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(50) ANCHORAGE PERFORMANCE OF FULLY GROUTED ROCKBOLTS AND THEIR REINFORCEMENT EFFECT
ON UNDERGROUND OPENINGS

Omer AYDAN, Yasuaki ICHIKAWA and Toshikazu KAWAMOTO

Dept. of Geotechnical Engineering, Nagova University

Rockbolts have become one of the principal supporting member in securing the
stability of underground and surface structures in geotechnical engineering field
in the last 25 years. However, it is quite difficult to state that their reinforce
ment effect which is interrelated to their anchorage performance and the interac-
tion among the bolts and rock mass is clearly understood inspite of their wide-
spread use.

In this paper, the authors summarize the findings of the experimental, theoret-
ical and numerical studies on anchorage performance of the bolts and their rein-
forcement effect they have carried out for the .last 3 years and proposes a new
bolt element for finite element anlysis.

Laboratory push-out and pull-out tests under triaxial state of stress have
revealed that the anchorage mechanism of the bolts is largely governed by two
interfaces, namely, bolt-grout and grout -rock interfaces vather than groutiné
material itself and failure usually takes place at one of the interfaces by
shearing. Though push-out and pull-out tests are good enough at investigating
the parameters on load bearing capacity of rockbolts, it is very difficult to
determine the parameters for bonding behaviour of interfaces and mortar which
are necessary in assessing the stability of bolted structures. Therefore, shear
tests were carried out on samples of grout-rock and grout-steel plate having the
same surface configurations as those of bolts. Tests have shown that the shear
resistance of the interfaces is less than that of mortar, and surface configura-
tion of bolts and borehole wall and confining pressure have a great effect on
their shear behaviour and confirmed that the interfaces are the weakness surfaces
in the system. This implied that any mathematical modelling of the grouted bolts
must take into account the possibility of slippage at one interfaces rather than
within the grout annulus.Theoretical and numerical analysis with joint elements
, taking account the behaviour of such interfaces have shown that the load bearing
capacity of the bolts can be reasonably well predicted by using the parameters
obtained from the shear tests.As a result, a new bolt element has been developed
in a similar manner to that of John and Van Dillen's, but considering the effect
of confining pressure, surface configurations of the bolts and allowing the failure
at one interfaces rather than within the annulus.

Furthermore, results of analyses by newly developed analytical solutions based on
composite material concept are presented and it has been shown that the internal
pressure provided by the bolts depends upon allowed displacement of rock before the

installation of bolts,their spacing and behaviour of rock mass.
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