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Study on Mechanical Properties of Epoxy Resin for Joints of
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Abstract : Epoxy resin is a kind of plugging material used in the joints of shield tunnels, which has broad appli-
cation prospects. The systematic analysis of the influencing factors and change rules of its mechanical properties
can provide guidance for the design and construction of the joints of the tunnels, thus improving the waterproof
capacity and extending the life of shield tunnels. In this paper, the stress analysis of epoxy resin material is car-
ried out through experiments and numerical simulations, and the influence of related factors on its mechanical
state is explored. The conclusion is drawn as follows: () The bonding strength of epoxy resin: dry adhesion> wet
surface adhesion> complete; in the underwater environment, the bond strength is relatively high under dry and
wet surface conditions, and the difference is not much, but the degree of decline is more obvious in the com-
pletely underwater environment. (2) As the bonding thickness increases, the bonding strength of epoxy resin de-
creases, the unevenness of the bonding surface stress increases, and it is easy to cause damage at the end. 3 The
low modulus epoxy resin material has strong ductility, which can reduce the peak stress and better resist the de-

formation of the pipe joints. @) As the displacement of the tube segment increases, the stress on the epoxy resin
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bonding surface also increases. The opening amount of the tube segment mainly affects the stress value, and the

amount of misalignment of the tube segment mainly affects the uniformity of the stress distribution. 3 The

greater the water pressure is, the greater the stress value of the epoxy resin bonding surface is.
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Tab.l Main performance parameters of epoxy resin

material
Item Slurry performance
Compressive strength/MPa =70
Tensile shear strength/MPa =8.0
Tensile strength/MPa =15
Impermeability pressure/MPa =1.2
Osmotic pressure ratio/% =400
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Tab.2 Bond strength of dry and wet interface specimens

MPa
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bonding bonding environment
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Fig.6 Bond strength test curve of dry and wet interface
specimen

G B AR T I 0.74%  WIR T ZE & B 56 2K T 3R
S5 BHAE IR N [ 38.2% A5 RAE W BN A IR T A B
B MRS ARME T BB A B R R A 2E AR,
BAESE 2K T IR T e RO W 2

MR 23 BT, 350 1 20 80 g T T 2 7K 2
B TE 8 B DR K T LA Wt AR R A R
[ ARJ5 7K 23 AT Y 78 W PRI b R A B B 1Y B
L5 L X8 T A A8 K R 2 4 4 D T R 3 T 2
R, HIFEM IR 2 R REW O B S 20%
BI7K  FE 58 4K R BT O K 23 50 B 45 S T
AR T — R LR R B4 R

1E S bR AR X i 2K 8y ™ T A 5%, n]
Je AR TRV SE MR, 768 T i P 4% 2E i 50~
100 em Ak 4%, W20 38K 5, P40 2R 4600 i i T
PR A A5 ) BE DR TR e B 28 40 0 B U R Y
IR ECR B 1k KB
32 AEFEEERAFHEESN

22 B CRE SR K IR RHR SR 7 1% ), il £ 7K e
WA N B 25 bt 102 He RS 70 mmx70 mmx
20 mm , 7545 1 S256 26 08 T R4 SE UG HCE T
AN [F) R ) ik A BAE | SO R 25 T R,
PRERAE L BRINT AP ACHT BE D 9% B | 25 B i 2L T
TR, KPR EM IR IR A 2H70:B 2H 70 =2:1 Y 1L

http://www.cnki.net



54 LS N 1T NI S

2022 4F

B RATEFE S min J5  EABLEAE , SRS NS
WA M LR EE G A — &, RS2, &2 i
(IR IR 2 I8, KR 24 h DA B R 3RS s 40 2
BIE S, BR 25 mk IR BLAHE . 43 50l i 45 B 45 )2 B
3,6,9,12,15 mm Wil fF, HRERE 54, It 25
H BRSSP 28 d 5 BEAT R

TE RG2S P AR e v | far 45 Bl 2 157 7% 1) 185 i 1
i, 24407 B ik AR R (R Bh 45 L & gk 4l
TR ) < PR R 7 i) P e 2 BB IR, A (] 6t 45 52 B 1) i A
T i B Ml 7 iow . B 7 ATAS Bl 5 26 45
J2 R RE RGN, e 2 I SR B R 45 R S8 1 ey 808
AN DEREHE A, BE LRI B Al o B B A TR A B
M/

