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Optimization of surrounding rock stability and support scheme for complex terrain highway
tunnels in northwest Yunnan
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Abstract: Based on the complex terrain of high mountains and valleys and unique geological conditions in northwestern
Yunnan, this paper systematically analyzes the core mechanisms underlying rock mass instability in regional highway tunnels
and identifies critical issues with existing support systems. Drawing on practical experiences from typical tunnel projects in the
region, it proposes a comprehensive strategy for rock mass stability control and support system optimization that addresses the
region's challenging geological conditions—being implementable, closed-loop, and scalable. The approach encompasses
dynamic monitoring of surrounding rock, graded stability assessment, tailored support design, construction process
optimization, and full-process dynamic management. These findings effectively address industry challenges such as significant
deformation in soft rock, lateral pressure-induced instability, and support failure in northwestern Yunnan tunnels, enhance
overall rock mass stability and support structure durability, and provide actionable technical guidance and management
references for safe construction, quality improvement, and risk mitigation in similar mountainous highway tunnel projects.
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