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THE BEHAVIOR OF ROCKBOLTS FULLY BONDED
THROUGH THE PLASTIC ZONE

by Shojiro HATA, Chikaosa TANIMOTO,
Akira NISHIHARA and Keizo KARIYA

Dept. of Civil Engineering, Kyoto University
SUMMARY

Recently the application of rockbolts has been developed as the prime support,
and it is very important to know the interaction between rock and rockbolt
through plastic zone. In practical tunnelling through soft rock whose competence
factor becomes quite Tow such as below 1.0, so called expansive behavior happens
and gives difficulty in supporting, and it is considered that this expansion of
the ground is caused mainly by squeezing. So, analytical model for the calcu-
lation of plastic zone should be considered of strain softening behavior of the
rock around the opening.

The correlation among the width of plastic zone, the displacement of the wall
and plastic strain near the wall can be expressed plainly by substituting equiva-
lent inner force, acting onto the wall, for bearing force which steel ribs,
systematic rockbolts and/or shotcrete 1ining give in the vicinity of mining face.
Also, the decrease of the half dome action, being associated with the advance of
the face, can be expressed by the introduction of dragging force acting on the
wall.

Being based on these relationships, axial force and shearing force acting on
the fully bonded bolt can be calculated by giving the stress increment, obtained
by strain softening model, which causes between setting time of rockbolts and
steady state far from the face, to FEM-model.

Consequently, the following results are obtained.

(1) In designing rockbolt system, the competence factor of the ground and the
bearing capacity of the support are main parameters. It is confirmed by the
numerical analysis that the width of plastic zone, having tight relationship
with the stability of an opening, shows big difference in the case of low
competence factor such as below 1.0 even if bearing capacity varies a little.

(2) When the distribution of axial force along the rockbolt is measured, the
cross section showing peak value does not always agree with the elastic-plastic
boundary, but it does only when the ancoring length of a rockbolt is longer
than the pickup length. And these lengths can be measured by applying a long
rockbolt reaching beyond the double distance of plastic zone to be presumed.

(3) Though even the rockbolt whose end does not reach to elastic zone shows some
effect, the optimum size of systematic rockbolts is considered to be 1.5 - 2.0
times longer than the width of plastic zone in order to obtain steady effect
as the permanent support.
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