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Abstract

Wind-induced vibration is the major concern for long-span
bridges. In the last several decades, significant advances have
been made in understanding of various phenomena and in
developing of analytical and experimental approaches to deal with
bridge flutter, buffeting and vortex shedding; and the 3D lateral
coherence characteristics of the natural, turbulent wind have also
been quite well documented. All of these achievements have laid
down a solid basis for wholly coupled 3D buffeting analysis.
However the single-mode buffeting analysis remains predominant
until recently when Jain, et. al. (1996) extended multi-mode
approaches to both buffeting and flutter analyses. Although the
3D normal modes of vibration have been introduced in order to
consider the aerodynamic and structural couplings between
modes, the conventional formulation still remains inconsistent
with delicate finite-element models. This thesis presents a
systematic formulation for bridge flutter and buffeting analyses,
which is featured by finite element methods (FEM) and the
pseudo-excitation method (PEM).

The PEM is an accurate and efficient method for structural
random response analysis, which was firstly used to compute the
buffeting response of a crane. The comfortability and
serviceability, as well as the fatigue life of this crane due to the
buffeting wind forces are evaluated. Secondly, a new formulation
system for buffeting and flutter is developed based on the finite
element theory, in which the aeroelastic damping, aeroelastic
stiffness and the buffeting forces are all derived within the
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element level. The aeroelastic damping and stiffness matrices are
generated in the element level before they are assembled to form
the global aeroelastic damping and stiffness matrices. The PSD
(power spectral density) matrices of buffeting forces are formed
in the similar way. Under this formulation, the interaction
between the wind forces acting on different parts of the structure,
structural and aerodynamic couplings between modes, varying
properties of the structure, offsets between the aerodynamic
centers and elastic centers, effects of mean wind angle of attack
and non-zero yaw angle can be taken into account simultaneously.
The new formulation, combined with conventional mathematical
tools, is also applied to flutter analysis, with a reference reduced
frequency introduced to account for the inhomogeneity of the wind
field. The PEM, in conjunction with the mode superposition
schemes, is used to compute the buffeting response of the
structure efficiently and accurately. According to the proposed
formulation, the flutter/buffeting analysis has become a natural
extension of the static and natural vibration analyses based on the
general finite element models, and so is convenient to implement,
Thirdly, the proposed flutter/buffeting approach has been applied
to the aerodynamic analysis of the Tsing Ma long span suspension
bridge in Hong Kong. The fully coupled buffeting of the bridge
deck, towers and main cables are investigated. The results show
that aeroelastic forces significantly influence the torsional
response of the deck; the multi-mode responses are much larger
than the single-mode responses for the vertical and torsional
motions of the deck; the significant inter-mode responses may
exist in the coupled torsional and translational modes; the
buffeting of the bridge deck considerably impacts the buffeting of
the towers and main cables whereas the buffeting of towers and
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Abstract

main cables only moderately influences the lateral vibration of the
bridge deck. The new buffeting approach can also be shown to be
able to accommodate the conventional method very well through
the comparison of deck responses when only the aeroelastic
and/or aerodynamic forces on the deck are acted on. The flutter
analysis shows that the Tsing Ma Bridge has a very strong
tendency towards coupled flutter. Fourthly, a framework for
united analysis of wind-induced vibration of cable-supported
bridges is presented. Some computational techniques, which
further enhance the efficiency of the buffeting analysis by the new
approach, are detailed. Their effectiveness has been verified by
computation practice.

The proposed formulation has been implemented, and the
developed program includes: (1) nonlinear analysis of mean angle
of attack; (2) processing of the experimental results about
aerodynamic coefficients and flutter derivatives; (3) 3D flutter

analysis; and (4) 3D buffeting analysis.
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