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Figure 1 Analysis model of tunnel excavation face stability
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Table 1 Parameters of soil materials
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Table 2 Comparison of limit support stress results
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Table 3 Soil parameters of composite formation

o, TR HE NE BB )
(kﬁj /) %g/ {Lﬁt& IV 7 VS Y %LF%
gmm kPa (°) (mes™)

WEE+ 2000 10 0.3 10 30 2e-4 0.4
E+)E 2200 50 0.3 12 40 le=5 0.1
=92 2450 3450 0.2

2 BEFEZEEREEHIMEZRSH

ARBEFE M T B O T B P A A
E R ma e, AR E)Z S (0~6 m)
AE AR 2 R e X S B S AP 1 T s e R
2.1 EBERMNAEZEBEEERNZI

N AR DO - L G - O o G U DI
D=6 m [RRIE , M AR (C=6,9,12 m) X IF
2T e AR 2 R A BIR S 4 10 7 1) 5 i R

P 3 S N [ 3 R 2l 22 VR b A B S 47 g g 1)
e, K3 AR RV AR C/D=1 W LT
o 2, 4 W e R M 2 A B BR SZ B
(33.02 kPa) % 4 W ifi 26 + b 2 % BR SZ 97 0 0
(25. 66 kPa) $ 5 28. 6% , 3% P ffi Ji7 b J22 75 22 06 K1)
AN Rz R E . HIFE I 24 T2 -2
B, 32 b R b 22 M, FCAR B S 4701 77 (34. 16 kPa)
PR TR —Z 2 T, Z 2R 0 m i 2
3m i, P SR (5.06 kPa) i E KT 3~6m
X [] 14 3 3 (2. 03 kPa, [ KRG #H 1Y 40. 1%) , iiE B
FEAZ AR E P A N A2 R R

X T B b B A R 2R R DN (43
S B AS ) , Wk B S P Ry o 5 B s v R e HL R R R
Wik, MELIZEE R 6 m (Wi ) B,
B SZ 37 1A 32. 64 kPay 24 i I8 25 4 W 1 A 5 b )2
(0 m Zh 4 ) b 0 g 5 3 B AR . 2 B0 vk A By
FKW. B EEEAE 0 ~3 m X [A] A BR N Hy 38 &

~

/ s % ﬂ”%

E®

D B 36#'770

—

™8

HWE2 BAFE L
c=10kPa, p=30°

(a) LB TEHME TSR

_ ™

/ o L %
c=12 kPa, p=40°

(b) K TFREBE T8
B2 WERMESHER

Figure 2 Double strata distribution
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Figure 3 Influence of clay layer thickness on ultimate

support stress under different burial depths
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Figure 4 The fitting surface of buried depth ratio and

ultimate support stress of double-layer strata
under different strata distribution
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Figure 5 Influence of clay layer height on ultimate

support stress under different internal friction angles
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Figure 6 The fitting surface of internal friction angle and
ultimate support stress of double-layer strata under

different strata distribution
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Figure 7 Influence of clay layer height on ultimate

support stress under different cohesion conditions
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Figure 8 The fitting surface of cohesion and ultimate

support stress of double-layer strata under

different strata distribution
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Figure 9 Influence of clay layer height on ultimate
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support stress under different head difference conditions
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Figure 10 Fitting surface of water head difference and

ultimate support stress in double-layer strata
under different strata distribution
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Table 4 Model soil parameter
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Figure 11 Strala analysis model
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Figure 12 Comparison of analysis model results
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F5 IETHMEXRKER—LAARE

Table 5 Normalization of correlation degree of

upper hard and lower soft strata

) HE N FE R

ik wowmm o O
KB ZH0H —fb AL 3 0.201 0.209 0.187 0.232 0.172
U E 0 — AL AR B 0.099 0.254 0.229 0.332 0.087

S AT S 0.150 0.231 0.208 0.282 0.129

6 LFHRTEMEXEKER—{LAAE
Table 6 Normalization of correlation degree of

upper soft and lower hard strata

TN ST
D §A/ \\4
Iy e RN K

KT BE ZH0H —{b AL 3 0.202 0.208 0.187 0.230 0.172
TR E 10—k AR 0. 113 0.240 0.233 0.337 0.077
ST S 0.158 0.224 0.210 0.284 0.125

3.3 SHMHEW

ST HURME BT B2 1 DU A i

(L) KA P, MR K AL ] 78 7 42 8 LR
2~3 M5 (KK 2 <0.3 MPa) , 518 3% 2 R
HRTER (BB REB<1x10° em/s) , BUR R $ >
0. 25 W g h i 2 HEK

(2) Xyt ¢ >25° K IBCR FH 4y 23,
FEHE 1.2~ 1.5 58k 5 )7 W40, 8~1. 0 f%
F 3+ K J1 ;<30 kPa 302 [F] 25 4 KN E 2 50 kPa
L E P83 <20 mm/min,
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Analysis of Excavation Face Stability and Influencing Factors of
Shield Tunnel in Double-layer Strata

ZHANG Yamin'? | SHEN Xiaoqiu" >, LI Fengwei'>, ZHENG Yuanxun'?, Grzegorz Ludwik Golewski*

(1. National Key Laboratory of Tunnel Boring Machine and Intelligent Operation and Maintenance, Zhengzhou University, Zhengzhou
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Patent Search Station, Zhengzhou University, Zhengzhou 450001, China; 4. Department of Structural Engineering, Faculty of Civil En-
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Abstract; To investigate the instability mechanism of tunnel excavation faces in double-layer strata under seepage
conditions and its impact on the safety of shield construction, a systematic study was conducted on the stability of
excavation faces in a seepage-stratum coupled environment. First, refined numerical models of two typical stratum
conditions—upper-hard and lower-soft strata and upper-soft and lower-hard strata—were established based on the
FLAC3D finite difference software. Next, the influence mechanisms of the burial depth ratio, soil internal friction
angle , cohesion, groundwater level difference, and stratum interface position on the ultimate support pressure of the
shield excavation face were analyzed using the numerical models. Finally, the gray correlation analysis method was
introduced to evaluate and rank the sensitivity of these five influencing factors, thereby quantitatively revealing the
degree and differences of their impacts on the stability of the shield excavation face. The research results indicated
that under composite stratum conditions, the stability of the excavation face was primarily controlled by the strength
of the lower stratum, with the influence of the upper strata being only 40. 1% (upper-hard and lower-soft strata)
and 32.5% (upper-soft and lower-hard strata) of that of the lower stratum. The sensitivity ranking of the influen-
cing factors was as follows: groundwater level>soil strength>burial depth ratio>stratum interface position.

Keywords: shield tunnel; double-layer strata; excavation face stability ; numerical simulation; sensitivity analysis



