
 

A Systematic Approach for Seismic Evaluation and 

Retrofit of RC Buildings in Severe Earthquake Prone 

Area 

 

 

 

 

 

 

Thesis submitted in partial fulfillment  

for the Award of Degree 

Doctor of Philosophy 

 

by  

MANGESHKUMAR RAJKUMAR SHENDKAR 

 

 

DEPARTMENT OF CIVIL ENGINEERING  

INDIAN INSTITUTE OF TECHNOLOGY  

(BANARAS HINDU UNIVERSITY) 

VARANASI - 221005 

 

 

 

18061508                                                                                                        August 2022 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“I would like to dedicate this thesis 

to my Parents, 

For their endless love, support and 

encouragement” 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



I 

 

Acknowledgements 

I would like to express my deepest gratitude to my Ph.D. supervisor Prof. 

Sasankasekhar Mandal and Dr. Pabitra Ranjan Maiti, Department of Civil 

Engineering, Indian Institute of Technology BHU (Varanasi) for invaluable guidance, 

encouragement, motivation, and support throughout this research work. Despite their 

busy schedule, they have always managed to devote their time to discussions, regularly 

monitoring my thesis progress, and in preparation of the manuscripts for publications.  

I am also extremely thankful to my doctoral committee members, Dr. Rajesh Kumar, 

Professor in the Department of Civil Engineering, and Dr.S.K.Panda, Professor in the 

Department of Mechanical Engineering for their valuable suggestions, feedback, and 

critical assessment at various stages of my work. Their suggestions have helped me a lot 

to expand my research area and also to give a better shape to my thesis. My sincere 

gratitude also goes to the Head of the Department of Civil Engineering, Prof. Prabhat 

Kumar Singh Dikshit for providing all the valuable resources that were required for the 

successful completion of my research work. I gratefully thank all the faculty members of 

the Department of Civil Engineering, Indian Institute of Technology BHU (Varanasi) 

for giving me an excellent opportunity to pursue my Doctoral degree. 

As a special mention, I would also like to thank and express my gratitude towards Prof. 

Ramancharla Pradeep Kumar, Head of Earthquake Engineering Research Centre, IIIT 

Hyderabad, Also I express my gratitude to Dr. Denise-Penelope N. Kontoni, Associate 

Professor in the Department of Civil Engineering, University of the Peloponnese, Greece  

I am also thankful to the Ministry of Human Resource and Development (MHRD), 

Government of India for providing me financial support during my Ph.D. tenure at IIT 

BHU (Varanasi). I feel deep appreciation and love for my father, Shri. Rajkumar 

Pandharinath Shendkar, and my mother, Smt. Pushpawati R. Shendkar, who showed 



II 

 

me how to recognize the values of life. Last but not the least, I would like to thank my 

seniors, friends, and juniors who supported me unconditionally during my doctoral 

research. 

 

 

 

Mangeshkumar Rajkumar Shendkar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



III 

 

Abstract  

The Indian subcontinent has experienced some of the greatest earthquakes in the 

world. Several major earthquakes created huge deaths and significant property damage. 

One of the most important global examples of reservoir-induced seismicity is the Koyna-

Warna region of Maharashtra, India. The area is highly vulnerable to earthquakes and it 

has experienced over 1 lakh number of shocks since 1963. The largest known earthquake 

of magnitude 6.5 (Richter scale) occurred on 10th December 1967. Many low and 

moderate earthquake events have occurred over the past 50 years. The rapid visual 

screening (RVS) of 120 existing RC buildings has been carried out through EDRI method 

to evaluate the seismic risk index of the Koyna-Warna region (Zone-IV as per IS 1893 

Part-1:2016). Based on the survey, it is observed that many existing RC buildings in the 

Koyna-Warna region are designed without seismic resistant provisions. Hence, there is a 

need to study the seismic risk index of these RC buildings to assess future seismic risks. 

The seismic risk index depends on three parameters, viz., hazard, exposure, and 

vulnerability. In the present study, “Quadrants assessment method” and “Material strain 

limit approach” are proposed and numerically investigated for the detailed seismic 

assessment. The “Quadrants assessment method” is a global and quick approach to check 

the need of intervention or retrofit the structures. This method is based on the actual 

response reduction factor, performance point, design base shear, and threshold damage 

limit state. Material strain limit approach is an effective method to identify the actual 

damage state of structural members. Based on the RVS study, it was found that a total of 

seventeen reinforced concrete buildings are vulnerable to seismic events. These buildings 

are evaluated with nonlinear static adaptive pushover analysis by using the SeismoStruct 

software and the retrofit strategies have been suggested to deficient buildings. Also, the 
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significant seismic design parameters, viz., ductility, overstrength factor, response 

reduction factor, etc. are evaluated before and after the retrofit. 

The Koyna-Warna region has 46.7 % of reinforced concrete surveyed buildings are falling 

in the possible collapse category. This is because many buildings are constructed as a 

non-engineered in a hilly region, most of the buildings are old and the region experiences 

heavy rainfall. About 0.8 % and 21.7 % of surveyed buildings are falling in no damage 

and slight damage condition. The percentage of RC buildings in moderate and severe 

damage stage is 10.8 % and 20 % respectively. Also, irregular plan shapes, inadequate 

lintel and sill bands, cracks in structural members, vegetation on the wall are the common 

observations in RC buildings that make them seismically more vulnerable.  

Model-1, 15, and 17 are retrofitted with RC jacketing, while the other remaining RC 

buildings do not need to be retrofitted due to their inherent structural integrity based on 

the Quadrants assessment method. The results depict that there is a need to take initiatives 

for earthquake preparedness plan, with emphasis on retrofitting measures in Koyna-

Warna region to reduce the loss of human life and damage to infrastructure in future 

seismic events. The computed values of the response reduction factor (R) are more than 

the value suggested in the IS 1893 (Part-1):2016 code for RC-infilled structures. The 

over-strength factor is significantly influenced by the presence of masonry infills in the 

RC frame. As a result, the response reduction factor is higher in the RC-infilled structure. 

The ultimate capacity, overstrength factor, response reduction factor of the retrofitted 

buildings are significantly increased in the X and Y direction as compared to the 

unretrofitted buildings, due to the application of RC jacketing to deficient column 

members. Based on the present study, it is concluded that the combination of the 

“Quadrants assessment method” and “Material strain limit approach” is a rapid, reliable 
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and refined procedure for the seismic evaluation and retrofit of reinforced concrete 

buildings. 

 

Keywords: Adaptive pushover analysis; Earthquake Disaster Risk Index (EDRI) method; 

Quadrants assessment method; Material strain limit approach; Response reduction factor; 

Performance point; Retrofit, Reinforced concrete buildings, Masonry infill, Earthquake 

Prone area. 
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