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typical granite tunnel-type gas storage cavern. A finite element model of the tunnel-type gas
storage reservoir was developed in Abaqus, incorporating a cohesive zone model to analyze
the mechanical response and cracking behavior of the lining - surrounding rock system under
different lining thicknesses and gas storage pressures. The results show that: (1) lining
thickness has a pronounced influence during both the gas storage and gas release stages. As
the lining thickness increases, the horizontal deformation at the arch waist decreases from
-3.95 mm to -2.54 mm, and a similar trend is observed during the gas release stage; (2) the
maximum plastic strain in the surrounding rock is reduced by more than 50% with increased
lining thickness, from 1.29x10° pe to 0.69x10° pe during gas storage; (3) the maximum
principal stress of the initial support and secondary lining declines with increasing thickness,
and this reduction gradually levels off once the secondary lining thickness exceeds 0.7 m; (4)
the cohesive zone model indicates that cracks first initiate near the crown and mainly
propagate from the cavern interior outward; after gas release, the crack width increases with
the maximum gas storage pressure; when the gas storage pressure reaches 17.5 MPa,
through-cracking occurs in the crown lining, and the crack width increases sharply to 28.84
mm. These findings provide a theoretical basis for the optimal design of linings for
underground gas storage caverns and for the evaluation of stability under high internal
pressure.

Keywords: Compressed air energy storage; Lined rock cavern; Lining thickness; Cracking

characteristics; Cohesive zone model; Stability analysis
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Fig. 10 Lining displacement contours and crack distribution under different maximum storage pressures
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Fig. 12 Variations in the number, width, and volume of lining cracks with storage pressure
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