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Abstract

Canal lining in cold regions suffers severe frost damage, particularly under low-temperature condi-
tions and frequent freeze-thaw cycles. Frost heave—a primary cause of lining failure—occurs when
pore water in soil expands during freezing, generating internal forces that induce cracks and dis-
placement in concrete and other materials, ultimately compromising canal functionality. To address
this challenge, this study synthesizes and analyzes frost heave mitigation techniques, proposing
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countermeasures including improved subsoil treatment, optimized lining structural design, and
high-performance materials. Additionally, the application of frost heave monitoring technologies
for damage prevention is explored. Research demonstrates that integrating novel materials with
intelligent monitoring technologies significantly enhances frost heave resistance and extends the
service life of canals in cold regions.
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