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Behaviour of Rock Masses Around an Egg Shaped Cavern
with Rock Bolts and Shotcrete

Satoshi Hibino and Tadashi Kanagawa

Central Research Institute of
Electric Power Industry
1646 Abiko, Abiko-shi, Chiba-ken, Japan

Takashi Inamoto

Hokuriku Electric Power Company
3-1 Sakurabashi-dori, Toyama-shi, Japan

Stability of a cavern depends mainly on such factors as magnitude of geo-stresses,
strength of rock masses, size or shape of a cavern etc. As to the shape of a cavern,
the authors have made it clear that an egg shaped cavern exceeds an ordinary mushroom
shaped one in its stability by the numerical analysis method.

The Hokuriku electric power company has constructed a large egg shaped cavern for
a power station for the first time in Japan. The authors, therefore, carried out
forecasting of the behaviour of rock masses around the cavern during excavation by the
numerical analysis method developed by one of the authors. Through the excavation,
many kinds of measuring were performed including rock deformation, stresses in shot-
crete, convergence of the cavern, forces in rock bolts etc. The followings are some
results obtained.

(1) Set timing of rock bolts

Set timing of rock bolts has been prooved to be very important. Rock bolts of 3 m
length were set in the early time just after the excavation of the arch gallery, and
forces of which were 1300 - 3400 kgf/ecm?. Forces of 5 m rock bolts set after the fol-
lowing excavation of the arch part were, however, comparatively low values of 0 - 600
kgf/cmz. This fact shows the set timing of rock bolts in the arch part should be as
soon as possible.

(2) Length of rock bolts

From stress distributions in rock bolts, the 5 m length of rock bolts was found to
be a suitable in the design for the cavern. The position of maximum stresses in rock
bolts located in the middle part of rock bolts in case of 5 m length rock bolts. On
the contrary, in case of 3 m length rock bolts, the position was at the bottom part of
rock bolts. The former case of the distribution is desirable.

(3) Time history of settlement in the arch part rock foundation

Subsidence of the arch part of the cavern was very remarkable in the stage of the
arch part excavation, and the value of additional settlement in the following stage of
main part excavation were small. Delaying of setting time leads rock bolts to be not
so effective.
(4) Distribution of settlement in arch art rock foundation

Settlements in the region between rock surface and 3 m inside rock mass were
remarkable, and in the more inner part of rock mass the settlements scarcely occurred.
From this fact, it would be concluded that the length of rock bolt should be longer
than 3 m.

(5) Comparison between the analysis and the measuring

Rather good agreements were found in the distribution and the time history of
the arch part settlements, which shows the analysis method being usefull.
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