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Research on Aging Performance and Service Life Prediction of Rubber
Sealing Gaskets for Shield Tunnel Segments
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Abstract; In order to study the relaxation law of the contact stress of sealing gaskets under long-term
compression, the thermal-oxidative aging tests of the sealing gasket at different temperatures were car-
ried out. ABAQUS software was used to establish a three-dimensional compression numerical model of
the sealing gasket, so as to analyze the stress distribution inside the sealing gasket and predict the ser-
vice life of the sealing gasket based on the test data and the time-temperature superposition principle.
The research shows that the performance retention rate of the sealing gasket gradually decreases and
tends to be stable with increasing aging time, while decreases with increasing aging temperature. With
the increase of compression, holes tend to form at both ends of the sealing gasket due to warping, and
the greater the compression, the larger the holes. Therefore, on the premise of meeting the waterproof
requirements, the appropriate reduction of compression is conducive to improving the waterproof per-
formance of the sealing gasket. The contact stress between the sealing groove and the sealing gasket is
overall higher than that between the sealing gaskets. According to the calculations based on the time-
temperature superposition principle, the compression of sealing gasket by 9 mm can meets the 100-year
waterproof requirement of a certain subway Line 1. The present research is of great significance for im-
proving the operational capacity of a certain subway Line 1.
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Tab. 1 Basic performance indicators of the EPDM

sealing gaskets used in the test
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Fig. 1 Size and shape diagrams of sealing gasket samples
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Fig. 2 Compression fixture
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Fig. 3 Instruments used in the test
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Fig. 5 Sealing gasket in fully compressed state
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Fig. 6 Nominal stress-strain curves of sealing gasket
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Fig. 7 Curves of compression of sealing gasket before aging
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Fig. 8 Variation laws of performance retention

rate of sealing gasket

3 EHBARTHE

3.1 ARTKEBET

T I A BRICHE A ABAQUS #E 7 [T 45 T2 I %
FHGRE ) = AR R, T
T AR SRR A A X K, A T R T A
NI EAT 3158, 4% Bl 12 % B4R ABAQUS
9 3D Stress H.7T C3D8R , A5 AU L 4R F 7 Thi {4 B
Jok 5 WA i 9 i

11

- 5

T

K9 B = AE R A

Fig. 9 Three-dimensional numerical model of sealing gasket
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Tab. 2 Parameter table for different constitutive models
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Fig. 11 Comparison of different hyperelastic constitutive models
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Fig. 12 Mises stress cloud maps of sealing gasket
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under different compression amounts

4 FHEHBRZSHR

4.1 BHEEMERE

P I I3 — i D7 3k, R AR S ]
JH s bR A 2 7 3k S 8 ) 7 R I [ A 2R B
FERHAERE Z AL H Y

A EIERT , EPDM % H 44 PEe & 1L
TR e Arrhenius 72, W= (1) s .
k =Aexp( - E,/RT) (1)
ok OB A S HEBGE, AL ROV )R
WG ACRE ; T R4 R BE s R AR SR R
R T, AZHRIE, S50 T 1Y R 3
N ko BB T AT B R, MR T 1
DA ke, 5E S ks kg AT RIS T 0P A
% CYT,I)IIJ:
a, =exp(E /RT - E_/RT,) (2)
H20(2) P IRIRTERLA 10 SRR, nIfS )
lga, =b(1/T - 1/T,) (3)
X b=(E,xlge)/R,b HHHL,
i (3) Al g, AN EE R A A% D AR 0 4
5 R EIBUR LR AR
KB E vk Wl EPDM %5 B 4vi iR T /Y
WA A Ay, B 2, AR a0 A A HE 1S 3 & g
LR B I S 2 A I 1], 8 SO IR 50 IR i o 2
FR B PR o 1, AR 8 25 U R E TR
Il 2 A I ) SR A5 A 130 B2 1 ~F B8 I 1
H1 T8 D 5 B o 50 i B A R R R 2R G R
PRI PT LA 3 5 il T 188 X 7 B, A1) Ak
Wi K H IR R RS R R T A B
P #2005 15 2 H I T 5 B R RE IR Ay
SRS [R] 14 728 Ak R, DA T 00 2% S 40 IR T 1Y
AR 3 i o

