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The expansion and renovation project of expressways in cold mountainous areas always faces multiple
practical challenges such as low—temperature freeze—thaw erosion, complex terrain and geology, fragile
ecological environment, and difficult construction and traffic protection. The integration of new and old
projects, structural frost resistance and durability, and disaster prevention and control have become the
core problems in the implementation of this project. Based on the special geographical environment and
engineering construction practice in cold mountainous areas, this paper systematically analyzes the core
constraints of such expansion and renovation projects, and from five dimensions including subgrade
engineering, pavement engineering, bridge and tunnel engineering, construction control, and ecological
protection, extracts the key technical systems suitable for cold mountainous areas. Combined with specific
engineering practices, the effectiveness of technology application is verified. The research shows that
targeted technologies such as roadbed settlement control, pavement anti—freezing improvement, bridge and
tunnel reinforcement and renovation, segmented traffic protection construction, and ecological intelligent
prevention and control can effectively solve the problems of freeze-thaw damage, structural instability,
and traffic guarantee in the expansion and renovation of expressways in cold mountainous areas. These
technologies can not only improve the construction quality and long—term service performance but also
provide theoretical references and practical guidance for similar expansion and renovation projects of
highways in cold mountainous areas.

cold mountainous areas; expressway expansion and renovation; engineering technology;
practical application; freeze-thaw prevention and control; ecological protection
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