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Stability Analysis and Support Optimization of Surrounding Rock for Long-Distance Hydraulic
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Wei Xie Ran Luo Bingwen Gong
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[Abstract] As China’s water conservancy and hydropower projects continue to extend into high—altitude,
deeply buried, and complex geological regions in the western area, long—distance hydraulic tunnels, as key
passages for water conveyance, diversion, and power generation, are facing unprecedented construction
challenges. The stability of surrounding rock directly affects tunnel construction safety, operational life, and
project investment efficiency. This paper systematically reviews the key factors influencing the stability of
surrounding rock in long—distance hydraulic tunnels, deeply explores comprehensive analysis methods including
numerical simulation, field monitoring, and geomechanical model testing, and proposes support optimization
strategies based on the concepts of dynamic design and information—based construction, combined with typical
engineering case studies. Research shows that adopting the technical approach of “geology first, dynamic
feedback, graded support, and intelligent monitoring” can significantly improve the control level of surrounding
rock stability, reduce engineering risks, and achieve safe, economical, and efficient construction goals. The
research results have important theoretical reference value and engineering guidance significance for the design
and construction of long—distance hydraulic tunnels under similar complex geological conditions.
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