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Study on the stability of double-mode shield excavation face in
composite strata based on limit analysis theorem
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Abstract: To study the stability of the tunnel face for dual-mode shield machine excavated in a composite
strata, a two-dimensional failure mechanism of the tunnel face was constructed by using spatial discretization
technique. The objective function of the soil chamber pressure in the limit state was derived by using this failure
mechanism and the upper limit theorem of limit analysis. The upper bound solution of the soil chamber pressure
to maintain the stability of tunnel face during the shield machine pass through the interface of the soil/rock was
obtained from optimization. Moreover, the influence of different parameters on the soil chamber pressure and

the failure mode of the tunnel face were discussed. On this basis, based on the probabilistic theory, the
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reliability model of the soil chamber pressure was established, and the minimum soil chamber pressure which

was used to maintain the stability of tunnel face in composite stratum with a tolerable reliability was given.

Parametric analysis shows that the soil chamber pressure decreases as the distance between the shield machine

and interface of the soil/rock shortens, and failure region in front of the tunnel face increases with the increase of

the interface inclination angle.

Keywords: composite strata; double-mode shield; soil chamber pressure; reliability; limit analysis theorem

upper bound theorem
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Fig.1 2D failure mechanism of tunnel face for shield

machine drilled in soil/rock interface
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Fig. 2 Generation process of speed interruption lines

based on the spatial discretization technique
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Fig. 6 Influences of different parameters on soil chamber pressure

Hug

C=D=10m
?,=15%,9,=20°

=10 kPa, ¢,=10 kPa

7,=15 kN/m?, ,=30 kN/m*

7 REMGRACFEEAAELEBECENZMNE
Fig.7 Influences of interface inclination angle a on

collapse region of rock and soil in front of tunnel face

B R AR SOk 4RI Iz I AR E . A
W0 TBE K T A R A B TG AT B Y 5 A 2B+
A8 S kAR v i R ) AT TR B AT .
or=F,0o (31)
Ko Ry IR TR P A8 R T 5 0 S A R 43 A B
Wit B e BB FOCR T Z T E 4
ES
i RF D TR J7 e L ARREE T 1 D) RE BB
g(X)=0,—0>0 (32)
H 0 T LA 3 00 2 AL 2 B o 58 BT
i rh 8 T T Y ] e AR A

R=] f(G()dG(x)=P{G(X)>0} (33)

0

Mok

P1=0,=20°

71=7,=20 kN/m*

C=D=10m

¢=10kPa®, ;=10 kPa
€¢=10kPa®, ¢,=15 kPa
¢=10kPa®, ¢,=20 kPa

(a) BE® 1 ¢

o
cj=¢,=15kPa
A
71=02=20 kN/m? /
C=D=10m _¢=15%,9p=15°
0,=15°,0,=20°
a=10°

0,=15°, 9,=25°

(b) W@?ﬁ%fﬁ (2]
8 AEEBEESHMFZEINAE LEHEEZETENT N
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collapse region of rock and soil in front of tunnel face
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Table 3 Minimum safety factor and soil chamber pressure of maintain the stability of tunnel face for different safety levels

8=2.3 8=3.1
PSS 0 R 2% A o/kPa
Fonin Gromin/ KPa Fon O min/ KPa

3 90. 56 .97 232.74 4.48 405.71

5 89.77 .58 231.61 4.50 403. 97

¢,/kPa 7 88.98 58 229.57 4.52 402. 19
9 88.18 .59 228.39 4.56 402. 10

11 87.38 .59 226. 31 4.60 401. 95

8 94.68 29 216.82 3.75 355. 05

10 89.77 .30 206.47 3.76 337.54

¢,/kPa 12 84. 87 35 199. 44 3.78 320. 81
14 79.95 37 189. 48 3.78 302. 21

16 75.05 .40 180. 12 3.78 283. 69

16 66. 80 50 167.00 4.48 299. 26

18 64.62 52 162. 84 4.51 291.62

©,/(%) 20 62.46 52 157.85 4.53 292.00
22 60. 30 .53 152. 56 4.57 275.57

24 58.15 .55 148. 28 4.60 267.49

17 107.79 .55 274.86 4.55 490. 44

19 95. 24 .55 242. 86 4.60 438. 10

©,/(%) 21 84.73 .56 216.91 4.63 392. 20
23 75.74 .57 194.65 4.68 354.46

25 67.90 60 176. 54 4.72 320.49
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