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Abstract :

Keywords :

To systematically explore the intrinsic mechanisms of freeze-thaw damage to railway subgrades
in alpine regions and propose effective prevention and control measures, this study adopts a trinity
research methodology combining "laboratory experiments, field monitoring, and numerical simulation."
It delves into an in—depth analysis of the characteristic types of major damages, including frost heave,
thaw settlement, frost cracking, and mud pumping, revealing that the multi-field coupling of "water—
heat-stress" is the core mechanism behind these damages. Through laboratory experiments on
freeze—thaw cycles, physical-mechanical properties, and moisture migration, the study quantifies the
impacts of factors such as the number of freeze—thaw cycles, freezing temperature, and temperature
gradient on soil volume deformation, strength degradation, and moisture migration patterns.
Concurrently, relying on a typical railway test section in an alpine region, a two-year field monitoring
campaign was conducted to obtain periodic evolution data on subgrade temperature, moisture,
deformation, and stress. Based on this, a numerical model for the coupling of "water—heat-stress" in
the subgrade was constructed and validated.
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