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Fig. 1 Mechanism diagram of concrete permeability
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Fig. 2 Mechanism diagram of freeze-thaw reaction
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Fig. 3 Mechanism diagram of alkali-aggregate reaction
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Fig. 4 Influence of cement varieties on the resistance of

concrete to chloride ion penetration™*]
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Table 4 Mass of each test specimen during freeze-thaw cycles
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Fig. 10 Schematic diagram of the mechanism of action of nano-fillers
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Fig. 11 Mechanism of GO-MAs in improving the resistance of cement-based materials to chloride ion penetration

[113]
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Table S5 Summary of characteristics of new materials
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Abstract; During long-term service, concrete is subjected to freeze-thaw cycles, chloride ingress, carbona-
tion,sulfate attack, and wet-dry alternation, which readily induce internal damage, such as pore structure
deterioration, microcrack propagation,and reinforcement corrosion. This subsequently leads to macroscopic
defects including cracking.spalling,and strength reduction, ultimately resulting in the decline of the load-
bearing capacity and service life of concrete structures, significantly increasing maintenance costs and car-
bon emissions. Therefore,improving the concrete durability is of great significance for ensuring the safety
and sustainability of engineering structures. The key to improving concrete durability fundamentally lies in
regulating the intrinsic properties of the material. By optimizing raw material composition and mix propor-
tion,and by rationally using mineral admixtures,chemical admixtures, modified fibers,and nano-fillers,it is
possible to effectively refine hydration products and pore structure characteristics, promote matrix densifi-
cation,reduce transport properties,and enhance resistance to environmentally induced deterioration. This
paper systematically reviews the recent research progress on improving concrete durability, with a focus on
material composition optimization, microstructural regulation mechanisms, and their intrinsic relationship
with durability performance. It analyzes the mechanisms by which different modification strategies delay
erosion and suppress degradation, providing a reference for improving the theoretical system of concrete
durability enhancement and its engineering applications.
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