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Research on the Mechanical Characteristics of Tunnel Lining
Structures under Different Water Heads and Karst Cavity Sizes

SUN Lianzhong
(China Railway 18 Bureau Group Second Engineering Co., Ltd., Tangshan 064099, Hebei, China)

Abstract: Due to complex geological and hydrological conditions, tunnels in karst regions face significant risks such
as water leakage, water inrush, and drainage system blockages, severely threatening tunnel operational safety.
Focusing on the drainage system blockage issues in water-rich karst tunnels, this paper established a numerical model
based on ABAQUS software to study the mechanical characteristics of tunnel linings under different karst scales.
Results show that tunnel drainage volume increases significantly with higher water heads and larger cavity sizes,
exhibiting an approximately linear growth; water pressure behind linings increases linearly with water head and
significantly rises with cavity size, though at a gradually decreasing rate; lining structural stresses rise notably with
increased water head and cavity size, especially under high water head conditions; the sensitivity of lining
displacement to water head changes gradually increases, with significant but diminishing impacts as cavity size
continues to expand. Finally, a series of reinforcement and optimization strategies are proposed to ensure tunnel
construction safety based on the engineering case. This study provides theoretical support for optimizing drainage
systems and ensuring safety maintenance of tunnels in karst regions.
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