4 000
3 mm
6 mm
3000
9 mm
—% 12 mm
22 000 [
— 15 mm
1 000 [
0 | | ! | |
0 1 2 3 4 5 6
Displacement/mm

B 7 FEFEEERFOEH-(® %
Fig.7 Load displacement curves of specimens with
different bond thickness

B A ] J52 2 3P ) A IR B 7 3% TR PR A 28,
e 8~&1 9 B, Ml Al ZhE5IREIE/NT 9 mm
I, Bl PR AL B i J5E B8 ) 96 RO T 38 A, T 244 286 45 )5 i
KT 9 mm i, J5 BRGS0 X7 A 48 5 5 AN B
LR IE/NT O mm B, JR A0 HE 0O 1 I 2 AT Y
BEAROF AN B, TS 645 R T 9 mm I, IR
LG B N

oo
W (=)
T

Limit displacement/mm
WA
)
T T

1 | 1
6 9 12 15
Bonding thickness/mm
B8 A[EZ%EEERMRRAAR
Fig.8 Ultimate displacement with different bond thickness

>
=]

(O8]

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

4 000
3500
3 000
2 500
2 000
1 500
1 000

500

0
3 6 9 12 15

Bonding thickness/mm
B9 FEFLEENNTIREE

Fig.9 Failure load with different bond thickness

TEWE T B 1Y R A5 A B il b 2 o B S0 IR
RSB R AR S AR AL RIS R A T R
Sy HTRG A RN DIRZS . PRI L 45T A BT
1 Mises W 740 A 4n &l 10 Firon . 43 M al A, 2l 45 )5
JE RN IO ) 7K PR (ELTE )N | R g 3 A1
A T V2 S S B4 I 3 S AL A JEE )N

Failure load/N

|

o I 3 mm 6 mm 9 mm
= VT 2mm 15 mm

2.5 | ! ! |
0 10 20 30 40 50

Route/mm
10 AEAEERMFMEEE IS
Fig.10 Stress distribution of bonding surface with
different thickness

A S i 2 28 4 ke R 32 L AW i S R oy T
L 4R R BLGE  AE IR B4 A R AR IR RS B
LY G, & G BURBEA RN R BARBIR
N 10 Bz 16 J5 B B/ INIE B g o3 A B3 2 Bl
NG R IR BE RN, R4 i v i o BE N A7 4R L
G LI SR LT, By A6 F 4 T S 7 A 1
IR RIS, B0 400 A4 R [ A i i rp 237 A AR R
Wi, 55 7RI 2 N ™ A 25 B MR RS, Bl b 4
JZE TSGR, Al i 7= A B i s B P 2R S
R, BN AR NG HE LS 625 T 7870 36 i, 1R
B 5 PR R i 2 B B BT R S T R |, B 4G R
JFERRAE,

Zi LRIk g 45 R R BRI R R T, R U
AN FREE R X AR B K R =% 1 A ], R 45 )8

http://www.cnki.net



51

X A5 TS R A R HEAE 1 PR AR R ) 2 R R Y 55

JE RN | R gy A A 5l sl G i 8 0L ) A B
G U0 FEOR B AT REVE o TR B S I A R
PEATHESEARAR I, R i o M AR R IR A T
AL IR BG4 )2 I N T R R LA By IR IR
UL 187 NPY [ 1 A0 N PN /U e SR W 7 =1
PR R 5 i ) A R 2 I 2 TR 4 fid i 5L i
2B, DAPRUEZE 25 o6 5 FIEE T RCR
33 AEMBSHENFEEST

BRI T A T B B0 S — (A 35 S W AR
FARE, BLA R0 1 S SR T S Al R op R0
Iy 1= RO G- AR DR 2 | 32 SO N LX)
f T B, B ST A A S AR A R R R
7 FAFEE L Th BAORE R B B A S A 2 1)
— B Z a8 B I TSR 2, BR AT I S8 A

