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Abstract

The durability of concrete in Gansu regions largely depends on its frost resistance. This paper systematically reviews the failure
mechanisms, key influencing factors, and enhancement techniques of concrete frost resistance. The analysis shows that freeze-thaw
damage is primarily governed by the theories of hydrostatic pressure and osmotic pressure, and its essence lies in the freezing and
expansion of internal pore water. The frost resistance of concrete is comprehensively influenced by material composition (such as
water-binder ratio, air-entraining agents, mineral admixtures, fibers), process conditions (such as curing regime, vibratory mixing),
and external coupled environments (such as salt corrosion, load). By optimizing the pore structure of concrete (such as introducing
uniform microbubbles) and enhancing the compactness and toughness of the matrix, its frost resistance and durability can be
significantly improved. Future research should focus on revealing multi-scale damage mechanisms and developing novel frost-
resistant materials.
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