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Stability Analysis on Excavation Face at Different Slurry Levels When
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Abstract: When the chamber of slurry shield is opened under pressure in complex strata below water,
the slurry level in the pressure chamber generally reduces to a certain level according to the practical
situation. Focusing on the stability of excavation face at different slurry levels, relying on the example
of opening operation under pressure of Wuhan Metro Line 8 cross-river tunnel project, the Flac3D
software was used to study the active and passive ultimate support force and failure mode of the exca-
vation face at different slurry levels. The results show that, as in the case of the opening operation un-

der pressure in soil-rock composite strata, the active failure of the excavation face at different slurry
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levels belongs to overall instability failure. With the decrease of the slurry level, the limit active sup-

port force first increases and then decreases and the sensitive area on the excavation face gradually

moves down and expands. The limit active support force reaches the minimum as the level drops to

the center of the tunnel. Passive failure of the excavation face at different slurry levels belongs to local

instability failure. The passive limit support force gradually decreases. Most sensitive area is located

on the up half part of the excavation face. When the slurry level descends to below the center of the

tunnel, the support force at the tunnel crest is significantly greater than the water and earth pressure.

At this time, the excavation face encounters a severe risk of passive instability. Therefore, a slurry

level below the center of the tunnel is not recommended during practical construction

Keywords: slurry shield; open the chamber under pressure; slurry level; excavation face stability ; limit

support force
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Table 1 Physical and mechanical parameters of the soil layers
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Table 2 Active limit support ratio and support pressure

of excavation face at each slurry level

i%;f B B b m@izmﬁ/
0 0.50 261.30
2 0.52 257.30
4 0.50 253.05
6.05 0.47 245.62
8 0.45 248.00
10 0.45 259.20
12.1 0.43 261.65

B 5 108 AT T A, 4% T B B BR S 4 L
T B A, X IO ) A B S 4 Ry Ty B S /N R B K
BB F /R BR 2 o8 245.62 kPa, 29k B E
Oy 2K 4 F1 109 0.47 £, e KBRS 4 0 H1 22 0
16.5 kPa, )2 6%, 22 RIF A Ko e/ FEh R
PR Ty S A AR BEGE PG Ak BPWR A R B 6.05 m Ak,
WA S R A A B i XU AR R 2 T2 58 B Ak U B AE T S
JE BN AT A BT A2 B AL R AT
FETF AR R & 4
22 FHHIHFKBER

AR SR A5 U H WAL S5 1 T T 42 1 B R
Jefaki R LT 0.6.05 % 12.1 m =F T.00 T IF
Erol 111102 ol o) B 17 N ISR N VA Al S B (1 S Y

IR o
MEEE SRR = R E KA S R,

(c) FF#12.1 m
BS54 LS BRI R 3Ch LR B I SRR =
Fig.5

(a) FF0 m (b) TF#6.05 m

The overall displacement distribation of the tunnel un-

der each active failure limit support ratio



RTINS TN 2B HIESE R S VA S 3 B T}
DI B M IR i TR AR R AR IR . (AN TR 32
IR I e R R A2 I R AR e R X, SR B T
P2 LA fi R DX 2 i T 42 T S 3R SR A [
T & AR AR WA T B O m B, JFA2 T A7 A% fe K
{1 DX S 4 P 7R R G 2R BE A WAL R R LR
e KA X BE T~ %, G B2 g™ K, Sl
B 12.1 moihf, £ 8% fe R IX B T Rl b R Ak, i
BT A WL AT s R B T2 T L
5 kLIRS AR AL T 5 R AR DT 47 T A 2 L A A
I A, A% M A A RS AR AR A 6 R o

8

=
s y=1.0

a\m 6 5 y=0.9 . Az
i 4 y=08 # g ﬁﬁt
2 Ao y=07 % )¢ ﬁéj
g oof * 7006 QR frits
i 5 7=05 F : iyvie
T ob s !
o " } i
o -2F L tz9
1 p ¢ AIZ10
i -4} 3 . tzu
= ® * A3 Z12
?ﬁ—s *Z13

_8 1

60 50 40 30 20 -10 0
KA/ em

(@) FF0 m
8
= ol Lo -
[ o ¥=0.9 !
e A V=08 * £ 0«% 72
=R R X * ¥ s
o ¢ y=06 ¥ 2 rima
wo2r Y=0.5 I £ * '\‘7‘4# VA
2 « Y=047 o
£ OF 4 * Ed ¢ "HI z1
$m) x % ¢ vAs Z8
-2 * [ . v AE Z9
1 * % ¢ AR Z10
: -4 * % * oan Z11
%‘ B e "(W Z12)
éﬁ -6 ~» Z13
gl . . . . . .
-60 50 -40 -30 20 -10 0
I BACPALE / om
(b) FH#6.05 m
8
S = r10
6 o ¥=09
u 4108 *
=4 oo y=07 * P
mo| e y=06 * it
e S o D A
I ol * o i f“ v
3 * EER S
& * # ek
1 /
€T -4 * 1 X
= kB ek
L6 .

