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Mechanical Stability Analysis to Determine the Optimum Aspect Ratio of
Rock Cavems for Thermal Energy Storage

Dohyun Park, Dongwoo Ryu*, Byung-Hee Choi, Choon Sunwoo, Kong-Chang Han

Abstract It is generally well known that the stratification of thermal energy in heat stores can be improved by
increasing the aspect ratio (the height-to-width ratio) of the stores. Accordingly, it will be desirable to apply a
high aspect ratio so as to demonstrate the good thermal performance of heat stores. However, as the aspect ratio
of a store increases, the height of the store become larger compared to its width, which may be unfavorable for
the structural stability of the store. Therefore, to determine an optimum aspect ratio of heat stores, a quantitative
mechanical stability assessment should be performed in addition to thermal performance evaluations. In the present
study, we numerically investigated the mechanical stability of silo-shaped rock caverns for underground thermal
energy storage at different aspect ratios. The applied aspect ratios ranged from 1 to 6 and the mechanical stability
was examined based on factor of safety using a shear strength reduction method. The results from the present
study showed that the factor of safety of rock caverns tended to decrease with the increase in aspect ratio and
the stress ratio of the surrounding rock mass was influential to the stability of the caverns. In addition, the numerical
results demonstrated that under the same conditions of rock mass properties and aspect ratio, mechanical stability
could be improved by the reduction in cavern size (storage volume), which indicates that one can design
high-aspect-ratio rock caverns by dividing a single large cavern into multiple small caverns.
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Fig. 1. Determination of factor of safety using the shear
strength reduction method combined with numerical
analysis (Dawson £], 1999)
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Table 1. Mechanical properties of rock mass used in the present study

Unit weight Poisson’s ratio Deformation modulus Cohesion Angle of internal friction
(kN/m’) (MPa) (MPa) ©)
26.3 0.33 7,600 1.4 39.0
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Mechanical stability Thermal performance

Thermal limit

FSor TS

1
1
1
1
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Mechanical stability

Thermal performance

Thermal limit

Stability limit

1
1
1
1
1
' AR(leslgll

Aspect ratio (AR)
(a) ARgesign for the stability limit

Aspect ratio (AR)
(b) ARuesign for the thermal limit

Fig. 8. Determination of the optimum aspect ratio of rock caverns considering both mechanical stability and thermal
performance (FS = factor of safety, TS = thermal stratification, ARueign = designed aspect ratio of a rock cavern)
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