Hans Journal of Civil Engineering =K T'#%, 2026, 15(3), 153-165 Hans XM
Published Online March 2026 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.153063

ESAMMER T C-TERGAERSMH NF
M RERYBUEIRIURA 53

x+&!, €A A2, K #, KFH!

YRIGF R 2 AR TR B, B
2P LRI TR TR AR AE, L

Wehs H . 20264F2H17H; FHBE#: 20264F3H10H; &4 H: 2026434 18H

R

ATFRE G WAER T C-THREEERANLEBLNTIBY M, BT ERESNHNASRL =%
HIRTOAERL, 5 T EKE IR EA R AEATHRZ R SRS ERRAR. S5RERN,

DAL ISR TR R RIAIRRIR A AR KRB AN B,  HARPR B &
BAERMANEENRR. THERFATEZ AN, LERENVINES RN AZHS5HAERER
AR, RESKFRIEIEMAL, Bk XRBR LR UL R oA E, R HILESER . SESRE
7, PEBSLHBIBOAN 4 6 BN L5 mm, BANEGEYMARE, EaWNREE RIFIHZEH
WEES, HRWEHE S BRER LRI 6B THERLA36%, RAMRRBRENTILRES TEE.

XK ia
C-TERM, YLEEL, AWM, HBIHee, HiEsml

Numerical Study on the Shear Mechanical
Behavior of Longitudinal Joints with C-T
Connectors Considering the Effect of
Composite Lining

Shilei Wul, Guolong Jin2, Ying Zhang?, Zixin Zhang!

1School of Civil Engineering, Tongji University, Shanghai
2China Shipbuilding NDRI Engineering Co., Ltd., Shanghai

Received: February 17, 2026; accepted: March 10, 2026; published: March 18, 2026

XESH: R4, £Ek, K, KT EAWAHERT T EEA M GBI AR BUE AT R ).
K T.#%, 2026, 15(3): 153-165. DOI: 10.12677/hjce.2026.153063


https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.153063
https://doi.org/10.12677/hjce.2026.153063
https://www.hanspub.org/

HO

2l

43

Abstract

To investigate the shear performance of longitudinal joints with C-T rapid connectors considering
the composite lining effect, a three-dimensional finite element model of the joint incorporating the
composite lining was established. The mechanical response, failure modes, and deformation behav-
ior of the joint under shear loading and varying axial forces were analyzed. The results indicate that
the shear behavior of the longitudinal joint can be divided into four stages: friction, assembly gap
closure, connector load-bearing, and concrete failure. The ultimate shear capacity of the joint ex-
hibits an approximately linear relationship with the applied axial force. The T-shaped connector
acts as the primary load-bearing component; its web yields under the combined action of shear and
tensile stresses, constituting the critical weak region of the joint. Concrete damage in the joint area
is dominated by tensile failure, accompanied by localized compressive failure. Numerical results
show that the joint offset at shear failure is approximately 1.5 mm, which is only marginally affected
by the axial force. Due to its favorable deformation compatibility, the composite lining reduces the
surface offset at the joint by an average of approximately 36% compared with that between con-
crete segments, thereby effectively improving the smoothness and flatness of the tunnel’s inner sur-
face.

Keywords

C-T Connector, Longitudinal Joint, Composite Lining, Shear Performance, Numerical Simulation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 3]

LRI, [ P JE A B 2 kR P AT A DR A I ST 3K, 8 i 58 i 2 IR I SR AT i %
K32 SR RE LR R BRI M A BRI L . Bl Kk e S A% % 4k

FE] PAY P ) % T R P MR AR B SR O 3, FE M, 2 0 bkRe T 5, IEHITELS, (HiBAFE—
SE Bk . — 5 T ZAOE IR T BAEE A BIRE T AL, MHI S R LA R AE ST, 5 SR BUR T
ZOFSI B RK R, & RIEAR S, 07, R R MN TaRAE,  i RCRAR [R] A DL RAIE
T[] LR, HAC SRR —FoRr B P e fF, H2 2 R B DM N5 4, PR FERL
AL BE % B B RFRE, AR N T T RN S i P PRRRS L (2] Bk, A AR A bR B A 1)
FERRETIL, EhoeBmer, I HRRRE ARG . eBM S, REERIKIERELF(3], 7ERSIE T
RErh BA T (0 R 5

R TT 3 0Ah,  FEAE N AR R AL IE TR A R R SR 32 AT = AR e . 3R mREE R K T
A, — M S BRI ADR I E S A RHE R IR . SRS NATEGEAES AT E, HRNR
5 i PO FEE PAY A A5 A ol ) A1 FH T 50 Sk XIS ) I 7 A% 3 #5425 A T U R TLA) - AT X P S 422 3k R B 1)
Wi 75 i 5 3 Pl — 5 R T

