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Abstract

Against the backdrop of infrastructure construction advancing towards complex geological regions, the stability of tunnel
surrounding rock has become a key factor affecting engineering safety and quality. Under complex geological conditions, the
mechanical properties of surrounding rocks are characterized by significant nonlinearity, anisotropy and uncertainty, which can
easily lead to disasters such as deformation, collapse and water gushing, threatening the safety of construction and operation. This
paper systematically analyzes the types and causes of rock instability in complex geological tunnels, sorts out the deformation
characteristics and disaster evolution laws under the action of multiple coupling, and assesses the adaptability and deficiencies of
conventional and new support technologies. Based on theoretical research, numerical simulation and engineering cases, a stability
control strategy centered on advanced prediction, zoned and graded support, information management and dynamic adjustment is
proposed. Research shows that fine geological analysis and adaptive support optimization are the key paths to enhancing the safety
and economy of complex geological tunnel projects.
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