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Fig. 3 Diagram of probability density evolution for train vertical acceleration and corresponding mean and standard deviation
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Stochastic vibration response and reliability analysis

for maglev vehicle-bridge systems
LI Zheng"?, MAO Jianfeng'?, YU Zhiwu"”

(1. School of Civil Engineering, Central South University, Changsha, Hunan 410083, China;
2. National Engineering Research Center of High-Speed Railway Construction Technology, Changsha, Hunan 410075, China)

Abstract: With the rapid expansion of the high-speed maglev transportation technology in engineering applications, maglev vehicle-
bridge coupled systems face challenges from multiple stochastic excitations during operation, such as track irregularities and uncertain-
ties in system parameters. These stochastic factors significantly affect dynamic responses of these systems, thereby compromising opera-
tional safety and ride comfort. However, traditional deterministic analysis methods struggle to accurately characterize the non-Gaussian
and non-stationary probabilistic evolution of response variables in nonlinear system behaviors. To address this, this paper proposes a
comprehensive analytical framework that integrates the probability density evolution method and dynamic reliability theory to investi-
gate stochastic responses and reliability of maglev vehicle-bridge systems. First, a refined maglev vehicle-bridge coupled dynamical mod-
el with 210 degrees of freedom (DoF) was established. Next, the probability density evolution method was employed by introducing a
generalized probability density evolution equation to directly solve the transient joint probability density function of key system respons-
es, thereby accurately revealing their stochastic evolution process. Furthermore, based on the first-passage failure criterion, a system per-
formance function for multi-dimensional limit states was defined, and computed probability density information was used to efficiently
compute dynamic reliability indices of the system as a function of time and throughout its full life cycle. Finally, the influence patterns of
various stochastic factors on the statistical characteristics of system responses and reliability were systematically analyzed through nu-
merical examples. This proposed framework provides new theoretical tools and a decision-making basis for stochastic dynamic analysis,
probabilistic safety assessment, and risk-resistant design of maglev vehicle-bridge coupled systems.

Keywords: maglev system; vehicle-bridge coupling; stochastic response; probability density evolution method; dynamic

reliability; track irregularity; FEM
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