregate(g) 

Mass of Pycnometer,W1 (g) 430 610 

Mass of pycnometer + aggregate, 
W2 (g) 

790 1195 

Mass of pycnometer + aggregate+ 
water, 

W3 (g) 

1440 1890 

Mass of pycnometer + water, W4 
(g) 

1215 1505 

�9 �����í���91 
(�9 �����í���91) �í (�9 �����í���9 4) �:�)  2.66 2.925 

 
 
 

Results: 

Specific gravity for Fine Aggregate is = 2.66 

Specific gravity for Coarse Aggregate is = 2.925 
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11.WORKABILITY TESTS  
 

 

 
PROCEDURE: 

a.SLUMPTEST 

1. Dampen the mould and place it on a flat, moist, nonabsorbent (rigid) surface. It shall 
be held firmly in place during filling by the operator standing on the two foot pieces. 
Immediately fill the mold in three layers, each approximately one third the volume of 
themold. 

2. Rod each layer with 25 strokes of the tamping rod. Uniformly distribute the strokes 
over the cross section of eachlayer. 

3. In filling and rodding the top layer, heap the concrete above the mold before rodding 
start. If the rodding operation results in subsidence of the concrete below the top 
edge of the mold, add additional concrete to keep an excess of concrete above the top 
of themold at alltime. 

4. After the top layer has been rodded, strike off the surface of the concrete by means 
of trowel and rolling motion of the tampingrod. 

5. Remove the mold immediately from the concrete by raising it carefully in the vertical 
direction. Raise the mold a distance of 300 mm in 5 ± 2 sec by a steady upward lift 
with no lateral or torsionalmotion. Immediately measure the slump by determining 
the vertical difference between top of the mouldand displaces original center of the 
top surface of the specimen. Complete the entire test from the start of the filling 
through removal of the mold without interruption and complete it within 2½min. 

6. If a decided falling away or shearing off of concrete from one side or portion of the 
mass occurs, disregard the test and make a new test on another portion of the sample. 
If two consecutive tests on a sample of concrete show a falling away or shearing off 
of a portion of concrete from the mass of specimen, the concrete lacks necessary 
plasticity and cohesiveness for the slump test to beapplicable. 

7. After completion of the test, the sample may be used for casting of the specimens for 
the futuretesting. 
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Diagram 

 

The pattern of slump is shown True Slump/Shear Slump/ Collapse Slump 
 
 
RESULT:  

 
The slumpofconcrete 270 mm which means high. 



44  

b.Slump Flow and T500Time 

The slump-flow and T500 time is a test to measure the flow capability and the flow 
rate of self-compacting concrete in the presence of no obstructions. The result is an 
indication of the filling capability of self-compacting concrete. The T500 time is 
also a compute of the flow-speed and therefore the viscosity of the self-compacting 
concrete (SCC). The test is not appropriate when the maximum size of the aggregate 
more than 40 mm. 

The fresh concrete is poured into a cone as used for the slump test. When the cone is 
withdrawn upwards the time from beginning upward movement of the cone to when 
the concrete has flowed to a diameter of 500 mm is calculated and this is known as 
the T500 time. The largest diameter of the flow spread of the concrete and the length 
of the spread (spread diameter) at right angles (perpendicular directions) to it are 
then calculated and the mean is the slump flowtest. 

Apparatus: 

1. �$�E�U�D�P�¶�V cone with the internal top and bottom diameter equal to 100 and 200 
mm respectively and with the height of 300 mm 

2. Base plate made of a flat plate with an even area of at least 900 mm by 900 
mmon which concrete may be placed. The plate shall have a flat, smoothand 
non- porous surface with a minimum thickness of twomm. 

3. The centre of the plate shall be scribed with a cross, the lines of that runparallel 
to the edge sides of the plate and with circles of 200 mm diameter and 500 mm 
diameter having their centres coincident with the centrepoint of theplate. 

4. Stop watch measuring even 0.1second. 
5. Rule (scale) which range from 0 to 1000 mm at intervals of 1mm. 
6. Mass of concrete is 9kg. 
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Slump flow board 
 
 

Test procedure 

1. Put the clean base plate in an even and levelposition. 
2. Put the cone in the centre on the 200 mm circle of the base plate and put the 

weight disc on the top of the cone to keep it inplace. 
3. Fill up the cone with the test sample from the bucket with no any additional 

compacting action such as tamping or vibrating. The extra concrete above the 
top of the cone should be strike off and any concrete remaining on the base 
plate should beseparated. 

4. Ensure that the test surface is neither too wet nor too dried out. No dry areaon 
the base plate is allowed and any excess of the water should beseparated. 

5. After a little rest (no extra than 20s for cleaning and inspection the moist state 
of the test surface), lift up the cone at right angles to the base plate, in such a 
manner that the concrete is allowed to flow out freely with no obstruction 



46  

from the cone, and start the stopwatch the moment the cone free contact with 
the base plate. 

6. Stop the stopwatch when the front of the concrete first meets (touches) the 
marked circle of diameter 50 cm. The stopwatch reading is recorded which is 
known as the T500 value. The test is completed when the concrete flow 
hasstopped. 

7. Measure the leading largest diaof the flow spread, dmax, and the one at right 
angles to it, dperp, using the ruler scale (reading to nearest 4 mm). 

Calculations 

The slump flow spread (denoted as S) is the diameters mean dmax and dperp. S is 
expressed inmm. 

S= 0.5 x (dmax +dprep) 

Range values 

Slump flow range and T500 time range 
 
 
 

Slump-flow mm < 600 600-750 > 750 

Type of SCC Low Medium High 

T500 time seconds < 3,5 3,5 �± 6 > 6 

Type of SCC High Average Low 
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c.L BoxTest 

The L-box test is used to calculate the passing capability of self-compacting concrete 
to flow through taut openings including spaces between reinforcing bars and other 
obstructions without segregation or jamming. There are two types of variations one 
is the 2 bar test and another is the 3 bar test. The first have 2 smooth bars of 12 mm 
diameter with a gap of 59 mm and second have 3 smooth bars of 12 mm diameter 
with a gap of 41 mm.A measured volume of fresh concrete(SCC) is allowed to flow 
horizontally through the gaps between vertical, soft reinforcing bars and the height 
of the concrete away from the reinforcement is measured. 

Apparatus 

1. Scale Rule, graduated from 0 to 300 mm in intervals of 1mm. 
2. Sample Standard L -box as shown infigure. 
3. having a volume not less than 14lit. 

Test procedure 

1. Hold the L-box on a plane horizontal base and close the gate connecting the 
vertical and horizontalsections. 

2. Transfer the concrete from the container into the filling vertical hopper ofthe 
L- box and allow standing for (50 ± 10)seconds. 

3. Record any segregation take place or not and then lift the gate so that the 
concrete is able to flows in the horizontal section of the Lbox. 

4. When movement has stopped, compute the vertical distance, at the end ofthe 
horizontal part of the L shaped box, between the top of the concrete and the 
top of the horizontal section of the L shaped box at 3 positions uniformly 
spaced across the width of thebox. 

5. By difference with the height of the horizontal section of the box, these 3 
measurements are used to calculate the mean depth of concrete as H2 mm. 
The same procedure is used to calculate the depth of concrete instantly behind 
the gate as H1mm. 

Calculations 

The passing ability (PA) is calculated from following eqn. 

PA = H2/H1 

The passing ability (PA) value shall be 0.8 to 1. 
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Details ofLbox L box withSCC 
 
 

d.V- Funnel Test 

The V funnel test is used to measure the viscosity and filling capability of self- 
compacting concrete (SCC). A V shaped funnel is filled with fresh concrete and the 
time taken for the concrete is able to flow out of the V shaped funnel can be 
recorded (measured) known as the V funnel flow time. 

Apparatus 

1. V-funnel is made of steel and which is placed on vertical end supports, and 
with a waterproof openinggate. 

2. Stopwatch with exactness of 0.1 second for recording the V funnels flowtime. 
3. Bucket with a capacity of 14 liters for taking concretesample. 

Procedure 

1. Clean the V funnel and base gate, the moisten all the inside surface and the 
gate also. 

2. Shut the gate and transfer the sample of concrete into the funnel, without any 
tamping or vibrating, then remove excess concrete with straightedge. 

3. Place the bucket under the funnel in order to keep the concrete to bepassed. 
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After a setback of (10 ± 2) second from filling the funnel with concrete, release the 
gate and measure the time TV from opening the base plate gate in such way the 
concrete is able dropped into the bucket which placed below the funnel. TV is 
known as V-funnel flow time. The range of TV is 6 to 12second. 
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e.U box test 

Introduction:  

The test was developed by the Technology Research Centre of the Taisei 
�&�R�U�S�R�U�D�W�L�R�Q���L�Q���-�D�S�D�Q�����������6�R�P�H�W�L�P�H�V���W�K�H���D�S�S�D�U�D�W�X�V���L�V���F�D�O�O�H�G���D���³�E�R�[-�V�K�D�S�H�G�´���W�H�V�W�����7�K�H��
test is used to measure the filling ability of self-compacting concrete. The apparatus 
consists of a vessel that is divided by a middle wall into two compartments, shown 
by R1 and R2. An opening with a sliding gate is fitted between the two sections. 
Reinforcing bars with nominal diameters of 13 mm are installed at the gate with 
centre-to-centre spacing of 50 mm. This creates a clear spacing of 35 mm between 
the bars. The left hand section is filled with about 20 liter of concrete then the gate 
lifted and concrete flows upwards into the other section. The height of the concrete 
in both sections is measured. Note:Analternative design of box to this, but built on 
the same principle is recommended by the Japan Society of Civil Engineers. 

Assessment of Test: 

This is a simple test to conduct, but the equipment may be difficult to construct. It 
provides a good direct assessment of filling ability �± this is literally what the 
concrete has to be modified by an unmeasured requirement for passing ability. The 
35mm gap between the sections of reinforcement may be considered too close. The 
question remains open of what filling height less than 30 cm. is stillacceptable. 

Equipment · 

1. U box of a stiff non absorbingmaterial 
2. trowel 
3. scoop 
4. stopwatch 

Procedure: 

1. About 20 liter of concrete is needed to perform the test, sampled normally. Set 
the apparatus level on firm ground, ensure that the sliding gate can open freely 
and then closeit. 

2. Moisten the inside surfaces of the apparatus, remove any surplus water Fill  the 
one compartment of the apparatus with the concrete sample. Leave it to stand 
for 1minute. 

3. Lift the sliding gate and allow the concrete to flow out into the other 
compartment. 
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4. After the concrete has come to rest, measure the height of the concrete inthe 
compartment that has been filled, in two places and calculate the mean(H1). 

5. Measure also the height in the other compartment (H2) Calculate H1 �± H2, the 
filling height. The whole test has to be performed within 5minutes. 

Result: 

If the concrete flows as freely as water, at rest it will be horizontal, so H1 �± H2 = 0. 
�7�K�H�U�H�I�R�U�H���W�K�H���Q�H�D�U�H�U���W�K�L�V���W�H�V�W���Y�D�O�X�H�����W�K�H���µ�I�L�O�O�L�Q�J���K�H�L�J�K�W�¶����is to zero, the better the flow 
and passing ability of the concrete. 

 

DetailsofU-box U-box withSCC 
 
 

EFNARC guidelines for fresh state concrete 
 
 

S. no Test Method Units Value Range 

Min  Max 

1 Slump flow Mm 650 800 

2 T500 slump flow Sec 2 5 

3 V funnel Sec 6 12 

4 L box Ratio (H2/H1) 0.8 1.0 



52  

Result: 
 
 
 

Mix  Slump Flow (sec) L �± Box U-Box(mm) V �± Funnel (sec) 

SCC0 680 0.85 10 7.5 

SCC1 650 0.87 15 8.1 

SCC2 672.5 0.9 20 4.3 

SCC3 690 0.93 17 5.5 

SCC4 610.5 0.88 12 6.1 
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13.COMPRESSION TEST ON CUBES &CYLINDERS 

PROCEDURE: 

1. Sampling of Materials - Samples of aggregates for each batch of concrete 
shall be of the desired grading and shall be in an air-dried condition. The 
cement samples, on arrival at the laboratory, shall be thoroughly mixed dry 
either by hand or in a suitable mixer in such a manner as to ensure the greatest 
possible blending and uniformity in the material. 

2. Proportioning - The proportions of the materials, including water, in concrete 
mixes used for determining the suitability of the materials available, shall be 
similar in all respects to those to be employed in thework. 

3. Weighing - The quantities of cement, each size of aggregate, and water for 
each batch shall be determined by weight, to an accuracy of 0.1 percent of the 
total weight of thebatch. 

4. Mixing Concrete - The concrete shall be mixed by hand, or preferably, in a 
laboratory batch mixer, in such a manner as to avoid loss of water or other 
materials. Each batch of concrete shall be of such a size as to leave about 10 
percent excess after moulding the desired number of testspecimens. 

5. Mould - Test specimens cubical in shape shall be 15 × 15 × 15 cm. If the 
largest nominal size of the aggregate does not exceed 2 cm, 10 cm cubes may 
be used as an alternative. Cylindrical test specimens shall have a length equal 
to twice thediameter. 

6. Compacting - The test specimens shall be made as soon as practicable after 
mixing, and in such a way as to produce full compaction of the concrete with 
neither segregation nor excessivelaitance. 

7. Curing - The test specimens shall be stored in a place, free from vibration, in 
moist air of at least 90 percent relative humidity and at a temperature of 27°± 
2°C for 24 hours ± ½ hour from the time of addition of water to the 
dryingredients. 

