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Stability analysis of underwater tunnel crossing fault during construction

LI Shenghui', AN Yonglin', TAN Geyu', LIU Wenjuan’, ZHOU Luyun', WANG Ke'

(1. School of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China; 2. School of

Materials Science and Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: [Purposes] Excavating a tunnel crossing a water-bearing fault fracture zone results in
significantly different stability of the surrounding rock compared to that in a non-fault area. This
difference causes changes in the safety of the surrounding rock of the unlined tunnel and lining
structure during construction and operation. [ Methods] For further studying the deteriorating effect of
seepage on the stability of surrounding rock, it is necessary to analyze the coupling effect between the
seepage field of surrounding rock and the secondary stress field of tunnel surrounding rock excavation
and point out the most unfavorable excavation position and stress location. [ Findings ] This paper takes
the actual project of Xiangjiang Tunnel on Yingpan Road in Changsha City as an example and uses
finite element software for simulation. The study analyzes the change characteristics of the seepage

field, stress field, displacement field, and plastic zone of the surrounding rock during excavation and
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determines the location of the tunnel face that is prone to sudden water inrush disasters and the
influence range of the fault. [ Conclusions | The research results indicate that the seepage discharge of
the upper step is significantly higher than that of the middle and lower steps, and the maximum
seepage discharge occurs on the left and right sides of the tunnel face. The displacement of the upper
step is significantly greater than that of the middle and lower steps, and the maximum displacement
occurs in the center of the tunnel face. The settlement of various parts in the fault zone is significantly
greater than that in the normal surrounding rock zone, with the most obvious change being in the arch
crown. A larger plastic zone of the surrounding rock is produced when the tunnel crosses the fault zone.
When the tunnel face advances to about 10 m in front of the fault, the plastic zone in front of the tunnel
face connects with the fault and extends to the surface. The degree of deterioration of surrounding rock
at different locations by the fault varies. The strong influence zone includes the interior of the fault and
3 m before and after the fault, while the weak influence zone includes 20 m before and after the fault.

Key words: underwater tunnel; fault fracture zone; numerical simulation; construction stability;

sudden water inrush at tunnel face

B 5 T I 22 5 (R DR i g, UK 22 11 T JEG A
AEVT R AR AR, MoK B I8 B9 R4S RUE T
KA G K AR R, TR TR 2 7 A R K K E
N B R e o K — T T2 A B
RO, AR AR FLBR AR, 55— 5 T2 7 AR Ao
RO, AR A RS Ak B T KB TR R Y
FOCHE AT ) TS R T2 v -
BN SR, R T R AAS B Y R 2R L KK
A AR ARE A 1 PR A2 2%, 45 b ) /K SCHB I
OB KARTRE , R NSRS A IR B IZ AR K -1
G RE R ORI IS N T SR BUR /€ e Ry =
L FEB R B, i T T sh 51 R ) -0r
¥ 3-B G R ZUAEA 3 T W s £ i
FEJE A R B8 B 1 R R AR w5, o B 1 ) i 14 o 1A
M ™ A, 2D R T R 2k RS R 1 AT fE
P WAEAR R AR B R T TR A A, il 2
il T s E WA R AR E 5 7 e KR L
P T A A 09 2 A i, R 2R i T KB A
SRR . BIRSAIE N 7R E 1, R
WA 2SR B SRR SUL , S BOR AR AL
B g A AR A A FL R kA S A
TR PIRES A AR TR AR 1A R BT
FEB . BEE B A K T S TR H i 2, e
[V 2N, 2 KR A TR X K T BRI 5 325 7K [1)
R, 4 KR IEAT RE G i B S TR S AT £ i
JRZ2 5 B S 3 AN IR0 IR R AR L K
6] G AZICK S 2 A M B PR A T8 X g aE
M SR S 2 A VERY 2 o LESES AT BR

TCEUE AL, 3 T A ARB IS Z RN 135 G
RN, A5 T MR KR R R 04 B A A X &
R . 2N LA Sk 2 SR TR T
S, BT TIPS R RN Sy 2 AR I FH BB R
PRBRAIE T PSR A 850

24 % T8 2 T K T2 BT R v R
Z KR R LN T fVE L, 51 R I S8R BT K
WA & 56 T2 e T8 4 1 1 Fee P i 9%, —
it 4 v 7 8% T T TR A 0 b ST R B N R B IR 2%
FRAE 1. ZHANG S5V R e J2 4 FH 2500 19
TR IS T W2 AR S B0 A A=, L
AF 8 W7 J2 50 Bk T8 A s B o FLARS A5 i
0 I AR PRS- A7 72 S T 2 M R K D B IR A
R, DA H B 98 54 45 32 J1FRAE . XUE 46 80
TR TR R S 07 20N A i 28 1 AR TR 4
fiE o RILAE SR A AL I T 20
T HiL . ) W2 BB s (R ) 3 9 3 A6 R AE RN 4y
FA . LIS FROCHA R B 15 1 A ks
23 52 W J2 R 2T I U0 1) 1] R 83 s ), 3
ULEE ST T b R TR mAUE AL BN S A it
W R

Zi bk, B NS T - AR A AN B R
Sy A AL BB 1 2N AE S B £ (HAF 5
P2 22 1 R B — A b 5T 25 1, % T I - R B 800
(SR W N SN T R SR 1 A S N g 1
THURIE 5% 0 R 2, AR SC LA K VD T 8 48 B R VT B
i, 2R FHAG PR GBI 7 e S v SRRl i X
W 2 AT 1 5 > AR DT T, TR ko R K T2

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 61



R

5 T # %41 %

it TR RS EPERFIE . BN B o, Tz
aod i R L B K A 1 T O A A PR 5 LI
T W JZ2 X 5K B A 17 % AR A TR 5 02 7 14 5
Wi 5 SRR, R 58 B4 XA 38 P AL A 7 2= X T
RV R s e, EAS B R AR S K R )
ERLE VAGIES AR

1 FFEINB#ER

ST oL AN STE R VAR R A KNy i K
TN R Z 18], 52 25 PG [, A5 25 B R DK 28 IR VI
TG, BERE T UN KA 29 1.3 km, BEAR 2504 R HE 2 2.1
kmo  FRIE ZR i i 2 R A PO T R
TR, A R A 1 I T 7 3 2k e 0 R R
AHIE , VG A — 1 — Hh 9 [0 306 3 2 = 2 A0 A 1 3
A0, A5 R A T I 3 A 32 2R b 55 9 VL B A
o BRI A E A RS

P VTA VD ol U, 5 /55 1k /K A7 4 39.18 m, fi
AR A 25.16 m, KAV 35 KABME A 14.02 m, Z45F
PR K 29.48 m, ZAF -3 A5 1K 4 10.00 m, i K
T 20 800 m/s, B/t N 134 m/s. Y X 56 )2
BRI I8 M S B b R AR R R
S RTAE 7/ ST= RN s [ =) I O =91 W s [ 9= - AL T FieN 6
W R, B W 2R (HAS & T 1% Stk e 24, U
37 1 X B T B

“.‘ SE

E1 rE-FmsEAE
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Fig. 2 Finite element model
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Fig.3 Typical section diagram
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Fig.4 Cloud map of pore water pressure
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Fig. 5 Change of pore water pressure
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Fig. 6 Seepage discharge of tunnel face at upper step
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Fig. 7 Flow velocity of observation point of tunnel face
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Fig. 8 Displacement of key positions after excavation
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