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[Abstract] To address issues such as freeze—thaw erosion and cracking in hydraulic structures in severe cold
regions, this study prepares high—rigidity long—life hydraulic concrete using Taklamakan Desert aeolian sand as
fine aggregate, incorporating silica fume, water—reducing agent, defoaming agent, and steel fiber = basalt hybrid
fibers, and investigates its mechanical properties and frost resistance. The results indicate that the optimal
comprehensive performance of the concrete is achieved at the following parameters: water—to—cement ratio of
0.23, sand—to—cement ratio of 0.91, silica fume dosage of 10%, water—reducing agent dosage of 2.0%,
defoaming agent dosage of 0.28%, steel fiber dosage of 2.5%, and basalt fiber dosage of 1.5%; after 7 days of

steam curing, the compressive strength reaches 121.6 MPa and the flexural strength reaches 22.5 MPa, which is
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only approximately 5% lower than that of quartz sand concrete; after 500 freeze—thaw cycles, the mass loss rate is
merely 0.78%, the relative modulus of elasticity remains at 99.2%, and the frost resistance grade exceeds F500.
The unit cost is reduced by approximately 500 yuan compared with the river sand—based scheme, providing a
reference for the long—life design of hydraulic structures in severe cold regions.

[Key words] hydraulic concrete; aeolian sand; hybrid fibers; mix proportion optimization; mechanical

properties; frost resistance
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