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The title of this doctoral dissertation is “Simple model for tall buildings with frequency-
dependent viscoelastic damper in wind-resistant design”. It consists of seven (7) chapters, and is
mainly divided into three parts. Part 1 (Chapters 2 to 3) investigated the influence of the
frequency dependency and wind-induced responses among the fractional derivative (FD) model
and integer (ID) models. Part 2 (Chapters 4) verified the accuracy of the proposed rapid
prediction method. Part 3 (Chapter 5 to 6) proposed a simple model for frequency-dependent VE-
damped high-rise buildings subjected to wind excitation, proposing a design method for the VE
damper based on the Japanese standard of wind loading with the simple model.

VE dampers effectively dissipate kinetic energy from earthquake and wind-induced structural
vibrations but are highly sensitive to temperature, excitation frequency, and strain level. The FD
model of the VE damper can express the response of the VE damper considering the feature of
strain, temperature, and frequency dependency. However, the design wind loading considered
only two parameters of the building, the natural frequency and damping ratio. To deal with the
mentioned problem, this dissertation focuses on wind loading and the vital roles of frequency
dependency in VE damper behavior.

Chapter 1 presents a brief history of VE damper application in mitigating structural
vibrations, and the fundamentals of viscoelastic behavior. It also presents current modeling
methods and studies on VE dampers that consider frequency dependency.

Chapter 2 builds up the analytical models of VE-damped systems of the FD model and ID
models considering different frequency dependencies, and investigates the characteristics of
different VE-damped systems under the steady-state responses. Based on the steady-state
results, the significant influence on the behavior of VE dampers by low frequencies is found.

Chapter 3 investigates the wind-induced responses of the FD model and ID models of VE-
damped systems subjected to along- and across-wind, respectively. It indicates that the along-
wind displacement of ID systems with dampers of high storage stiffness has massive differences
with the FD system due to low and wide-band frequencies dominating the behavior of the VE
system significantly.

Chapter 4 proposes a prediction method based on the power spectral method and evaluates
wind-induced responses of the VE-damped system with an FD model of the VE damper subjected
to the respective along- and across-wind force. Results indicate high accuracy in the prediction
of wind-induced responses of the VE-damped system considering its frequency dependency with
frame damping concern.

Chapter 5 provides a global damping (GD) model based on the zero-crossing rate method to
deal with the frequency dependency effect of the VE damper and the outstanding low frequencies
of wind excitation. Results indicate the zero-crossing-rate-based global damping (ZR-GD) model
has a high accuracy of maximum responses and standard deviation with the FD model, and offers
an efficient way to model the wind-induced responses of the frequency-dependent VE-damped
structures.




Chapter 6 provides a design method for the VE damper based on the AIJ loading
recommendation with the zero-crossing-rate-based global damping (ZR-GD) model.

Chapter 7 gives the conclusions and recommendations for future works.
This dissertation contributes to structural engineering by:
e The influence of frequency dependency of VE damper on wind-induced response was

investigated.

e High accuracy of the power spectral method of wind-induced responses reflecting frequency
dependency was verified.

e Based on the zero crossing rate method to build up the global damping (GD) model.

e Adesign method for the VE damper based on the Japanese standard for wind loading with
the simple model was proposed.
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