PEFEANIR] | Z A )™ 18— b e 45 B0 S A I A1
B, BEAT BRI S 7R AR P, IS B i 3k
R IR CE - RSE TR Ao b ) 3 G E N LE = St
PR 2T 2L i Ok B (RS PR T R, B A5 A
T PR 2R SRR SR EVE IR | TC BBk R B TR 4R

UNEL 11 Fr 7, % He AR AR A S i i 3
LR TR, e B S S A 0 o 4 8 S 5y
AR SR B T 4, (R RS2 RS /) LR TR RE ) 22
7T APRASE B B 800 I B A A BR 5288 T, R A i
JE A BE A MR DAL |

700
600 -

500
z
= 400 -
g
— 300
200 |
100

0 | | |
0 4 8 12 16

Displacement/mm

11 REM IR E RS 2 5 i 06 ih 2%
Fig.11 Uniaxial tensile test curves of epoxy resin of
different materials

TE 3 5 55 B a8 25 A AR TR (45 00T, 7 7
T PR S8R i A ) 1) A PR TS 8 | 58 BRURE J80 266 45 1T
R Y Mises W 43 A6 A0 12 iz 4 B 2645 T
R AR FLAE R WY . i 45 i BR SRR (9 0 )
IR L T3 43 A B34 50 5 IR s B S8R i B g
IKAF/IN i PR A AE I 3 B v I 42 5 R PR & 35 4
B Rg , BEAE fe K 32 17 1 FRAIS 8% .,

Low modulus epoxy resin

High modulus epoxy resin

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

3.2

3.1F
30 Low modulus epoxy resin

High modulus epoxy resin

291

Mises stress/MPa

2.8}

2.7 I 1 ! |
0 10 20 30 40 50

Route/mm

E12 AEMMHNHREREREEEL NS
Fig.12 Stress distribution of epoxy resin bonding surface
of different materials

g5 Lk, BhEhE 32 01 IR BR AR G
LG B 3 RS AT 5 R R PR e e A 7 4 5 B 1 O
BRI Z A R AEUR BE Rl G R R A, R R AR
R 107 2, B 45 T8 I 0 o AR 34 50 mT R 280 A
Y- B RO RS /N AR T RE 1 25, 1V J1 K7
K, — H AL B & A bR IR | 2R 53 T
AT o IS i B SE0R A ek EL A i ) S R
A BT IO S W, (o 75 0 &5 1o 1 ) PR 5 A 5 /I K
-, N T B AR AL  REBLAFRPLARIE

FE TG A AE R 3 T AL B, N A B PR A R 7
Bhah w1k BHC K R SR M 4R R o A e
e IS B R U TR | BB IE S I A R AR AR
AT B 1k 45 2 A W M IR B v S Y B K
AE T, PRUE RS A S5 TR AR |
34 AEAERMABEADZHEEST

FE AT BROCHE Y (g SE Rl b, 5 Bh 45 R R bR
B M ARG AT SRR AR | B AR A R B O R A
T RSS2 RN RS o PRI R 45 T A
R 6 Mises 740 A WK 13~ 15 s, K
X M R IFE Y ME RS S, mm,

%
Py
[=]

35
< 3.0F
=S 25+
S > X=0.5
£201 X=1.0
g 1.5 X=15
= 10F X=2.0

0.5F

0 | | | | |

0 10 20 30 40 50

Route/mm

13 BERKARFERLASH
Fig.13 Stress distribution of bonding surface when
the segment is opened

http://www.cnki.net



56 LS N 1T NI S

2022 4F

2.5
o]
= 201 Y=0.5
?g sk Y=1.0
2 Y=15
g 108 Y=2.0
=

0.5F

0 | | | | |

0 10 20 30 40 50
Route/mm
14 ERFEAMBEENNKE
Fig.14 Stress distribution of bonding surface when
the segment is dislocated

5.0
< 40 X222
£ 30
- X=2
£ 20f
= 1of y=2
0 1 | 1 | |

0 10 20 30 40 50

Route/mm

B15 ERRF FENBEFEN NS
Fig.15 Stress distribution of bonding surface when
the segment is opened and dislocated

