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Fig.1 The failure modes of shallow and deep buried tunnels
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Fig.2 The numerical simulation results of the velocity vector
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Fig.3 Diagram of slip line
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Table 1 The internal friction angle ¢ and fracture depth [ of the surrounding rock at different values of lateral pressure coefficient A

lateral pressure coefficient A

0.25 0.50 1.00
the test load P, /MPa 1.00 1.12 1.18
the value of failure limit angle ¢ /(°) 34.56 29.10 19.51
eq.(4) 24.9 28.5 26.0
eq.(5) 13.8 11.3 7.2
fracture depth [ /mm
eq.(6) 35.9 27.4 16.0
GU Jin-cai’ test!'!] 13.5 10.0 6.0
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Slip Line Solution for Circular Tunnels Based
on the Non-Associated Flow Rule
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(1. Department of Civil Engineering, Logistic Engineering University of PLA,
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2. Chongqing Engineering and Technology Research Center of Geological
Hazard Prevention and Treatment, Chongqing 400041, P.R.China;
3. School of Civil Engineering and Architecture,
Chongqing Jiaotong University, Chongqing 400074, P.R.China)

Abstract: The slip line equation for circular tunnels had been solved by Soviet scholars in the
middle of 20th century, and widely used in China. But the assumption that the angle between
the slip line and the velocity vector was 45° — ¢/2 in the derivation had been wrong. Theoretical-
ly, that angle was related to the flow rule adopted. The plastic slip line equation of circular tun-
nels and the formula of horizontal fracture depth were derived based on both the associated
flow rule and non-associated flow rule. Proved by previous model test, the slip line solution

based on the non-associated flow rule is recommended for application.

Key words: circular tunnel; associated flow rule; non-associated flow rule; slip line solution



