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Abstract

In view of the difficulties in the construction design of a water diversion project in Shanxi Province,
such as single track single tunnel, high waterproof requirements and deep buried depth of the
tunnel, on the basis of the calculation formula of rectangular rubber compression spring, 1 is in-
troduced as the coefficient of change of rectangular shape factor, so as to calculate the compres-
sion force on the segment gasket. At the same time, based on the rubber Mooney-Rivlin constitu-
tive model, the finite element method is used to analyze the shield Sealing performance of seg-
ment gasket. The results show that: with the increase of compression, the force on the segment
gasket is also increasing; when the compression of the segment gasket is 5 mm, the pressure on
the gasket is 1.69 MPa and 1.79 MPa, respectively, which is smaller, and larger than the water and
soil pressure, which meets the sealing performance. The research results provide a theoretical
reference for the design of segment gasket, which is of great engineering value for the construc-
tion of TBM in the environment of high water and soil pressure.
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ARBEM L, SIAPARERRRE TR, ATHHEE R BERETZNES T, RANETERER
Mooney-Rivlin AR K2EAE b, RAFRITINEST TEMHE F ERRmaieg. SR8 B
EBEKER, BHERRFZH WA BdTERGEME B REHEENS mmi, FHf
BHIFTRIE AL HIN1.69 MPafl1.79 MPat =8N, HRN KTHAKKEEE, WEFekaE. 5
RERNE A ESRRHREA TERSS, SREHINERKELENFSTHETATEZE TEME.
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1. 5|8

JE K B 3 it T v R HR T 32 BK B S AR, B8 R Z [R5 5y P AR B IR ELR W REIE 1 Zh g
A ERIF . JERIBEIE R 2 AP AR T VA R R S s RORIA B H A, SRR SRR RE OUE
TRERBRA R EM 74, EEMNHIBRING, RENBANIIYT), T E R0 B TR AR
A1 121 [31

BEE JE AL I T HRIR BUR LA MG K, BB BT 2 AR R s8R 5 B nT SRR T I 32 i fk 32
RTREIEIA GG BB R, RIS 78 B 3RS B RERIRT FO0 TP s A iy . QO T A
SFHAERE S EWAMEERE B EREEEAT T KEVT . Ding 4|5 AWHTUIT R T —EFB AR E,
FHCARIT FE ATt AR B, FEBLA TR, Rl P B R B B RE S 15247 8. Gong [5]56A
KBS 5 TSRO S5 A K700 R U = RS TE (R AUTE = A~ B BE TE) AT 1 B S J7 22 PR RE A 7T
AL T B A RO, IR EE BT TR, Shi [6]5%F AMRIERRIEE ek IR, =
TC L PIRGIEAEI T KRR AT D AR, 15 LR RE IR . ARIEAT R A )5 J1 22k RE AR LA
SR R T BOEEN =0 SRR T B AR, R =N BRI R, AR
MRREEAL R 1R RERIIN AR 2 4R IE 30 Shalabi [7]558 NAERFEAT RIS EAT 11T, o 88 dat S i Bl oo
FrHREIREEE, Bt Seis ot A R AT RHE K SN T 0.9 MPa I )3 BHERECRU T AR =78 L AR 3
W, #5JT i), Shalabi [8]5F ABFFE 1A NI (72 EREANE B RE . B R T PIAN SR e (R
TR T U e 8 8 A v /K s A P SR e B B . B RT3 S A PN AT 1 R AR AT R
BNV ENE T, AR B ET  fash. $ER UK R T REKIAIR A4 . Li 9158 N Ok it
Mok 13 LRI AR AT T R R, SEIRh % B RTREL L . SRAAIE R XK A MR RS2 . FEAK
FRI10TBE T 2 SR AT 7T 2 28 g O O BR A RO AN [R] o0k b B8 7K T k6 OS2 o Rz 58 [1115 A M
ABAQUS i ST — iR, R AP E 8 F PP R AR, 20T IR RS IE S A A AL T ANR 0L T 1Y
KRB SR SRR S5 HRASLASHOREE, Bhvs 3B EKIEREsE Jrik. JEERAN[12]5%
PN A IGIES IR s NS Koy I EY At s ERE 2222 i AR R D B i w2 LR s o o el 5 W RPN 35
TR TRESERE. RIHTA Rt R AR5 A RIC T 4 S0 WEMK. &iE, N
FRZBETH 7 46 5 P A 46 = B K T BRI [ A s S B B v, AEWILRL A AT AT AT P . R3]
SFENCU MR R HKE ) R GUR BRI BT REVIKIT, MR TRESCPR RS 101 il 7 ok e e 2 AR ot
bk, BEATE BB, B ORI S BT AR E KRS e K R TR RE
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PA B FUAE RIS TT 0 3 B B e i D2 AR e, ER RIS IR EE B A 5 #E. B SR
P BR TR AR08 2 o AT B R R 0 M o X TRl 22 VR RE R, KN )b T i K R A B v
XA EVERE BRI M. FIH] ansys BofF, LR T EEEA A, BT RRAL TXIARGE, )
TENL YA, R R TR], B s SR AR AR R AN R I IR A A T, T e S R
[ 731 Von Mises N 77, 3 M s BB K s BV RE, N R s B R R 2R Al

