%31%, 6 3H o B OB 2 Vol. 31 No. 3
201045 H CHINA RAILWAY SCIENCE May, 2010

NEHS: 1001-4632 (2010) 03-0035-07

BEBRERETIIEPESREEMNREBE S
%‘i}iﬂg-&9 ﬂ,‘jﬁi, ? ‘/E\" 5} %’ ?'J‘ %
QbR LAY BRIHEH T TEREEW AR, LT 100044

B OE: UEITACHEREBEN TRTER, RTREMRGHENE, XM R BE LB E AR
PSSR TH, BFTEAS (it "L B B B 5 P 5 437 78 S VB W 40 A MU B ST P S5 MK 2 JT R AIE . B SR SE R %
. # T KK B XIS R T A FL S R T B AR K, SURBCRTEH IR UIRE; 8 AT W 23 [ A B W
St ma A R O B AU A2, HL B 0 A R 90 SRR R A R S TR 7 1o A% ad A o T B/ s 10 B S O
A TE R PRUT I £ BAR R E W U3 R 3R A b O b B TFIZR R s WA OKA AR e X IR UTRE . HETRUTRE
G [0 5 R T BV X 0 A Y BRI 38— R 5 T B BT 80 B W M IR RGBT 2 5 Bl R B i s Ui
G, HIERMEXIEERBERBAAE | DA HEE; WK E SR 0 3 s R PR,
HBBER I YEREIR X 5 VIR IR B S 85 M52 10 0 3 ML, HLBU . BES0R SO Z T EOR.

XK@ WK XLE; BaEls; BATE; BRI RERSEGS, mRmEE,; X
RESES. U459.5: U451.2 X ERERIRE: A

TR — B AT . ROKEFHL B
WXEPEIG R, PRI E R T h i Bl At e
P RANITZ RERE SR TS KHEF I
WRiE, — 5 m T T KRR, BT A
HEBRG F— ) MEEITIZEE A N 1 i T
KBWHEF A, Bl SRS 38 S
TR KA, TS R R FLBR AR fe, &
R ALBR I R ARt R BN e, B
G 5N E RN R T EELEY .. 2
B SN SR AE RN RN R EHEBER
B YEAAMFRE, FAERETHEARSE ST
RALBRECRNT, BliABERRERER, BiiYY
IVARZL: i Re R A P L B Y OGN STE Mt &=
I P TTRBOR, A AN B IEB R 5 N 115
HIRBETER, ST RARRERHIRE

JEL D UG R T S o L S I 4 4R
50~160 m 5K A K E XL R (3. &
XA BR T AR R B, FELA AR i
22, WELRHR S YR . SKFH . Fi, A3
LUK ') i BE G O T s, M AR 22 AT K1
FLAC™Y 3% 38 2 8 o 38 XA B e 5 A2

W H M. 2009-04-25; &7 H . 2009-11-20

HeUiH. BRAK/PEESWIITHE (50778011D); HE “/AN=7

S¥ETH (141072522)
Ve Rif: Z2M7C (1983—), B, WEFHA, WLHfA.,

LA R TEREAT WA 2 2, BFSEAS R T
BYBE T8 LA 00 8% G B T o0 A MU KSR 254 i)
3 S

1 REREAEITERE

1.1 F&75iE
X FANVER » WA R T AR

‘q,»,,-ﬁqu: Zf (1)

A BWMEHBWEE, 1575 ¢ BENHE

RETARTEIREE, 175 & RPN R

BRI RUR AL E; ¢ RO, s,

1.2 mEREHE
AR R, WARRE A

2&_13dp de
dt A48t+a9t 2

K p HILBKE D), Pa; e BN M A
Biot ##%, N+ m %; o 4 Biot &%,
1.3 BHREEHE

WHE AT KBRAFE Darcy 4, HBR

HRITHE (2006AA11Z119); JLEAGE KFRF R LA H AR



36 oW gk E OB LRI
EETERN Wi K F K EEA BN,
g =—k[p—psr;g; ] (3 2.2 HIT*%

K. ¢ ABUWE, m' s k HHRENTEE
PEREL m? « (Pa«s)™'; o HIRKAEE, ke -
m®; g NEIIMBEESEE, mesT?,
1.4 Fg7iE

W EREAE RSB AR SR, B+
I A RN T AR S BUA TN A B A A, AT
FlEREILBEES ML, i RfLBE S AL
WA FBAERN ST, HAR TR A
B A

Aoy +adpd; = H; (o, 0e;) 4
K. Aoy WA I H, 5051541k
FHR B BRE Dey FNEH .

