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Thermo-Hydro—Mechanical Coupling Analysis of Soils Around Heat Pipes in Seasonally

Frozen Soil Regions Based on FLAC3D
Xiaojie Yu Lingjie Kong Yuting Tian Ming Wang Hongyu Guo
Inner Mongolia Beijiang Transportation Construction and Development Co., Ltd.
[Abstract] Based on the FLAC3D numerical simulation platform, this study establishes a thermo—mechanical
coupling model that considers heat conduction, phase change, and mechanical response, to investigate the
evolution of the temperature and stress fields in soils surrounding thermal pipelines operating in seasonally frozen
ground regions. The results indicate that heat dissipation from the pipeline significantly alters the local thermal
state of the soil and the position of the freeze—thaw boundary, leading to a reduction in freezing depth and
migration of stress concentration zones. Temperature fluctuations cause nonlinear variations in soil strength and
deformation parameters, resulting in frost heave, thaw settlement, and additional stresses. The study provides
theoretical support and technical guidance for the design of thermal pipelines and frost protection in
cold—region engineering.
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