8. Placing the Specimen in the Testing Machine - The bearing surfaces of the 
testing machine shall be wiped clean and any loose sand or other material 
removed from the surfaces of the specimen which are to be in contact with the 
compressionplates. 

9. In the case of cubes, the specimen shall be placed in the machine in such a 
manner that the load shall be applied to opposite sides of the cubes as cast, that 
is, not to the top andbottom 
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10. The axis of the specimen shall be carefully aligned with the centre of thrust of 
the spherically seated platen. No packing shall be used between the faces of 
the test specimen and the steel platen of the testingmachine. 

11. The load shall be applied without shock and increased continuously at a rate 
of approximately 140 kg/sq cm/min until the resistance of the specimen to the 
increasing load breaks down and no greater load can besustained. 

The maximum load applied to the specimen shall then be recorded and the 
appearance of the concrete and any unusual features in the type of failure shall 
benoted. 

Result: 

Compressive strength for different fly ash percentages 
 
 

Sl.no Compressive strength 
Fly ash % 3 days 7 days 28 days 

1 0 15.75 27.8 48.8 
2 10 14.29 27.79 50.21 
3 20 13.85 32.7 53.22 
4 30 11.50 33.45 56.69 
5 40 10.23 35.12 45.90 

 

Compressive strength for different fly ash percentages 
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PROCEDURE: 

13. SPLIT TENSILE  TEST 

1. Sampling of Materials - Samples of aggregates for each batch of concrete 
shall be of the desired grading and shall be in an air-dried condition. The 
cement samples, on arrival at the laboratory, shall be thoroughly mixed dry 
either by hand or in a suitable mixer in such a manner as to ensure the greatest 
possible blending and uniformity in thematerial. 

2. Proportioning - The proportions of the materials, including water, in concrete 
mixes used for determining the suitability of the materials available, shall be 
similar in all respects to those to be employed in thework. 

3. Weighing - The quantities of cement, each size of aggregate, and water for 
each batch shall be determined by weight, to an accuracy of 0.1 percent of the 
total weight of thebatch. 

4. Mixing Concrete - The concrete shall be mixed by hand, or preferably, in a 
laboratorybatchmixer,insuchamannerastoavoidlossofwaterorother 

5. materials. Each batch of concrete shall be of such a size as to leave about 10 
percent excess after moulding the desired number of test specimens. 

6. Mould - The cylindrical mould shall be of 150 mm diameter and 300 mm 
height conforming to IS:10086-1982. 

7. Compacting - The test specimens shall be made as soon as practicable after 
mixing, and in such a way as to produce full compaction of the concrete with 
neither segregation nor excessivelaitance. 

8. Curing - The test specimens shall be stored in a place, free from vibration, in 
moist air of at least 90 percent relative humidity and at a temperature of 27° ± 
2°C for 24 hours ± ½ hour from the time of addition of water to the 
dryingredients. 

9. Placing the Specimen in the Testing Machine - The bearing surfaces of the 
supporting and loading rollers shall be wiped clean, and any loose sand or 
other material removed from the surfaces of the specimen where they are to 
make contact with therollers. 

10. Two bearings strips of nominal (1/8 in i.e3.175mm) thick plywood, free of 
imperfections, approximately (25mm) wide, and of length equal to or slightly 
longer than that of the specimen should be provided for eachspecimen. 
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11. The bearing strips are placed between the specimen and both upper and lower 
bearing blocks of the testing machine or between the specimen and the 
supplemental bars orplates. 

12. Draw diametric lines an each end of the specimen using a suitable device that 
will ensure that they are in the same axial plane. Center one of the plywood 
strips along the center of the lower bearingblock. 

13. Place the specimen on the plywood strip and align so that the lines marked on 
the ends of the specimen are vertical and centered over the plywoodstrip. 

14. Place a second plywood strip lengthwise on the cylinder, centered on the lines 
marked on the ends of the cylinder. Apply the load continuously and without 
shock, at a constant rate within, the range of 689 to 1380 kPa/min splitting 
tensile stress until failure of thespecimen 

15. Record the maximum applied load indicated by the testing machine at failure. 
Note the type of failure and appearance offracture. 

Result: 
 

Sl.no split tensile strength 
Fly ash % 7 days 28 days 

1 0 2.41 3.56 
2 10 2.85 3.72 
3 20 2.98 4.03 
4 30 3.23 4.30 
5 40 2.89 4.19 

 
 

Split tensile strength for different fly ash percentages 
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14. FLEXURAL  TEST 

 
PROCEDURE: 

1. Sampling of Materials - Samples of aggregates for each batch of 

concrete shall be of the desired grading and shall be in an air-dried 

condition. The cement samples, on arrival at the laboratory, shall be 

thoroughly mixed dry either by hand or in a suitable mixer in such a 

manner as to ensure the greatest possible blending and uniformity in 

the material. 

2. Proportioning - The proportions of the materials, including water, in 

concrete mixes used for determining the suitability of the materials 

available, shall be similar in all respects to those to be employed in 

thework. 

3. Mixing Concrete - The concrete shall be mixed by hand, or 

preferably, in a laboratory batch mixer, in such a manner as to avoid 

loss of water or other materials. Each batch of concrete shall be of 

such a size as to leave about 10 percent excess after moulding the 

desired number of testspecimens. 

4. Mould - The standard size shall be 15 × 15 × 70 cm. Alternatively, if 
the largest nominal size of the aggregate does not exceed 19 mm, 
specimens 10 × 10 × 50 cm may beused. 

5. Compacting - The test specimens shall be made as soon as 

practicable after mixing, and in such a way as to produce full 

compaction of the concrete with neither segregation nor 

excessivelaitance. 

6. Curing - The test specimens shall be stored in a place, free from 

vibration, in moist air of at least 90 percent relative humidity and at a 

temperature of 27° ± 2°C for 24 hours ± ½ hour from the time of 
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addition of water to the dryingredients. 

7. Placing the Specimen in the Testing Machine - The bearing 

surfaces of the supporting and loading rollers shall be wiped clean, 

and any loose sand or other material removed from the surfaces of the 

specimen where they are to make contact with therollers. 

8. The specimen shall then be placed in the machine in such a manner 

that the load shall be applied to the uppermost surface as cast in the 

mould, along two lines spaced 20.0 or 13.3 cmapart. 

9. The axis of the specimen shall be carefully aligned with the axis of 

the loading device. No packing shall be used between the bearing 

surfaces of the specimen and therollers. 

10. The load shall be applied without shock and increasing continuously 

at a rate such that the extreme fibre stress increases at approximately 

7 kg/sq cm/min, that is, at a rate of loading of 400 kg/min for the 15.0 

cm specimens and at a rate of 180 kg/min for the 10.0 cmspecimens. 

11. The load shall be increased until the specimen fails, and the 

maximum load applied to the specimen during the test shall be 

recorded. The appearance of the fractured faces of concrete and any 

unusual features in the type of failure shall benoted. 
 

Result: 

Flexural Strength for different fly ash percentages 
 
 
 
 

Sl. no Flexure 
strength 

Fly ash % 7 days 28 days 
1 0 3.52 4.23 
2 10 3.78 4.40 
3 20 3.81 4.73 
4 30 4.30 5.90 
5 40 3.92 4.80 
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Figure : Flexural Strength for different fly ash percentages 
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15. DURABILITY  TEST 
 

a.Acidresistance 

Concrete with Ordinary Portland Cement is the major composition in present 

constructional activities. A concrete structure was good in strength can also be good 

in providing service life. durability is of concrete structure is justified only when it 

shows reliability in its life time. More durability means  more service life of 

structure. The concrete under marine environment and exposed to aggressive 

chemical attack through water are the major problems in reducing the life time of 

structure. To overcome this problem, proper durability studies are needed for 

concrete before concreting a structure. 

To check the Acid resistance of concrete Hydro Chloric acid (HCL), 

Sulphuric Acid (H2SO4) is selected. The concentrations of acids in water are taken as 

3%. The standard specifications for this study are IS 516-1959 and ASTM C666- 

1997. 

 
 

 

Figure 17 :H2SO4 Solution 
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Mix  Cube 
Weights 

Cube 
Weights 

Average 
reduction in 
weight (%) 

Average 
compressive 
strength 

(Mpa) 

Average loss of 
compressive 
strength (%) 

0 days 28 days 28 days 28 days 90 days 
SCC0 9.21 8.76 4.95 47.02 3.64 
SCC1 8.72 8.34 4.74 48.29 3.42 
SCC2 8.92 8.59 3.70 49.41 3.10 
SCC3 8.72 8.42 3.55 51.1 2.84 
SCC4 8.87 8.46 4.65 50.12 3.26 

 

Figure :Average reduction in weight for different fly ash percentages 
 
 

Figure :Average loss of compressive strength for different fly ash percentages 
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b.Sulphate attacktest 

The sulphate attack was evaluated by measuring the weight losses of the cubes at 90 
days. The results for sulphate attack test are shown in table . 

 

Table:Average reduction in weight for different fly ash percentages 
 
 

mix Cube 
Weights 

Cube 
Weights 

Average 
reduction in 
weight (%) 

Average 
compressive 
strength 
(Mpa) 

Average loss of 
compressive 
strength (%) 

0 days 28 days 28 days 28 days 28 days 
SCC0 8.69 8.40 3.34 46.44 4.83 
SCC1 8.86 8.59 3.05 47.80 4.39 
SCC2 8.83 8.59 2.90 49.10 3.72 
SCC3 8.97 8.74 2.56 49.55 3.53 
SCC4 9.20 8.92 3.04 50.27 4.14 

 
 
 
 

 

Figure :Average reduction in weight for different fly ash percentages 
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Figure :Average loss of compressive strength for different fly ash percentages 
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16. CONCLUSION  

�x The fly ash replacement in around 30-40% will be given superior performance 
for SCCs. 

�x Fresh properties of SCCs are effectively satisfied within the limits of 
EFNARC- 2005guidelines. 

�x Strength increases with the decrease of water to cement ratio (w/c) and 
achieved good strength w/c at0.3. 

�x The optimum strength is obtained at 30 % of fly ash replacement, by taking 
50% of coarse aggregate and 50% fineaggregate. 

�x At 30% replacement of cement by fly ash the optimum compressive &split 
tensile strength is obtained at 1.8% of superplasticizer. 

�x Durability test results show a reduction in compressive strength by 9.0% tested 
against 3%HCl. 

�x Durability test results show a reduction in compressive strength by 11.2% 
tested against 3%H2SO4. 

�x Compressive strength is increased 16.03% at 7 days and10.39% at 28 days 
when compared to conventionalconcrete. 

�x Split tensile strength is increased 24.04% at 7 days and 16.22% at 28 days 
when compared to conventionalconcrete 

�x Flexural strength isincreased17.25% at 7 days and 18.54% at 28 dayswhen 
compared to conventionalconcrete. 
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17. FUTURESCOPE 

1. The study can be carried out with varying percentage replacement with 
varying materials for specific low cost housingapplications. 

2. The engineering properties like water absorption, reduction in weights for a 
long period and study on economic aspects can be carried out. 

3. Various super plasticizers can be used for the mix which will reduce the 
w/pratio. 

4. Various experiments can be done for different material admixtures for 
replacement of cement, fine aggregate and coarseaggregate. 

5. In the present study, concrete was tested for its fresh and hardened properties. 
So further it may be tested for its durabilityproperties. 

6. Micro structure of self-compacting concrete made with fly ash and may be 
analyzed using x-raydiffraction. 

7. Self-compacting concrete can be tested for higher gradeofstrengthsalternating 
variousadmixtures. 



66  

18.REFERENCE: 

1. Rafat Siddique (2010), Properties of self compacting concrete containing 
class F fly ash, accepted 24 August2010. 

2. �5�D�P���S�U�D�V�D�G�����$�����5�R�R�S�D�������³�(�[�S�H�U�L�P�H�Q�W�D�O���,�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�Q���'�X�U�D�E�L�O�L�W�\���3�U�R�S�H�U�W�L�H�V��
of Self Compacting Concrete by Partial Replacement of Fly Ash and �*�*�%�6�´ 
, International Journal of Innovative Technologies ISSN 2321-8665 
Vol.05,Issue.11, November-2017,Pages:2225-2230. 

3. �1���5���*�D�\�Z�D�O�D�������'���%���5�D�L�M�L�Z�D�O�D���³�6�H�O�I���F�R�P�S�D�F�W�L�Q�J���&�R�Q�F�U�H�W�H�����D���F�R�Q�F�U�H�W�H���R�I���Q�H�[�W��
�G�H�F�D�G�H�´ 

4. Dhiyaneshwaran, S. Ramanathan, P. Baskar, I. and Venkatasubramani, R. 
�³�6�W�X�G�\�� �R�Q�� �'�X�U�D�E�L�O�L�W�\�� �&�K�D�U�D�F�W�H�U�L�V�W�L�F�V��of Self-Compacting Concrete with Fly 
�$�V�K�´�����-�R�U�G�D�Q���-�R�X�U�Q�D�O���R�I���&�L�Y�L�O���(�Q�J�L�Q�H�H�U�L�Q�J�����9�R�O�X�P�H���������1�R�� 3,2013. 

5. Bouzoubaa N, Lachemi M. Self-compacting concrete incorporating high 
volumes of class F fly ash-preliminary results. CemConcr Res 2001;31:413�± 
20. 