2. TIEEE

PG48 H 51K TR b T v A SR i BE ], JE A X AL 4G LA O K52 + 854, Z b HifRH K47 +
337.1, FEIEAK 5516.9 m, FEIE N 4520 mm, AME 5220 mm, B 1/3000, RA—&RKEWHE
U R . CAEARE R B G ok L S AR, M SRR AE 530~600 m 2 JH], P S AR IR H
CUJ7 ARG, T2 T R KAL AR, B R /KAL i R K20 105 m, R TAEMEEHL T /KK
JEFIR/NA 10 bar,  HH R KAV BEI H 077 1008 AR . AR it T B o A TR ai sy, BgiE i
R 60~100 m, FRBethE FHCAE I RAF Gk B, TRV R E RGO . JE A T
HERER 7R A O IR IR S . SRR ) Lo WA B R R RS RE IR S
oINS S, FRIYD G RRD 1 R R o it T X [AE S K52 + 854~K49 + 500 B LMIGI FRAL o8 3,
AL TR ZKAZ BN 0~30 m (Al 7 [ b R K ALZHT s BES K49 + 500~K47 + 350 B PAP ARG o8
T, AL FHUFKALLLT 30~105 m, HhES K47 + 500~K47 + 350 A7 F- 11~ 7K A7 90~105 m.

3. ERBREHBNSYHE

EPDM( =70 & NG IR MG I 25 o o [ 48 B B I B Akl , — o 2 AL, B BT I i 45 1
SEVRE 4 J5 7 A 1 [ 3 ) 45 2 Bl R — g H ), i b B T R AR e H TR BR AR A I,
BRI BB VERS K BRI o H T SeBp it L R AP AR M e b AT B R e T, W S s B SRR, R
ansys A FR TCH A TAERE « DU FIGE[14] [15]: @ =704 R B3 EPHRHG L B ANE R H
AL FEHBEAE SRR @ FHHBIEEGE LR AR R4 A2 @ JREE L1 A
B HRMRRZ, BRE LTS A ENIEL S @ A IR A B

EEXT IR IR B R RA Y T2, BN AN 1R 2 T IR RE R 7 R A 56 2 1 AR R
BR%L: 41 Mooney-Rivlin %!, Yeoh #74[16] [17] Mooney-Rivlin #5751 A] DL # i K28 E 14 R 1] R 11t
fFR T, RIAR TSI RE Mooney-Rivlin #5274 2 SR IA =70 L A IRA R BE -

W(1,,1,)=Cy,(1,-3)+Cy (1, -3) (1)

At ORI REE R, C, N Mooney-Rivlin REL, 1,1, A5 —, BN KEAL . BB R
& E,MBIYIEE G AT RA:
EO

C 2+n) @)

