
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
  



  

CERTIFICATE 

 

WIND INDUCED VIBRATION OF TALL 

CHIMNEYS Ms Saba Rahman to the Indian Institute of Technology Delhi, for 

the award of the degree of Doctor of Philosophy in Department of Civil Engineering, is a record 

of the original, bona fide research work carried out by her under our supervision and guidance. 

The thesis has reached the standards fulfilling the requirements of the regulations related to the 

award of the degree.  

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

University or Institute for the award of any degree or diploma to the best of our knowledge.           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ACKNOWLEDGEMENT 

 

I express my sincere gratitude to the Almighty God and to all who journeyed with me during 

my doctoral tenure. I was able to complete this thesis with the support and cooperation of many 

people who have played an important part by offering academic, material, technical and moral 

support. It is my pleasure to take this opportunity to express gratitude to everyone who has made 

a contribution to it.  

To my supervisors, Dr A. K. Jain (Department of Civil Engineering, IIT Delhi), Dr Kumar 

Neeraj Jha (Department of Civil Engineering, IIT Delhi) and Dr S. D. Bharti (Department of Civil 

Engineering, MNIT Jaipur), for their valuable guidance, constant support, encouragement, and 

utmost cooperation at every stage throughout the duration of the study.  

To my mentor Dr T. K. Datta, for guiding me, supporting me, teaching me through every 

stage of my doctoral journey. I am forever indebted to him for giving me a valuable learning 

experience and introducing me to the world of Wind Engineering. 

To my Student Research Committee members, Dr B. J. Alappat (Chairman), Dr Alok Madan 

(Internal Expert) and Dr B. P. Patel (External Expert), for rendering their support and useful 

feedback. 

To Dr N. M. Anoop Krishnan for allowing me to be a part of his amazing team, supporting 

me and giving a comfortable abode to carry out my research work.  

To all the non-teaching staff of the Civil Engineering Department, IIT Delhi, for their 

cooperation and kindness, especially Mr. Randhir Kumar Jha, Mrs. Sumita Chakorboraty and Mr. 

Amit, for all possible help and guidance rendered by them during my research work. 

To my friends for their constant support, encouragement, and motivation. I am thankful to 

Dattar Singh Aulakh, Mohd. Zaki, Iqra Latif, Tanu Pittie, Amreen Jan, Ashish Yadav, and Rajesh 

Kumar.  

To my parents, Dr Anisur Rahman, and Mrs Zainab Rahman, for their unconditional love 



  

and support throughout my life. I offer my profound gratitude as they have been my pillars of 

strength. My parent-in laws Mr Mohammad Afsar Khan and Mrs Shagufta Afsar to whom I am 

equally thankful for. My beloved little to be doctor brothers Mr Mohammad Farhan and Mr 

Mohammad Tabish Khan for their unwavering support. To my lovely husband Mr Mohammad 

Shamikh Khan, my proof-reader, my incredible life partner. Your humour and support have been 

a secret weapon to conquer against my research monster. A special acknowledgement to my furry 

friends Zoey and Pixie for their tail-wagging support. I am blessed to have their love and support 

at every stage of my life.  

Finally, I am thankful for IIT Delhi, particularly the Civil Engineering Department, for 

welcoming me and giving me with all the facilities I needed for my study, including a library, 

grants, and laboratories. I would never forget this location as a cosy nest that not only housed me 

throughout my time here but also offered a supportive setting for the development of my research 

ideas. My time on this campus will undoubtedly go down in my life as a remarkable one.  

 

 

 

 

 

  



 

ABSTRACT 

 

Chimneys, being tall and slender structures, are particularly vulnerable to wind forces. Wind 

induced vibrations can lead to structural damage, increased maintenance costs, and potential safety 

issues. To ensure the safety and long-term performance of chimneys, assessing their dynamic 

reaction to wind loads and developing effective mitigating strategies is essential. This thesis offers 

a study of the wind induced vibration of chimneys using analytical and numerical models. 

Mitigating approaches used to suppress undesirable dynamic responses have also been developed. 

Vortex induced vibration is a subset of wind induced vibration, which is vital to wind-prone 

structures as it is the primary source of development of potentially dangerous across-wind 

vibrations, making it crucial to understand and explore this phenomenon. Several approaches are 

available for assessing across-wind vibrations caused by vortex induced vibrations. Although, 

many of these approaches linearize aeroelasticity in their proposed analytical solution of the 

response of chimneys. Thus, the authors have proposed modified methods such as Direct spectral 

approach, Modal method, Wake oscillator model which duly considers nonlinearity into the 

analysis to obtain realistic response of chimneys. These models use analytical expressions and 

numerical simulations to predict the behavior of chimneys under vortex induced vibrations. Using 

these models, engineers or researchers can thoroughly study the impacts of vortex shedding on 

concrete chimneys and estimate its potential consequences. Furthermore, reliability analysis is also 

presented to report the uncertainty of the parameters impacting the behavior of concrete chimneys 

submitted to vortex induced forces. Most international wind codes and standards employ the 

deterministic and Vickery and Basu methods to offer their provisions.  But the basis of the 

formulations of codes and standards is not much understood among wind practitioners. Therefore, 

this research presents a comparative examination of the major international wind codes to 

understand the formulation of code provisions.  

To mitigate the response of the chimney subjected to vortex induced vibration, the authors 

have proposed techniques of passive dampers. One of the most common dampers is the tuned mass 

damper (TMD) and with technological advancements, inerter based dampers such tuned mass 



 

inerter system (TMIS) have gain popularity. Although application of TMIS to the chimney to 

suppress vortex shedding has not been explored. Thus, the thesis focuses on the effectiveness of 

various passive dampers, such as tuned mass damper (TMD), tuned mass inerter system (TMIS) 

and multi-tuned mass damper (MTMD), on the dynamic response of concrete chimneys.
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