Xof 235 SR AT X G AT A A R A S B R R 1k #)
FhESWEIOIRAS T, B B RS 3G, I g bl 22 36

% L8 & A R AR B G L RSk
AR I E KT8 Rl = A W 0 {8, B ) B
Rk T AR K K B K T R A B
IR AR B 5 R UL, 45 R ok T B 6 45 T Mises L
FHER R, XL E 13, 18 14 W8 F 40 A, vl
DL Y, B & A A8 ok o st 286 40 1T A R T 4 A
B AY S kA A R 6 I 26 45 T Y N ) 43 A
A SPIRAS , FLAE & B R Y50 88 BB s
U, B RS G Y A4S T Mises [ 77434 )

xR R R & AR OT B Gk EE 1S 1
I A7 A% 0 Ak Sk BE B A8 LA H G i, 50 mm Ak Sy
iR T VR S A TR = S i R TAA R E RS
JIN 38 Vi ) L A B3 K, FLRE g Je KAE AH Y F Bl
KA R RIT B A RN EE N, B R e &
A BRIF B IS R AR B R W R T3 AKOF | R 2
T Sty #5014 02 F 4 o B e A S B IR  ELRE IROKS K
ARG AN B 328 U 1

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

3.5 AREKENRDZEED

FEA FROGALIRY g REAl L, 35 ) 55 200 g 41 2
BB R A AR AN 0 B 45 T St i AN [+
(¥ #7K F 77°0.2,0.4,0.6 MPa, 4317 6 45 T 149 1 77 4K
Ao PEBUBIALEREN T A LR 9 Mises 1 73 73 i 4l

& 16 i,

0.5
& i 0.2 MPa
g 04 0.4 MPa
£ o03f 0.6 MPa
£ 02f
S

0.1

O | | | |
0 10 20 30 40 50

Route/mm

B 16 AEKEMFEENASDE
Fig.16 Stress distribution of bonding surface under
different water pressure

28 3ok 68 LU A3 A AT RN K S RO 28 46 T ) N )
(BB K, Ho7K s 77 4 P T 30 v A 149 7 7 KT 328 7K i
By, AKEAERTE W A AERE B 7K i 10 mm &b
TR 42% , BEIE 38R, N 10 mm 4 E] 30 mm &b, B
TIE B IR ZE , N 30 mm AL %] 50 mm Ab, W g it £k
BNVG%  SEARLERE AR 5 e H W7 /K 52 i 1
YAE R 25 U K S T 3/5 Ak

4 iR

i3 % N A FROCTH SR IT AT, R4
Sr BT T IR SR I AR R R P 4 4 T o A
M A VERE , ARAT T AN [R] 0 A B R T | B4 )R
JE RSB B R LR R KR 1 2R S
REAS AL MLAE | 2543 X LU i 245 2R 5 B AR AL, 45 1
451t

1) FRAM RS TR K B R 0 T A A K i
DAL AE BN E A I AOCR R4, HTE#E W
TG 3 25 R B B 40 50 R 5 e ELAR 22 AN K (AR 58
UK TG T R ROV B, fESLbR TR,
XTI AR BN A EE , BB HEAT R K
o FH A 40 T 988 1 O A 2 ), DADR IR A o A9 B 45
SR,

2) PR R 4 i R B R R A T /s
TE TS BE RN L J1 73 A B34 50, B A R 4 = TR
A3 TI0 , %eb 445 1 s 08 £ B NE A7 S R BRI 7 AN 8

http://www.cnki.net



51

X A5 TS R A R HEAE 1 PR AR R ) 2 R R Y 57

SIREFENNE , By A i o 7= AL IR A6 A 30 S i
FAREIEAT HE S AR A I | I 4 o) JE A R 5
JE G R BEAE R

3) R PR AR R 4 5 R B, RERH
SR ) 28, (R BROZ A2 /0N BLAR B e S 22, — A
B g DR e AR R Ok 235 RE T o T
ERASE 5 P S i B s R A 1 S R Y T RN
Ty VAR, (A5 b &% 11 PR AR BN RSP T
R IREEAL  REB RIS IE | BT I B4R K A e
PERIR , DRAE SIS 09 3 T R