1.5 HEHE
o7 A FR AR B R B Z IR R
& = @, +0) (5

K. &NRAER, s vy Mo 3R My J7
@E@Egﬁg ’ s ! o
1.6 BREHG

BWITEH REMAT 4 f. O 4EfLBAKE
J1; @ BRENFINEL T m#E T @ ABEK
B @ BKAR. HPBEBKHARHOTIER
B

g. = h(p—p.) (6)
A g FAFINEL T M HE R, mes™'; A
HBRAR, m* « (Nes)7's p, ABRHBOL
HFLBKE ST, Pa,
2 TIHEEREITHEAE
2.1 ITIEHR
TR E 2K 2 5.9 km, HEgsg
BRK#4.2km, USATEEH, WM HTES
T (3 FE, RRIFSWmEm R 170 m*), HijH]
WS OFgkmm iy 4 m®), HFEERYS
R 55 R HRL O BRI 26 m, SRARGIZENREE T,

EITHZEEREERZE T ENENRESZE R
MILBR AR, R G R — M A AE R I
KESMIX, FRMERE R 8 B S HEHE
MenmX, EAFm  Ka, RKHE. Bgs
BBk, WEH T ARSI N M Eis 2
FLBRK . KL FE S FLBR R UK B 3 5 S4Bk 3 F.

JE 119 DR R 1 o SR B, SR AR
XM EE YL 2. e h W ET 2 345
S b, i 1 ANER, i 1 pTRT,

1 S U BE Sy RITE T
2.3 itEBE
LA IR B AT AR, RERSHE
BRI RNy U AS FHE B K R 1 m, AT
200 mX100 mX1 m (FEXFXK), HEEH
PEBSRREHEIN 25 m, AREIPIRERI4A0E 2 FR

T T

-

B2 BORIMAERI S

HET T & T 12 BB X b B R T M
LSS K SZ SR, TR BRI Bt
XA, RAY . BRGHAEERRE R EETT—
BT, W RB WA R RN, BTN A
1, [ AR KA 1R FL B K R SR A6 LN A
WA, JRIBE MR, B RIEREE RS
T FAF KRR, B BB R A A E K
WA BRIEFIEET, BAEFLBRAKE S K ES,
KENGSHERIEL. ¥BRBENT o, hBE
By, s SR () B

O = 0 = Lkopa+ (ko(n— 1)+ Dp.lgy

)]
KA ko AMESIRE, Blho=0.4; pa AHMET
W, B pa=2 000 kg » m™*; p, HKEE, B
pw=1000 kg « m™*; n HFLEEE, HHELFHYE
B R 0.35 g HEITMBEE, m=«s7?%; y
F a) A ARE, m,



%3

Vg JEC R 38 Tt T2 R o R s R R P AL BT 5 S0 37

HER AN MY =S8 L 1,
®1 BREYENFSY

AR i ®  BER
" gt TN N i
9B UL TR 100 0.35 100 40 5X1076
BRI 2 200 0.30 150 45 5X1077
6 m EEp 3 i 200 0.25 200 50 1X10°7
[k ibE 1000 0.20 - - 1X1078

2.4 itETR

HREAHLLT 6 F .

(D TH 1. REEBRNABESER. ik
AERMWMAE, HEMN Y, ¥ L& 20 mk
W ESVERBER . LAV 0 R 4T et
B ERMW,

(2) TBL 2— L0 6. HEBWHN IMEER,
FAE RN S8, B i [l it o 7 i S fn LK
R SAE, KBS B 20, 0, 10, 30, 40 m,

3 RERM

3.1 iRk

6 Ff UL RUTRERE 2 3 P, oL 1.
TBL 2 2580 TF 2 5 i g PR UL S AR TE 43 i L
# 2,

FERSE R FEE/m
~100 -80 -60 -40 -20 0 20 40 60 80 100

B3 HERTTRRRE X L

®2 BBAEZSIENBRTERAERSE
T 1 T2

FELF Bitvike  Esr  Bitvi RS

& /mm Bt/ % #/mm fic/ %

LEAMSF T  —3.6 25.7 —34.6 66. 6
LEMSE L3 —4.3 5.0 —39.6 9.6
gL I —138.2 63. 6 —49.7 19.4
PEBLEFE —14.0 5.7 —52.0 4.4

HE 3 FiZk 2 AT LIS AT 45iE.
(1) 6 Fb B0 T 15 PR UC I 522 il 113 PRI 6 EL K

HIgRUTRER M LIERARRL, BB % IR WA
M5 BIRBRAERHE_ LB KA AR R T
RERE B 73 AT ARFE WA R o 3% — 5 T 2 T Wk 4
BRI RO, 55—t T/KE I AFAE, s2 0
i ESTEK.

