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Contact stress and waterproof capacity of T-joint in shield tunnel
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Abstract: For the waterproof safety of undersea shield tunnels with high water pressure, the contact stress and waterproof

capacity of T-joint are studied considering the background of Qiongzhou Strait Tunnel. Firstly, a fluid-solid coupling model for

the T-joint is established to reveal the distribution characteristics of gasket-gasket contact stress and the seepage pattern. Then, a

series of waterproof laboratory tests of the T-joint are conducted using the servo-type equipment developed independently to

obtain the critical water pressure of joint leakage. Thirdly, the formula for the critical water pressure of leakage varying with the

joint opening is derived based on the numerical data and the in-laboratory test results. The results show that the maximum value

of the average contact stress is located at the corner of the T-joint, and the average contact stress of the location 20 mm away

from the T-joint corner on the longitudinal seam is the lowest where the leakage is likely to occur. The seepage pattern is

consistent with the distribution of the average contact stress, and the seepage velocity is greater where the average contact stress

is lower. The critical water pressure of the T-joint is negatively related to the joint opening, and the joint opening should be

lower than 10 mm to ensure the long-term waterproof safety of the Qiongzhou Strait Tunnel. The maximum error of the

formula for the critical water pressure of leakage is 15.7%, meeting the accuracy requirements.
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Fig. 1 Cross-section of grooves and rubber gaskets
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Fig. 2 Sketch of fluid-solid coupling numerical model for T-joint
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Fig. 3 Sketch of T-joint structure
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Fig. 5 Curves of longitudinal distributions of average contact stress

BJRFRAREHEE, MR T X8l B I 7E 20 mm 4t
BERALR 2 /M= BE BE B S A1 48K, 72 30 mm AbiZ BT
TAGRE, DU PNAE R T il 52 Ay il 2k S RS TE, AR
N CRLIIHE” .

45 T8 LAMEEEEY 30 mm N, 4%
ANFREE RV e fuh 32 g 2 A A AR AL, BERAHL 2
R A F RSB, B P R A N (B S A
AT E TR “—548” —3

I H T A, AR AEKOIT RGO,
B “T 5487 kb2 A, EERFEIRE AN T35/
TIGE, HAYGER) “ROURE” Ay “T raE” T
B /M E . I GE BRI “T 7487 M
AL B AT vl RER BB TNK

ONBE “ LR AR BN T B A N ) 5 iR A

KITERRME 6 . WA, “T 748" 1k
NP R A8 WA R A SR OT R G T D, T A
EWLIECEE VRSN

6.2943[50 '5J
t

P .. =0.0146E¢ (0 < 6,) » (4)
Kef, PN T F4” BN /] (MPa),
S NBEEEIIT R (mm), 5, BRI R, A
tHAR A 26 mm, Eo N EHBMEEE (MPa), 1 H
PR B R AR RT R R, A 56 mm.
3.2 “TF4E” EBRIE
HTETHN “T 5487 MBS, H4EBR
A E R B A R M1, M2, A
BIASE PR SR S NA R 25 M1, M3,

wmkE 7 Fios.



2268 s + I B % #® 2020 4F
il T WRIGKEE, W 8 Fis. % E ATHLE Ik 4 MPa [

.0 AR KR, HIREEES 0.001 MPa. SERAZ0ms s,
Eu.o MR B IRKE, BT — K IEE NN “T
gos 4 IR AE.
]%'_0.6
<04 S
mﬁol2 P, min=0.0146E £6.2943(50-5)t L]

R—Square—O 9681
24681012141618
PRI i /mm

6 EHBER/NTIRMN N SREKTENXR

Fig. 6 Relatlonshlp between minimum average contact stress and

joint opening

(b) Hg&
E7 “TF4” ERES

Fig. 7 Seepage patterns of T-joint
HRLIKRIT RN 12mm B[ “T 748”7 KBRS

FTAEH, “T 748" YL A B L )N,
W& 528 ARG R, PRGBS R LI K
PR GBI 30 mm A IS UE AN G KRR
W TRE . AL L, BUE LR 55 A A Y
R, FERE BIAE #1 20 mm NIE R R, BEJEER
UL TR E S N W N dEY < Y

Wi BRI CT TaE” BRI ST
N7 3 AT AR &, Ul TSR S 5 AT
PJHEMR S S 5%, T EIFERANL T8RN, B TR BB .

HiF,  “T 5887 INGE “ Nl A B 1T 8
RLA1tRN, BTREE AR, KR e T B E E .

M, “T 74" BESHREBIROAE NP I
AZ 15 20 mm A,
4  “T F48”7 BHkMEERIE 54T
4.1 “T=F4” KSR
AARLE R FH B 00 ) e AR X s K R 4%

8 AR SR EREER KRS
Fig. 8 Servo-type waterproof test device for high water pressure
joints

I K IUAE TR, H5KIT RN 10 mm H]
JE4E &0y 16 mm I, “T 5487 KiZ N Im FK Rk 2]
3.84 MPa, MZ4E5KITE/NT 10 mm I, “T 748”7
BARESR, B 7R E R ER, WY
Holl 7K KT 4 MPa.

WM ERI, “T 747 RBINKE KA
EHBMAAE, WK 9 PR, 55 3 b
BN ) 5B RIS I R HEA—, BiREA
Z WK EUBCIR A . ARG IR IR RG] “T 7
487 BRI KIS SEEETKIT R MK SR, WilE 10
Fios . AT LA HY 85 S BB TR K i /K S R A e 42 k0T
:0p PN AN

9 “TFE” BRER

Fig. 9 Picture of leakage at corner of T-joint
“TF48” BIKIER AR
B T AR S B A A B ) R AR
PUMBAKIE, 0% a Bk vERE, HREEITRE
TRERHTT, NNEBBKEE )5 HE RN )2

4.2



12 JSCHE, S5 JERIREE “T

=

T4

BRI K E/MPa
N

1.0 ’ .
10 11 12

15 14
I B /mm
10 “TF4” BRinFKESEEKTENXERE
Fig. 10 Relationship between critical water pressure and joint

15 16

opening
PEAROG, $RH T HEEDI/KAE D) P, 5% B 8P 8 B
JI P AR A
P, =AP
Kb, AN SESKIERE RS H.
X (5) 2Rl “—F47 MPIKIRR g RE 3
), RFBEEBEELTVIIFN, R, AR
FEREERIVN) “T 7487 BIsIn Tk E AR
P, =28 P, (6)
MR 73 Bk as R, % “T 745”7 18
AR TR TT B 2 A N I /NS5 AR ) BRI Sk
JEMSH A EBATICR, WAL 1,
£1 BERARERLRE

Table 1 Summary of numerical and laboratory results
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