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Repair Technology of a Shield Tunnel for Wa-
ter Penetration Accident in Tianjin Metro
WANG Ang

Abstract The repair technology used in a shield tunnel in
Tianjin Metro after a water penetration accident was intro-
duced, and the difficulties and solutions in the design were ana-
lyzed, relating to crucial content such as the cutting plan of the
segment scheme, the adjacent tunnel displacement control
scheme, the freezing construction scheme, and the joint water-
proof of the repair section. Through discussion of the repair
technology towards the shield tunnel water penetration acci-
dent, and according to the actual construction situation, the re-
pair scheme was summarized, and the conclusion confirming
the feasibility of the repair scheme was obtained in the end, the
effect of which was especially significant on the adjacent tunnel
displacement control. At the same time, the problems encoun-
tered during the design and construction process were also sum-
marized, and corresponding solutions and suggestions were
provided.
Key words metro; shield tunnel; water penetration acci-
dent; repair technology; frozen construction

Author’s address Department of Architectural Engineer-
ing, Tianjin Land Resource And House Vocational College,
300270, Tianjin, China

TR i DA 8 Bk, XU 2 e T Al 3 X

YR & R T, phy T AR A it T T2 K
X ] B BB 5 M 5 BURK, il Toied e v B Bt B A%
Bl o AR SO TR T O A R 3 A
P KSR RIE S 07 58, 1 45 6 S Pt Toaed
P rb Il B0 Ay [ R, A9G0S0 RIILER

1 TR

RS G P R T A7 £ AR it T =R 17.7
m B, BT TR AR AR Y i S M AL T i
KK Bfe 58 i Ji #8877 o024, ot A 408 79 25 ) 44
R R 2 BT 40 em, SR E N R AR TR K
Vb A% 4 W, it T B3 76 B B it T 3th i 24
200 m Kb i IR BE - 0K R % B G A AL B AR R
O B I I 4 5% 0 A0 4 v R i T &
LR R MEE Y 400 m, FEOH S S SR
ZeMmIFE R 15 m,

LRESO B B L B 4 )2 R 4
28 A @, R 3 my By R @, JEEE 3.5 m;
ik +©,,BE2.1 m;BEE+O6,, 6.4
m; By R @, R 1.4 my By @), R 4.1
m; @, JBE 4.0 m; b + O, JBE
L4 mpigi+©,, 8 6.4 m; ¥y i+, , )&
J£6.3 m; By A+, )25 6.4 m,

LA 2.7 m, 7K R K )2 ), I B I # k
BT 1.4 m 7KEIKKIET A 6.80 m,

2

EETRNE

TR B D, M B AL S TR L
TS 1P S0 A R B a1 2%
TR TRE T iAW T 5 HITERERE 1
R IR B S A AL, FEMCB R R I T
O WIHZ AN T, W2 B K 75 m, FEHU IR
24.7 ~28.3 m; PR R AT T B 2edw + IR+
P SCHE T 585 WATZ BE RS E -5 8t T 1) JE A4 g 3 2 1]
81 9 BEAE R A e R AT L3 T B R 7 3R e

- 103 -



ST AN TR

K1 BT a-

i = HERAE AU AT, 153 %48 2 07 SR H
SRR ROKSF- A 82 200 23 mm, [ S5 H 7K F
PR HALAUZE AN 2 R

Uy (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX=0.230 19
SMN=-0.009 548
SMX 0.023 019
-0.009 548
-0.005 477
-0.001 406
-0.378E-03
0.002 664
0.006 735
0.010 806
0.014 877
0.018 948
0.023 019

B2 PSSR RS 7 AR A 5

ZAB S TR T8 ST

1) RORUEEZ BRI 25 A, 75 X &8 43 2 e
TEAAE A AT R o TERBR A R T, 42X
FELAE 1) 352 ) i 30 e (TR AR TR X

2) APRUESS G T, TR A Bt T 1%
S 58 RS IT 42 Z 117, 70 26 5 M AL 4k 22 4 i
AR RO B, e 2R R R R M R % 2L A
UTALREES g 5. 31m, fEA LR WIZ BT T2 i R
PRAIEZ: 28 B8 38 A 22 JE 2 1 3 i 2R 2 AR TR Y
H il

3) PRUEAT LA T B i A Be e Sk b 22 4 T
FEIEB 13T ARSI R R A T AR e

Lt EA I 207N e, B A E % AR T
BRINE .

1) R4 e B AL DD 45 26 © i T 58 LA s
FE R, N Je S B2 R P 48 ) i AR %

2) Jiti THIFZ Bl T P Sehs , Ao 5 K LA 2 i
SURSES T

3) BRIHEALWHZ R R ILYUR, HZ

- 104 -

A0000000N

S AR S B B BRBIR G A R, SR e R
FHL;

4) Jits TRAYZ B bk iE 2544 5

5) XFH A T BORBUA RAL B, 15 B4 45 58
JE I i TR Lk it T B R A

6) [Al3F7E 4, KA T .