(2) BREIFIZE I T /K B 05 RT3
MR A, TO0 1 BIASE R i K R TR B
—14.0 mm, T3 2 B I8E N R R KU &
FiiE—52 mm., 534b, EAEDUKEEK, WRUIRR
WK, IR TREITZE, FEITZEXIEALER
IKEJTH ARG R KAES KR 3R 3) T 1h)
FHARA, BRSE LKA BT, KT,
FLBK IR 3K, BRIETHZE I = LB/ E I i TH R
K 5 |2 SR B [ 45 DT

) LEHEBWAEHSE, hiR2 M, #
IRUTREAR 1 2R B e T2 206 I 1R - ki
O B 2 T HE, HEB RN
J& . WERUURERRRH N, A FRIHZ T R MR
R B . A EB AN, A0S
N EAEGROEERTIER S STIEER
25.7%, BB WAF MG, BT EH KA
66. 6205 1M Hf AL LRI S A M RUTRE AR
AT BL B AN 25 188 W VE TR B 63. 6 20980/ A % B
BUAE IR 19. 420,

() ZBBRANG, AT T R A
FIIHZ5 R Z TR BRI, BRI
TR ITIZ B SCRR e RO 1 ) B 8 i S 1 4y
i SEHIHZ KALBUK S H e oy A, 3
WAL TSt K, TERBIMBRIEM T, 3l
EHBERK A TIOR8 HE AR EE
P FLBSK R T RS S 2 B S5 DT, E iy Tt
HJRALBUK T B AR TR AT R I THZ B BrE &
AR, b2 TR T LA AR TS )2 B
IR IR, R 2H 2R Lo T A 2 B IHER
5| L A R 4 0 L o et A — BOE R U T X —
Mo R EATE AR R T B KRB R E AR R
IIHRTT A2 I e K DR B 52 B AR 1) TR0 AR T P20 3
WHE . MR, ACRISLESR M R, TR TS
TTHZYEEh H98 WL 5 5 3 A 19 R B8 E BT 2 HEE
5 B8 T2 AT i A TE r RO A BTinoR, B #s
TR H S R 5800, 5 R R T A
3.2 BERETHEERESERRSHIERL

BEHE AR AR AL H IR AW BOTZ, B+
IR HTEA W A AL, B ITZ5 1R R HETR



38 OE %

B OB %31 %

ULRE REATU AR AR 3, T80 2 JF#858 )2 0
BB REME 4 FR, BAEE R M2 B
I 5 PR, BB B 1 A S K YR T 2

LKA 6 FrR.

R3 BWMFAESIROBTUIRE LTRSS ER

TH 1 T2
HELR Rivile  wkS  BHUiE TRy
#/mm B/ % ®B/mm  E/%
EHMSRTFE ~7.2 18. 2 —43.1 48. 6
LEEWMPREER —~7.8 1.5 —49.0 6.7
RO R —38.3 77.3 —86.0 41.8
FEELETE®  —39.5 3.0 —88.6 2.9

P
AP

B4 T2 BAMBIMZE B m)

W L T 7
S5 -:miiu\mst: T

.5=E=|' ,(x : s

(b) LK 2
5 BEMIBX A

MR 3. B 4—& 6 LRI T4,
(D KREEBREMASE, FELEHMSR
TR R AR+ EER RS R TR

THF. S FAFES B & AT
BEASE 5 A ik 00T T OO EL PR A5 BRI B/, 34
HEH P R T N O AR PR A T — AR b R
TIREIR, XA B I/ G B 858 TF 15 7= 42 0 UL R
B AR T . T 2
HEFRIG  $ETEK T VAL 1 5 4 7 g A 3t
#, ALK 88.6 mm, H 447 FHEE WA
BN,
120
100
80
60