BT A0 T SRR AT R, AR BEAS o] IR i 1 v A VAR L 1= 0.5, 2):\Af3 E, =3G -
EPIRE G 5efE E, 5 /% C,,C, NKRAN:
E,=3G=6(C,+C,) (3)
it C,,C, NERIE C, =4C,,, @ErfesatEtie E, 5SEMELREC,),C, WA R ZR . B
BE— MG O AR T, AR PR HA RIS R & B 80 o8 R [ 18]
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Table 1. Properties of EPDM
= 1. Z R CARBERMRIERE
2y i - PagioE up it
AR 7.08 MPa
C,=0.944
Mooney-Rivlin Z%{
C, =0.236

4. ERBHBRIEYT

JEAHUREE I T A b, 75 EHRRAE ol T AR I T A0 3 BRI 2R Dy B VR
ARG CEN Lo YOI R EZ R RS . IRAIEREE . Maa . MINES, FIRYIN IR, £
Lerpofag, M0 LA DAL FACHEE R, R BETE Y s B B BRCR K E Ik 7y PR s B
BHERE B E BEE 10 2 R . B8 B8 R s BRI 2 TR, X SERR {3 (8
BT, LA 1 PR
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Figure 1. Segment gasket
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Figure 2. Geometric dimension of segment gasket
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K Z4E plane182 H AR TG, AN A A ICAT N B P 3 B 5 W A BE T[] e B Tl -
i 4% ik (Surface-Surface), & P % B AR M 4, ] CONTA172 Houkifl, BB &% i ol e
B YA B 2 T MRS AR BT (11 2 5 4T ST, WA B AT, A8 H] TARGER169 H TR .
$10,929 T 11,633 ANTT, HINEAT [ 5E T AR, X BRI 1T A RIS 2 o A
MRS v n e 2 fros.
5. EREHBBHMRSH
5.1. EREBEHBREREBR W

B R BETRA R BT, T HARZ B R, HZ AR R AR L 1) i, AR AT
WO T EAE S R i B 2 KA i AR, I S R AR IR R g sk it S A 5, Sl A
BRI RG2S A K.

ARIEAUBR T W19 1A SCHR[20] i HH R T ARG 4 560 3 1) 1 B A 5K

Fh

L= 5
E, ab )

LRI R AE R, F oSS, h ORI A R, o R B B, b RIS
HHE, E, QRS ERNAIEEE, E, =iG, i NBRIRHRE R LTI ARAEE B 1) 5 m K 7,

1=3.6(1+2225°) , S TR T2 LERDRRURBUITANS FTIELZ L, S =— ("b+b) . GBI
a
AR, (1 DU B O 8 BB IO STE, SO REIT S W/2: S = (Zb+b) ,
W SSSEARIE A RAL Y 0.6-1, BORIEARALASAL.
® WIS AT RN A AT
E, abL
R ©
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Figure 3. Compression force of segment gasket under different compression
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HI P 3 AR S AR IR AR Y 5 mm I R4 77 1.69 MPa, AR¥E(EHI S AER IR, i
JIR/N A 1.69 MPa, KT /KR IIF, il 2 8 BB B 3 B 56 A, DRAIE 18 e B S IR B S P e

5.2. EREBHBGES T

Von Mises [ /35 S 24 ICAR AR LU REIE B — @ RE L, MRDT UG Jm k. Hfd M 712 AN A
HARGE I FE A X WS = AR S g, Sk T S B IR R B B D), 2 R R R S AN T
JK s 0 V5 B 2 s R R S e RE R 4217 [22]

M AR CREREIE 7 T3 R KAZEAR R KA iR R R R OR 2 105 m, R AR T /K e K
JIR/N 10 bar,  HIR KA BEIR B 07 B ETREAR . 8 B8R BT K (0 1 R LS i A A 1) B A
JREA %4 o ARIEE BT BORLRVE P PR AT AR, I IUE P ORI SKIT DN 6 mm, 5KIT M
ME R T 2 B o PRIEA SCR B AR A BN 1. 24 34 44 5. 6 mmo JR4EHE 5 mm X (1)
A R R OKIKIT R 6 mm A7 H .
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Figure 4. Maximum Von Mises stress diagram of segment gasket under different compression
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Figure 5. Maximum contact stress diagram of segment gasket under different compression
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Figure 6. Von Mises stress nephogram. (a) Compression 4 mm; (b) Compression 5 mm
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Figure 7. Comparison of compression force values of segment gasket under different compression amounts
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