
 

 

DYNAMIC NONLINEAR CHARACTERISTICS OF SOIL-PILE 

SYSTEMS UNDER MACHINE INDUCED VIBRATIONS 

 

 

 

 

 

 

 

SHIVA SHANKAR CHOUDHARY 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

DEPARTMENT OF CIVIL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JUNE 2018 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
©Indian Institute of Technology Delhi (IITD), New Delhi, 2018 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

DYNAMIC NONLINEAR CHARACTERISTICS OF SOIL-PILE 

SYSTEMS UNDER MACHINE INDUCED VIBRATIONS 

 
 
 
 
 

                                                                               by 

SHIVA SHANKAR CHOUDHARY 

Department of Civil Engineering 
 

 

                                                                 Submitted 

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

 

                                                                    to the 

 

 

 

 

 

 

 
 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JUNE 2018 



 

 

 

 

 

 

 

 

 

 

Dedicated to my family for their  

love, endless support and  

encouragement 

 

 

 

 

 

 

 

 

 

 

 



i 

 

 

CERTIFICATE 

          

This is to certify that the thesis entitled “Dynamic Nonlinear Characteristics of Soil-

Pile Systems under Machine Induced Vibrations”, submitted by Mr. Shiva Shankar 

Choudhary to the Indian Institute of Technology Delhi, is a record of bonafide 

research work carried out by him under my supervision and is worthy of consideration for 

the award of Doctor of Philosophy degree. The research reported in this thesis has not 

been submitted in part or full to any other university or Institute for the award of any 

degree or diploma.  

 

 

 

Date:            

Dr. Bappaditya Manna 

       Associate Professor 

       Department of Civil Engineering 

       Indian Institute of Technology Delhi 

       Delhi - 110016, India  

 

 

 

 

 

 

 

 

 

 

 

 

                                                           



iii 

 

 

ACKNOWLEDGEMENTS 

 

I wish to affirm my earnest acknowledgement and indebtedness to my supervisor               

Dr. Bappaditya Manna, Associate Professor, Department of Civil Engineering for his 

intuitive and meticulous guidance and perpetual inspiration throughout the course of my 

dissertation. His blessings and motivation have always provided me a high inspiration. 

I express my gratitude to Prof. Manoj Datta, Head of Civil Engineering Department for 

having given me an opportunity to undertake this research work. I express my sincere 

thanks and gratitude to Student Research Committee member Prof. B. Bhattacharjee, Prof. 

K. G. Sharma, and Dr. M. K. Singha, for their valuable suggestions at various stages of my 

research work. I am also thankful to all the faculty member of Department of Civil 

Engineering for their valuable suggestions and support throughout the tenure of my 

research. 

I express my gratefulness to Mr. Bhushan Sethi from Kaptl Instrumentation, Dehradun, 

for his continual support and advice to smoothen the testing program. I express my thanks 

to staff of Geotechnical Engineering Section, Mr. Manoj Kumar Neelam, Mr. Gossain, 

and   Mr. D. Biswas, for extending the help and cooperation throughout this time period. I 

am also thankful to Mr. Ramesh, Mr. Ramjanam, Mr. Akash and Mr. Dinesh for helping 

me during the experiment. 

I will be forever grateful to my friend and colleague Mr. Sanjit Biswas for his continuous 

moral support and help during my research work. I am also thankful to all my colleagues, 

especially Ms. Smrutirekha Sahoo, Ms. Shilpi Mahapatra, Ms. Kavita Tandon,                   

Mr. Rohit Ralli, and Mr. Prasun Halder for their constant support and encouragement. 

 



iv 

 

I know words are not adequate to express my sincere gratitude to my parents and family 

for their cheerful and enthusiastic efforts all through. Particularly, I must thank to my 

elder brother Shakti Shankar Choudhary and his wife Akanksha Choudhary and also little 

Aadya for their inspiration, encouragement and moral support. I also like to make a 

special mention about my sister Shuchi Shankar Choudhary and her husband 

Vishwamohan Choudhary and also little Kushu for their love and inspiration. 

Finally, my salutation to All-Pervading Almighty whose Divine Light provided me faith, 

inspiration, guidance and strength to carry on with this work. 

 

 

 

Place: IIT Delhi 

Date:            

          (Shiva Shankar Choudhary) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

 

ABSTRACT 

In the present study, dynamic response characteristics of hollow steel piles under varying 

levels of rotating machine induced vertical and coupled (horizontal and rocking) 

excitations are investigated. A single pile and four set of pile groups (3-pile group, 2 × 2, 

2 × 3, and 3 × 3-pile group) are constructed in the field for dynamic testing. The 

frequency-amplitude responses of single and group piles are measured for four different 

eccentric moments and three different static loads under vertical and coupled vibration. 

The main purpose of the study is to monitor the effect of various influencing factors i.e., 

eccentric moment, static load and different pile arrangements on the dynamic response of 

piles under vertical and coupled vibration. 

Theoretical study is performed using continuum approach with superposition method to 

determine the dynamic response of the single pile and pile groups under vertical and 

coupled modes of vibration. Both linear and nonlinear analyses are performed to find out 

the dynamic responses of the pile foundations. In linear analysis, a perfect bonding 

between the pile and soil is considered. However in the case of nonlinear analysis, weak 

boundary zones around the pile and soil-pile separation are incorporated. The theoretical 

responses obtained using both linear and nonlinear analyses are compared with the 

measured dynamic responses of piles. The linear analysis overestimated the resonant 

frequency and underestimated resonant amplitude values as compared to dynamic field 

test results for all the soil-pile systems. On the other hand, reasonable match between the 

test and nonlinear theoretical responses are found for single and group piles under 

different modes of vibration. In addition to that the possible variations of the weak 

boundary zone parameters and soil-pile separation lengths are predicted from the 

nonlinear analysis for vertical and coupled vibration. The variations of stiffness and 
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damping of soil-pile systems with frequency are presented using linear and nonlinear 

analysis. The dynamic pile-soil-pile interaction behaviors in terms of group efficiency 

ratio (GER) are also studied for different modes of vibration. Finally, a methodology is 

explained to convert the experimental results of the model pile to full scale prototype pile 

using scaling law.  

