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(41) THE INFLUENCE OF AXIAL PRESSURE ON THE YIELDING
OF ROCK MASS AROUND A CYLINDRICAL TUNNEL
by

Yoshiharu KOBAYASHI, Masao NISHIMURA and Sei ji EBISU
Technical Research Institute
Okumura Corporation

Today, numerical methods such as the finite element method are mostly
used for engineering and construction of a tunnel excavated in rock. Even
simple analytical methods, however, may be sometimes helpful enough to
obtain the conceptional behavior of the surrounding rock in parametric

studies or to validate the predictions of finite element codes.

The purpose of this paper is to clarify the effect of the axial pres-
sure on the surrounding rock of a tunnel with a circular section and to
classify the types of stress distribution by yielding behavior of the

rock.

For simplicity, the rock mass is assumed to be elastic-perfectly plas-
tic and to obey the linear Mohr-Coulomb yield criterion as well as the
associated flow rule of the theory of plasticity; hence dilation is inc-
luded. It is also assumed that a rock behaves in accordance with the con-
dition of plane strain and that the internal radial pressure decreases as

the excavation of a tunnel proceeds.

The internal pressure decreases from the initial value, which is equal
to that of the far-field radial pressure, to the final value of zero. As
the internal pressure is decreasing, first the inner boundary of the tun-
nel starts yielding. There are three different modes and two other compo-
site modes in this primary yielding stage depending on the relative magni-
tudes of the radial, tangential and axial stresses. As it is further de-
creasing, the inner boundary gets into the secondary yielding stage or
starts changing the modes. The surrounding rock mass is, then, divided
into three zones through the secondary yielding and the four different
solutions are obtained. Thus, all the elasto-plastic analyses with these
different yield modes give the complete stress, strain and displacement
distributions. The variations in both primary and secondary yield pres-
sures, plastic boundary radii, and tunnel closures are given in terms of

changes in far-field rock pressure ratio.

It is studied from the results that the axial pressure is an essential
factor in tunnel analyses and that it influences to a large extent the

yielding behavior of the surrounding rock mass.
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