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Abstract: Frozen soil, as a multiphase geomaterial composed of soil particles, ice, unfrozen water,
and air, exhibits pronounced temperature and strain rate dependence on its uniaxial mechanical behav-
ior. This study conducted uniaxial compression tests under 12 combinations of temperatures (—5 °C,

—10°C, —15°C, —20 °C) and strain rates (10 s ', 10 *s ', 10 *s '), systematically revealing the
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evolution of mechanical behavior, including strength enhancement and ductility reduction with decreas-
ing temperature or increasing strain rate, along with significant coupling effects of temperature-strain
rate on peak stress, peak strain, and residual stress. To address the challenge in modeling the coupling
behavior of temperature and strain rate, the transformed stress incorporating the triaxial tensile
strength (o;) is adopted to derive the strain hardening expression based on the Cambridge model incor-
porating the cohesive effect. This expression is analogously extended to formulate a uniaxial compres-
sive hardening expression. Furthermore, a strain-driven degradation function for potential compressive
strength is proposed to complete the uniaxial constitutive relationship for frozen soil. Five parameters
of the model were determined by analyzing the experimental rules relating to temperature and strain
rate, and model verification was also conducted. The results demonstrate that the model effectively
captures the mechanical response of frozen soils under the coupled effects of temperature and strain
rate, thereby providing a theoretical basis for the design and analysis of engineering projects involving
frozen soils.

Keywords: Frozen soil; Temperature; Strain rate; Uniaxial compression test; Constitutive relationship
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Fig. 1 Materials and its grain size grading curve
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Fig. 2 Uniaxial compression tester for frozen soil
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Table 1 Uniaxial compression test conditions for frozen

sand
i Joj AR 2
—5C 10 % .10 *s 1,10 s !
—10°C 10 °s 1,10 s .10 s !
—15C 10 %s 110 s 1,10 s !
—20°C 10 7% .10 %s 1 10 st
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Fig. 3 Uniaxial compression ¢~ o, relationship curve of re-

peatable frozen soil
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Fig. 4 0, relationship curves of permafrost at different temperatures for three strain rates
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