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Upper bound analysis of factor of safety for shield tunnel face subjected to
underground water seepage
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(1. School of Civil Engineering, Changsha University of Science & Technology, Changsha 410004, China; 2. Laboratory 3SR, Joseph-Fourier University,
CNRS UMR 5521, Grenoble, France)

Abstract: Based on the numerical simulation technique, the seepage fields of shield tunnel face are simulated, and the pore
water pressures of the nodes adjacent to the tunnel face are obtained. Using the pore pressures of the nodes, the work rate of the
pore pressures of the upper bound failure mechanism is derived. The work rate of the pore pressures regarded as a work rate of
external force is included in the equation for virtual work rate, and the objective function for factor of safety for tunnel face is
established in the framework of upper bound theorem. Using the nonlinear sequential quadratic programming, the upper bound
solution of the factor of safety is obtained. By comparing the solution with the results derived from strength reduction method,
the validation of the proposed method is verified. Moreover, this method is applied to a shield tunnel which takes account of the

effect of seepage to investigate the stability of the tunnel face. The study indicates the factor of safety for tunnel face increases

with the increase of cohesion, friction angle and supporting pressure, but decreases with the increase of underground water level.

The failure range of the tunnel face decreases with the increase of friction angle observably, but the underground water level
has slight influence on the failure range of the tunnel face.

Key words: underground water seepage; upper bound analysis; pore water pressure; factor of safety; strength reduction method
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Fig. 1 Seepage field model for shield tunnel face
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Fig. 2 Contours of pore pressure adjacent to tunnel face
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Fig. 3 Failure mechanism of tunnel face based on spatial
discretization technique
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Fig. 4 Generation process of velocity discontinuity lines based on

spatial discretization technique
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Fig. 5 Schematic diagram of gravity work rate calculation
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Fig. 6 Numerical model for factor of safety for tunnel face
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Table 1 Comparison of factor of safety between upper bound and

numerical solutions

FEJ1/kPa et S iy 24 R HOUE
10 0.8231 0.8100
20 1.0007 0.9400
30 1.1783 1.0600
40 1.3558 1.1800
50 1.5334 1.3000
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considering seepage and without considering seepage
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Fig. 9 Influences of various parameters on factor of safety

subjected to underground water seepage
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Table 2 Types of soil strata for shield tunnel

FS RS RLAH MRREA Wfm 3%/ il

0 [l SR LiEl
1 1-1 ANTLHA+ o™ 35.0~36.5 0 11.4~17.9 15.42
2 32 Yilrb 0," 18.9~24.1 11.4~17.6 0.7~3.6 1.88
3 3-5 [ 0," 18.7~23.2 12.2~17.7 0.8~1.4 1.10
4 5-1 VeI E K 19.7 15.7 3.8 3.80
5 52 Je iR b K 15.9~22.4 13.0~19.5 0.3~5.65 1.96
6 5-3 e IS A k 11.3~21.9 13.9~24.1 20.9~36.4 29.07
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Table 3 Parameters of soil strata
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= =4 TR SR B EF ‘m? % ¢
=353 T E&H FIREE/(KN'm”) T J1/kPa ) MPa femes
1-1 JI L 1.92 36 10.7 32 9.84%10*
33 G 1.87 2 26.0 15 4.63%107
3-5 Ba 1.92 37 31.0 80 5.78X10°
5-1 A AL TR B 1.96 40 18.0 40 3.47X10™
5-2 R TR TG A 2.04 96 31.7 110 6.94%10™
5-3 XA e A 7 2.46 138 35.8 30 1.5X10*
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Fig. 12 Vertical sectional profile of running tunnel for second line between Yingwanzhen and Juzizhou
F 4 FEEHELCHEHBREFZEARERN
Table 4 Factors of safety for tunnel face at different sections
B REHEZ LELE R KA FET P EE AR £ BIERH ¥ "mEFRH TR
1] /m J& & /m = & /m c/kPa /(°) /(10*cm's ™) /kPa LR LAGIER
I 6.29 15.30 12.13 36 10.7 9.84 100 1.98 1.77
I 6.29 17.01 14.13 36 10.7 9.84 110 1.94 1.78
111 6.29 17.59 14.61 36 10.7 9.84 130 2.04 1.85
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