6. Ambuja technical literature series 98, June2004. 
7. �%�D�U�W�R�V���-�����0�������³�0�H�D�V�X�U�H�P�H�Q�W���R�I���.�H�\���3�U�R�S�H�U�W�L�H�V���R�I���)�U�H�V�K���6�H�O�I-compacting 

�&�R�Q�F�U�H�W�H�´�����&�(�1���3�1�5���:�R�U�N�V�K�R�S�� Paris(2000). 
8. �'�¶���$�P�E�U�R�V�L�D���0�����/�D�Q�J�H���'�����%�U�L�Q�N�V���$�����������������³Restrained shrinkage and creep 

of self-�F�R�Q�V�R�O�L�G�D�W�L�Q�J���F�R�Q�F�U�H�W�H�´�����,�Q�����6�K�D�K���6�����H�G������SCC 2005: 4th international 
RILEM symposium on self-compacting concrete, Chicago, November2005. 

9. Khayat KH, Guizani Z. Use of viscosity-modifying admixture to enhance 
stability of fluid concrete. ACI Mater J 199;94(4):332�±41. 

10. YahiaA, Tanimura M, Shimabukuro A, Shimoyama Y. Effect of rheological 
parameters on self compactabilityof concrete containing various mineral 
admixtures. In: Proceedings of the first RILEM international symposium on 
self- compacting concrete, Stockholm; 1999. p.523�±35. 

11. Kurita M, Nomura T. Highly-flow sable steel fiber-reinforced concrete 
containing fly ash, vol. 178. ACI SP; 1998. p.159�±75. 

12. Ozawa K, MaekawaK, Okamura H. Development of the high performance 
concrete. Proc JSI1989;11(1):699�±704. 

13. SkarendahlA, Peterson O. State of the art report of RILEM technical 
committee 174-SCC, self compacting concrete. S.A.R.L, Paris: RILEM 
Publications; 2000. p. 17�±22. 

14. Santhanam Manu, Subramanian S. Current developments in self compacting 
concrete. Indian Concrete J2004;78(6):11�±22. 

15. Jagadish V, Sudharshan MS, Ranganath RV. Experimental study for 
obtaining self-compacting concrete. Indian Concrete J2003;77(8):1261�±6. 

16. SukumarBinu, NagamaniK, SrinivasaRaghavan R, Chandrasekaran E. 



67  

Rheological characteristics and acceptance criteria for self compacting 
concrete. In: Proceedings of national conference on recent developments in 
materials & structures, Calicut: National Institute of Technology; 2004. 
p.417�±25. 

17. SukumarBinu, NagamaniK, Indumathi M. Rational mix design method for 
self- compacting concrete. In: Proceedings of national conference on 
concrete technology for the future (NCCTF-2006) April 21�±22, Kongu 
Engineering College, Tamil Nadu, India; 2006.p.522�±9. 

18. JagadishVengala, Ranganath RV. Effect of fly ash on long term strength in 
high performance self-compacting concrete. In: Proceedings of the 
INCONTEST 2003, Coimbatore: Kumaraguru College of Technology;2003. 

19. OluokunFranciseA, Burdette Edwin G, Deatherage J. Harold splitting tensile 
strength and compressive strength relationship at early ages. ACI Mater J 
1991;88(2):115�±21. 

20. Specifications and guidelines for self-compacting concrete, EFNARC, 
February; 2002. Available from:www.efnarc.org. 



68 
 

17.LIST OF CODE BOOKS 

1. S 12269:1987 Specification for 53 grade ordinary Portland cement, first revision, 

BIS, NewDelhi. 

2. �,�6�� �����������3�D�U�W�� ���������������� �0�H�W�K�R�G�V�� �R�I�� �S�K�\�V�L�F�D�O�� �W�H�V�W�V���� �³�'�H�W�H�U�P�L�Q�D�W�L�R�Q�� �R�I�� �I�L�Q�H�Q�H�V�V�� �E�\��

�G�U�\���V�L�H�Y�L�Q�J�´����2nd Edition, BIS, NewDelhi. 

3. �,�6�� �����������3�D�U�W������������������ �0�H�W�K�R�G�V�� �R�I�� �S�K�\�V�L�F�D�O�� �W�H�V�W�V���� �³�'�H�W�H�U�P�L�Q�D�W�L�R�Q��of consistency 

�R�I���V�W�D�Q�G�D�U�G���F�H�P�H�Q�W���S�D�V�W�H�´����first revision, BIS, NewDelhi. 

4. �,�6�� �����������3�D�U�W�� ���������������� �0�H�W�K�R�G�V�� �R�I�� �S�K�\�V�L�F�D�O�� �W�H�V�W�V���� �³�'�H�W�H�U�P�L�Q�D�W�L�R�Q�� �R�I�� �L�Q�L�W�L�D�O�� �D�Q�G��

�I�L�Q�D�O���V�H�W�W�L�Q�J���W�L�P�H�V�´����first revision, BIS, NewDelhi 

5. IS 383-1970, "Indian Standard Specification for coarse and fine aggregate from 

natural source for concrete���´�����Q�G���(�G�L�W�L�R�Q�����%�,�6�� NewDelhi. 

6. �,�6�� �����������3�D�U�W�� ���������������� �0�H�W�K�R�G�V�� �R�I�� �W�H�V�W�� �I�R�U�� �D�J�J�U�H�J�D�W�H�V�� �I�R�U�� �³�6�S�H�F�L�I�L�F�� �J�U�D�Y�L�W�\����

�G�H�Q�V�L�W�\���� �Y�R�L�G�V���� �D�E�V�R�U�S�W�L�R�Q�� �D�Q�G�� �E�X�O�N�L�Q�J�´���� �H�L�J�K�W�K�� �5�H�S�U�L�Q�W��MARCH 1997, BIS, 

New Delhi. 

7. IS 3812(Part 2):2003 Specification for pulverized fuel ash For use as admixture 

in cement mortar and concrete second revision, BIS, NewDelhi. 

8. IS 456-2000, "Indian Standard Code of Practice for plain and reinforced 

concrete�´���)�R�X�U�W�K���U�H�Y�L�V�L�R�Q�����%�,�6�� NewDelhi. 

9. IS: 10262-�������������³Recommended guidelines for concrete mix design�´�����%�,�6�����1�H�Z��

Delhi. 

10. IS 9103:1999 Specification for admixtures for concrete, first revision, BIS, New 

Delhi, 

11. IS 516:1959 Method of test for strength of concrete, BIS, NewDelhi. 
12. The European Guidelines for Self-Compacting Concrete, eurocode-2 

(EFNARC). 



69 
 

 



i 

 
 
 
 

EXPERIMENTAL INVESTIGATION ON FLUORIDE 

REMOVAL IN GROUNDWATER BY ORDINARY 

PORTLAND CEMENT 

A project report 
Submitted to 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY 
KAKINADA, KAKINADA  

In partial fulfillment of the requirements for the award of the degree of 

 
BACHELOR OF TECHNOLOGY  

IN 
CIVIL ENGINEERING  

Submitted By 
 

P.Y.V.BALA  SUBRAHMANYAM   P.DINESH 

(16481A0195) (16481A0197) 

G.SOWMYA B.SANTOSH KUMAR 

(17485A0139)  (17485A0155) 

Under the Guidance of 

Dr. G.REDDY BABU Ph.D, F.I.E. 
Professor 

 
 
 
 
 
 
 
 
 

DEPARTMENT OF CIVIL ENGINEERING 

GUDLAVALLERU ENGINEERING COLLEGE  
(�$�Q���$�X�W�R�Q�R�P�R�X�V���,�Q�V�W�L�W�X�W�H���Z�L�W�K���3�H�U�P�D�Q�H�Q�W���$�I�I�L�O�L�D�W�L�R�Q���W�R���-�1�7�8�.�����.�D�N�L�Q�D�G�D�����$�F�F�U�H�G�L�W�H�G���E�\���1�$�$�&���Z�L�W�K���³�$�´���J�U�D�G�H�� 

Seshadri Rao Knowledge Village Gudlavalleru-521356 
2016-2020 



ii   

 

DEPARTMENT OF CIVIL ENGINEERING  
 

GUDLAVALLERU ENGINEERING COLLEGE  
(�$�Q���$�X�W�R�Q�R�P�R�X�V���,�Q�V�W�L�W�X�W�H���Z�L�W�K���3�H�U�P�D�Q�H�Q�W���$�I�I�L�O�L�D�W�L�R�Q���W�R���-�1�7�8�.�����.�D�N�L�Q�D�G�D�����$�F�F�U�H�G�L�W�H�G���E�\���1�$�$�&���Z�L�W�K���³�$�´���J�U�D�G�H�� 

Seshadri Rao Knowledge Village Gudlavalleru 
 
 

 

CERTIFICATE  
 
 

This is to certify that the project report entitled �³�(�;�3�(�5�,�0�(�1�7�$�/��

INVESTIGATION   ON   FLUORIDE   REMOVAL   IN   GROUNDWATER   BY 

�2�5�'�,�1�$�5�<�� �3�2�5�7�/�$�1�'�� �&�(�0�(�1�7�´��is the bonafide work done and submitted by 

P.YOGANJANEYA VENKATA BALA SUBRAHMANYAM (16481A0195), 

P.DINESH   (16481A0197),   G.SOWMYA   (17485A0139),   B.SANTOSHKUMAR  

(17485A0155) in partial fulfillment of requirements of the Degree  of BACHELOR  

OF TECHNOLOGY in CIVIL ENGINEERING of JAWAHARLAL NEHR U 

TECHNOLOGICAL UNIVERSITY KAKINADA,  KAKINADA.  

 
 

Dr. G. REDDY BABU Dr. P. KODANDA RAMA  RAO 

(Project guide) (Head of the department) 
 
 
 

EXTERNAL EXAMINER  
 
 
 
 



iii   

Mapping of CO vs PO 
 

EXPERIMENTAL 
& ANALYSIS 

TYPE PROJECTS 
Statement(Students 

will be able to:) PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 

CO1 

Work in a team and 
select the broad 

statement of 
problem for project 

work 

3 1   1 3 1 1      1   

CO2 

Review and evaluate 
the available 

literature on the 
chosen problem 

2 1 
  

1 3 1 1 
     

1   

CO3 

Formulate the 
methodology to 

solve the identified 
problem by 

satisfying the ethical 
and societal 
conditions 

3 1   2 3 1 1      1   

CO4 

Conduct 
experimental 

investigations on 
various  

combinations of 
materials by using  
various standard 

procedures 

2 3   1 3 1 1      1   

CO5 

Evaluate the results 
obtained from 

various numerical 
methods. 

1 3 
  

1 3 1 1 
     

1   

CO6 

Validate the 
obtained data with 
standard norms and 
prepare the report 

1 3   1 3 1 1     

 
1   

  2 2   1 3 1 1     
 

1   
 
 
 
 
 
 
 
 
 
 
 
 
 



iv  

 

JUSTIFICATION  
 

Excessive consumption of fluoride causes dental and skeletal fluorosis in humans. Even 

though, considerable research has been carried out on removal of fluoride in water, but no 

economically feasible and easy to operate method has developed for rural area where people 

are suffering with excessive consumption of fluoride in groundwater as potable water. Hence, 

in this work, trial experimental investigation was carried out on removal of fluoride in fluoride 

synthesized groundwater by using ordinary Portland cement blocks. 
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ABSTRACT 

The present work aim is to experimental investigation on fluoride removal in 

groundwater by ordinary Portland cement. Excessive consumption of fluoride causes 

dental and skeletal fluorosis in humans. Even though, considerable research has been 

carried out on removal of fluoride in water, but no economically feasible method has 

developed for people suffering with excessive consumption of fluoride. Hence, in this 

work, experimental investigation was carried out on the removal of fluoride in 

groundwater collected from the Gudivada and the Gudlavalleru, Krishna District, Andhra 

Pradesh by using cement blocks cast with ordinary Portland cement. Cement blocks size 

of 50 X 50 X 10 mm, were made with ordinary Portland cement. Cement blocks of 

different curing age were used to remove fluoride in groundwater. Results revealed that 

cement blocks cast with ordinary Portland cement have given good performance on 

removal of fluoride in groundwater. Cement blocks are significantly influence co-ions 

concentrations that are present in groundwater. 



1  

CHAPTER - I 

INTRODUCTION  

�3�U�H�V�H�Q�F�H���R�I���À�X�R�U�L�G�H��in water can only be �G�H�W�H�F�W�H�G���E�\���S�H�U�I�R�U�P�L�Q�J���L�W�V���W�H�V�W���E�H�F�D�X�V�H���À�X�R�U�L�G�H��

doesn't impart any colour, odour and taste to water. Excess intake of �À�X�R�U�L�G�H�� �F�D�X�V�H�V��

�G�H�Q�W�D�O���À�X�R�U�R�V�L�V�����V�N�H�O�H�W�D�O���À�X�R�U�R�V�L�V���D�Q�G���E�R�Q�H���I�U�D�F�W�X�U�H�����6�N�H�O�H�W�D�O���D�Q�G���G�H�Q�W�D�O���À�X�R�U�R�V�L�V���E�R�W�K���D�U�H��

irreversible and there is no treatment available. These diseases can only be prevented by 

�N�H�H�S�L�Q�J���À�X�R�U�L�G�H���L�Q�W�D�N�H���Z�L�W�K�L�Q���W�K�H���S�U�H�V�F�U�L�E�H�G���O�L�P�L�W�V�����)�R�U���G�Uinking purpose groundwater is 

a major source globally, But it  �R�I�W�H�Q���F�R�Q�W�D�L�Q�V�� �À�X�R�U�L�G�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���U�D�Q�J�L�Q�J�� �I�U�R�P�����S�S�P��

�W�R�� �P�R�U�H�� �W�K�D�Q�� �����S�S�P���� �,�Q�� �,�Q�G�L�D�� �À�X�R�U�L�G�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �X�S�� �W�R�� ���������S�S�P�� �K�D�V�� �E�H�H�Q�� �U�H�S�R�U�W�H�G��

where as in Kenya and South Africa the level reported is around as high as 25ppm. 

