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Dredging frost heave failure mechanism and control measures
in high cold areas
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Abstract

The harsh climate and complex geological conditions in Xinjiang’s high-altitude regions frequently cause frost heave damage to canal
engineering, severely impacting the normal operation of agricultural irrigation and water resource allocation. Frost heave primarily
stems from concentrated ice expansion forces generated by changes in soil moisture content, temperature gradients, and freezing
depth during the freezing process, leading to issues such as cracks, deformation, and lining detachment in canal structures. Different
soil types, lining materials, and construction techniques significantly influence frost heave behavior. Over time, factors like water
level fluctuations and drainage obstructions also exacerbate frost damage. This study systematically analyzes frost heave mechanisms
in Xinjiang’s typical high-altitude terrain, identifies disaster-causing factors, and proposes region-specific anti-freezing design
measures, material optimization solutions, and operational monitoring strategies to enhance the stability and safety of canal projects
in cold environments.
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