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Stability Analysis of Multi-underground Storage Caverns
for Fuels and Reinforcements

Satoshi HIBINO

Central Research Institute of
Electric Power Industry,

1646 Abiko, Abiko-shi, Chiba-ken
Japan

Stability analysis on behaviour of rock masses around caverns for fuels was
carried out using finite element method. The method of the analysis is able to take
into consideration several factors such as characteristics of failure envelope, non-
linear deformability of rock masses, and excavation stages etc..

A size of o0il storage caverns would be rather small, because of not so good rock
conditions in sites near seaside. The author, therefore, has set the size of 15m in
breadth and 22.5m in height.

Through the simulation of excavation for multi-undergound caverns, the following
results were obtained;

(1) Distance between adjacent caverns

The adequate distance between caverns has been shown to be equal or more than an
average value of a height and a breadth of caverns. If the distance would be smaller
than that, sizes of relaxed zones would be enlarged due to effects of excavation for
adjacent cavities.

(2) Pore pressure

Filling fuels into caverns produces pore pressure in rock masses around caverns,
which causes sizes of relaxed zones grow large. The effect of pore pressure is very
remarkable.

In the case of pore pressure of 7 kg/cm?, the depth of added relaxed zones was
about 3m which was nearly equal to the depth of relaxed zones formed during excavation.

(3) Reinforcement

Reinforcement of rock bolts or pre-stressing bars increases safety factors for
sliding in relaxed zones. The author presented one method of evaluating safety
factor with the idea that the safety factor should depend on such factors as residual
strength, stress distribution, shapes of relaxed zones, pre-stressing and strength of
reinforcements, etc..