Worldwide, an estimated number of 200 million people depend on drinking groundwater 

�K�D�Y�L�Q�J�� �À�X�R�U�L�G�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �P�R�U�H�� �W�K�D�Q�� �W�K�H�� �:�+�2�� �J�X�L�G�H�O�L�Q�H�� �R�I�� �������P�J���/�� ���� �'�L�V�H�D�V�H�V��

�F�D�X�V�H�G���E�\���H�[�S�R�V�X�U�H���W�R���H�[�F�H�V�V���À�X�R�U�L�G�H��levels are common in China, Kenya, Ghana, India, 

�6�U�L�� �/�D�Q�N�D���� �3�D�N�L�V�W�D�Q�� �D�Q�G�� �(�W�K�L�R�S�L�D���� �7�K�H�� �V�R�X�U�F�H�� �R�I�� �À�X�R�U�L�G�H��in water is leaching out of 

Fluorine and getting dissolved into ground water by weathering and the circulate onwater 

through rock and soil. 

�$�I�W�H�U�� �J�H�W�W�L�Q�J�� �G�L�V�V�R�O�Y�H�G�� �L�Q�� �Z�D�W�H�U�� �À�X�R�U�L�Q�H �I�R�U�P�V�� �À�X�R�U�L�G�H�� �L�R�Q�V���� �6�R�X�U�F�H�V�� �F�D�X�V�L�Q�J��

�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �S�R�O�O�X�W�L�R�Q�� �G�X�H�� �W�R�� �À�X�R�U�L�G�H�� �D�U�H�� �R�I�� �E�R�W�K�� �W�\�S�H�V���� �D�Q�W�K�U�R�S�R�J�H�Q�L�F�� �D�V�� �Z�H�O�O�� �D�V��

�Q�D�W�X�U�D�O���� �,�Q�� �U�R�F�N�V�� �D�Q�G�� �V�R�L�O�V���� �À�X�R�U�L�G�H�� �L�V�� �Q�D�W�X�U�D�O�O�\�� �I�R�X�Q�G�� �D�V�� �)�O�X�R�U�V�S�D�U���� �&�U�\�R�O�L�W�H���� �$�S�D�W�L�W�H����

Hornblende, Mica, Topaz and Tourmaline (WHO 1994). Before consuming water for 

�G�U�L�Q�N�L�Q�J�� �S�X�U�S�R�V�H���� �W�K�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �À�X�R�U�L�G�H�� �L�Q�� �X�Q�G�H�U�J�U�R�X�Q�G�� �Z�D�W�H�U�� �Q�H�H�G�V�� �W�R�� �E�H��

maintained within certain limits. For instance in India the Indian drinking water standards 

limit the range below 1.5ppm. The standard limit as prescribed by WHO is also 1.5ppm. 

Fluorosis still is a serious and wide spread health problem particularly in the rural 

communities dependent on the untreated water supply, despite the awareness about the 

�K�H�D�O�W�K���U�L�V�N�V���R�I���F�R�Q�V�X�P�L�Q�J���H�[�F�H�V�V���À�X�R�U�L�G�H���W�K�U�R�X�J�K���G�U�Lnking water over last half century. A 

suitable cost-e�¡ective and easily operable treatment method is required to maintain 

�À�X�R�U�L�G�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �Z�L�W�K�L�Q�� �S�U�H�V�F�U�L�E�H�G�� �O�L�P�L�W�V���� �7�K�H�� �K�L�J�K�� �F�R�V�W�� �R�I�� �S�R�Z�H�U�� �V�X�S�S�O�\���� �F�R�V�W�� �R�I��

technology, expensive chemicals, use of sophisticated accessories, regeneration cost and 

operational and maintenance costs are constraints in the implementation of technology 



2  

especially in developing countries. 

�0�R�V�W�� �F�R�P�P�R�Q�O�\�� �X�V�H�G�� �G�H�À�X�R�U�L�G�D�W�L�R�Q�� �P�H�W�K�R�G�V�� �I�R�U�� �G�U�L�Q�N�L�Q�J��water are Adsorption, 

Precipitation, Ion-exchange and some other methods such as Electro chemical method, 

�5�H�Y�H�U�V�H�� �R�V�P�R�V�L�V�� �D�Q�G�� �1�D�Q�R�� �¿�O�W�U�D�W�L�R�Q���� �(�O�H�F�W�U�R�F�R�D�J�X�O�D�W�L�R�Q�� �D�Q�G�� �P�H�P�E�U�D�Q�H�� �S�U�R�F�H�V�V�H�V�� �D�U�H��

quite e�¥cient but these techniques are not suitable for poor communities because of high 

cost and lack of availability . In India precipitation and adsorption methods are generally 

used. Nalgonda technique is the most practiced method based on precipitation. This 

technique is cost-e�¡ective and e�¥cient, yet there are some limitations such as the 

production of high quantity of sludge, the requirement of the addition of chemicals on 

daily basis and reduction in e�¡ectiveness on a higher concentration of total dissolved 

solids and hardness. On the other hand adsorption is a cost-e�¡ective and e�¥cient method 

�L�Q�� �U�H�P�R�Y�L�Q�J�� �À�X�R�U�L�G�H�� �L�I�� �D�� �F�K�H�D�S�� �D�Q�G�� �O�R�F�D�O�O�\�� �D�Y�D�L�O�D�E�O�H�� �D�G�V�R�U�E�L�Q�J�� �P�D�W�H�U�L�D�O�� �L�V�� �X�V�H�G����

Adsorption method can also be easily implemented in rural areas both at household and 

community level. 

Since mud pots are often used for storing drinking water in rural areas of India, in the 

present study an attempt has been made to �L�Q�Y�H�V�W�L�J�D�W�H���W�K�H���À�X�R�U�L�G�H���U�H�P�R�Y�D�O���H�¥ciency of 

adsorbent made by casting cement blocks Ordinary Portland Cement (OPC) . Ordinary 

Portland Cement is both cheap and easily available. In the extant literature, there are 

various attempts made to find cheaper, e�¡ective and easily available adsorbent  material 

�V�R���D�V���W�R���R�S�W�L�P�L�]�H���G�H�À�X�R�U�L�G�D�W�L�R�Q��of �À�X�R�U�L�G�H-containing groundwater. 

�$�G�V�R�U�S�W�L�R�Q���R�I���À�X�R�U�L�G�H���X�V�L�Q�J���F�K�H�P�L�F�D�O�O�\�� �D�F�W�L�Y�D�W�H�G���F�D�U�E�R�Q���D�Q�G���W�K�H�� �E�U�L�F�N���S�R�Z�G�H�U���Z�D�V���D�O�V�R��

found to be effective. Adsorption using broken concrete cubes as adsorbent removed 

�À�X�R�U�L�G�H���X�S���W�R�����������I�U�R�P���D�Q�� �L�Q�L�W�L�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I�����P�J���/���&�H�P�H�Q�W���S�D�V�W�H���S�D�U�W�L�F�O�H�V���R�I���V�L�]�H 

between 1and2mm used in �D�� �F�R�O�X�P�Q�� �V�W�X�G�\�� �F�R�X�O�G�� �U�H�G�X�F�H�� �À�X�R�U�L�G�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �W�R��

�������P�J���/�� �I�U�R�P�� �D�Q�� �L�Q�L�W�L�D�O�� �À�X�R�U�L�G�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �����P�J���/��in �W�U�H�D�W�L�Q�J�� �P�L�[�H�G�� �À�X�R�U�L�F�� �D�F�L�G��

waste-water obtained from the waste-water treatment plant . In another study, 

Cengelogluetal �������������� �U�H�S�R�U�W�H�G�������R�I�� �À�X�R�U�L�G�H�� �U�H�P�R�Y�D�O�� �X�V�L�Q�J�� �U�H�G��mud as an adsorbent. 

Kagne et al. �������������� �I�R�X�Q�G�� �������������� �U�H�P�R�Y�D�O�� �R�I�� �À�X�R�U�L�G�H�� �X�V�L�Q�J�� �K�\�G�U�D�W�H�G�� �3�R�U�W�O�D�Q�G�� �F�H�P�H�Q�W��

granules of 1.4�±3mm size. In a column experiment, a column filled with cement paste 

powder particles of size 1�±���P�P�� �U�H�P�R�Y�H�G�� �À�X�R�U�L�G�H�� �Z�L�W�K�� �������������� �H�¥ciency from real 

�K�\�G�U�R�À�X�R�U�L�F���D�F�L�G���Z�D�V�W�H�Z�D�W�H�U���R�E�W�D�L�Q�H�G���I�U�R�P���V�H�P�L�F�R�Q�G�X�F�W�R�U���D�Q�G���G�L�V�S�O�D�\ panel 
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�P�D�Q�X�I�D�F�W�X�U�L�Q�J�� �S�O�D�Q�W�V�� �K�D�Y�L�Q�J�� �S�+�� �������� �D�Q�G�� �L�Q�L�W�L�D�O�� �À�X�R�U�L�G�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q��of 1150mg/L . 

More than 90% removal of �À�X�R�U�L�G�H���Z�D�V���D�F�K�L�H�Y�H�G���Z�L�W�K�L�Q���D�Q���H�T�X�L�O�L�E�U�L�X�P���W�L�P�H���R�I�����K���D�W���D�Q��

�D�G�V�R�U�E�H�Q�W���G�R�V�H���R�I���������P�J���/���I�R�U���D�Q���L�Q�L�W�L�D�O���À�X�R�U�L�G�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I�������P�J���/���X�V�L�Q�J���X�Q�W�U�H�D�W�H�G��

hydrated alumina (UHA) and thermally treated hydrated alumina (THA) as adsorbents. 

Fluoride adsorption capacities of UHA and THA were about 7mg/L and 23mg/L 

respectively. Nano scale aluminium oxide hydroxide (nano ALOOH) as an adsorbent, 

�U�H�P�R�Y�H�G���À�X�R�U�L�G�H���Z�L�W�K���D���P�D�[�L�P�X�P���D�G�V�R�U�S�W�L�R�Q���F�D�S�D�F�L�W�\���R�I�����������P�J���/���D�W���D�Q���D�G�V�R�U�E�H�Q�W���G�R�V�H��

�R�I�� �������J���/�� �I�R�U�� �D�Q�� �L�Q�L�W�L�D�O�� �À�X�R�U�L�G�H�� �F�R�Q�F�H�Q�W�Uation of 20mg/L. After 1hour contact 95% 

removal of �À�X�R�U�L�G�H���Z�D�V���D�F�K�L�H�Y�H�G���D�Q�G���W�K�H���P�D�[�L�P�X�P���D�G�V�R�U�S�W�L�R�Q���R�F�F�X�U�U�H�G���D�W���S�+���������$�G�H�Q�R��

et al, �������������� �$�� �P�D�[�L�P�X�P�� �À�X�R�U�L�G�H�� �D�G�V�R�U�S�W�L�R�Q�� �F�D�S�D�F�L�W�\�� �R�I�� �������������� �P�J���/�� �Z�D�V�� �D�F�K�L�H�Y�H�G�� �E�\��

using Al2O3�±ZrO2 �D�G�V�R�U�E�H�Q�W�� �I�R�U�� �D�Q�� �L�Q�L�W�L�D�O�� �À�X�R�U�L�G�H concentration of 100mg/L. Optimum 

pH and equilibrium time obtained were, 2.0 and 4hours respectively (Zhu et al., 2015). 

When Hydrated Cement (Small granules of 1.4�±3mm size), Bricks Powder (less than 

���������P�� �S�D�U�W�L�F�O�H�� �V�L�]�H���� �D�Q�G�� �0�D�U�E�O�H�� �3�R�Z�G�H�U�� ���������P�� �S�D�U�W�L�F�O�H��size) were used as adsorbents 

they showed removal of �P�R�U�H���W�K�D�Q�����������I�R�U���D�U�V�H�Q�L�F���D�Q�G���P�R�U�H���W�K�D�Q�����������I�R�U���À�X�R�U�L�G�H���I�U�R�P��

an aqueous solution of 1000mg/L of Arsenic and 30mg/L of �À�X�R�U�L�G�H�� �D�W�� �S�+�� �������� �D�Q�G�� ������

with the contact period of 60min and a dose of 30g/L (Bibi et al., 2015). Ce�±Fe bimetal 

oxides (CF31-�������� �D�V�� �D�G�V�R�U�E�H�Q�W���� �U�H�P�R�Y�H�G�� �À�X�R�U�L�G�H�� �Z�L�W�K�� �D�Q�� �D�G�V�R�U�S�W�L�R�Q�� �F�D�S�D�F�L�W�\��of 

60.97mg/g. In the same study, optimum adsorbent dose and equilibrium time of 0.5g/L 

and 40min were obtained respectively (Tang and Zhang, 2016). Clay powder as  

�D�G�V�R�U�E�H�Q�W�� �R�E�W�D�L�Q�H�G�� �D�I�W�H�U�� �F�U�X�V�K�L�Q�J�� �W�K�H�� �¿�U�H�G�� �F�O�D�\��pots �U�H�P�R�Y�H�G�� �À�X�R�U�L�G�H�� �Z�L�W�K�� �D�� �P�D�[�L�P�X�P��

adsorption capacity of 1.3mg/g at a stirring speed of 120rpm. Equilibrium time was 

�D�W�W�D�L�Q�H�G�� �D�I�W�H�U�� �����P�L�Q�� �D�Q�G�� �W�K�H�� �K�L�J�K�H�V�W�� �D�P�R�X�Q�W�� �R�I�� �À�X�R�U�L�G�H�� �Z�D�V�� �D�G�V�R�U�E�H�G�� �D�W�� �S�+�� ��-5. 

