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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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A€ Van der Pol parameters
b Mass of inertance
B, Bandwidth of vortex shedding
c Combined damping of structure and fluid
CTMIs Damping matrix of tuned mass inerter system
Cae Aerodynamic damping matrix
Caeti Translational aerodynamic damping
C, RMS of lift force coefficient
Cy Added mass coefficient
d,d, Effective diameter of the chimney
dp Bottom diameter of the chimney
d; Top diameter of the chimney
D Tip diameter of cylinder
f Dimensionless F'
fs Strouhal frequency in Hz
fruis Optimum frequency of tuned mass inerter system
F The effect of cylinder on the wake
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Kae,ti

Ka,tO
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Megn

Mrymis

Lift force developed due to vortex shedding
Height of the chimney

Frequency response function

Turbulence intensity

Peak factor

Stiffness of chimney

Stiffness of tuned mass inerter system
Translational aerodynamic damping parameter
Translational aerodynamic parameter constant
Ratio of the structural damping to aerodynamic damping
Dimensionless circular frequency

Natural dimensionless circular frequency
Length of cylinder

Probability of response

Correlation length in diameters.

Vortex force per unit length

Combined mass of structure and fluid
Equivalent mass of the chimney

Mass of tuned mass inerter system
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my First modal mass of chimney

M Dimensionless mass number
M, C, Cyhe and K Mass, structural damping, aerodynamic damping, and stiffness matrices
N Total number of tuned mass dampers placed on chimney
Pr Probability of failure
T Length of the segment, or absolute distance between two nodes
R, Reynold’s number
S, Scruton number
Sk PSDF matrix of vortex lift force
St Strouhal number
Syy PSDF matrix of response of chimney
t Time interval
T Duration of the wind force acting on the structure
U Free stream velocity
Uer Critical velocity
Un Mean wind speed
U, Reduced velocity
y Normalized across-wind displacement of chimney
Ymax Maximum normalized displacement of chimney
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Across-wind displacement of chimney

Limiting RMS displacement which is equal to a;d
Standard deviation of the limiting displacement
Variance of displacement of chimney
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First mode shape of chimney

Relative phase difference between the fluid and structural displacement

Ratio of height to diameter of chimney

Optimized coefficient used in Wake oscillator model
Aerodynamic damping

Structural damping ratio

optimized damping ratio of tuned mass inerter system
Density of fluid

First structural fundamental frequency in rad/s
Strouhal frequency in rad/s

Reference angular frequency

Reduced angular frequency

Stall parameter

Mass ratio defined as ratio of damper mass to structural mass
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TLD

T™MD
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Active-Tuned Mass Damper

Cross- Power Spectral Density Function
Multi Degree of Freedom

Multi-Tuned Mass Damper

Power Spectral Density Function

Semi Active-Tuned Mass Damper
Single Degree of Freedom

Tuned Liquid Damper

Tuned Mass Damper

Tuned Mass Inerter System
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