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Abstract

In highway engineering, complex geological conditions are the core factor affecting the quality and safety of subgrade construction.
Their presence can easily lead to subgrade settlement, slope instability, and other defects that threaten the operational lifespan of
highways. This paper focuses on complex geological conditions (soft soil, karst, high fill, permafrost, etc.), analyzes construction
challenges, and explores targeted key technologies. These include vacuum preloading combined with plastic drainage boards for soft
soil foundation treatment, grouting reinforcement and karst cave filling techniques for karst geological conditions, layered rolling
and dynamic compaction reinforcement for high fill subgrades, and thermal insulation protection for permafrost subgrades. Practical
engineering cases are used to verify the effectiveness of these technologies. Results show that targeted technologies can effectively
address complex geological construction challenges, enhance subgrade bearing capacity and stability, and provide technical
references for similar projects.
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