Adsorbent made �I�U�R�P�� �D�� �Q�D�W�X�U�D�O�� �Q�D�Q�R�P�D�W�H�U�L�D�O���� �P�R�Q�W�P�R�U�L�O�O�R�Q�L�W�H�� �F�O�D�\�� �U�H�P�R�Y�H�G�� �� �À�X�R�U�L�G�H��

with a maximum percentage of 83.5% at an optimum pH of 2, the contact time of 50min, 

�D�Q�G�� �D�Q�� �D�G�V�R�U�E�H�Q�W�� �G�R�V�H�� �R�I�� �������J�� �I�U�R�P�� �D�Q�� �L�Q�L�W�L�D�O�� �À�X�R�U�L�G�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� ���P�J���/�� �D�W��

temperature 25°C . 
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It is clear from the literature review that there are various methodologies and  

�W�H�F�K�Q�R�O�R�J�L�H�V���D�Y�D�L�O�D�E�O�H���I�R�U���À�X�R�U�L�G�H���U�H�P�R�Y�D�O���I�U�R�P���Z�D�W�H�U�����(�D�F�K���R�I���W�K�H�V�H���W�H�F�K�Q�R�O�R�J�L�H�V���V�X�¡ers 

from one or more limitations. Fluoride removal e�¥ciency also depends upon the 

characteristics of the water to be treated i.e., presence and absence of other compounds. 

Adsorption and chemical precipitation are among the most practiced methods of 

�G�H�À�X�R�U�L�G�D�W�L�R�Q�� �D�G�R�S�W�H�G��in household and small community level water supplies. Among 

�Y�D�U�L�R�X�V�� �D�G�V�R�U�E�H�Q�W�V���� �F�H�P�H�Q�W�� �K�D�V�� �E�H�H�Q�� �U�H�F�H�Q�W�O�\�� �L�G�H�Q�W�L�¿�H�G�� �D�V�� �D�� �S�R�W�H�Q�W�L�D�O�� �D�G�V�R�U�E�H�Q�W�� �I�R�U��

�G�H�À�X�R�U�L�G�D�W�L�R�Q���� �&�H�P�H�Q�W�� �J�U�D�Q�X�O�H�V�� �K�D�Y�H�� �E�H�H�Q�� �W�H�V�W�H�G��in pilot plant scale reactor and 

recommended for the development of a full-�V�F�D�O�H�� �U�H�D�F�W�R�U�� �I�R�U�� �À�X�R�U�L�G�H�� �U�H�P�R�Y�D�O�� �I�U�Rm 

semiconductor and display panel manufacturing plants wastewater. Nalgonda technique  

is the most adopted among �R�W�K�H�U�� �S�U�H�F�L�S�L�W�D�W�L�R�Q�� �P�H�W�K�R�G�V�� �R�I�� �G�H�À�X�R�U�L�G�D�W�L�R�Q���� �,�Q�� �W�K�H�� �S�U�H�V�H�Q�W��

study experimental investigation has carried out on feasibility of cement blocks cast with 

ordinary Portland cement on removal of fluoride in groundwater collected from gudivada 

and gudlavalleru were spiked with sodium fluoride. 
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CHAPTER - II 

LITERATURE REVIEW  

�'�K�D�Q�D�Q�M�D�\���6�L�Q�J�K���6�K�\�D�P�D�O�����3�U�D�Q�D�E���.�X�P�D�U���*�K�R�V�K�����³�*�U�Rundwater for sustainable 

development, Vol:9, 2019, 100248 

They studied, efficiency of Portland pozzolana cement as an adsorbent in removing 

excess fluoride from ground water, and concluded that Portland pozzolana cement 

removed fluoride from synthetic water by providing a layer of cement paste on the inner 

side of mud pots, after 27 hrs 86% reduction in the concentration of fluoride is observed 

from an initial concentration of 5 mg/L. The adsorption capacity of cement paste is found 

to be 0.25 mg/g. The highest defluoridation was obtained at a pH of 2. 

 
S.Kagne,S.Jagtap,P.Dhawade,S.P.Kamble, S.Devotta, S.S.Rayalu, Journal of 

Hazardous Materials, Volume 154, Issues1�±3, 2008, Pages 88-95. 

They studied that hydrated cement is a promising adsorbent for the removal of fluoride 

from aqueous solution. And concluded that the  influence of different adsorption 

parameters, i,e., effect of adsorbent dose, initial concentration, pH, interfering ions and 

contact time are studied for their optimization. It is observed that the adsorbent exhibited 

reasonably significant F
�í��

removal over a wide range of pH. The presence of carbonate 

and bicarbonate ions in aqueous solution are found to affect the F
�í�� ��

removal indicating 

that these anions compete with the sorption of F
�í��

on adsorbent. From the experimental 

results, it may be concluded that HC is an efficient and economical adsorbent for F
�í��

removal. 
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Joo-YangPark, Hye-Jung Byun, Won-HoChoi, Wan-Hyup Kang, Chemosphere, 

volume 70, issue 8, 2008, 1429-1437. 

Their studies on cement paste column for simultaneous removal of fluoride, phosphate, 

and nitrate in acidic wastewater revealed that heavily mixed fluoric acid wastewater from 

a semiconductor fabrication plant was applied to a column packed with cement paste 

granules to evaluate its capacity for the removal of fluoride and three other contaminants, 

phosphate, nitrate, and sulfate, as well as to investigate the interactions between these 

contaminants and cement components. The column reduced fluoride to remarkably low 

levels since fluorite is formed at highly elevated concentrations of calcium and the 

residual fluoride is further sorbed into the amorphous calcium phosphate that precipitated 

the entire amount of phosphate until breakthrough. The overall removal capacity of 

cement paste is reduced due to the high effluent loss of calcium and competition for 

calcium between fluoride and phosphate. 

 

 
Wan-Hyup Kang, Eun-I Kim, Joo-Yang Park, Desalination, Volume 202, Issues 1�±3, 

2007, 38-44. 

They studied on fluoride removal capacity of cement paste revealed that in the batch 

slurry experiments using cement paste and lime simultaneously, 50�±67% of lime can be 

substituted by cement paste to satisfy fluoride effluent limitation of 15 mg/L. Fluoride 

removal reactions in cement paste slurries were strongly affected by pH, and an optimal 

pH for the cement paste slurries exists between 7.0 and 11.5. Results indicate that the 

cement paste generally has advantageous characteristics as an economical and viable 

substitute for lime to remove fluoride. 
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Basudam Adhikari, Suvendu Manna, Prosenjit Saha, Debasis Roy, Ramkrishna 

Sen, Environmental Science and Technology 2014 Vol. 1 

They studied on Removal of fluoride from water using chemically modified juteand 

concluded that F�íremoval process based on untreated and transesterified jutebiosorbent 

has been developed. The process involves physical  adsorption  tocapture the fluoride 

ions from water. F�íadsorption capacity of transesterifiedjute was found to  be  higher  

than those  of  untreated  jute  as  well  as  activatedalumina.  Although the  process 

works well in �S�+�� ������ �W�U�D�Q�V�H�V�W�H�U�L�I�L�H�G�� �M�X�W�H�� �E�L�R�V�R�U�E�H�Q�W�Z�D�V�� �I�R�X�Q�G�� �W�R�� �U�H�P�R�Y�H�� �)�í�� �I�U�R�P�� �Z�D�W�H�U��

over pH between 3 and 8. The biobsorbent couldbe regenerated by mild acid wash and 

the captured F�í was found to be amenable toimmobilization in a virtually insoluble solid 

form The process is inexpensive incomparison to alternative F�í removal processes. 

 
 

Asheesh Kumar Yadav, C.P. Kaushik, Anil Kumar Haritash, Ankur Kansal, Neetu 

Rani , Hazardous Materials 2006, 289-293. 

They studied on Defluoridation Of ground water using Brick Powder as an 

adsorbent.Comparison of adsorbent by Brick powder was made with adsorbent by 

commercially available activated charcoal. Fluoride removal was found to be 47.6 to 

56.4% from ground water samples having 3.14 and 1.21 mg/L under optimised  

conditions. The optimum pH range for brick powder was found to be 6.0 - 8.0 . These 

conditions make it suitable for use in drinking water treatment. And concluded that the 

influence of different adsorbent parameters i.e., pH effect of dosage and contact time 

changes the fluoride removal . 
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Sadia Bibi, Abida Farooqi, Khadim Hussain and Naghma Haider 2015. J. Clean. 

Prod. 87, 882-896. 

Evaluation of industrial based adsorbents for simultaneous removal of arsenic and 

fluoride from drinking water. Commercially available Hydrated Cement, Marble Powder 

(waste) and Brick Powder (waste) are used. And the adsorbents are characterized by 

using X-Ray Diffractrometry techniques. And the influence of different parameters like 

Adsorbent time, dose, pH, and adsorbent concentration. And concluded that Hydrated 

cement showed the highest percentage removal of 97% and 80% for arsenic and F- 

respectively. 

 

 
G. P. Kofa, V. H. Gomdje, C. Telegang, and S. Ndi Koungou, S.2017. J. Appl. Chem. 

1-7. 

Removal of fluoride from water by adsorbent onto fired clay pots: Kinetics and 

equilibrium studies. The Experiments are carried out in a jar test at room temperature. 

And included that the parameters i.e., Effects of contact time, pH, stirring speed, and 

ionic strength were investigated. Results showed that equilibrium was attained in 10 min 

whatever the pH. The Highest amount of F- adsorbed is 1.6mg/L was obtained at pH 4-5 

and the optimum stirring speed is 120 rpm. 
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CHAPTER - III 

MATERIALS AND METHODS  

 MATERIALS  
 

 Cement and Water 
Ordinary Portland Cement (53grade), Groundwater (Gudivada), Groundwater 
(Gudlavalleru), Distilled water. 

 
 Apparatus 

Wash Bottles,Test tubes, Test tube stands, Burettes, Funnels,Conical flasks, 
Beakers,Plastic containers, Fluoride kit. 

 
 Chemicals 

Sodium fluoride (AR grade),H2SO4solution(0.02N),EDTA solution (0.02N),EBT 
indicator,Potassium chromate,Sodium Chloride,Silver Nitrate, Sodium Hydroxide 
pellets,Murexide Indicator,Methyl Orange indicator,Phenolphthalein indicator. 

 
 

 METHODS 
 

 Preparation of Cement Blocks 
 

Steel mould with a size of 1000mm X 1000mm X 10 mm was used. The mould was 

cleaned with the brush and organic coconut oil was applied to the mould. Six kg of fresh 

ordinary Portland cement and one Litre and six hundred eighty ml distilled water with a 

water cement ratio 0.28 were maintained to make cement paste. Then the cement paste 

was placed into the mould evenly and vibrated mould for 2 minutes on concrete vibrator. 

After vibration, mould was left for 1 hour in still condition. After one hour with the help 

of scale and trowel cement past was cut in the mould with dimensions of 50mm X 50mm. 

After 24 hours, cement blocks size of 50 X50X10 mm were taken out from the mould, 

and cement blocks were kept in potable water for curing. Casting of cement blocks is 

shown in Fig 3.2. 



10  

  
 

Fig 3.1. Casting of cement blocks 
 

 Preparation of Stock Solution 

Sodium fluoride stock solution of 1000 mg/L was prepared by one gram of sodium 

fluoride dissolved in one litter distilled water. From this stock solution any concentration 

of fluoride concentration can be prepared. 

 
 
 

 

Fig.3.2 Stock solution 
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 Test procedures 

The fluoride concentration was determined in each GW spiked with F sample by using 

fluoride test kit. The remaining properties concentrations were determined in each GW 

spiked with F sample as per procedures described in IS code 10500 (2012). The 

properties considered are Fluoride, pH, carbon dioxide acidity, mineral acidity, total 

acidity, hydroxide alkalinity, carbonate alkalinity, bicarbonate alkalinity, total alkalinity, 

calcium hardness, magnesium hardness, total hardness, chlorides, and sulphates. Test 

procedures described in IS code 10500 (2012) to determine above properties are 

explained in below sections. 

 Fluoride test kit procedure 

Fluoride test kits were used to determine concentration of fluoride in a sample. Five 

millilitres (ml) test sample has taken into cleaned test tube and add five drops of a liquid 

reagent then shake the test tube for one minute and keep it in still condition. Place the test 

sample tube in a small plastic viewing box. This viewing box contains a plastic disk with 

a colour gradient printed on it. Rotate the colour disk to find  the part that best  matches 

the colour of the sample, and then reads the concentration of the chemical from the disk. 

 
 
 

 
Fig 3.3 Colour of zero concentration of fluoride 
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Fig 3.4 Colour of 5 mg/L concentration of fluoride 
 

 pH Test Procedure: 
 

Connect the instrument to 230v a.c mains having good earthing. Switch on the supply 

before use. Heat the pH electrode dipped in distilled water for at least 24hrs and  

maintains it as per instruction given in the manual as well as separately with the pH 

electrode. Never touch the lower sensitive bulb of the electrode by held or rough material. 