—6‘0 —SIO —40 —3:0 —éO —iO 0 I‘O
B FAFALEE / em
(©) TH12.1 m
K6 F2sh Bl ad 72 vh TF 42 T 225 s AL RS 84
Fig.6 Displacement change at each point on the axis of the

excavation face during the process of active failure

ML 6 7] DLt AE A N T 0N 28 0 B N
(3 R, 45 T R 0 X S R T /0N e UK
B DX I AN ] 2 24 2 T [ O m N, B SR X B 4R v T
2~4 m A 5 Bl 7 U0 3K A R A i R X 3 3%
N, HAE 2 WG K, WAL T O A B B
TR X IR AE T — 1~2 m {E BN 5 A TR 12.1 m
I B S50 DX IR U Aeb T — 5~2 mo 7 A 3 i 25 S Y
JE R R 5 4% S T 3R R 2 CBIVIT 2 1o 9T it Jin 149
AN MR KR T Z 2%, R IR S KE A
Oy AT G R 3(a) ToBL, 78 34 I T L el i AR
o, N ) 25 B KA Ay A vh T REGE BB 6 (d) T,
;77 2 fe K 43 0 F B T8 o 22 A T (g) T
W& 5 ) 25 5 R 43 W 43 A T B 38 v R R HLYE
Bl K o [, 75 1 S 40 b T, B 2 AT 1Y B
%, FFAZ T 5 SR R S X — R b
JWe T X T s IR — s R . X
F L @) W R T0 e /NS R ) R A U
P T 5 e o S S = T O W VRS =
AT

23 BIAMRTIENME

JE R AT O AR S, A1 5 3 J= B0 TR TR) Al 2
PG TE M, A 0 B 1 i 5 e I Xob i 07 )= 19 52 )
FENEE I B A G- R A M BN R A SN T RS (R 2
T 1) A8 B A TR O M D, AW TR T B IR I Y
TRARWME TR

=]

~

R

E -15}

— ool +Tﬁ§0m

g 20 e TH2m

@ 25} —— R[4 m

= —— F[%6.05 m

ﬁﬁ -30+ —— T8 m

= —— F[&10 m
“35F ——F#12. 1m
-40

0 5 10 15 20 25 30 35 40
W R ST EEE R/ m
7 2% LOUT %A 3 sl R /i s Mo 2 (62 7%

Fig.7 Displacement of the ahead ground during active failure

under each working condition

B VI 5 MF T A TS BEIR B, IF 4% 18 i
5 b 3 VT W (B 349 I 5 T 325 T IS 0% 8 0 S B K
Je Y /N L 7 F2 TR EL0.5D Ab ik Bl i KA, 2D 2
AP X IR L TCUURE 52 e, 3 W34 I 42 10 S 7 AR
K SR Ra W IR, T A% A O b 2% 5 ) X S A

255



2D G N o BEE D S I R, T 42 T i R
NS o N SR s RN IR <R R E VAN e ST
O AL B b T B Ml 2 53 FAL I A L AR A
o BE % O JT 4 T HI 5 2 TR ok, A Y
37 cm,

3 AERATHINBIRFR

3.1 WENBIRRR AN

R AR TR 7 15, SR A% 4% D8 AL T 9 8 i I8 b
BRSZH 1, AR RE O m 9], P 8 s o R oR A5 HY
#5 Ve I 1w BE T T 425 T 9 3 B R S AP L B o g
e BRSZ 4 He 7 B B UL R 3

0.06
0.05
0.04
< 0.03f
0.02
0.01

1.0 12 14 16 18 20 22 24

y
P8 WAL T B O m 4 20 0 A 1r 4852 7% T 2%
Fig.8 Passive failure load-displacement curve at a 0 m decli-

nation of the slurry level

R3 ERMNTAEZEEIBRRIIPLLMZIFED
Table 3 Passive limit support ratio and support pressure

of excavation face at each slurry level
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