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Abstract

Shotcrete, rockbolts and steel 1ibs are principal support members in modern tunnelling. In-spite of their
widespread use, it is very rare to find any fundamental study on the proper design method for the reinforcement
effect of support systems consisting of shotcrete, rockbolts and steel ribs. In this article, a closed form solution
is presented how to evaluate the effects of the internal pressure of shotcrete, pattern rockbolting and steel
ribs in the case of circular underground openings excavated in squeezing rocks subjected to hydrostatic state
of stress. The proposed solutions are compared with results of finite element analyses to check the validity of
the proposed solution. A good agreement between the proposed method and FEM models is found. Then, an
example is given to illustrate the reinforcement effect of a support system consisting of shotcrete, rockbolts
and steel ribs. The results of the analysis are presented and their implications in actual tunnelling in squeezing
rocks are discussed.
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Fig. 1 Mechanical behaviour of rock mass
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Fig. 2 Mechanical model for a circular tunnel
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Fig. 3 Comparison of of axial stress distributions  Fjg. 4 Comparison of of axial stress distributions by
by proposed method and the FEM proposed method and the FEM with measurements

"Table 1: Material and geometrical properties

Material E v oy o, ¥ ¢ ¢* Geometry
(GPa) (MPa) (MPa) (MPa) (°) (°)
Rock 0.289 0.25 - 2.5 2.5 256 25 a=3m _
Rockbolt 210 0.30 450 - - - - Dy=25mm
Grout 3.4 0.30 - - - - - Dyp=236mm
Shotcrete 5 0.20 - 10 10 - - t=100 mm
Steel 1ib 210 . 0.30 450 - - - - Ay = 2000 mm?
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Fig. 5. Ground response curve and axial stress developments in support members
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