Always use cotton or tissue paper for drying the electrodes. Connect the electrodes to the 

pH meter prepare 7 ,4.0 and 9.2 pH buffer solution using buffer tablets by dissolving in 

100ml distilled water. Wash the electrodes with distilled water and dry it with tissue 

paper. Dip the electrodes in 7 pH buffer solution. Keep temperature knob at 250C 

position. Set the functions witch stop position. The meter will give some reading near 

7.0pH, sayitgives6.80.Usestandardizecontroltomakethereadingexactly 7.00. Remove the 

7.00 pH solution, wash and dry the electrodes as instructed earlier. Take 4.0 pH buffer 

solutions and dip the electrode in it. See the digital display say it read 4.3 pH. So the error 

is 0.3 pH. Now we use the slope control button at back and setup the instrument to adjust 

the pH reading to 4.0 pH. 
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Fig 3.5 pH test 
 
 
 

The meter is now standardized and hence do not disturb any controls to measure the pH 

of an unknown solution. First set the temperature of solution on temperature scale and dip 

the electrode in the solution and directly lead its pH value. Every time the electrodes must 

be washed out and dried as instructed above. 
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Acidity Test Procedure 
 

Take 100ml of the given sample in a conical flask. Add one drop of 0.1N sodium 

thiosulphate solution to remove the residual chlorine if present  Add  2 drops of 

methyl orange indicator. The sample turns to pink. Proceed with titration until the 

colour changes from pink to orange. Note down the volume of NaOH added(V1). 

Take another conical flask containing 100ml of water sample, add 2 or 3 drop of 

phenolphthalein indicator.Proceed with titrations until sample turns to pink.Note  

down the total volume of NaOH added(V2). 

 
 
 
 
 

 
 

Fig 3.6 Acidity test 
 
 

Calculations : 

 
Total Acidity = �:���tF���s�;H�J�K�N�I�=�H�E�P�U �K�B �0�=�1�* × 50× 1000 

�8�K�H�Q�I�A �K�B �P�D�A �5�=�I�L�H�A �P�=�G�A�J 
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Alkalinity Test  Procedure 
 

Take 50 ml of water sample in a flask. Add six drops of phenolphthalein indicator in 

the sample (water), note the initial reading of the burette containing H2SO4(N=0.02). 

Start the titration till the color changes and note the reading of the burrette , Calculate 

the phenolphthalein alkalinity using the formula alkalinity = (final reading - initial 

reading) X 100/50. Now add six drops of brome cresol green in the methyl solution 

which turns the color to greenish one. note the initial reading of the burette and start 

the titration till the color changes to gray and note the final reading. Calculate total 

alkalinity by using the formula. 

 

 
Fig 3.7 Alkalinity Test 

Table 3.1 classification of alkalinity 
 

Result of 
titration  

Hydroxide 
(OH) 

Carbonate 
(CO3) 

Bicarbonate 
(HCO3) 

p = 0 Nil  Nil  T 
p > t/2 2p - T 2(T - p) Nil  
p = t/2 Nil  2p Nil  
p < t/2 Nil  2p T - 2p 
p = T p Nil  Nil  

 
Where P= phenolphthalein alkalinity, T= Total alkalinity 

 
Calculation : 

 
Total alkalinity = (final reading - initial reading) x 1000/50 
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 Total Hardness Test Procedure 

Take 100ml well mixed sample in conical flask. Add 1-2ml buffer solution followed 

by 1ml inhibitor. Add 2drops of  Erio Chrome Black T and titrate with standard 

EDTA (0.01M) till wine-red colour changes to blue. Note down the volume of EDTA 

required(A) . Run a reagent blank if buffer is not checked properly. Note the volume 

of EDTA required for blank(B). Calculate the volume of EDTA required for the 

sample(A-B). 
 

 
Fig 3.8 Hardness Test 

 
Calculations: 

 
Total Hardness (mg/L) as CaCO3 = 

(�#�í�$)×1000
 

�8�K�H�Q�I�A �K�B �P�D�A �5�=�I�L�H�A �P�=�G�A�J 

Table 3.2 Hardness of water limits 
 
 

Hardness (mg/L) as 
CaCO3 

Hardness (mg/L) 
Type of water 

0 - 75 Soft water 

75 - 150 
Moderately hand 
water 

150 - 300 Hard water 
above 300 Very hard water 
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 Calcium Hardness Procedure 
 

Take 25 or 30 ml of sample in conical flask. Add 1ml NaOH to raise pH to 12.0 and a 

pinch of murexide indicator. Titrate with EDTA till pink colour changes to purple . 

Note the volume of EDTA used (A1). 

 
 
 
 
 
 

 
Fig 3.9 Calcium Hardness Test 

 
 
 
 
 

Calculations: 
 

Calcium Hardness (mg/L) as CaCo3   = 
A1×1000

 
�8�K�H�Q�I�A �K�B �P�D�A �5�=�I�L�H�A �P�=�G�A�J 

 

where A1 = volume of EDTA used by sample. 
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 Chloride Test Procedure 
 

The amount of chloride present in water can be easily determined by titrating the 

given water sample with silver nitrate solution. The silver nitrate reacts with chloride 

ion according to1 mole of AgNO3 reacts with 1 mole of chloride. The titrant 

concentration is generally 0.02 M. Silver chloride is precipitated quantitatively, before 

red silver chromate is formed. The end of titration is indicated by formation of red 

silver chromate from excess silver nitrate. Take 100ml of the sample in conical flask. 

Adjust its pH to be between 7.0 and 8.0 either with sulphuric acid or sodium 

hydroxide solution. Otherwise, AgOH is formed at high pH level or CrO4-2 is 

converted Cr2O7
-2 at low pH levels. Add 1 ml of potassium chromate to get light 

yellow colour. Titrate with standard silver nitrate solution till colour change from 

yellow to brickred .Note the volume of silver nitrate added (A).If more quantity of 

potassium chromate is added, Ag2CrO4 may form too soon or not soon enough. For 

better accuracy, titrate distilled water in the same manner. Note the volume of silver 

nitrate added for distilled water (B). 

 

 

Fig 3.10 ChloridesTest 
 

Calculations: 

 
Chloride in (mg/L) = ( �#F�$)× �J�K�N�I�=�H�E�P�U �K�B �#�C�0�13 × 35.46×1000 

�8�K�H�Q�I�A �K�B �P�D�A �5�=�I�L�H�A �P�=�G�A�J 
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3.2.3.8. Sulphates Test Procedure 
 

Take 125 ml of sample in a 400ml beaker. Add 5 ml of hydroxylamine chloride and 

then add 10 ml benzidine hydrochloride. Stir the mixture vigorously and allow the 

precipitate to settle.Filter the solution and wash the beaker and the filter paper with 

cold distilled water. Piecere the filter paper into the funnel and wash the precipitate 

formed on the filter paper to the original beaker with 100 to 150 ml distilled water. 

Heat the beaker to dissolve the contents for 20 to 30 minutes. As 2 drops of 

phenolphthalein indicator and titrate with 0.05N until pink colour is developed. 

 
 
 
 
 
 
 

 

 
 

Fig 3.11 Sulphates Test 
 
 
 
 

Calculations: 
 

Concentration of Sulphates (mg/L) =
�8�K�H�Q�I�A  �K�B  0.05�0  �0�=�1�* ×38.4

 
�8�K�H�Q�I�A �K�B �P�D�A �O�=�I�L�H�A �P�=�G�A�J 
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 Gudivada sample �± I, Five cement blocks 

Five cement blocks (CB) with one day age were kept in sodium fluoride (F) concentrations 

of 20, 30 and 40 mg/L in groundwater for 48 hours. Groundwater (GW) collected from the 

Gudivada (sample �± I) was spiked with sodium fluoride as said above concentrations. The 

concentration of each property of an each GW spiked F sample was determined after 48 hrs, 

during this period, five cement blocks (CB) were kept in an each GW spiked with  F 

samples. The properties of Gudivada sample �± I are presented in Table 3.1 

 
 Gudivada sample �±II, Four cement blocks 

Four cement blocks (CB) with one day age were kept in sodium fluoride concentrations of 

12.5 mg/L in groundwater respectively for 16 hours. Groundwater (GW) collected from the 

Gudivada (sample �± II) was spiked with sodium fluoride as said above concentration. After 

GW spiked with sodium fluoride 12.5 mg/L concentration, all the properties of this sample 

were determined. Again after that four cement blocks (CB) with one day age were kept in 

the same sample. Since, four cement blocks were kept in a sample, ever one hour, fluoride 

concentration was determined and the moment change in fluoride removal observed, the 

concentration of each property of sample was determined. The maximum removal of 

fluoride observed at the moment of 16th hr. During this 16 hours period, four cement blocks 

(CB) were kept in the sample. The properties of Gudivada sample �± II are presented in 

Table 3.1 

 
 Gudivada sample �±II, Five cement blocks 

Five cement blocks (CB) with one day age were kept in sodium fluoride concentrations of 

15 mg/L in groundwater respectively for 16 hours. Groundwater (GW) collected from the 

Gudivada (sample �± II) was spiked with sodium fluoride as said above concentration. After 

GW spiked with sodium fluoride 15 mg/L concentration, all the properties of this sample 

were determined. Again after that five cement blocks (CB) with one day age were kept in 

the same sample. Since, five cement blocks were kept in a sample, ever one hour, fluoride 

concentration was determined and the moment change in fluoride removal observed, the 

concentration of each property of sample was determined. The maximum removal of 

fluoride observed at the moment of 16th hr. During this 16 hours period, four cement blocks 

(CB) were kept in the sample. The properties of Gudivada sample �± II are presented in 

Table 3.1 
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 Gudlavalleru sample �±I, Five cement blocks 

Five cement blocks (CB) with seven day age were kept in sodium fluoride concentrations of 

17.5 mg/L in groundwater respectively for 7 hours. Groundwater (GW) collected from the 

Gudlavalleru (sample �± I) was spiked with sodium fluoride as said above concentration. 

After GW spiked with sodium fluoride 17.5 mg/L concentration, all the properties of this 

sample were determined. Again after that five cement blocks (CB) with seven day age were 

kept in the same sample. Since, five cement blocks were kept in a sample, ever one hour, 

fluoride concentration was determined and the moment change in fluoride removal  

observed, the concentration of each property of sample was determined. The maximum 

removal of fluoride observed at the moment of 7th hr. During this 7 hours period, five 

cement blocks (CB) were kept in the sample. The properties of Gudlavalleru sample �± I are 

presented in Table 3.1 

 
 
 

 Gudlavalleru sample �±I, Ten cement blocks 

Ten cement blocks (CB) with seven day age were kept in sodium fluoride concentrations of 

20 mg/L in groundwater respectively for 5 hours. Groundwater (GW) collected from the 

Gudlavalleru (sample �± I) was spiked with sodium fluoride as said above concentration. 

After GW spiked with sodium fluoride 20 mg/L concentration, all the properties of this 

sample were determined. Again after that ten cement blocks (CB) with seven day age were 

kept in the same sample. Since, ten cement blocks were kept in a sample, ever one hour, 

fluoride concentration was determined and the moment change in fluoride removal  

observed, the concentration of each property of sample was determined. The maximum 

removal of fluoride observed at the moment of 5th hr. During this 5 hours period, ten 

cement blocks (CB) were kept in the sample. The properties of Gudlavalleru sample �± I are 

presented in Table 3.1 
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 Gudlavalleru sample �±I, Fifteen cement blocks 

Fifteen cement blocks (CB) with seven day age were kept in sodium fluoride concentrations 

of 22.5 mg/L in groundwater respectively for 5 hours. Groundwater (GW) collected  from 

the Gudlavalleru (sample �± I) was spiked with sodium fluoride as said above concentration. 

After GW spiked with sodium fluoride 22.5 mg/L concentration, all the properties of this 

sample were determined. Again after that fifteen cement blocks (CB) with seven day age 

were kept in the same sample. Since, fifteen cement blocks were kept in a sample, ever one 

hour, fluoride concentration was determined and the moment change in fluoride removal 

observed, the concentration of each property of sample was determined. The maximum 

removal of fluoride observed at the moment of 5th hr. During this 5 hours period, ten 

cement blocks (CB) were kept in the sample. The properties of Gudlavalleru sample �± I are 

presented in Table 3.1 

 
 Gudlavalleru sample �±II (Boiled), Five cement blocks 

Five cement blocks (CB) with twenty day age were kept in sodium fluoride concentrations 

of 17.5 mg/L in groundwater respectively for 3 hours. Groundwater (GW) collected  from 

the Gudlavalleru (sample �± I) was spiked with sodium fluoride as said above concentration. 

After GW spiked with sodium fluoride 17.5 mg/L concentration, all the properties of this 

sample were determined. Then the same was boiled for 30 minutes after it got boiling point 

and properties of this boiled sample were determined. Again after that five cement blocks 

(CB) with twenty days age were kept in the same boiled sample. Since, five cement blocks 

were kept in a boiled sample, ever one hour, fluoride concentration was determined and the 

moment change in fluoride removal observed, the concentration of each property of sample 

was determined. The maximum removal of fluoride observed at the moment of 3rd hr. 

During this 3 hours period, five cement blocks (CB) were kept in the sample. The properties 

of Gudlavalleru sample �± II are presented in Table 3.3 
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Table 3.3 Characteristics of groundwater from Gudivada and Gudlavalleru 
 
 
 

Property GW from 
Gudivada 
Sample-I 

GW from 
Gudivada 
Sample-II  

GW from 
Gudlavalleru 

Sample-I 

GW from 
Gudlavalleru 

Sample-I 
Fluoride Conc. 0 0 0 0 

pH 7.3 7.68 6.38 7.03 

Carbon dioxide Acidity 70 25 35 25 

Mineral acidity 0 0 0 0 

Total acidity 70 25 35 25 

Hydroxide Alkalinity 0 0 0 0 

Carbonate Alkalinity 10 5 5 5 

Bicarbonate Alkalinity 5 10 12.5 10 

Total Alkalinity 15 15 17.5 15 

Calcium hardness 96 275 340 340 

Magnesium Hardness 404 450 660 670 

Total Hardness 500 725 1000 1010 

Chlorides 542 527 1945 2075 

Sulphates 0 0 0 0 

 
Note: (Except pH all are in mg/L, and except Fluoride, pH, chlorides and sulphates all are 

expressed as CaCO3) 
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CHAPTER -IV 

RESULTS AND DISCUSSIONS 

In this chapter performance of cement blocks (CB), 50 mm X50 mm X 10 mm, were cast 

with ordinary Portland cement on removal of fluoride from groundwater (GW) spiked with 

sodium fluoride (F) results are discussed. 