4.2 EHHBEGHNTRE

AR5 EPDM 5 1 48 P 28 A 103 M 7 7 48 5t
K R R B L e ik S o B A AR AL
FAF(23 °C) TR AR

AR 1 -5 A Bt SCPF T, Bk
S °0.209 MPa; Hi i 560 0 52 , 24 %5 B R 46 =
9 mm I, WIAGHAMLN J1 0 1. 565 MPa, A, 7%
THF Py =0.209/1.565=0. 134, A E
IR, MU Origin BRPFHEATARZM AU G, nI 15
A BN ERECR R R P S B E] ¢ 2 R ok
Zi, H, MR R ¥IRT 0,99, 4%
Py =0. 134 fLA P 5 ¢ (5 R 0P BESITTI L 4%
HRE N B RSB E], AN 3 TR

BOE BRI IR BE (70 C) TR R
1, MR 3 i i & ik B BE, AP B 85 C &
100 C FAFRZIA T, 4k 4 fs

i IR B A S TR, A R R P A%
P A RS R BRI AP G AR, RT3 4 2L



5 2 19

WA 55 AR A P AU et 4 S A M REBIE 50 B R4S A i T 71

R 3 FHiBRE THIREATE
Tab. 3 Failure time at different temperatures

it s AT
e P 5% RR o

70 P=0.88272-0.069 47In(t-1.530 1) t;,=47 936

85 P=0.594 56-0.052 78In(t—1.996 01) 1t =6 163

100  P=0.527 78-0.058 88ln(¢—1.991 28) 1,5, =804

*4 FRETHEBETF
Tab. 4 Translation factors at different temperatures
RE/C BFRE/K VT FEETFa g

70 343.15 0.002 91 1. 000 0. 000
85 358.15 0.002 79 0.173 -0.762
100 373.15 0.002 68 0.027 -1. 666

P&, FIFH Origin B AF AT LA AT A3 2R 5
FREHNFR LR, HXRAKXMWHLRE R KT
0.99, 4l 14 Fizs, B TR 7=23 °C(296. 15 K)
AR R AT 1gay, = 3. 610, #E— K15 ay, =
4 072. 865,
021
0.0
D2 B
-04
-0.6 |
5 08}
T 1ol
-12
-14
“L6F
-1.8 L 1 L 1 1 .
0002 650 002 00 o271 50 002 %00 Q02 %50 002 900 002 95
/T

Kl 14 AR TR I A HA ML AR

Fig. 14 Fitting straight line and relational expression of

1ga=7 711.687 66x(1/7)-22.429 88

translation factors at different temperatures

85,100 C i FE T I AE 2 AL B P78 2=
70 CF RIGFAERE I F o,y ¥ 70 °C 5
B HAREALIREE (23 °C) , W53 [ SR 21k iR E
TR ERAPERE R P S5 ¢ B, A
FH Origin X8 5 (0 8R HEAT AR LML G, vl
REIHREIRET P 5 R, dE—
HAREALIERE T 100 a J5 B B PEREIRFRR,
mE 15 Fios .,
M 15 7145, 546 9 mm T00F %5 E 44 4%
2R, WAl (4)
P =- 1.087 9In( 0. 046 883Int) (4)
¥ 1=100 a=876 000 h LA LR T FET] 1585 &)
HIPERERAFR N 0. 483, JE— 15015 100 a 5

10y = . 70C—23C
° 85C—23C
A 100°C—23°C
g 08 —— MR
K 0.6
04
qm
ul
04F P=-1.087 9xIn(0.046 8831In7)
02 f A
0 1x107 2x107 3x107 4x107
ZALR ] /h

K15 wEH AR EeihZ

Fig. 15 Natural aging curve of sealing gasket
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