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                    Abstract
Early-age frost damage to concrete used in winter construction or in cold environments negatively affects the development of the hydration process and the performance of the concrete, thereby reducing the service life of the building structure. Experimental research was carried out to investigate the compressive strength, resistance to chloride penetration and resistance to freeze–thaw of concrete specimens subjected to early-age freeze–thaw cycles (E-FTCs). The effects that different pre-curing times of concrete and mineral admixtures have on the properties of early-age frost-affected concrete were also analyzed. Results show that the earlier the freeze–thaw cycles (FTCs), the poorer the later-age performance. Later-age water-curing cannot completely restore the damage that E-FTCs do to concrete. In the same conditions used in this study, the effects of E-FTCs on later-age mechanical and durability properties of ordinary Portland cement concrete (OPC) are small. The incorporation of fly ash significantly reduces the resistance to freeze–thaw of concrete during early-age and later-age. The presence of silica fumes has an adverse effect on the later-age resistance to freeze–thaw. In general, the recovery percentage of later-age durability indexes of concrete subjected to E-FTCs is lower than that of compressive strength. For concrete subjected to E-FTCs, it is more important to ensure the recovery of later-age durability.
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	E-FTC:
	
                    Early-age freeze–thaw cycle

                  
	OPC:
	
                    Ordinary Portland cement concrete

                  
	FA:
	
                    Fly ash

                  
	SF:
	
                    Silica fume

                  
	FAC:
	
                    Fly ash concrete

                  
	SFC:
	
                    Silica fume concrete

                  
	MLR:
	
                    Mass loss rate

                  
	RDM:
	
                    Relative dynamic modulus of elasticity

                  
	DF:
	
                    Durability factor

                  
	FTC:
	
                    Freeze–thaw cycle

                  
	RP:
	
                    Recovery percentage
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