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Optimization of impermeability and frost resistance
performance of concrete structures in hydraulic engineering
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Abstract

As the core structural material of hydraulic engineering, the durability of concrete directly affects the safety and service life of the
project. Water conservancy projects are often located in complex water environments and are susceptible to factors such as seepage,
freeze-thaw cycles, temperature differences, and chemical erosion, leading to a decline in structural performance. Impermeability and
frost resistance are key indicators of the durability of hydraulic concrete. This article studies the formation mechanism, influencing
factors, and optimization methods of concrete’s impermeability and frost resistance, and analyzes the technologies in material
composition, pore structure, construction and curing, and application of admixtures. Research has shown that by optimizing the mix
proportion, introducing mineral admixtures and high-efficiency additives, controlling the water cement ratio, improving the pore
structure, and implementing reasonable construction and maintenance, the density and frost resistance of concrete can be significantly
improved. Based on typical engineering practices, optimization strategies for anti-seepage and frost resistance adapted to different
climatic conditions have been proposed, providing theoretical support and technical pathways for improving the durability of water
conservancy engineering structures, extending their service life, and achieving green and low-carbon construction.
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