Five cement blocks (CB) with one day age were kept in sodium fluoride concentrations of 

20, 30 and 40 mg/L in groundwater for 48 hours. Groundwater (GW) collected from the 

Gudivada (sample �± I) was spiked with sodium fluoride as said above concentrations. The 

performance of cement blocks on removal of fluoride is tabulated in Table 4.1. 

Four cement blocks (CB) with one day age were kept in sodium fluoride concentrations of 

12.5 mg/L in groundwater for 16 hours. Groundwater (GW) collected from the Gudivada 

(sample �± II) was spiked with sodium fluoride as said above concentration. The  

performance of cement blocks on removal of fluoride is tabulated in Table 4.2. 

Five cement blocks (CB) with one day age were kept in sodium fluoride concentrations of 

15 mg/L in groundwater for 16 hours. Groundwater (GW) collected from the Gudivada 

(sample �± II) was spiked with sodium fluoride as said above concentration. The  

performance of cement blocks on removal of fluoride is tabulated in Table 4.3. 

Five cement blocks (CB) with seven day age were kept in sodium fluoride concentrations of 

17.5 mg/L in groundwater for 7 hours. Groundwater (GW) collected from the Gudlavalleru 

(sample �± I) was spiked with sodium fluoride as said above concentration. The performance 

of cement blocks on removal of fluoride is tabulated in Table 4.4. 

Ten cement blocks (CB) with seven day age were kept in sodium fluoride concentrations of 

20 mg/L in groundwater for 5 hours. Groundwater (GW) collected from the Gudlavalleru 

(sample �± I) was spiked with sodium fluoride as said above concentration. The performance 

of cement blocks on removal of fluoride is tabulated in Table 4.5. 

Fifteen cement blocks (CB) with seven day age were kept in sodium fluoride concentrations 

of 22.5 mg/L in groundwater for 5 hours. Groundwater (GW) collected from the 

Gudlavalleru (sample �± I) was spiked with sodium fluoride as said above concentration.  

The performance of cement blocks on removal of fluoride is tabulated in Table 4.6. 

Five cement blocks (CB) with twenty days age were kept in sodium fluoride concentrations 

of 17.5 mg/L in groundwater for 3 hours. Groundwater (GW) collected from the 

Gudlavalleru (sample �± II) was spiked with sodium fluoride as said above concentration. 
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Groundwater spiked with sodium fluoride was boiled for 30 minutes after it got boiling 

point. The performance of cement blocks on removal of fluoride is tabulated in Table 4.7. 

Gudivada sample - I  
 

Table 4.1 Performance of 5 CB, 1 day age on removal of F in different F conc. in 48 hrs 
 
 
 

Property GW 48 hrs 
(GW+F) 

F= 20mg/L 

48 hrs 
(GW+F) 

F= 30mg/L 

48 hrs 
(GW+F) 

F= 40mg/L 
Fluoride Conc. 0 0.5 1.5 3 

pH 7.3 12.46 12.42 12.38 

Carbon dioxide Acidity 70 0 0 0 

Mineral acidity 0 0 0 0 

Total acidity 70 0 0 0 

Hydroxide Alkalinity 0 30 31.5 32.5 

Carbonate Alkalinity 10 5 5 5 

Bicarbonate Alkalinity 5 0 0 0 

Total Alkalinity 15 35 37.5 42.5 

Calcium hardness 96 50 40 30 

Magnesium Hardness 404 50 45 20 

Total Hardness 500 100 95 50 

Chlorides 542 0 0 0 

Sulphates 0 0 0 0 

 
Note: (Except pH all are in mg/L, and except Fluoride, pH, chlorides and sulphates all are 

expressed as CaCO3) 

Results in the table 4.1 reveal that the removal of fluoride has significantly increased in 

three concentration of ground water spiked with sodium fluoride. Fluoride concentrations of 

20, 30 and 40 mg/L get down to 0.5, 1.5 and 3 mg/L in 48 hrs respectively. 

The sample pH 7.3 has significantly raised to 12.46, 12.42, 12.38 in 20, 30, and 40 mg/L of 

fluoride concentration due to five cement blocks were kept in sample for 48 hrs. pH has got 

very little drop as concentration of fluoride increases. 
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Carbon dioxide acidity of groundwater is 70 mg/L, it has become zero for all concentrations 

of fluoride due to five cement blocks, one day age, kept in 20 mg/L, 30 mg/L, 40 mg/L of 

sodium fluoride concentration for 48 hrs. Mineral acidity is zero in groundwater and it has 

not changed due to concentration of sodium fluoride and cement blocks. Hence, the total 

acidity is zero in all fluoride samples. 

Hydroxide alkalinity is zero in groundwater, but it has significantly raised to 35, 37.5, 42.5 

mg/L in fluoride concentrations 20, 30, 40 mg/L respectively. Carbonate alkalinity is 10 

mg/L in Groundwater; it has come down to 5 mg/L in three concentrations of fluoride. 

Bicarbonate alkalinity is 5mg/L in groundwater, it has becomes zero in three concentrations 

of fluoride. But the total alkalinity of three fluoride samples has increased as fluoride 

concentration increases. 

Calcium hardness is 96 mg/L in groundwater, it has decreased to 50, 40 and 30 mg/L. 

Magnesium hardness is 404 mg/L in groundwater, it has significantly decreased to 50, 40 

and 30 mg/L. Hence, the total hardness is 500 mg/L in groundwater, it has come down 

significantly to 100, 95, 50 mg/L in fluoride concentrations of 20, 30 and 40 mg/L 

respectively. 

Chlorides are 542 mg/L in groundwater, but concentration of chlorides are becomes zero in 

fluoride concentrations of  20, 30 and  40 mg/L in 48 hours due to five cement blocks kept  

in three fluoride samples. 

Sulphates are zero in groundwater, but the concentration of sulphates has remains same in 

three fluoride samples. Hence, sulphates in groundwater have not affected due to fluoride 

concentration and cement blocks. 

Results in the table 4.2 reveal that the fluoride concentration (12.5 mg/L) in groundwater 

due to sodium fluoride spiked has come down to 2.75 mg/L. Fluoride concentration in 

groundwater spiked with sodium fluoride sample due to cement blocks kept in it has come 

down to 1.75, 1.5, 1.5 mg/L at the moment of 11, 15 and 16 hrs respectively. 

pH of groundwater is 7.68. pH of groundwater spiked with sodium fluoride has marginally 

raised to 7.81. pH of groundwater spiked with sodium fluoride has raised to 10.37, 10.62, 

10.63 at the moment of 11 hrs, 15 hrs, 16 hrs respectively due to four cement blocks were 

kept in the sample. 

Carbon dioxide acidity of groundwater is 25 mg/L. Carbon dioxide acidity of ground water 

spiked with sodium fluoride has come down to 15 mg/L. It has become zero at the moment 

of 11, 15 and 16 hrs respectively in ground water spiked with sodium fluoride sample due  

to cement blocks kept in it. Mineral acidity is observed zero in groundwater, and also is 
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observed zero in groundwater spiked with sodium fluoride sample due to cement blocks. 

Hence, the total acidity is 25 mg/L, 15 mg/L, and zero in ground water, groundwater spiked 

with sodium fluoride, and groundwater spiked with sodium fluoride samples due to cement 

blocks kept in them respectively. 

Gudivada sample �± II  
 

Table 4.2 Performance of 4 CB, 1 day age on removal of F in 12.5 mg/L conc. in16 hrs 
 

Property GW GW+F 
Without CB  

11 hrs 
With CB  

15 hrs 
With CB  

16 hrs 
With CB  

Fluoride 0 2.75 1.75 1.5 1.5 

pH 7.68 7.81 10.37 10.62 10.63 

Carbon dioxide Acidity 25 15 0 0 0 

Mineral acidity 0 0 0 0 0 

Total acidity 25 15 0 0 0 

Hydroxide Alkalinity 0 0 7.5 8 8.2 

Carbonate Alkalinity 5 5 15 15 15 

Bicarbonate Alkalinity 10 15 0 0 0 

Total Alkalinity 15 20 22.5 23 23.2 

Calcium hardness 275 225 65 30 29 

Magnesium Hardness 450 295 140 120 119 

Total Hardness 725 520 205 150 148 

Chlorides 527 504 421 386 381 

Sulphates 0 0 0 0 0 

 
Note: (Except pH all are in mg/L, and except Fluoride, pH, chlorides and sulphates all are 

expressed as CaCO3) 

Hydroxide alkalinity is zero in groundwater and groundwater spiked with sodium fluoride. 

Hydroxide alkalinity has observed 7.5, 8, 8.2 mg/L in groundwater spiked with sodium 

fluoride sample due to cement blocks kept in it at the moment of 11, 15, and 16 hrs 
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respectively. Carbonate alkalinity is 5 mg/L in groundwater and ground water spiked with 

sodium fluoride sample. It has increased to 15 mg/L in groundwater spiked with sodium 

fluoride sample due to cement blocks kept in it at the moment of 11, 15, and 16 hrs 

respectively. Bicarbonate alkalinity is 10 mg/L in groundwater; it has increased to 15 mg/L 

in groundwater spiked with sodium fluoride sample. It has observed zero in groundwater 

spiked with sodium fluoride sample due to cement blocks kept in it at the moment of 11hrs, 

15hrs, and 16 hrs respectively. The total alkalinity observed in groundwater, and 

groundwater spiked with sodium fluoride sample without and with cement blocks is 15, 15, 

22.5, 23 and 23.2 mg/L. 

Calcium hardness is 275 mg/L in groundwater and 225 mg/L in groundwater spiked with 

sodium fluoride. It has observed 65, 30, and 29 mg/L in groundwater spiked with sodium 

fluoride sample due to cement blocks kept in it at the moment of 11, 15, and 16 hrs 

respectively. Magnesium harness is 450 mg/L in groundwater and 295  mg/L  in 

groundwater spiked with sodium fluoride. It has observed 140, 120 and 119 mg/L in 

groundwater spiked with sodium fluoride sample due to cement blocks at the moment of 11, 

15, and 16 hrs respectively. The total hardness observed in groundwater,  groundwater 

spiked with sodium fluoride sample without and with cement blocks is 725, 520, 205, 150 

and 148 mg/L. 

Chlorides are 527 mg/L in groundwater and 504 mg/L in groundwater spiked with sodium 

fluoride sample. Chlorides are 421, 386 and 381mg/L in groundwater spiked with sodium 

fluoride sample due to cement blocks kept in it at the moment of 11, 15 and 16 hrs 

respectively. 

Sulphates are zero in groundwater, and groundwater spiked with sodium fluoride sample. 

Sulphates have remains same in groundwater spiked with sodium fluoride sample due to 

cement blocks kept in it at the any moment. 

Results in the table 4.3 reveal that the fluoride concentration (15 mg/L) in groundwater due 

to sodium fluoride spiked in it has come down to 3 mg/L. Fluoride concentration in 

groundwater spiked with sodium fluoride sample due to cement blocks has come down to 

2.25, 1.75 and 1.75 mg/L at the moment of 11, 15, 16 hrs respectively. 

pH of groundwater is 7.68. pH of groundwater spiked with sodium fluoride has little raised 

to 7.82. pH of groundwater spiked with sodium fluoride has raised to 10.68, 11.03, 11.13 at 

the moment of 11 hrs, 15 hrs, 16 hrs respectively due to five cement blocks were kept in the 

sample. 
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Carbon dioxide acidity of groundwater is 25 mg/L. Carbon dioxide acidity of groundwater 

spiked with sodium fluoride has come down to 17.5 mg/L. It has become zero at the  

moment of 11, 15 and 16 hrs respectively in groundwater spiked with sodium fluoride 

sample due to cement blocks kept in it. Mineral acidity is observed zero in groundwater 

spiked with sodium fluoride sample, and groundwater spiked with sodium fluoride sample 

due to cement blocks kept in it. Hence, the total acidity is 25, 17.5 mg/L, and zero in 

groundwater spiked with sodium fluoride, and groundwater spiked with sodium fluoride 

samples due to cement blocks kept in it respectively. 

 
Hydroxide alkalinity is zero in groundwater and ground water spiked with sodium fluoride. 

Hydroxide alkalinity has observed 8.5, 10 and 10.2 mg/L in groundwater spiked  with 

sodium fluoride sample due to cement blocks kept in it at the moment of 11, 15, and 16 hrs 

respectively. Carbonate alkalinity is 5 mg/L in groundwater and ground water spiked with 

sodium fluoride sample. It has increased to 13, 17 and 17.3 mg/L in ground water spiked 

with sodium fluoride sample due to cement blocks kept in it at the moment of 11, 15, and 16 

hrs respectively. Bicarbonate alkalinity is 10 mg/L in groundwater; it has increased to 17.5 

mg/L in groundwater spiked with sodium fluoride sample. It has observed zero in 

groundwater spiked with sodium fluoride sample due to cement blocks kept in it at the 

moment of 11, 15, and 16 hrs respectively. The total alkalinity observed in groundwater, 

groundwater spiked with sodium fluoride sample without and with cement blocks is 15, 

22.5, 21.5, 27 and 27.5 mg/L. 

