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Analysis of uplift stability of artificial chamber gas storage in
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Abstract: To address the engineering challenges related to the lack of uniformity in the
calculation methods for resisting uplift in compressed air energy storage chambers, as well as
the inadequacy of safety evaluation standards, this paper systematically analyzes the
calculation principles and applicable limits of four types of limit equilibrium models: rigid cone,
rigid cone with shear resistance, rigid cone with tensile resistance, and vertical-shear model. It
establishes a framework for calculating the safety factor against uplift, incorporating factors
such as overload coefficient, cyclic load coefficient, and rock mass integrity coefficient.
Through engineering cases and numerical simulations, the paper explores how the safety
factor against uplift varies with depth and operating pressure under different calculation
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models, and it analyzes the displacement characteristics and distribution of plastic zones in
the rock surrounding the storage chamber at various depths. The results show that, at the
same depth, the calculation results obtained using the rigid cone with shear resistance and
rigid cone with tensile resistance models are on the higher side, while those from the rigid
cone model and the vertical-shear model are relatively lower. Under the daily cyclic operating
conditions of power plants, the recommended safety factors against uplift for rock masses of
categories 1~1I, IIl, IV, and below are 1.98, 2.15, and 2.48, respectively. As the depth
increases, both the displacement of the rock surrounding the storage chamber and the size of
the plastic zone decrease rapidly before stabilizing. When the thickness of the overburden
increases from 1 time the inner diameter of the chamber to 7 times that diameter, the
maximum vertical displacement of the rock drops from 96.16 mm to 7.20 mm; at this point, the
effect of the chamber cluster essentially disappears, and further increasing the overburden
thickness has only a limited impact on reducing rock deformation and controlling the
expansion of plastic zones.

Keywords: Compressed air energy storage; artificial cavern gas storage; uplift stability;

theoretical calculation; numerical analysis
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Fig. 9 Nephogram of vertical displacement of surrounding rock of gas storage under different burial depths
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