
NEURAL NETWORK MODELS FOR 

COMPOSITE BEAMS AND FRAMES CONSIDERING 

CRACKING AND TIME-EFFECTS 

By 

UMESH PENDHARKAR 

DEPARTMENT OF CIVIL ENGINEERING 

Submitted 

in fulfilment of the requirements for the degree of Doctor of Philosophy 

to the 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

INDIA 

MAY, 2007 



©Indian Institute of Technology, Delhi(IITD), New Delhi 2007 



T. DE17.17e11. 
LlerIARYI, 

Acc. N  OTT 	. 	

A 

.. .... 

• 771 
6 	q. 07217 

N 



CERTIFICATE 

This is to certify that the thesis entitled, "NEURAL NETWORK MODELS 

FOR COMPOSITE BEAMS AND FRAMES CONSIDERING CRACKING AND 

TIME-EFFECTS " being submitted by Umesh Pendharkar to the Indian Institute of 

Technology, Delhi for the award of the degree of Doctor of Philosophy is a bonafide 

record of research work carried out by him under my supervision and guidance. The 

thesis work, in my opinion, has reached the requisite standard fulfilling the requirement 

for the degree of Doctor of Philosophy. 

The results contained in this thesis have not been submitted, in part or full, to 

any other University or Institute for the award of any degree or diploma. 

(A . Nagpal) 
Professor 
Department of Civil Engineering 
Indian Institute of Technology Delhi 
Hauz Khas, New Delhi — 110016 
India 



11 



ACKNOWLEDGEMENTS 

For the provision of such an interesting research topic, the opportunity to work 

under his able guidance, and the constant support, inspiration and motivation, I'd like to 

thank my supervisor Prof A. K. Nagpal. 1 really appreciate the trust he had in me and 

that he introduced me so successfully to the world of research. In addition to making 

technical research, I ought to mention that I learned a host of other things such as 

technical writing and presentation, through his scrupulous but veracious guidance of this 

thesis. No amount of appreciation can be good enough to express my gratitude and 

indebtness to him. 

I am grateful to Prof. Ashok Gupta, Prof. Manoj Dutta, Prof. D. K. Sehagal, Prof 

N. K. Garg, Prof. B. Bhattacharjee, Prof. T. K. Datta and Prof B. R. Chahar for their 

support whenever I was in need. 

I take this opportunity to express my thanks to, Dr. Sandeep Chaudhary, B. K 

Singh, Dr. Manish Bhardwaj, Rajesh Sharma, Deepak kumar, and Manoj Gupta, 

without their continuous support and moral boosting the journey would have been much 

difficult. 

I have a galaxy of friends who have been the source of my continuous strength 

during the course of this work and I can't fail to mention them for cheering me up. 

Some of the outstanding names amongst those are - Pradeep Goyal, Mahendra 

Chaudhary, Diptesh Dash, D.L. Parmar, Amardeep, Tarvinder, Kamatchi, Umesh 

Pandey, S. G. Pail, A. K. S. Bhaduria, Mahmoud and Yoseph. I express my thanks 

towards all my friends who made this arduous task a pleasurable experience indeed. 

I am thankful to Dr, M. M. Rao, Mr. Amit Bundela and Mr. N. R. Gehlot for 

providing me the necessary support in the computational laboratory. 

iii 



I am also thankful to Ujjain Engineering College Ujjain (Formerly government 

engineering college, Ujjain), DTE Bhopal and Secretary, Man Power Planning, M.P. 

Govt, for giving me an opportunity to pursue studies at IIT Delhi under QIP scheme. 

Special thanks are due to my colleagues at Ujjain Engineering College, Ujjain, for their 

cooperation and support. 

I am also thankful to my in-laws and friends for their support. 

I am also very thankful' to my brothers, sister and my brother in law for taking a 

good care of my family in my absence. I would like to express my thanks to my 

nephews and nieces, Ritu, Kirti, Swati, Shruti, Shreyas and Mihir, for encouraging me 

during the course of studies. 

There are hardly words enough to thank my parents and my family for all 

they've done for me. I'm very grateful for their constant support and trust in me & all 

my endeavours. I owe special thanks to my wife Madhuri, son Anish and daughter 

Arohi for their patience, love, and encouragement during these years of my studies and 

bearing with me my absence from the home, for almost four year. 

mesh Pendharkar) 

iv 



ABSTRACT 

Steel and concrete composite construction has been widely used in building 

construction. In composite construction high strength of concrete in compression 

complements high strength of steel in tension. The cracking of concrete in continuous 

composite beams and frames in hogging moment regions near supports, results in 

moment redistribution along the length and change in deflections of beams. Time-

effects in concrete (creep and shrinkage) further lead to the progressive cracking of 

concrete slab of composite beams and thereby to moment redistribution and change in 

deflections of beams. The appropriate prediction of instantaneous as well as time-

dependent inelastic design quantities of composite beams and composite building 

frames at service load, considering the cracking of concrete and time-effects is therefore 

important. 

Generally, the methods available for the analysis of composite frames and 

bridges are either too cumbersome or do not take into account all the aspects. A hybrid 

analytical-numerical procedure has been developed recently at IITD, for the 

instantaneous and time-dependent analysis of composite building frames at service load 

applicable for uniformly distributed loading. Since, any loading can be represented by a 

set of concentrated loads, so, as a step towards consideration of practical loading, the 

procedure is extended for a concentrated load on composite beams. The results have 

been compared with the results from finite element software ABAQUS. 

No simple procedure exists to estimate sufficiently accurately, inelastic design 

quantities at service loads, for use in everyday design. Here a neural network based 

methodology has been presented to predict inelastic design quantities (inelastic 

moments, mid-span inelastic deflections) from elastic design quantities (elastic 

moments and mid-span elastic deflections). The elastic design quantities can be 



obtained from any of the readily available software. The proposed procedure predicts 

inelastic design quantities from elastic design quantities with practically no additional 

computational efforts than that required for predicting elastic design quantities, resulting 

in drastic reduction in computational effort. The proposed procedure is also simple in 

application. 

Four neural network models for estimating inelastic moments and five neural 

network models for estimating mid-span inelastic deflections by considering three types 

of continuous composite beams - two span, three span and seven span; have been 

developed. The neural network models developed for seven span beams can be used for 

beams having any number of spans more than three. Similarly, two neural network 

models each, for estimating inelastic moments and mid-span inelastic deflections, have 

been developed for low rise frames and high rise frames, respectively. These models 

can be used for frames with any number of bays and stories. 

The huge training data sets, required for development of neural network models, 

both for beams and frames, have been generated using the hybrid procedure. Uniformly 

distributed load has been considered in the development of the models. Their 

applicability for a concentrated load has been demonstrated. 

The networks have been validated by comparison with results from the hybrid 

procedure. 
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