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Abstract Soils near the ground surface in northern climates experience freeze-thaw action
annually. As the temperature fluctuates, ice crystals form and thaw inside the pore space of soils
within each thermal cycle. The cryo-suction effect and the expansion of ice may both affect the
consolidation process of soils and lead to thawing settlement and frozen heave, which
increasingly impact the life cycle of infrastructures due to the changing climates. To understand
this mechanism across length scales, we propose a multi-physics model to simulate the growth
and thaw of ice lenses and the resultant frozen heave and thaw settlement in frozen clay and
validate the simulation results with experiments. The growth of segregated ice inside the
freezing-induced fracture is implicitly represented by the evolution of the two-phase fields that
indicate the locations of segregated ice and the damaged zone, respectively. Unlike
phenomenological material models that indirectly capture the freezing influence on the shear
strength, the multiphase-field model introduces an immersed approach where both the
homogeneous freezing and the ice-lens growth are explicitly captured. By leveraging the rich
experimental data from the micro-CT images during the freezing process, we compare
simulation results obtained from models with and without the evolving anisotropy mechanism.
Our findings indicate that capturing the anisotropy triggered by the cryo-suction and the growth
of the ice lens is crucial for accurately estimating the settlement and heave of soil at the
macroscopic scale.
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