3 HHRRERIEEE

1) R PREAs IR ILUT RV R AN A A 30 0
e [P A HLUT R R, 6 ) 1AL 1E BEE AR A
REE IR IR, Ui 3 B

3 DI b il PSRRI AR B

2) ZELJEMINE S, AR UEAT 2 B2 Bt T
X} e s M R /N, A R B S B Bl 4 45 4 R
FH =B RS A G5 I AT 20 AL BE = R B % 5 RS 07
FIEHE R L. (E5ET 224 b 3 S il B 4
bR FH RIP (WL FREMT ) T3k 2E 4T 180° 42 mE i [,
B 1k 3% 3B K, DA R D8/ A 2k BT 42 ) %k
BRI P2 AR S, 28 = BRI, e A 4R
B2 B LD P2 B oy, 20 2R G 1 e RS 29K
4.96 mm, —HEEEBIUZE R 4 Fis

USUM (AVG)
RSYS=0
PowerGraphics
EFACET=1

0.004 412
0.004 960

B4 ALIHZ)R 22 bl e R R = AERE RS, R

3) MfZBC YU RTRIE N 28. 3 m, iz BLRE 1H
SR FHBETISS Fag AU/ T A 52 58, - 43 o B 1
HOBORARTT PN L 5 g o W42 BB Gl 445 449 9 s o



Wi an e s s

T/\

AL

11200,

2550

40|

HESMU

4200

C30FER [ C30Fm B

| BRI LS

o4 i N
( T N BT

1400 56,105

\ Lt
\mﬁi—‘lzé-‘%!% /%ﬁﬁzfﬁﬁﬂiﬁ

sodmfFC2s p1oja L1 a

2430 300 1670 {100

10000 1670 300 2430

RS mm
B 5 B2 B % g5 A Br vE T R = R

4) I T BER RS A it T, A7 2k b 3 B
YEBCE5 R 5 BE A % G 4548 00 6 12 2 1SR KT U
45, URESREVOIHARUREE R 3.0 m, FENR /N T
—15C, VR, BE A5 47 90 & F4T 57 50 B L 2. 0 MPa,
RERERK OB AR BR R EE 7 2 2 (4 3.5
m) , i ISR KA B T8N 9. 2 m, BCFE % 1E
MRS R AT ' B B 7 445 L., o B TOT IS A A B
B2 PBRGS AL, DR IR R 4t R R B T A2 1R
BR T 25 358 1) AU E il ) 3 8 8 i R UK
o VAT S 4EBCE AL, IS G AR TR R BE 1 A7)
M= EE 6 s, dRaE BEA F A = B ANl 7 fir
NP6 RN T B, etk 5 280 BT K

N

STNT (AVG)

DMX=0.061 579
SMN=144 357
SMX=0.189E+07
—— S
144 357 533048 921 738 0.131E+07  0.170E+07
338 702 727 393 0.112E+07 0.150E+07  0.189E+07

K6 PRESEERL )54 4]

5) B AN T B S AR IIRE A BOE , o PRk
HSK T RE 1 BRI AL A IR BE LR IR K
B LAt T B AT 5 5 F 3 4 S AR, OF A
SCHAL VB R KA . ISR I E 8 TR

STNT (AVG)
RSYS=0
DMX=0.061 579
SMN=0.160E+04
SMX=0.061 579
I
0.160E+04  0.013697  0.027 377 0.041 058  0.054 739
0.006856  0.020537  0.034218 0.047899  0.061 579
Bl 7 ORGSR A o B
100 300
I -
C25M R i Skt b
By 37d .
=t RS /
RZHE K5
PIOEEEHS

T - d 9 PR BAR
B8 o7 kit T B S JE A i e b 45 7 T 1
6) ABIER KSR e S T AR 2 4
J& AR LA T B S AR BAR 42 4k R
T 2R KA, B KRS A 9 B o

| C25WBEIR N Sk e £
| R B |
=3 KB j %
AWK Lk
memnll N N L]

ERE
B9 i Ik T B 5 JE RS Fr He Sk A Bl K M i s T

4 H5iE

1) R ESh BEE S FabE o0, ReA Alopl/ &
STORS TR RS B MR, X6 IR 1 2 2 (0 A A7 3 T A
o TEALRBHZ AU T TR b, 22 485 KK -1
Fh 5.34 mm, i R BT EOR . SR SE it T 72
H ) S S R KB UL 2 2R O, LA, mf
AE A R E R A DL e )2 2 OB 5 52 B b o
T8 BUA I i 22 , s 5 B DL aed A v OR 2% 1 it T i
ZEIRL MR I T BB /N SR, R B i T~
B, N RUE B B 4 4, ARSI T R, B
SREGHE ZEGUITZ, B A0 8 BR oy B S IR e - OR3P R,
B o B A V409 5777 A5 T 4, i T o BB, T A
et

