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REINFORCEMENT EFFECT OF FULLY GROUTED ROCKBOLTS ON TUNNEL STABILITY
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In this study, a new elasto-plastic analysis for the ground-bolts interaction in rational design of tunnel

support was presented, in which the shear stress due to the cohesive action between rock bolts and
ground owing is modeled to the active reinforcement effect of the fully grouted rockbolts, and the post-
failure behavior of the rock after it yielded was taken into consideration. By a detailed parametric study
with the newly developed analytical solutions and the scale model tests using the base friction technique,
it was clarified that the wall convergence and the plastic zones arround tunnel could be effectively
controled by the rockbolts if the competency factor, Srp, ranges from 0.5 to 1.0. Finally, the optimum
bolt length and bolting density on the tunnel stability acccording to the ground conditions were discussed.
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Table 1 Analysis cases

Categorization of plastic

Cases zones and bolt length

a< p <L, <R, <R,
a< p <R, <L, <R,
a<R, <p<L, <R,
a< p <R, <R.<L,
a<R, < p <R.<L,
a<R, <R, <p <L,
a< p <L, <R,
a< p<R,<L,
a<R, < p<L,
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(a) axial force (b) shear stress (c) shear stress distribution

Fig.1 Behavior of fully grouted rockbolt.
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Fig.2 Relationship among plastic radii, bolt length and neutral point.
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Fig.3 Equilibrium consideration for bolt-ground interaction.
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Fig.4 Influence of relative bolt length on stress distribution around a circular tunnel.
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Fig.5 Influence of bolt density parameter on stress distribution around a circular tunnel.
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Fig.6 Optimum bolt length and bolt density according to the competency

factor, Stp.
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Table 2 Bolt density parameter and size of plastic zones by analysis.

Cases | bolt § U,la Ryla R./a
1 0 0 0.0178 1454 1.711
2 8 0.104 0.0145 1423 1.675
3 22 0.283 0.0111 1330 1.567
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Fig.7 Comparison of analytical solutions and scale model tests on plastic zones and propagation of crack.
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Fig.8 Influence of the bolting density parameter on tunnel wall
convergence.
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