Gudivada sample-II  
 

Calcium hardness is 275 mg/L in groundwater and 227 mg/L in groundwater spiked with 

sodium fluoride. It has observed 66, 30.5 and 30 mg/L in groundwater spiked with sodium 

fluoride sample due to cement blocks in it at the moment of 11, 15 and 16 hrs respectively. 

Magnesium hardness is 450 mg/L in groundwater and 350 mg/L in groundwater spiked with 

sodium fluoride sample. It has observed 140, 105 mg/L and 104 mg/L in  groundwater 

spiked with sodium fluoride sample due to cement blocks at the moment of 11, 15, and 16 

hrs respectively. The total hardness observed in groundwater, groundwater spiked with 

sodium fluoride sample without and with cement blocks is 725, 577, 206, 140.5 and 134 

mg/L. 
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Table 4.3 Performance of 5 CB, 1 day age on removal of F in 15 mg/L in 16 hours 
 

Property GW GW+F 
without 

CB 

11 hrs 
with CB 

15 hrs 
With CB  

16 hrs 
With CB  

Fluoride 0 3 2.25 1.75 1.75 

pH 7.68 7.82 10.68 11.03 11.13 

Carbon dioxide 
Acidity 

25 17.5 0 0 0 

Mineral acidity 0 0 0 0 0 

Total acidity 25 17.5 0 0 0 

Hydroxide Alkalinity 0 0 8.5 10 10.2 

Carbonate Alkalinity 5 5 13 17 17.3 

Bicarbonate 
Alkalinity  

10 17.5 0 0 0 

Total Alkalinity 15 22.5 21.5 27 27.5 

Calcium hardness 275 227 66 30.5 30 

Magnesium Hardness 450 350 140 105 104 

Total Hardness 725 577 206 140.5 134 

Chlorides 527 436.7 350 310 307 

Sulphates 0 0 0 0 0 

Note: (Except pH all are in mg/L, and except Fluoride, pH, chlorides and sulphates all are 

expressed as CaCO3) 

Chlorides are 527 mg/L in groundwater and 436.7 mg/L in groundwater spiked with sodium 

fluoride. Chlorides are 350, 310 and 307 mg/L in groundwater spiked with sodium fluoride 

sample due to cement blocks at the moment of 11, 15 and 16 hrs respectively. 

Sulphates are zero in groundwater, and groundwater spiked with sodium fluoride. Sulphates 

have remained same in groundwater spiked with sodium fluoride sample due to cement 

blocks at the any moment. 
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Gudlavalleru Sample �± I  

Table 4.4 Performance of 5 CB, 7 days age, on removal of F in 17.5 mg/L conc. in 7 hrs 
 

Property GW GW+F 
 
No CB 

3 hrs 
 

CB 

5 hrs 
 
CB 

7 hrs 
 
CB 

Fluoride 0 5 3.5 1.5 0 

pH 6.38 6.5 8.90 9.36 10.09 

Carbon dioxide Acidity 35 28 0 0 0 

Mineral acidity 0  0 0 0 

Total acidity 35 28 0 0 0 

Hydroxide Alkalinity 0 0 0 0 0 

Carbonate Alkalinity 5 5 10 12.5 13.2 

Bicarbonate Alkalinity 12.5 13 0 0 0 

Total Alkalinity 17.5 18 10 12.5 13.2 

Calcium hardness 340 301 258 201 152 

Magnesium Hardness 660 591 550 501 474 

Total Hardness 1000 892 808 702 626 

Chlorides 1945 1901 1875 1845 1821 

Sulphates 0  0 0 0 

 
Note: (Except pH all are in mg/L, and except Fluoride, pH, chlorides and sulphates all are 

expressed as CaCO3) 

Results in the table 4.4 reveal that the fluoride concentration (17.5 mg/L) in groundwater  

due to sodium fluoride spiked has come down to 5 mg/L. Fluoride concentration in 

groundwater spiked with sodium fluoride sample due to five cement blocks has come down 

to 3.5, 1.5 mg/L and zero at the moment of 3, 5, 7 hrs respectively. 
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pH of groundwater is 6.38. pH of groundwater due to sodium fluoride has little raised to 

6.5. pH of groundwater spiked with sodium fluoride sample due to five cement blocks has 

raised to 8.90, 9.36, 10.09 at the moment of 3, 5, 7 hrs respectively . 

Carbon dioxide acidity of groundwater is 35 mg/L. Carbon dioxide acidity of groundwater 

due to sodium fluoride has come down to 28 mg/L. It has become zero at the moment of 3 

hrs, 5 hrs, 7 hrs respectively in groundwater spiked with sodium fluoride sample due to 

cement blocks. Mineral acidity is observed zero in groundwater, ground water spiked with 

sodium fluoride, and ground water spiked with sodium fluoride sample due to cement 

blocks. Hence, the total acidity is 35 mg/L, 28 mg/L, and zero in ground water, groundwater 

spiked with sodium fluoride, and ground water spiked with sodium fluoride sample due to 

cement blocks respectively. 

Hydroxide alkalinity is zero in groundwater and ground water spiked with sodium fluoride 

sample without and with cement blocks. Carbonate alkalinity is 5 mg/L in groundwater and 

groundwater spiked with sodium fluoride. It has increased to 10, 12.5 and 13.2 mg/L in 

groundwater spiked with sodium fluoride sample due to cement blocks at the moment of 3, 

5 and 7 hrs respectively. Bicarbonate alkalinity is 12.5 mg/L in groundwater; it has  

increased to 13 mg/L in groundwater spiked with sodium fluoride sample. It has observed 

zero in groundwater spiked with sodium fluoride sample due to cement blocks at the 

moment of 11, 15 and 16 hrs respectively. The total alkalinity observed in groundwater, 

groundwater spiked with sodium fluoride sample without and with cement blocks is 17.5, 

18, 10, 12.5 and 13.2 mg/L respectively. 

Calcium hardness is 340 mg/L in groundwater and 301 mg/L in groundwater spiked with 

sodium fluoride. It has observed 285, 201 and 152 mg/L in groundwater spiked with sodium 

fluoride sample due to cement blocks at the moment of 3, 5 and 7 hrs respectively. 

Magnesium harness is 660 mg/L in groundwater and 591 mg/L in groundwater spiked with 

sodium fluoride sample. It has observed 550, 501 and 474 mg/L in groundwater spiked with 

sodium fluoride sample due to cement blocks at the moment of 3, 5, and 7hrs respectively. 

The total hardness observed in groundwater, groundwater spiked with sodium fluoride 

sample without and with cement blocks is 1000, 892, 808, 702 and 626 mg/L respectively. 

Chlorides are 1945 mg/L in groundwater and 1901 mg/L in groundwater spiked with  

sodium fluoride. Chlorides are 1875, 1845 and 1821 mg/L groundwater spiked with sodium 

fluoride sample due to cement blocks at the moment of 3, 5 and 7 hrs respectively. 
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Sulphates are zero in groundwater, and groundwater spiked with sodium  fluoride.  

Sulphates have remained same in groundwater spiked with sodium fluoride sample due to 

cement blocks at the any moment. 

Gudlavalleru Sample �± I  
 

Table 4.5 Performance of 10 CB, 7 days age, on removal of F in 20 mg/L conc. in 5 hrs 
 

Property GW GW+F 

No CB 

3 hrs 

CB 

5 hrs 

CB 

Fluoride 0 7.5 2.25 0 

pH 6.38 6.5 9.8 10.5 

Carbon dioxide Acidity 35 25 0 0 

Mineral acidity 0 0 0 0 

Total acidity 35 25 0 0 

Hydroxide Alkalinity 0 0 0 3.5 

Carbonate Alkalinity 5 5 11.2 12.5 

Bicarbonate Alkalinity 12.5 15 0 0 

Total Alkalinity 17.5 20 11.2 16 

Calcium hardness 340 295 198 145 

Magnesium Hardness 660 581 350 285 

Total Hardness 1000 876 548 420 

Chlorides 1945 1895 1849 1799 

Sulphates 0 0 0 0 

 
Note: (Except pH all are in mg/L, and except Fluoride, pH, chlorides and sulphates all are 

expressed as CaCO3) 
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Results in the table 4.5 reveal that fluoride concentration (20 mg/L) in groundwater due to 

sodium fluoride spiked has come down to 7.5 mg/L. Fluoride concentration in groundwater 

spiked with sodium fluoride sample due to ten cement blocks has come down to 2.25 mg/L 

and zero at the moment of 3 and 5 hrs respectively. 

pH of groundwater is 6.38. pH of ground water due to sodium fluoride spiked has little 

raised to 6.5. pH of ground water spiked with sodium fluoride sample due to ten cement 

blocks has raised to 9.8, 10.5 at the moment of 3, and 5 hrs, respectively. 

 
Carbon dioxide acidity of groundwater is 35 mg/L. Carbon dioxide acidity of ground water 

due to sodium fluoride spiked has come down to 25 mg/L. It has become zero at the moment 

of 3 hrs, 5 hrs, respectively in ground water spiked with sodium fluoride sample due to 

cement blocks. Mineral acidity is observed zero in groundwater and groundwater spiked 

with sodium fluoride sample. It is also observed zero in groundwater spiked with sodium 

fluoride sample due to cement blocks. Hence, the total acidity is 35, 25 mg/L, and zero in 

groundwater, groundwater spiked with sodium fluoride, and groundwater spiked with 

sodium fluoride sample due to cement blocks respectively. 

 
Hydroxide alkalinity is zero in groundwater and ground water spiked with sodium fluoride 

sample. It is observed zero and 3.5 mg/L in ground water spiked with sodium fluoride 

sample due to cement blocks at the moment of 3 and 5hrs respectively. Carbonate alkalinity 

is 5 mg/L in groundwater and groundwater spiked with sodium fluoride sample. It has 

increased to 11.2, 12.5 mg/L in groundwater spiked with sodium fluoride sample due to 

cement blocks at the moment of 3 and 5hrs respectively. Bicarbonate alkalinity is 12.5 mg/L 

in groundwater; it is observed 15 mg/L in groundwater spiked with sodium fluoride sample. 

It has observed zero in groundwater spiked with sodium fluoride sample due to cement 

blocks at the moment of 3 and 5hrs, respectively. The total alkalinity observed in 

groundwater, groundwater spiked with sodium fluoride sample without and with cement 

blocks is 17.5, 20, 11.2, and 16 mg/L respectively. 

Calcium hardness is 340 mg/L in groundwater and 295 mg/L in groundwater spiked with 

sodium fluoride sample. It has observed 198 and 145 mg/L in groundwater spiked with 

sodium fluoride sample due to cement blocks at the moment of 3 and 5hrs respectively. 

Magnesium hardness is 660 mg/L in groundwater and 581 mg/L in groundwater spiked with 

sodium fluoride sample. It has observed 350 and 285 mg/L in groundwater spiked with 

sodium fluoride sample due to cement blocks at the moment of 3 and 5hrs respectively. The 
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total hardness observed in groundwater, groundwater spiked with sodium fluoride sample 

without and with cement blocks is 1000, 876, 548, and 420 mg/L respectively. 

 
Chlorides are 1945 mg/L in groundwater and 1895 mg/L in groundwater spiked with  

sodium fluoride sample. Chlorides are 1849, and 1799 mg/L groundwater spiked with 

sodium fluoride sample due to cement blocks at the moment of 3 and 5hrs respectively. 

 
Sulphates are zero in groundwater, and groundwater spiked with sodium fluoride sample. 

Sulphates have remained same in groundwater spiked with sodium fluoride sample due to 

cement blocks at any moment. 

Gudlavalleru Sample �± I  
 

Results in the table 4.6 reveal that fluoride concentration (22.5 mg/L) in groundwater due to 

sodium fluoride spiked has come down to 10 mg/L. Fluoride concentration in groundwater 

spiked with sodium fluoride sample due to ten cement blocks has come down to 1.75 mg/L 

and zero at the moment of 3hrs, 5 hrs respectively. 

pH of groundwater is 6.38. pH of ground water due to sodium fluoride spiked has little 

raised to 6.5. pH of groundwater spiked with sodium fluoride sample due to ten cement 

blocks has raised to 9.8, 10.5 at the moment of 3 and 5 hrs, respectively. 

Carbon dioxide acidity of groundwater is 35 mg/L. Carbon dioxide acidity of ground water 

due to sodium fluoride spiked has come down to 23 mg/L. It has become zero at the moment 

of 3, and 5 hrs in groundwater spiked with sodium fluoride sample due to cement blocks. 

Mineral acidity is observed zero in groundwater and groundwater spiked with sodium 

fluoride. It is also observed zero in groundwater spiked with sodium fluoride sample due to 

cement blocks. Hence, the total acidity is 35, 23 mg/L, and zero in groundwater, 

groundwater spiked with sodium fluoride, and groundwater spiked with sodium fluoride 

sample due to cement blocks respectively. 

Hydroxide alkalinity is zero in groundwater and groundwater spiked with sodium fluoride 

sample. It is observed 3.5 and 5.6 mg/L in groundwater spiked with sodium fluoride sample 

due to cement blocks at the moment of 3 and 5hrs respectively. Carbonate alkalinity is 5 

mg/L in groundwater and ground water spiked with sodium fluoride sample. It has increased 

to 12.4, and 13.3 mg/L in groundwater spiked with sodium fluoride sample due to cement 

blocks at the moment of 3 and 5hrs respectively. Bicarbonate alkalinity is 12.5 mg/L in 

groundwater. It has observed 17.5 mg/L in ground water spiked with sodium fluoride. It has 
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observed zero in groundwater spiked with sodium fluoride sample due to cement blocks at 

the moment of 3 and 5hrs, respectively. The total alkalinity observed i
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