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Abstract

Frozen soil, as a special four phase medium composed of soil particles, ice, unfrozen water, and gas,
presents severe challenges to engineering construction in cold regions due to its complex physical
and mechanical properties. This article systematically reviews the research progress on the engineer-
ing characteristics, testing techniques, mechanical behavior, and hydrothermal coupling mechanism
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of frozen soil. The focus is on analyzing the application of ultrasound and nuclear magnetic reso-
nance technology in frozen soil detection, the strength decay law of frozen soil, the unloading me-
chanical properties, and the deformation characteristics under temperature rise. Research has
shown that engineering diseases in permafrost regions mainly manifest as frost heave and thaw
settlement, and their mechanisms are closely related to the multiphase structure and hydrothermal
processes of permafrost. The SHAW model and other numerical tools can effectively simulate the
response of frozen soil to climate change. Future research needs to further reveal the mechanism of
permafrost structure interaction, providing theoretical support for the long-term stability of infra-
structure in cold regions.
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Table 1. Statistics of major frozen soil projects in China
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Figure 1. Engineering disasters in frozen soil area
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