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Fig. 1 The mechanical model for a coupled vehicle-bridge system
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Random Vibration Analysis of Coupled Vehicle-Bridge
Systems With the Explicit Time-Domain Method

SU Cheng'?*, ZHONG Chun-yi', ZHOU Li-cheng'
(1. School of Civil Engineering and Transportation, South China University
of Technology, Guangzhou 510640, P.R.China;
2. State Key Laboratory of Subtropical Building Science (South China University
of Technology) , Guangzhou 510640, P.R.China)

Abstract: The vibration of coupled vehicle-bridge systems subjected to random deck or track
irregularities exhibits typical non-stationary stochastic features. The explicit expressions for the
dynamic responses of the vehicle and the bridge subsystems were first established. Based on the
motion compatibility condition between the vehicle and the bridge, the explicit expression for
the vehicle-bridge contact force in terms of deck irregularities was then derived. Such explicit
formulation reflects the physical evolution mechanism of the coupled vehicle-bridge system.
Subsequently, the evolutionary statistical moments of the vehicle-bridge contact force were ob-
tained through direct application of the statistical moment operation rules, thereafter the evolu-
tionary statistical moments for critical responses of the vehicle and the bridge subsystems could
be calculated. In addition, a random simulation method (i.e. the Monte Carlo simulation meth-
od) was put forward based on that the contact force was explicitly expressed in terms of deck
irregularities. In turn, the evolutionary statistical moments or the other statistical properties of
the critical responses of the coupled vehicle-bridge system could be easily achieved. Since the
physical and probabilistic evolution processes of the coupled system were coped with in a rela-
tively separate manner, the proposed method avoided repeated solution of the motion equations
for the system. Moreover, a dimension-reducing scheme was involved for the calculation of the
statistical moments of the contact force and other related responses as well. All these merits en-
able the proposed method to be more effective for random vibration analysis of coupled vehicle-
bridge systems, as compared with the previous methods. Numerical examples indicate that the

proposed method has high accuracy and superior computational efficiency.
Key words: coupled vehicle-bridge system; deck irregularity; random vibration; explicit time-
domain method; dimension reduction
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