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Freeze Resistance and Degradation Mechanisms of Composite
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Abstract: To investigate the effects of low-temperature and low-pressure environments typical of high-altitude regions
on the frost resistance of composite cementitious materials, this work employed a fly ash-slag powder composite system
cured at three representative low temperatures (0°C, 8°C, and 15°C) under a constant low air pressure of 65 kPa.
Standard curing conditions (20°C , 101 kPa) were used as a control. A series of freeze-thaw cycle tests were conducted
to evaluate the evolution of mass loss, mechanical properties, and relative dynamic elastic modulus. The results indi-
cate that low-temperature and low-pressure conditions significantly inhibit early hydration, resulting in a porous and
weak initial structure, and the extent of freeze-thaw degradation increases with decreasing curing temperature. Speci-
mens cured at 0°C and 8°C exhibited slight performance enhancement in the early stage due to residual hydration, but
both strength and modulus declined rapidly with continued cycling. In contrast, the 15°C group showed a more gradual

deterioration trend. Microstructural analysis revealed that freeze-thaw cycling caused C—S—H gel damage, increased
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pore connectivity, and crack propagation, with pore size distribution shifting toward larger capillary pores, thereby

compromising structural stability. Nuclear magnetic resonance ( NMR) testing further confirmed that pore structure

degradation is a key mechanism leading to performance loss.

Keywords: composite cementitious material mortar; low-temperature and low-pressure curing; frost resist-

ance; microstructural evolution; pore structure
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