40

BRERAH/mm

- P

20 Il L 30

il . N L " -l

5 10 15 20 25 30 35 40
K BRE /m
Bl 6 Bl RS S Mk IR e R i

(2) i 4 7771, TH 2 FE2RE, BT
FARBWRKER, EME#E L ERT 1
TEHARFP T MR AS AKX, f TR R
M A A AR R R R K X, H,
IR IX 1 5 1T B A ) SO AR b K Y R B
EIRK M SERIX, e T o o SR H 2 g B 2
Tl ANTEREPET SR DS I o S 4,
7o BEHBETUE Lt 2 Rk, 3BT
FERO 12 0 o 78 43 A ¥ RBRT T I /NS4 60 T BB
F» R VeI 3,

(3 B TBWHIHF NN EIER, BEEMmt
HRALFE T R B R, Bk E BE Yk
80. 0 mm, PRI 7E ¥ 3 XA T 25 B 2 e s X 4t
SRR T IR TE AT AT AR SN, DA
FRASTE 0 R s S AR B R R S R MK S IR,

(D XK 2MEIAUEL, ZERBREH
Ja . MERUTRERS K2 38.0 mm, #1507 K 24
49. 1 mm, T WEEGE. XIBHBRAERTER
KB TR S A B R Hb2 B S R b 2
VIREART . A% BRI, BT RIE R
MK, W T E G, kB
PBEI BRI BARMLERR . TR RAERIEI W
RGBSR P IBARD, EERITRER
WK, IS RITME A &K TR,

(5 HE S TR, AEEBRERAN (TR
Dy FE SBTEBR AE A TR L B S BB



o34

VR BB E it L T B R P M L A B AT 39

WSSO BIEB AN (T 2, BlE
IPERIAVE R B3R 2 AN XIRBF K, BREHETH
Foge ik Bl R BT RIBIR . TR S LA 1 R
DR BLSY UIRR . IF HAME BRI B T
K R R T AR R, R IR AR B
W, X TEREE A, X2 d TR ZE
113 FE: 3 3 ¥ % 15 B3t MBS 1) S £ 57 )5 AL D 1 R R AR
Ko WNTTTH BLBCR MPEAMERIIR X . NG, FEIRAE X
% TE AL B RO e A B B O AR TR

(6) P4 6 Al BEEMEKOKA BT, BBE
TF 25 2 A8 AT R A 45 T P A AR L 2R s oK
ELEE AR BERA, T HEE o] 5 i AR A oK, B
RSN,
3.3 BEEERBAHRERBMERRST

BRI ITZIG . R ALK s AN B IH
R KEFANBE, XA B T LUK
HEME/, ERBRHNE, REER 1T
g T T2 X 0RO AU T B KR S 8 T 5y
AR, S3obh, TEIR P E SR XS W AL 75
WA R . AL 2 RIE S U Bl
R KSR AW 7 iR, HZDIESTER
EEERL. JREMNXRMLME 8, B 9 xR,

11‘$¢\Ll.“ {

-
x‘Lll‘l‘, Lo
Y ‘xl‘zi‘\le :

Y lL LA

. AR
‘ AV S
SN
WAV p i
N N “%géi
\\\ 2333E oS

K7 T80 2 FHHEE R A /K i sk i 1A

ERAEEBBRR/ERBEERR
0 20 40 60 80 100

-40

-80

£ /mm

[P
1= -120

~160 | &
4

-200 -

K8 M) AUiRE SR B E R ROC R I

HE 7 9 A IS I A,
(1) BEE 20, TERRE 2 i B T 18 i 4 1)

HALEE THA, AT E K I8 R 7 1)
TEHTRIEREL.

EARBEEE /M
0 2 4 6 8 10

50 b

-100

-150 F

R /mm

-200

260 *~

B9 HuJZ DR S TR B B G R 2%

(2) BEIE T W7 IS K i BT B,
HAp A2 Wi oy W, R PR E R
HIE ,  TIHERAIER SO 1 R RE E SIS P T R OR I
(i SRS N ey M e SV IVA € SR/ VA D) A

(3) TEIRENS B ZE BRI B RO % 12
FLBUKE S A s AR K . TESOMIEBOR M2s,
KENME B R B, IWREABERE—
SE, HRESE R, BKE-EAUIE, 3
TEIK B8 3 Z B0/ o A B9 1/50 i, HLEFLBR
KRS A E A RS REE SO B APR A6

(4) B IS % R BRI R
ey | =S | SUERT P S N i e 0 3
WTEAR M MBS E HEK RGBS ECT . ER K
ORI BROE A AR B BB R EOR
/NRBEEE) 1/50 DUF S(ERERZE R T 8 m i,
VESR B 41 5 22 BB IR s 2% V2 J3E A 4 At B 1
7K B AR DR P RO A, X 53
wk (6] Fiscwk (7] mBrsahiee—Bu.

