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Equivalent strength parameters and reliability analysis of circular
tunnel with rock bolt supporting
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MENG Qiang , ZHAO Hong-bo', RU Zhong-liang
(School of Civil Engineering, Henan Polytechnic University, Jiaozuo, Henan 454003, China)

Abstract: A homogenization method to analyze circular tunnel with rock bolts is presented, which can simplify this kind of complex
mechanical coupling problem through considering the composite material of rock mass and rock bolts as a new homogeneous,
isotropic, parameters strengthened equivalent material. Rock bolt density parameter is defined to reflect the influence of high density
rock bolt support pattern; Mohr-Coulomb criterion is applied to the new equivalent material; the increasement of key coefficients for
Mohr-Coulomb criterion is considered to related to rock bolt density parameter; thus equivalent Young’s modulus, equivalent
cohesion and equivalent friction angle for circular tunnel with rock bolts can be derived. Displacements of tunnel with and without
rock bolts are compared through the existed displacement solution. Based on this solution, the reliability index and failure probability
of tunnel are calculated by considering allowable ultimate displacement as instability criterion. The results show that the tunnel with
rock bolts is much reliable. It is shown that the proposed method is simple and feasible and the rock bolt can improve the stability and
reliability of tunnel.
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Table 1 Parameters for analysis

ZH HAH ZH HAH
po/MPa 2 7,/m 0.025

a/m 2 s;/m 0.6
E/MPa 5000 0/C) /18

\4 0.2 Ey,/GPa 100

¢/MPa 0.276 n tan(m/2)
0/(C) 35 G/MPa 2083

K2 FHUMBRESH

Table 2 Strength parameters of homogenized material

¥ Rl ¥ Y
E/MPa 5000 E'/MPa 5893.4
¢/MPa 0.276 ¢'/MPa 0.307
/() 35 0 /() 39.8
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Fig.4 Displacement comparison of tunnel with
and without rock bolts
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Table 4 Ultimate relative displacement of
single track tunnel
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h<50 50<h=<300 300<h=<500
Il 0.01~0.05 0.04~0.08
il 0.01~0.04 0.03~0.11 0.10~0.25
v 0.03~0.07 0.06~0.15 0.10~0.60
V 0.06~0.12 0.10~0.60 0.50~1.20
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Table 5 Statistical parameters of random variables

R BE AT N A ST YIMH bRtk 2
c/kPa B4 276 76.4
. /) EA 0.610 0.103
XY E/GPa A 5 0.98
v/10° EA 0.2 9.4
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A .
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Table 6 Failure probability and reliability
indices of tunnel
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