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Load characteristics and design recommendations for lined
rock caverns in shallow-buried compressed air energy storage
considering thermal strain mismatch and interlayer slip

WANG Zijun', YAN Zhiyuan', WEN Rui’, SHEN Lei", ZHANG Jixun', REN Xuhua'
('College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210024, Jiangsu,
China; ’Shanghai Investigation, Design & Research Institute Co., Ltd., Shanghai 200434, China)

Abstract: Shallow-buried air storage caverns in compressed air energy storage (CAES)
power stations are subjected to cyclic loadings of high internal pressure (exceeding in-situ
stress) and significant cyclic temperature variations. The load-bearing behavior of the "steel
sealing layer-concrete-rock" composite lining serves as a critical basis for structural design.
Focusing on an under-construction underground CAES cavern at a buried depth of 148m in
Inner Mongolia, this study analyzes the evolution of the load-bearing capacity of the
composite lining during charge-discharge cycles considering the thermo-elastoplastic damage
and thermal contact behavior. It is found that, during high temperature and pressure charging
stage, thermal strain mismatch occurs between steel sealing layer-concrete-rock caused by
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different thermal expansion coefficients. When considering interlayer frictional slip effects, the
crack widths in the concrete lining increases due to the relative slip between the concrete
lining and the steel sealing layer. Correspondingly, the stress of steel sealing layer decrease
to 87.4 MPa. During the low temperature and pressure discharging stage, the steel sealing
layer presents a maximum elastic strain and thus generates the maximum stress (272.6

MPa), although the overall lining deformation is relatively small. These results demonstrate
that the discharging stage constitutes the critical basis for steel sealing layer structure design.
In summary, the thermo-mechanical analysis of aforementioned the operating conditions

reveals a cyclic load transfer mechanism among the surrounding rock-concrete lining-steel
sealing layer. These results underline the necessity of accounting for thermal mismatch and
interlayer slip in the structural design calculations for shallow-buried air storage caverns.

Keywords: compressed air Energy storage; thermo-mechanical coupling analysis; interlayer

contact; load transfer mechanism
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Table 2 Physical and mechanical parameters of materials
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Fig. 8 The maximum principal stress of steel reinforcement
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Fig. 9 Evolution of the temperature at the measurement points on the top of the cavern
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