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Role of Rock Mechanics in Underground Construction, Refering to
a Case of the Large Caverns for Oil Storage

Kazuo HOSHINO"

Abstract

0 O Rock mechanics belong to basic fields of science and technology, and are related to mining,
oil, and civil engineering, as well as geology, geophysics, tectonics, and seismology.

0O O A national project of the underground caverns for oil storage was conducted throughout the
1980s and 1990s to study suitable construction sites. In this study, data on rock mechanics such
as obtained by the rock deformation laboratory of the Geological Survey of Japan proved to be
very valuable. These data were obtained from more than 500 rock specimens collected on foot
from geologically representative localities nationwide. Finally, three sites, two consisted of gran-
ite and one of pyroclastic rock, were selected for construction. Detailed microscopic study of the
failure pattern of specimens after the experiment indicated distinguishing brittle and ductile de-
formation characteristics. Brittle rock such as granite is harder in strength, sometimes with in-
creased permeability; on the other hand, ductile rock such as pyroclastic rock is less permeable.

Key words[ rock mechanics, high pressure rock deformation, underground oil storage, Interna-
tional Society of Rock Mechanics; ISRM, brittle-ductile transition, mode of defor-
mation, types of failure, pyroclastic rock, permeability
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Fig.1 Classification of results from rock deforma-
tion laboratory of the Geological Survey of
Japan. The upper: mode of deformation is
classified into five stages from brittle, duc-
tile, and to visco-ductile. The lower: types
of failure are classified into four stages from
wedgel] extensionl] shearl single shear and
network(] and to flow,] Hoshino et al, 2001[1
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Fig. 2 Failure pattern of experimentally deformed specimens. Left upper shows single shear in medium sandstone,
0.2-0.5 mm in grain-size, and right upper shows network shear in coarse volcanic sandstone, 1-2 mm in
grain-size. The lower two are microscopic photos of network shear mode in the medium sandstone. The right
with Nicol,0 Koide and Hoshino, 1967 ; Hoshino and Koide, 1970C1
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Fig. 3 Underground cavern for oil storage completed in Kushikino pyroclastic rock. Its dimensions are 22
m in height, 18 m in width, and 555 m in length. A man is standing on the floor to give an idea of the
huge dimensions of the cavern. The left photo shows the cores of the pyoclastic rocks, Miocene tuff
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