3.4 XHPHEHMESN

B TP P AR L SCAP G5 4 52 1 A5 R LR
4, BETHZE . Bl fLBUKIE 7 1 DN EEiE
AUFBABTARENI R . R4 P AEAMSRT
WIFE5 R 3 A E: BrBL I ALK R Ay i AR 7H
BB NS TAHEAOFZ) . BrBe [ M Z i
HEG B, EICABRRECH B . BricT . #1#
STHEE R RZ R SOKIE R I Ty, Hixkr
Bems SR BE - IR B R BRI . A, %
B2 i AR BBl . BEE
SEN R RN BB K, B R B A
WPk S, ELSCA A5 R o AL BR K B T R A T T
B R SR AR AR AR RIS TR T, ML T
BrBe T . A8 AR AT R ) 0 B A



40 H

ES N

BB I

ISR DR O, FI, Bl Zas
ZHERAF, EEHITEB/MIRN . BrEedl
2 3B BrR e s KB B, R U AR A

T B, MBI S AT TR B I B0 K
| OREMb. BEE S SR UET, PSR
AN BRREN S B B/ MEEARIE R, BRI
WIREE T WSREE. 735, U, MO TR R
B8R P B B A DX, B B A SR

l\ﬁ\\ﬂgﬂnlﬁo
4 BERAEIFHENIIEHTN
BANE BXE N
HETHF BiH1/MPa i/l /MPa AR A3
Bree I —3.31 —0.65 HE
%ﬁﬁﬂgf BrEe Il —7.37 0. 03 HEpR
S BN —7.83 0. 03 HEP
EA PR _ —7.09 0.28 HEBE T &R
PO+ B —8.46 0. 26 HLE R
L+ TR —9.02 0. 30 HEl R AR
4 4

(D R ETHES R RTTEERER K, 2
g 7K TR AE X ¥ IR L RERE TR B M e /N

(2) #07F 7K B95 TEAE PR 1 IR B 1 A9 1 o5 AR TP
EER, mBRGEMERER AR %
WREPITEEN, BBRT S ITZE0 E A B R
FNaVE B BB

(3) MR BRI A A TE A IR UL R R P A
FHEZEA S T35 g0 £ B 2 T
P

(4) 7K RIS 16 i B 8 Y SR AL R B i BB
REME B MW, MERAOKOIN TR, BEH
TRUTRE A RUTIE AW, BB R,
T [ 3t AR WA BT (HB A IR BB/
] 5 S 4 I A 3 0 I 3 " K A2 B B TR O/

(5) WK M ERCR AR W ETTZE EE
RS MB RGN, T B R R R a TR
Ritr GEREBERBBME, BT KBRER
M KR FEAVE. MRBEABERE—E, 3
P2 5 R B0/ BUE ) 1/50 IR, BE
FLBRAK IR J1 S (A 2 K 1 B OB FR s 2 A P R A
H s Z PR R AR .

(6) f FEKHMZEMIES, 1R EHE
B SR SCR X B ECR, il 534 3L
BORHBVEREIRIX . (2 A e M B R B A I T
K, xS AT A A X S | R B E
RIMAKR T BTEFEB .

(D) )RR IE S MIFHE P BRI 34
EEOE, HAPLBKE B E RS 1 B B
SRR B RARIGBL. F5h, . B
SCRALRN ST E I B X, R E R
W ST AN

(1]

L2]

(3]

(4]

2 % X ™

TS MR REE AN BT R B R AR B R AR [T &A%Y TRAREM, 2007, 26 (11): 2161-
2169.

(ZHANG Dingli. Deformation Control Techniques of Unfavorable Geologic Bodies and Discontinuous Surfaces in
Subsea Tunnel [J]. Chinese Journal of Rock Mechanics and Engineering, 2007, 26 (11); 2161-2169. in Chinese)
Itasca Consulting Group Inc. FLAC®®, Fast Lagrangian Analysis of Continua in 3 Dimensions, Version 2. 0; User’s
Manual [Z]. USA: Itasca Consulting Group Inc, 1997.

B A, SRERAT, MK, % REBBILE MR E & S EB R G U] AAah¥5 TEER,
2008, 27 (10y: 2130-2137.