4) TEFRENRATRIR B B R4S AR S R,
Fr (A2 38 K, Bt 22 K AR R SKOT R R 2
M 58 0 T RO DAL, A8 R i £ R R WA B 4 T
MRS RERE . A R R R AR BROT B 6 e
AR B L 7 K-, 3 FSC R 4 T s 3 P I g
by KAV E W, BB e A A A R 038 o i

5) AKIEAEI, R NEFH 45 T A9 B 77 (EBOR
LK H I A R T 30 g Ak 9 B2 ) KT 328 7K S 1oz A, 7K
52 Wi 905 240 1 R 45 Al /K i i 3/5 Ak

Sk

[1] MCINTYRE S,KALTZAKORA I,LIGGAT J,et al. Influence
of the epoxy structure on the physical properties of epoxy
resin nanocomposites|J]. Industrial & Engineering Chemistry
Research,2005,44(23) :8573-8579.

[2] St FEAEN B bR G 3 U AR B 2 38 I 2Kk R BLEOR BF
FED]. P AR5, 2018,
SHI E[J]. Research on the testing of leakage materials and
the technology of water leakage treatment for highway tun-
nels in service[D]. Xi’an:Chang’an University,2018.

[3] G IR LR  AHTT . 2 W01 B S i 3 T A L 1 £ 751 14 B o)

[J]. SR K ,2017(20) 1 1-5.

ZENG J J,YANG Y L. Development of curing agent for

flexible epoxy resin plugging material[J]. China Building

Water Proof,2017(20) :1-5.

WIR AR A 70 . K P B i ) BR U IR S T A4 Rk B

FE[T]. i TH AR ,2017,8:94-96.

ZENG J J,YANG Y L. Research on underwater fast—curing

and early—strength epoxy resin plugging material[J]. Con-

struction Technology,2017,8:94-96.

[S] XUt B ARRSE. PREES I ) 5 R E B R 10 7R B 35 7K
AR i B ). L PG EE AR, 2019(4) : 166-168.

—
s
=

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

LIU S X,DAI T H. Application of fast—setting leak —stop-
ping agent and epoxy resin mortar in tunnel water seepage
repairJ]. Shanxi Architecture,2019(4) :166-168.

[6] F RWE  HEBLGE KB 5. R TIRRICICH AW IR R &

Py B BT i A 2R 3 T AR B B PE RETEAND). B MUIA S
SEH M ,2020(4) . 1-23.
WANG Z H,CUI K X,JIANG G C,et al. Development and
performance evaluation of temperature—sensitive and expand-
able plugging agent based on shape memory epoxy resin
polymer[J]. Drilling Fluids and Completion Fluids , 2020
(4).1-23.

[7] BEf . 7538 1 000 kV 28 3t 45 o FE 25 A 8 1A% 5 1 Bk
TE H 4 B K IR B 5[], BEIE 5 BUIE 2S5 ,2017(S1) 151
55.

CHEN J W. Waterproof test research on joints of shield
tunnels in Sutong 1 000 kV AC UHV comprehensive pipe
gallery project[J]. Tunnel and Rail Transit,2017(S1):51-55.

[8] & M. & TC 2 M Bk 42 0 55 5 42 IXC 1) Bl 7K P RE 3l 8 T 5

[D]. dt3 . d E &k K57 ,2018.
DONG L W. Experimental study on waterproof performance
of prefabricated metro station and subsurface excavation
section[D]. Beijing: China University of Mining and Technol-
ogy,2018.

(9] W ML, i 4 BR T8 R H S AL R ) SRR PEBIE SE[D]. AR
VU g A3 K%, 2019.

PAN ] X. Study on the mechanical properties of the caulking
material of shield tunnel segments[D]. Chengdu : Southwest
Jiaotong University,2019.

[10] 222 W FOMEA R 82 55 J5 14 B 08 48 Fr 4E i Bk 4 4
1A R S AT Bl AR BT, 2020(10) : 1-6.
GONG Y F,JIANG Y J,TANG Z,et al. Analysis of mechan-
ical properties of unshaped caulking materials for shield
tunnel segments[]J]. Railway Standard Design,2020(10) :
1-6.

[11] A6, XB %, B8 28 Mooney—Rivlin 45 % b1 4
By 5E )] FRAPAR B 5, 2004,25(4) :8-10.

