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Optimization Analysis of Tunnel Excavation and Support Techniques for Water Conservancy
Projects under Complex Geological Conditions
Yan Fangfang
Xinjiang Production and Construction Corps Water Science Research Institute (Co., Ltd.)

[Abstract] Water conservancy tunnels are core underground structures for water resource allocation, flood
control scheduling, and hydropower generation projects. During construction, these tunnels often traverse
complex adverse geological environments such as fault zones, weak weathered rock layers, and fractured
water—bearing strata. Such geological surrounding rock exhibits poor integrity, weak self—stabilization capacity,
and well—developed seepage pathways, making it highly susceptible to issues like surrounding rock loosening,
cross—sectional convergence, localized collapse, and water or mud outburst upon construction disturbance,
thereby posing significant challenges to construction safety, structural quality, and project progress. Traditional
tunnel excavation and support techniques feature fixed process parameters, inadequate disturbance control, and
simplistic support systems, which struggle to adapt to the dynamic deformation characteristics of complex
geologies. Based on the construction challenges encountered in tunnels under complex geological conditions,
this paper systematically analyzes the limitations of conventional construction methods, proposes refined
excavation approaches, dynamic composite support systems, and optimized construction sequencing strategies
tailored for adverse geological conditions, and validates the effectiveness of these optimized techniques through
practical case studies from water conservancy projects.
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