- 105 -



2) WMForBREE AR, (AR I S B A
PRIXE , T B 3 33 4 A5 w950 B St 43 T2 1) 4 7 i
BEoc b XRS5 AN A3 S8 I B b e A R B
i T A e & TR, A T 5 0 I i 32 1 Ak TR TR 9
TGS T A

3) R T A SEBURE RD TOR £ 2
O, AR EIKZ KK SR R 6. 80 m, SEPRit
T R B, 22 R K RS I B LS AR AT, H il
Mo S SR REBELIET T H: RS B R K R & RSN
A FHZREYTIFAS S A R

4) B ILE N T BOR BURSE A T WRE5 LT
A E KX B2 2 A 22 56, v] DU R
FORCR L 7 TR S 3% B i e H R
TR R BE A A 2 4, (E TR SE RE RS /N, i
LS B R 45 st S R 28 I R AR o AR R S B it
TAG M, EH % 40 b T 2 S 85 B0 , W) B 98 J7 8 7R
S T, S RRGS S X TR R A

5) BAYZBrb I8 45 44 SR FHHEE 000 RE A 28008/
TRRRERE o v M 4 38 A 03 i 00 355 1 e 19
+JE S fE Sy (BT AE B I PR % R 0 9 R 4G
183 3 S HE K R it

6) W Ikt T B 5 5 #48 RR A ok A9 38 i
PR — BRI AT DI T R

7) AEW A T BB B E SR, H Y
SRR/ IV L it T3 AR v X 2 R R 1 S H 3%
Wb S TR A R TR R, i B T B VR it

(L#2£5 102 17)
Jei & J7 Gt SR T AN SRt AT B s e, al i ok
B 7N P 77 O o E R 7 1 18

3) R BUE B R RN R S S
o B P 8 2 S B 2R A T B, TR R /N IR
TBM BRI At T2 4z SR LR850 , v s —
By uli X [A] TBM %38 /MRS 0. 58 m, & T
[El 9 TBM jifi T e /NG IC 5% o

4) XEIEL EIr AR & s TR R T,
ARBCF R R K AR, 58 TBM 46 A AE k. Hi%
J7 AR TBM H i RO AR B, X Hh i 7 58 ik
Rt

S22 ST

(1] XU/NAI. TBM TR A LB Sm al e g ST [ 7] 3

- 106 -

T REAE A v VR BE SRR AN A il T 6 I AR R
Fo o VRN TR A il T3 R i SR L kg T
B Qi st T i 5 45 (B HRES , O Jim 301 B0t T B o A

8) FEAT Lk it T B 5 JE A A SR A RV R
T ZE B KA, {5 T2 0 1 AL 2 6] BN,
B 7K S afE LADRAIE , i R 2 Ak H B A B K
XEFIML TR, AT A4 b ise B IR AL, i o
Je IR IR BB KSR

ARSI 43 00 T A BB 18 52 07 58 B AR T AT, fE R
IEZE AR HTSE T AT DLAR LR R T R, %07 %
) —LE AR R — P R AT RE . IR S i
B TREZE B, AT 2 M%7 S0F BEA Tt 5 S

S 3Lk

(1] R JG bk 2t T XU 5 M 52 [ 0] B i 45, 2000,
29(4) :377.

(2] BEWA, Z8000, ARA0 2. i B 503 9 54 G A X Il % 3 3 [
B2 TEMNET]. b EEFIPK,2007(1) :27.

(3] DRELT. LUBAA 11 2R bk i v 2 s [ 7).
rp [ T B TR ,2010(5) 229.

(4] XIVER,ZEFHRF, Tk, % Ktk 1 SLRGE 2 A M
[T]. hEESBT K ,2004(9) :23.

(51 ZRHL BRAE. X HEMh kg 18 5 TR VR 1 00 4 R IR BT
[T]. RE T R ASRBIER) ,2013,33(2) :67.

(6] XM, ESE. ARG REE S s E AR [T]. A
[RKIT,2015,46(24) :59.

(ks F 199:2018 — 11 - 08)

RBEE A ,2012,49(5) :15.

[2]  EFGH. i bk TBM jifi T38 W M FA A7 [ T]. IR R%E B
A:,2017,54(1) :31.

(3] EALEE, T RAT. ST G TBM 3t K i [ T]. R
#H%,2018,38(6) :1052.

[4] BB, R, LW, S S HaE 2238 b E S TBM it
TIEREAFFE[T]. HF a5 TR2E,2019,15(2) :525.

[5] s |E YL T TBM Jt T0rl T[] B
T ,2016,36(8) :1004.

[6] wFil. W5 TBM 7875 5 M4k A9 35 R AP oT [ 1] %3
#,2017,37(H6 1) :212.

(7] FEAR. T & MR X [0 % L TBM M 53 Jv 1 447 [ T ] 3
fRB%E A ,2016,53(3) :42.

(8] MR, 825 M, BRZE. X G TBM 675 5 3l i1 418 8 3 T4 rh
B RS S T ] R 4 ,2019,39 (12) :2020.

( Wk H 17 :2020 - 02 -20)