Keywords: Coupled excitation, Damping, Group pile, Linear analysis, Nonlinear 

analysis, Separation, Scaling law, Single pile, Stiffness, Vertical vibration 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

सार 

वर्तमान अध्ययन में, घुमावदार मशीन पे्रररर् लंबवर् और युग्ममर् (क्षैतर्ज और रॉक ंग) उत्र्ेजनाओं  े ववभिन्न 

स्र्रों  े र्हर् खोखले स्टील ढेर  ी गतर्शील प्रतर्किया ववशेषर्ाओं  ी जांच  ी जार्ी है। गतर्शील परीक्षण  े भलए 

क्षेत्र में ए  ए ल पाइल और पाइल समूहों  े चार सेट (3-पाइल समूह, 2 × 2, 2 × 3, और 3 × 3-पाइल समूह)  ा 

तनमातण क या जार्ा है। ए ल और समूह पाइल  ी आवगृ्त्र्-आयाम प्रतर्किया चार अलग-अलग इ ˈसेग्न्ि ् 

मअउमन्् और लंबवर् और युग्ममर्  ंपन  े र्हर् र्ीन अलग-अलग स्थैतर्  िारों  े भलए मापा जार्ा है। अध्ययन 

 ा मुख्य उद्दशे्य लंबवर् और युग्ममर्  ंपन  े र्हर् पाइल  ी गतर्शील प्रतर्किया पर ववभिन्न प्रिाव ारी  ार ों 

यानी इ ˈसेग्न्ि ् मअउमन््, स्थैतर्  िार और ववभिन्न पाइल व्यवस्था  े प्रिाव  ी तनगरानी  रना है।  

सैद्ांतर्  अध्ययन  ो  ंपन  े लंबवर् और युग्ममर् मोड  े र्हर् ए ल पाइल और पाइल समूहों  ी गतर्शील 

प्रतर्किया तनर्ातररर्  रन े े भलए सुपरपॉग्जशन ववधर्  े साथ तनरंर्र दृग्टट ोण  ा उपयोग  र े क या जार्ा है। 

पाइल फाउनˈडइेशन ् े गतर्शील प्रतर्कियाओं  ो जानने  े भलए दोनों भलनीअ और नॉन-भलनीअ ववश्लेषण  र रहे 

हैं। भलनीअ ववश्लेषण में, पाइल और भमट्टी  े बीच ए  आदशत बंर्न माना जार्ा है। हालांक  नॉन-भलनीअ ववश्लेषण  े 

मामले में, पाइल  े चारों ओर  मजोर सीमा जोन और भमट्टी-पाइल अलगाव शाभमल हैं। भलनीअ और नॉन-भलनीअ 

ववश्लेषण दोनों  ा उपयोग  र प्राप्र् सैद्ांतर्  प्रतर्कियाओं  ी रु्लना पाइल  े मापा गतर्शील प्रतर्कियाओं  े साथ 

 ी जार्ी है। भलनीअ ववश्लेषण ने सिी भमट्टी-पाइल प्रणाभलयों  े भलए गतर्शील क्षेत्र परीक्षण पररणामों  ी रु्लना में 

अनुनाभस  आवगृ्त्र् और  म अनुमातनर् अनुनाद आयाम मानों  ो अधर्  महत्व ददया। दसूरी ओर, परीक्षण और 

नॉन-भलनीअ सैद्ांतर्  प्रतर्कियाओं  े बीच उधचर् भमलान  ंपन  े ववभिन्न र्री ों  े र्हर् ए ल और समूह पाइल 

 े भलए पाए जार्े हैं। इस े अलावा  मजोर सीमा क्षेत्र पैरामीटर और भमट्टी-पाइल अलगाव  ी लंबाई  े संिाववर् 

बदलावों  ो लंबवर् और युग्ममर्  ंपन  े भलए नॉन-भलनीअ ववश्लेषण से िववटयवाणी  ी जार्ी है। आवगृ्त्र्  े साथ 



 

भमट्टी-पाइल प्रणाभलयों  ी ग्स्टफ़्नेस ्और डमै्पइ्ङ्  ी भिन्नर्ाओं  ो भलनीअ और नॉन-भलनीअ ववश्लेषण  ा 

उपयोग  र े प्रस्रु्र् क या जार्ा है। समूह दक्षर्ा अनुपार् (जीईआर)  े संदित में गतर्शील पाइल-भमट्टी-पाइल 

परस्पर व्यवहार  ा िी  ंपन  े ववभिन्न र्री ों  े भलए अध्ययन क या जार्ा है। अंर् में, स् ेभलगं  ानून  ा 

उपयोग  र े मॉडल पाइल  े प्रयोगात्म  पररणामों  ो पूणत पैमाने पर प्रोटोटाइप ढेर में बदलने  े भलए ए  पद्तर् 

 ो समझाया गया है।  

कीवर्ड: युग्ममर् उत्र्जेना, डमै्पइ्ङ्, समूह पाइल, भलनीअ ववश्लेषण, नॉन-भलनीअ ववश्लेषण, अलगाव, स् ेभलगं 

 ानून, ए ल पाइल, ग्स्टफ़्नसे,् लंबवर्  ंपन 
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