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Construction Stability Analysis of Subsea
Shield Tunnel Crossing Fracture Zone

ZHOU Yaosheng, SUN Hongyuan, MENG Suibao,
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Chaofeng, WANG Lantao, SHI Baoxing

Abstract Taking the sea section slurry balance TBM ( tunnel
boring machine) construction of Qingdao metro Line 8 as the
background, the mechanical response of the shield tunnel when
crossing the F4 fracture zone is simulated and calculated by u-
sing the finite difference software FLAC3D, and the stability of
surrounding rock during shield tunnel construction is analyzed.
According to on-site monitoring data, the reliability of the sim-
ulation is verified, and the construction parameters of the TBM
in the fracture zone are discussed. Results show that when the
TBM is crossing, the tunnel vertical displacement is mainly
concentrating on the top and bottom of the arch, and the dis-
placement increases significantly when TBM passes through the
fracture zone; the maximum tunnel stress is mainly concentrat-
ed near the arch waist, and the tensile stress appears in the

fracture zone, which is extremely unfavorable to the stability of

the surrounding rock in the fracture zone. To ensure the con-
struction quality and safety, and to prevent surrounding rock
instability accidents, reinforcement measures should be taken in
advance and the tunneling parameters should be controlled and
adjusted at the same time.
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Fig.1 Geological overview of the sea section of Line 8

2 FAmiEEEEREERIms

2.1 FHi&sEN

P ] L AR 9 AR R B g 45 b 4 4 )
23 [A) 3 AT AL B HAH B 5 K &R o B X g 3E Ja]
LR B R A TR B, 4R T XA AR
HDET N WL R N E oY R (B P B o N A
PR L L ) 25 40 T DD 30 A, e R & A Btk
AR AN, 2 A AR A R4 S Bz i 4 il Y
AR AR AR AR B B P R R R R T
Jal Bl B E R AR N 3R IR R E T
PRE AR AERNE BT, IR AT N BE I, S5 IK
@ YR N, Y ER B E A, B

- 126 -

T LA 22 8 + 5 AR, S LA BROR-JE A
Fo, FRTABOR RS , G 7T A% 1 77 B IR B
BB A R BT = G IV 2
2.2 H5LXHMARER

ARG 2 T S AR R A A 5 R
AT o A P R AR T K G A R R e
FISCHEN 2, Ju H PRy e HOR S o %
Ry DAHCRB508 B i AR etk o, A A B
EHONSAPEAR Y, B SR B LR W ok 3 W2 RS T
ORI B R R o B AR sk AR R 4
KUY 5 BE S AIK T25 MA FLAh  HT BT 9 B, 4%
Gy BB R DT o
2.3 Tk

R KO % GE A A AR R R B
S, 3 BRI AR 5 B AN SRS RS T, MR
IROELAT , B2 5 R K R 1 B9 38 m, 2 B 1R
BEONE 1k, 7 R A AR 25, g 80A AR
MR ZE AT B K 2 B, K R R MR T o AR 2R B K
WRE GBI, FLBK R 1 BFE AR T FLA
BRe e PE , 76 5 #4 48 1E 1 72 b T RE 2 B A B T
K CETF K YPR E F 1% TR W 24 Hetk
PR h 22 b 1 BB K, 2B B, (H 5K I P
I GEME KBRS XICE A KA K
(BBEK) J2, O KR 5 W 24 (0 P BT FLURE R %&b
ARG, LG —Ki, BA —E R R, %
P AR DX (] W7 2 R H L BRI R B, A 2B
KIEEE . SELBEKM L, EamAH5, #
RTGE—MK IR,
2.4 KHiF

N 15— Rl Lok B EE N 3 (b 3)
FFA TS B F137 W KSR 1 3 % 4 IR R e
SEMAEE AR . MR 7 0 /NI T ) AT DA R 2 A
ARG AR . WA AT R D N T 3 Y g 7 A
o ELN 37 4 WE B R S A P B L 4 (8] 43 A T el
75 TS0 7 5%k S VAR 1 i ) X B
2.5 S

W3 L 2 A 1 R 1 5 i A LI i 2 S 8
FHEBBENIKR . A6 G LR 2E 00 o 78 v, B )
VRIS, AR AN [R) Hb )2 rp H EE E T 2
AL AR KA, vl 1 K i i 3% 05 F4 B
J7 ) B N 2 R A S ROR B I R T 2 B
T IR R R AR i e e 1k



3 BRBEMBERERET

ASCAfE ] FLAC3D A FR 22 43 35 A X 167 % i #)
TERR AR A It T R T B AL
3.1 RBIPESL

TEHL 8 5 LRI BB N T IR A B 1 — A
B JEMBUITZEARN T m, AR A 2 5T A8 TH
3= o =0 NI o1 I N S DS AR R SR 0 e o O
TBE W e SR v WAL BE I , A a4 A
R TCRRAR . S T 530 B8, DA K 25 S B i
THZ 5 W HUE B 534 3 L AR R RS2l 60 mox 60
m x60 m, %R K 26.5 m, L\ K EE 60 m,
JE A5 % T8 JE DT XA 64T TN

AR TR G R I 9E 1.5 m R EE 45 A,
BEAUE 3 m oy 1 AR SRS e i, 1 IK)E
PR E AR 2 B .

=

=y
e aun Un

T
AR
A WASA ST,
S
SRR un .
A WA v

o
T S
SOSCS
==

LY
SRR

S

P2 9HE G R R T A
Fig.2 Subsea shield tunnel model
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Tab.1 Physical and mechanical parameters selection of

subsea shield tunnel model materials
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Fig.3 Tunnel displacement nephogram of TBM

excavating to 24 m
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Fig.4 Tunnel displacement nephogram of TBM

excavating to 54 m
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Fig.5 Settlement curve of tunnel arch top
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Fig.6 Tunnel stress nephogram of TBM excavating to 24 m
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Fig.7 Tunnel vertical stress nephogram of TBM excavating

to 54 m
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Fig. 10 Curve of TBM rotational speed changing with

excavation distance in different strata
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