(YUAN Hua, ZHANG Qinghe, HU Xiangdong, et al. Analysis of Coupled Anisotropic Seepage and Stress of
Large Diameter River-Crossing Shield Tunnel [J]. Chinese Journal of Rock Mechanics and Engineering, 2008, 27
(10); 2130-2137. in Chinese)

BT, FXE, K M S ETREREERNEHSRER SRE M U] Aal% 5 TR%R, 2007,
26 (5): 1056-1064,

(LI Diyuan, LI Xibing, ZHANG Wei, et al. Stability Analysis of Surrounding Rock of Multi-Arch Tunnel Based
on Coupled Fluid-Solid Theorem [J]. Chinese Journal of Rock Mechanics and Engineering, 2007, 26 (5): 1056-
1064, in Chinese)

O, BESL, MRA. HITRREGE AR FL KR Ty R0 U] AA7F 5 TR%R, 2007, 26



%3 AR B Tl A R R R R T R G A 41

(¥4 2). 3743-3750.
(HUA Yuan, PAN Jianli, ZHOU Taiquan. Discussion on Construction Schemes for Xiamen Subsea Tunnel Right
Line Crossing Weathered Slot F1 [J]. Chinese Journal of Rock Mechanics and Engineering, 2007, 26 (Supple-
ment 2); 3743-3750. in Chinese)

(6] B 45, Wiy, BUEL BTESLA AN MR B W AT (3] &40 )07 5 TR R4, 2007, 26
(5 2): 3776-3783.
(FANG Qian, ZHANG Dingli, HUANG Mingqi. Analysis of Seepage Problem Induced by Subsea Tunnel Excava-
tion Based on Continuum Medium Model [J 1. Chinese Journal of Rock Mechanics and Engineering, 2007, 26
(Supplement 2); 3776-3783. in Chinese)

(77 SKAF, SRDUSE, 1AM, 45 KOs K X bR BRHERT e K B A B S8t (U], a4 1% 5 LR,
2007, 26 (11). 2270-2276.
(ZHANG Chengping, ZHANG Dingli, WANG Mengshu, et al. Study on Appropriate Parameters of Grouting Cir-
cle for Tunnels with Limiting Discharges Lining in High Water Pressure and Watcr-Enriched Region [J]. Chinese
Journal of Rock Mechanics and Enginecering, 2007, 26 (11): 2270-2276. in Chinese)

Coupled Fluid-Solid Analysis of the Surrounding Rock Stability of the
Subsea Tunnel during Construction Process

LI Pengfei, ZHANG Dingli, LI Bing, FANG Qian, SUN Feng

(Enginecring Research Center of Tunnel and Underground Engineering of the Ministry of Education,
Beijing Jiaotong University, Beijing 100044, China)

Abstract; Taking Xiamen Xiang’an subsea tunnel as the project background, based on the coupled fluid-
solid theory, numerical analysis was made to study the stability of the surrounding rock during tunneling
through the weathered slot under the sea. The distribution principle of the displacement field and the seep-
age field of the surrounding rock, as well as the mechanical characteristics of the lining structure were
studied in various construction stages of subsea tunnel. The results indicate that the seepage of the ground-
water has great influence on the deformation of surrounding rock, causing a larger range of sea-bed subsid-
ence, The excavation of the pilot heading has the most direct and obvious influence on the seepage field of
the surrounding rock, and the attenuation of surrounding rock deformation induced by the seepage is smal-
ler in its transfer process from the surrounding rock to sea-bed. The surrounding rock deformation and sea-
bed subsidence mainly concentrate on the excavation of both sides of the pilot heading and the upper rock of
the central core. The changes of the sea level have certain influence on the sea-bed subsidence, vault settle-
ment, invert spring back and the plastic zone of the surrounding rock. The influence of the grouting circle
on the displacement field and seepage field of the surrounding rock is significant, and an economical and ra-
tional value exists for the thickness of the grouting circle and the permeability coefficient. The stress con-
centration in the lateral support nodes of the lumbar arch is greater, and larger plastic failure zone appears
consequently. The mechanical characteristics of the lining structure in the subsea tunnel can be divided into

3 stages, and larger force exists in the arch foot and the lateral support nodes of the lumbar arch.

Key words: Subsea tunnel; Weathered slot; Stability of surrounding rock; Deformation of surrounding

rock; Seabed subsidence; Fluid-solid coupling theory; Grouting reinforced circle; Support
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