gt Askash SeEEE|

AR1HE A3S, 20119 6, pp. 164~173  Journal of Korean Society for Rock Mechanics

e=ES70UR] Mg 582 Z32(E F21
2N 4é,+01I CHSE X[o A% 4+t
wed), 2ge”, 582", 4537, su7yY

Numerical Study on the Optimal Shape of Concrete Plug
for Compressed Air Energy Storage Cavemns

Dohyun Park, Hyung-Mok Kim, Dong-Woo Ryu, Joong-Ho Synn, Won-Kyong Song

TUNNEL & UNDERGROUND SPACE, Vol. 21, No. 3, 2011, pp. 164-173

Abstract In the present study, the stability of a compressed air energy storage cavern was numerically assessed
by concrete plug shapes in order to investigate the optimal shape of concrete plug. The concrete plugs were
cylindrical, embedded cylindrical, tapered, and wedged in shape. The stability assessment was carried out based
on factor of safety through a strength reduction method and a volume ratio which refers to the ratio of the volume
of yield regions in concrete induced by internal pressure to all concrete volume. The results from the present study
indicated that the embedded cylindrical and taper shaped plugs were mechanically more stable than the cylindrical
and wedge shaped plugs. However, from a comparison of stress distributions in rock mass between the embedded
cylindrical and taper shaped plugs, the taper shaped plug was found to be more optimal than the embedded cylindrical
plug, since the embedded cylindrical plug caused more stress concentration in the interface between the plug and
rock mass than the taper shaped plug.

Key words Compressed air energy storage, Concrete plug, Plug shape, Strength reduction method, Factor of safety
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Table 1. Mechanical properties of rock mass and concrete(3h=+Z| AL ALY, 2010, SF=+Z A2 ES}S], 2007)

Property Rock mass Concrete
Unit weight (kN/m’) 272 25.0
Deformation modulus (MPa) 11,000 26,000
Poisson’s ratio 0.14 0.17
Cohesion (MPa) 3.0 3.79
Angle of internal friction (°) 45 54.9

Table 2. Mechanical properties of concrete-rock mass interface

Normal stiffness (MPa/m) Shear stiffness (MPa/m)

Cohesion (MPa) Friction angle (°)

3,216 1,071

0.0 30
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Table 3. Summary of numerical results at an internal pressure of 5 MPa
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Plug shape Factor of safety Yield volume ratio
Cylindrical < 1.0 0.47
Embedded cylindrical 8.28 0.23
Tapered 8.28 0.30
Wedged 8.28 0.35

Table 4. Summary of numerical results at an internal pressure of 8 MPa

Plug shape Factor of safety Yield volume ratio
Cylindrical < 1.0 0.49
Embedded cylindrical 6.62 0.23
Tapered 6.89 0.30
Wedged 6.73 0.35
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