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(34) LIMITING EQUILIBRIUM FOR A DISCONTINUOUS ROCK MASS
AROQUND A CIRCULAR TUNNEL - II A three dimensional case

Sei ji EBISU & Masao NISHIMURA
Technical Research Institute
Okumura Corporation

When a circular tunnel is driven through discontinuous rock mass, the
rock mechanical stability around the tunnel is significantly influenced
not only by the strength of the discontinuity planes and the initial rock
stresses but also by the location and orientation of the discontinuities.
In this paper, the spatial distribution of the instable zones, which are
possible to slide or split along or on the discontinuity planes in the
vicinity of the tunnel face, is studied taking into account the factors
above.

The following assumptions were employed in the analysis. Firstly, the
strength of the discontinuities is so small that the failure of the rock
mass can only occur along the discontinuity planes and thus the direction
of the failure can be determined by the inherent discontinuities of the
rock mass. Secondly, the initial stresses are hydrostatic ground pressure
symmetrical around the tunnel axis and horizontal ground pressure parallel
to the axis. Thirdly, an elastic axisymmetric finite element technique is
used to obtain the stress distribution. Fourthly, the strike of the dis-
continuity surfaces is assumed to be perpendicular to the tunnel axis so
that the dip angle is only considered in the analysis. Lastly, the theory
of limiting equilibrium is employed to find out the instable zones where
the Mohr-Coulomb failure criterion is satisfied.

Following results were obtained through the analysis. The spatial
distribution of the instable zones varies as the initial rock stresses
vary and shows a tendency to occur in a certain direction. In both the
radial direction in the analytical domain and the axial direction at the
tunnel face, the maximum instable zones develop at certain dip angles.

The instable zones which are able to move into the tunnel only appear when
the angle between the horizontal plane and the discontinuity plane is
positive. At the tunnel crown, there is little difference between the
extent of movable instable zones at positive dip angles and the one at

negative angles, except for the zones in the upper front of the face.

These results can be well applicable to designing of tunnel excava-
tion and supports.
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