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EVALUATION OF ROCKBOLTING EFFECT IN TUNNELLING

by Shojiro HATA, Chikaosa TANIMOTO and Koh KIMURA
Department of Civil Engineering, Kyoto University

It is known through experiences and studies in the past that the face has an
important role as a temporary support. The rock mass near the face is stabilized by
the half-dome action in the profile and the ring action in the cross section.

When advancing the face, it is required to place the artifitial support to substitute
for the half-dome action within the span length distance ( D ) from the face so as to
mobilize the bearing capacity of the rock mass as fully as possible.

The so-called New Austrian Tunnelling Method ( NATM ), which 'rockbolting' and
‘shotcrete lining' are applied adequately, is the latest and most feasible tunnelling
method for this purpose. Both of the rockbolts and the shotcrete layer to be placed
near the face are subjected to three dimensional stress field.

The main subject mentioned in this paper is how to design rockbolt system in
consideration of the three dimentional stress field near the face and elasto-plactic
behavior of the rock mass.

Some effects of fully bonded rockbolts placed systematically are 'mobilizing con-
fining stress' and 'decreasing dilatancy'. From this view point, the procedure to
design rock bolt system can be proposed by replacing the effects of rockbolting by
the inner pressure acting onto the surface of the tunnel wall.

The contents of this paper are the following.

- The three dimensional stress field near the face and deformation of the
circular tunnel having the radius 'a'
( a = 5 meter for the numerical analysis )

- The elasto-plastic behavior of the bolted rock mass being subjected to
'Drucker's plasticity criterion'

- The relationship between plastic region w] and inner pressure p; in the
elasto-plastic rock mass being subjected to' 'Mohr-coulomb yield chiteria’

- The introduction of the 'strain softening behavior of the rock to the
circular tunnel and the analysis of 'softening region' and 'flow region’

- The application to the expanding mudstone tunnel

The procedure proposed in this paper gives the answer to the problem in the rock-
bolting for the case of Naka-koku, one of the partitions of Nabetachiyama Tunnel
{ D =10 m for the underground station ) where the expanding mudstone has given big
difficulty in tunnelling. When hydrostatic initial stress field ( p. ), uniaxial
compressive strength ( q ), angle of internal friction ( ¢2) and the gaximum allow-
ance of plastic strain ('€ ) are considered to be 30 kg/cm“, 10 kg/cm®, 20 degree
and 1.4 % respectively, itPis obtained that the rockbolt system consisting of 18
fully bonded bolts ( ¢25, 1= 9 m ) per meter in the profile is required and the
maximum allowance of the convergence is 30 cm.



