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Abstract: As the main bearing system of core hydraulic structures such as dams, water gates, and water conveyance tunnels, the
service life and safety stability of concrete structures in hydraulic engineering are directly related to the long-term effectiveness of
flood control, water resource allocation, and energy supply in the basin. Unlike ordinary civil building structures, hydraulic concrete is
subjected to harsh environments such as water level fluctuations, freeze-thaw cycles, and coupling effects of salt and water dissolution
for a long time. During service, it is prone to surface erosion, micro crack propagation, steel reinforcement corrosion, and mechanical
performance degradation, which directly weaken the overall service performance of the structure. Currently, nearly half of the concrete
structures in China's constructed water conservancy projects show signs of deterioration to varying degrees. The traditional design
concept centered on strength control is no longer suitable for the full life cycle durability service requirements. At the same time, under
the dual carbon target orientation, the extensive construction and operation mode with high cement proportion and frequent repairs in
the later stage can no longer meet the green and long-term development needs of water conservancy projects. This article combines the
degradation mechanism of hydraulic concrete under multi field coupling, and constructs a comprehensive durability improvement
technology system from material modification, structural optimization, construction control, and operation and maintenance
monitoring. Based on engineering scenarios such as dams in cold regions, applicability verification is carried out to provide a feasible
technical path for achieving the construction goals of long service life and low maintenance of hydraulic concrete structures.
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