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— freezing-thawing time = 4 hour (2x)
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freeze/thaw cycles, focusing on the effects of depth and temperature change
rates. Employing the Ghoreishian Amiri (2016) constitutive model and finite
element simulations in PLAXIS, the research analyzes volumetric strain
responses in soil layers. Key findings reveal complex behavioral phases: initial elastic contraction, ice-lens-induced
swelling, and plastic consolidation during thawing. Surface layers exhibit more severe strain fluctuations than deeper
layers, while longer thermal cycles reduce frost heave but increase residual settlement. The model successfully captures
nonlinear soil behavior under varying thermal conditions, offering insights for geotechnical designs in cold regions.

Introduction

Frozen soils, critical for infrastructure in cold climates, undergo significant mechanical changes during freeze-thaw
cycles, posing challenges for engineering stability. This research addresses the gap in understanding depth-dependent
behavior and thermal rate effects, which are often overlooked in existing models. The study leverages the Ghoreishian
Amiri model (a robust framework integrating solid-phase stress and cryogenic suction) to simulate these dynamics.
Objectives include quantifying strain variations across depths, validating the model’s predictive accuracy, and providing
practical recommendations for mitigating frost-related deformations in construction projects.

Methodology and Approaches

The study employs a cylindrical soil sample (5 cm diameter, 20 cm height) simulated in PLAXIS using axisymmetric
finite element analysis. Key parameters include soil porosity, thermal conductivity, and cryogenic suction, calibrated
from experimental data. The model applies sinusoidal thermal cycles (2-12 hours) to mimic natural freeze/thaw
processes, with boundary conditions reflecting in-situ confining pressures (90 kPa). The Ghoreishian Amiri model’s

elastic-viscoelastic formulation accounts for phase transitions, ice-lens formation, and plastic hardening, enabling precise
strain prediction under thermal loading.

Results and Conclusions

1. Depth Effects: Surface layers experience 5.6% higher volumetric strain than mid-depth layers due to delayed heat
transfer and reduced ice segregation efficiency.

2. Thermal Rate Dependence: Slower cycles (12 hours) decrease heave amplitude by 15% but increase residual settlement
by 20%, highlighting time-dependent creep effects.

Conclusions emphasize the necessity of depth-specific designs and thermal rate considerations in cold-region
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engineering. Future work should integrate field data and heterogeneous soil properties to enhance model robustness.
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