BUA W 7C B S R E A AR I ST 2B KR BERESR T, (H 23T R
Fi G5 o SEAR TS (410 3N FCPROE TS IR 2 AT AR LB AT 1 047, 38 SR A AR PR AR BT A~ 5,
FX LA TR IO REREAT 12— PR BRSSP T HSk PiR M B S T FUE 4 10

][l

DOI: 10.12677/hjce.2026.153063 154 +ARTHRE


https://doi.org/10.12677/hjce.2026.153063
http://creativecommons.org/licenses/by/4.0/

EE

SRR MOBHERE . JERE S HI L M R IR R (M )t A BREAE 6] i
TAFPEERAE A, TR TSRS, RS TR R ORESL BTSN SIBYRIE. Bk
AR BT SH WIRAET] SR C-T PROEIERAFIF I 7B TT, SRTUHT BLE It IRAR B RS, )
i 7 IR R RIRARAS, IF BRI T B HE S SRR IE B A PRI KB U 24T, T
TR A B AL SR BEURIZZ LRI A s H TSRS 1% C-T POdIEBAFIF g 133k
B, RIURH C-T POl 0 KA 32 I U B2 JaPERE . BRI 32 Ty PR AR 4
M. 8T, EIRBFFKZ T —REEL A BIA R, B W S 6 AR Bk S

T, AT TREE S, WAL T 5 IEPRNE & AAHERTY C-T PREER P ek =4t
ARG, TG WS 55 T NGRS BY ) Ty 2N BRI Kl 6 RTEARRAE, S8R G
A BRI E L AN BBk 32 ST N RRE B, DA AL RE e R 5 BT PO A 1 ) B T R A 0 G
2. C-T RIFERHFHYIHERBLTR
2.1. JU{RE

TR IRITHA ABAQUS MHAT =4ERBIIHT, HIEFIPGEH P C-T HRkEHBYIERE LA LRSI
A ASGERAA C-T Bk AEA TN R o AR AR IS A 172 7098, Oy 675 mm, L 300 mm.
BYUNRALE BB A BT I R T B U S = A AL Ferkr, Ao A BY IR 1 ST D 600 mm, A
BYPI BB U O 1200 mme A E T BAR AT, S AR LT REAT 5 BT 46 1) DRI AR IO IAE S5,
BRI 1L 7K 5% LA B A oAt Boa Bk B UM RE e 2) ATEESRAUE B Hk 9] (B D).

600 1200 600
| | | |
< LI
600 1200 600
1 1 1 1
b2 3 K N
N N N N
g MM = g [Om =

289
297
285
297

Figure 1. The size of specimens (mm)
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Figure 2. The components of numerical model
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Table 1. Steel constitutive parameters

= 1. MM EHSH

Mk #E/g-om™ SR PEAS B/ MPa TAFALE JeE AR g IEPERIAR
300 0
HPB300 7.85 210,000 0.3
420 0.058
400 0
HRB400 7.85 210,000 0.3
540 0.068
310 0
ZG310-570 7.85 210,000 0.3
570 0.124
support 7.85 210,000 0.3
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Table 2. Concrete constitutive parameters
F2. RBREAMSY
HE/g-om™ 52 HMERIE/GPa JERRLJ1/MPa e R AR %R 5 /3/MPa pEL 7=
24 C55 (J%) 355 30.25 0.000727 35.5 0.2
2.4 C55 (h1) 355 2.74 0.000035 2.74 0.2

SENHHLYIA it T80 DA BRI ik, 5 41 it Rl 38 R FH 28 3 P A Ry A
B, O MHRSERYE (FUEA2E TR RN R LB /KEE) (GB/T 35470-2017) [121i&FE (. 3).

Table 3. Composite lining material parameters
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Figure 3. Relationship between offset and shear force under different axial forces
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Figure 4. Connector assembly gap
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Figure 5. Closure of the connector assembly gap
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Figure 6. Relationship between axial force and ultimate shear capacity
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Figure 7. Deformation and stress distribution of the composite lining
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ARSI X LR & BAEAGRF—8, RHEBLREZR . XKW ) 3 Z P58 L Mt 8 &3 A7),
X HUE R AN 8 & R A PR . TR 248 2, OB AR S S o MBRDhRe, SRt
VREE IR BIRIR f5 B BT AT SR OR B — o B R SR A A R T R s T SE PR TR e 4 it
VIR E LA R BB IR JE , O R B M L R R R B PR R R, SR SR TR 2 )
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PAR, 40 Y B R A b 5 R R B R T B = MR X

WRAEE 10 s, AR C BUEEAt bR RE L ) B R . FETC IR — M, hr 25855 7 AN
C BUERAF Ll sl B 5 T # i s ML 2, I Z) 457 [l TR Bt - X B SR A Ao ;T A6 A U148 1 — 10
H T ARVt - JR R, SRR g, TR TRt C RLERAF AN E M A4 Re4E, (B C R
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Figure 8. Stress distribution and yielding region of the connector
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Figure 9. Stress distribution of specimens
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Figure 10. Damage distribution of the specimens
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