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Fig. 1 The failure mechanism of the shallow tunnel Fig. 2 The velocity field for the failure mechanism
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Fig. 3 The failure mechanism and the velocity field presented in ref. [ 23]
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Table 1 ~ Comparative calculation of rock pressure for the shallow tunnel
result of ref. [ 16] result of ref. [ 23] result in this paper
K mode A g /kPa mode B ¢ /kPa q/kPa ¢/kPa
0.6 243.2 243.0 229.0 185.3
0.8 199.1 201.1 189.2 174.1
1.0 169.3 175.7 161.9 153.4
1.2 147.7 158.5 141.8 140.9
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N T T T i A B AT, 225 SR 23 ) v oxd BB TE A SE I R (3R 2) , #EAT T T
AR5 S B A H AT, sk 3 B,
K2 BHLIRGHASH

Table 2 The actual structure parameters of the tunnels

H/m b/m v /(kN/m?) ¢ /kPa ©/(°)
Jinggangshan Tunnel 16 10 17 20 16
Changsha Tunnel 25.8 13 21.8 4 17.2

R 3 OARCGR G LRI L

Table 3 Comparison of the results between this paper and the field measurement

measured average result of ref. [23] result in this paper
y pressure X pressure y pressure X pressure y pressure X pressure
4y /kPa G /kPa q,, /kPa 4. /kPa q,, /kPa 4., /kPa
Jinggangshan Tunnel 188.3 150.1 216.9 170.3 202.2 161.8
Changsha Tunnel 194.9 329.1 219.8 369.2 211.8 357.3
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Limit Analysis of Surrounding Rock Pressure for
Shallow Tunnels Considering Floor Heave

ZHANG Xiang'*, LI Lin-an'?, WANG Shi-bin'?*,
LIU Xi-jun'*, GENG Wen-bin'"
(1. Department of Mechanics, School of Mechanical Engineering,
Tiangin University, Tianjin 300350, P.R.China;
2. Key Laboratory of Modern Engineering Mechanics of Tianjin,
Tianjin 300350, P.R.China)

Abstract: For the floor heave phenomena after excavation of shallow tunnels, the limit analy-
sis upper bound method was applied to build a surrounding rock pressure calculation model of
rigid bodies in view of tunnel floor heave effects. Then, according to the linear Mohr-Coulomb
criterion and the associated flow rule, the theoretical expression of the surrounding rock limit
pressure was deduced. Through constraints, the calculation of surrounding rock pressure was
transformed into an optimization problem in mathematics so that a computer program was com-
piled to conduct the optimal computation. The calculated results were compared with the meas-
ured data and the reference results, to verify the reliability of the proposed method. The results
show that, in the application of the limit analysis upper bound method to deal with the sur-
rounding rock pressure problems of shallow tunnels, the tunnel floor heave effects shall be fully
considered; the supporting of the tunnel floor has significant influence on the surrounding rock
pressure. The research provides a theoretical reference for the excavation and supporting of

shallow tunnels.

Key words: shallow tunnel; limit analysis upper bound method; surrounding rock pressure;

floor heave
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