WANG W,DENG T,ZHAO S G. Determination for mate
rial constants of rubber Mooney—Rivlin model[J]. Special
Purpose Rubber Products,2004,25(4) :8-10.

[12] YL, 00 [ S 2% . T ) B T 4 4 o e AR B R
WFFE[T]. S AR 58 K224 4k ,2020,37(2) : 30-37.

JIANG H,LIU J G,ZHOU ] H. Shield tunnel seam gasket
design and test research|J]. Journal of East China Jiaotong
University,2020,37(2) :30-37.

[13] DUGDALE D S. Yielding of steel sheets containing slits[J]].

Journal of the Mechanics & Physics of Solids, 1960,8(2):

http://www.cnki.net



58

®
S

N
e

A

2022 4F

100-104.

[14] BARENBLATT G I. The mathematical theory of equilibri-
um cracks in brittle fracture[J]. Advances in Applied Me-
chanics, 1962 ,7.55-129.

[15] SUKUMAR N,MOES N,MORAN B, et al. Extended finite
element method for three dimensional crack modelling|[J].
International Journal for Numerical Methods in Engineer-
ing,2000,48(11) :1549-1570.

[16] CHANDRA A N,LI H A. Some issues in the application of
cohesive for metal—ceramic interfaces|J]. International Jour-
nal of Solid and Structures,2002,39:2827-2855.

[17] JIANG H. Cohesive zone model for carbon nanotube adhe-
sive simulation and fracture fatigue crack growth[D]. Akron:
University of Akron,2010.

[18] TR% BT . A5 0 A5 T A TG DR Yo e e 295 4 W 2 5ol P ) 52
W [J]. 7%k ,2016,48(5) : 1088-1095.

ZHANG J,JIA H. The influence of the shape of the cohe-
sion model on the fracture process of the glued structure[]].
Acta Mechanica Sinica,2016,48(5) :1088-1095.

[19] . BT 3R 00 BRIR 1 52 G b 03 )2 SR UL BT 5Y
[D]. BLHI . #77TK 2%, 2016.

GU Z P. Research on delamination failure mechanism of
composite materials based on cohesion theory|D]. Hangzhou:
Zhejiang University,2016.

[20] 2= M A, 5k T3, AR B, A5 KO AR TE R ik 5% M RL i

PR 45 2 WA AL BT 5E(J]. KA 27 42,2017 ,48(7)
858-865.
LI B Q,ZHANG Y C,LI Z Y ,et al. Research on design of
joint material and failure mechanism of adhesive layer un-
der water pressure and deformation[J]. Journal of Hydraulic
Engineering,2017,48(7) : 858-865.

[21] v, ok 3 st , X0 /MR, S5 o 4 48 B 15 45 4 3R IR R O
2R EWIRBEFEI]. KA 44,2017 ,48(1) . 70-77.

LI B Q,ZHANG Y C,LIU X N,et al. Study on the peeling
failure of polyurea—based coating for the anti—seepage
structure of expansion joints|J]. Journal of Hydraulic Engi-

neering ,2017,48(1):70-77.

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

[22] sk, B /NG5 o IR PO 3 0 TR B3 - BT 5y 2R

HZHFET) RN B R 4 (L AR AR RR) , 2018,
34(4):57-62.
ZHANG H Y,MAO X Y. Research on shear cohesion pa-
rameters of precast fabricated concrete interface after high
temperature[J]. Journal of Suzhou University of Science and
Technology (Engineering Technology Edition),2018,34(4) :
57-62.

[23] AR A, HET A 23R Dy B AL (1 A R 525 bR R B 43 BT
(1. & EFES TR, 2021(1):72-77.

DU X W. Strength analysis of miter repair composite ma-
terial based on cohesion model[J]. Composite Materials Sci-

ence and Engineering,2021(1):72-77.

FE—1EE XIEFE(1975—), 5 PRIl 4 F K2 iz
G TR RS W 5+ T . E—mail :635900036@qq.

com,

BEMEE R (1996—) , &, W W58 A, I8 B R 5 3858
12 i TR A B BE ST 1 3T PLIE S B T, E-mail
448444606@qq.com

TALH A 43

http://www.cnki.net



