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Climate change has intensified the frequency and severity of extreme cold events, posing new challenges to the safety
and resilience of high-speed railway infrastructure in northern regions. During winter operations, ice and snow blocks
accumulating on train bogies tend to detach under airflow disturbance and temperature fluctuations, potentially striking
the track bed or trackside facilities and triggering cascading failures. To quantitatively assess the risk of ice shedding from
train bogies under such conditions, this study proposes a probabilistic evaluation method based on Monte Carlo
simulation. A hierarchical index system is developed to capture the coupled effects of aerodynamic load, vibration
excitation, and thermal variation, and a limit state function is formulated to represent the ice detachment process. Using
meteorological data from 2021-2024 in the Siping section of the Harbin-Dalian High-Speed Railway of China and
experimental data from the literature, the statistical distributions of key parameters are fitted and simulated. The results
show that train speed and ice block mass are the dominant factors influencing detachment probability, with both
increasing the likelihood of shedding. Ambient temperature exerts a nonlinear regulatory effect on adhesion strength-
initially strengthening and then weakening as the temperature continues to fall. Ice geometry (height and area) produces
complex, non-monotonic effects due to localized stress distributions. These findings provide a quantitative foundation for
risk assessment and mitigation design, contributing to the enhancement of railway resilience against climate-induced
extreme cold events.
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