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Simulation of Nonstationary Bridge Deck Excitation of
Vehicle-Bridge Coupling Vibration

CHEN Shuisheng' ,ZHAO Hui'”* LI Jinhua' ,XIA Yuhuan®

(1. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang, China, 330013;
2. Wuxue Branch of Hubei Hengda Construction Engineering Co. Ltd. , Wuxue, China,435400)

Abstract; In this paper, the instantaneous power spectrum expression of nonstationary deck
excitation was derived, the generation method of one-dimensional single variable nonstationary
deck excitation stochastic process was studied, and the influence of nonstationary deck excitation
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on vehicle bridge coupled vibration system was analyzed. Based on the classical Wigner spectrum
theory, the spectrum representation method was used to generate one-dimensional single variable
nonstationary random process of bridge deck excitation, and the validity of numerical simulation
results of nonstationary bridge deck excitation was verified by improved Littlewood-Paley wavelet.
The results show that the nonstationary characteristics of the excitation caused by vehicle variable
speed driving are obvious,and the time-varying power spectrum of the numerical simulation results
is in good agreement with the theoretical power spectrum, which fully demonstrates the
effectiveness and practicability of the generation method of nonstationary bridge deck excitation in
this paper. The driving speed of vehicles has a great influence on the excitation amplitude of bridge
deck irregularity. The fluctuation amplitude of excitation amplitude of bridge deck under uniform
speed is close to that of driving at constant speed, while the excitation amplitude of bridge deck
under deceleration is smaller and that of accelerating driving is larger. The vibration response of
vehicle and bridge excited by nonstationary bridge deck is greater than that excited by stationary
bridge deck. At the same initial speed, the vibration response of vehicle and bridge does not
increase with the increase of vehicle acceleration. With the same acceleration, the vehicle vibration
response fluctuates with the increase of initial speed, while the bridge vibration response increases
with the increase of initial speed. In order to ensure the safety of bridge operation and the comfort
of vehicle riding, it is necessary to avoid speeding up on the bridge,especially for the bridge with
large span,the larger the span is,the greater the vibration response of the vehicle and the bridge
under nonstationary excitation will be.

Key words : nonstationary deck excitation ; bridge deck roughness;instantaneous power spectrum;
wavelet transform ; vehicle-bridge coupling vibration
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Fig. 11 The relationship between the maximum standard deviation and acceleration of displacement response of

bridge and vehicle
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