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Abstract

In cold and high-altitude freeze-thaw areas, the performance of pavement base materials degrades due to freeze-thaw cycles, leading
to a shortened service life. This paper explores the degradation mechanisms and proposes optimization techniques from three
perspectives: material composition, structural design, and construction methods. These techniques include reducing porosity, adding
modified materials, and enhancing with high-performance fibers and nanomaterials. Using the Gongyu Expressway as a case study,
years of operation and monitoring have shown that these optimization techniques significantly improve the freeze-thaw resistance
of the base layer, reduce cracks and other defects, extend the service life, and lower costs. This provides important references for
highway construction in similar regions and promotes the development of related technologies.
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