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Abstract [ Objective] The rationality of joint structures is
crucial for station safety. Therefore, it is necessary to study the
enhancement effect of additional prestressing measures on the
flexural performance of prefabricated station structure bolt
joints. [ Method] A refined finite element model of mortise-
tenon prestressed joints using prestressed bolts is established.
Through four-point bending loading, the influence of different
bolt design parameters on the flexural bearing capacity of joints
is analyzed. [ Result & Conclusion] During the bending mo-
ment loading process, joints connected by prestressed bolts ex-

hibit good overall integrity. Stress concentration on the hand-
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hole position on the concave-side component tension side leads
to tensile failure of nearby concrete. The vertical displacement
and joint-seam opening of prestressed bolt joints gradually de-
crease with increasing bolt diameter and length, and the reduc-
tion amplitude decreases as the bolt diameter and length in-
crease. Setting bolt preload force can significantly improve the
flexural capacity of the joints, with a noticeable effect on con-
trolling the deformation of joint-seam opening. Recommenda-
tions to optimize design parameters for prestressed bolt diame-
ter, length and preload force are proposed.

Key words metro; station; prefabricated structure; pres-

tressed bolt joint
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Fig.1 Diagram of finite element model and mesh division of

a prestressed bolt joint component
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Fig.2 Diagram of four-point bending loading method for joint

components
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Tab.2 Loading conditions of prestressed bolt joint
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Fig.3 Diagram of joint component joint-seam

opening position
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Fig. 4 Nephogram of structural displacement and equivalent

plastic tensile strain of prestressed bolt joint compo-

nents
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Fig.5 Joint maximum vertical displacement, joint-seam open-
ing of tenon-root, and tensile zone edge changing with
bending moment under different bolt length conditions

(working conditions 1 to 4)
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Fig. 7  Joint maximum vertical displacement changing with
bending moment under different bolt diameter condi-

tions (working conditions 9 to 12)

Sl 2 KA A Sk RS Al A RT3, SR DU
A A 2y O N g AR 1 T S B AT
b, 1580 F BB .

1) TR g SR 1 S g 24 65 [ o7 8 B 2 4 K T
S I BE A BR AR B RE ) T S /N S TN
IR /N 600 mm B, 34 iR A4 K 3 ) 4 T 4
SKPT S I AR R A S, Ak b TR A A B X B
KT P 28 T 42 T Bk 3 1 TR A1 o

2) TN 7R AR S 5L B8 EL AT B A R AL
TR R BE TN B si s N R e, LA S a8 () 0/ N S 8 340
Wi, AR T 350 kNm B, &:34 fin 4 mm $2
e AR, BAR/NT 20 mm B 332 Sk A6 A /N B 24
FEARKT 20 mm THA 2.5 ~5.0 %,

3) WEIRE TR T Re S B R TRk
AE ST, IR T 1 60 KN (1942 S ¥ 4 A1 HL G TN )
TAEEE T I 2 W /N 50% o P, 76 A2 A
FRVEARAERE T T 25 RV ST, R 15
BRPIERIE ],

4) ARSCHR T e 3 Gl 4 A A A = TN
BRI OR FH 0 B2 B AR B K B TR
HEVATSHA R W F XA mA A T T
A AE AL AT L AR 48 S BR T 50 B A DG 3Tt
M EERE7A LR E o

£ 3Lk

(1] ERSC, MEZE. 2022 FERE T HUE SGEEARSET5 %
A3prLI]. BRE S (hae0) , 2023, 43(3) ; 521.
WANG Fuwen, FENG Aijun. Statistics and development analysis
of urban rail transit in China in 2022 J]. Tunnel Construction,
2023, 43(3): 521.

(2] f&FHIF, MR, ZoM, 4. 2022 4F b [ Py iy B 22 8 2



£7H

[8]

0

BEAEDLLT]. AT ACiE , 2023, 36(1) : 9.

HOU Xiufang, FENG Chen, ZUO Chao, et al. Statistical analy-
sis of urban rail transit in Chinese mainland in 2022[ J]. Urban
Rapid Rail Transit, 2023, 36(1): 9.

B, JRaLE, KRR, . R AR Sk B AR >
BT SEREIIEMRLI]. EIEAR, 2021, 50(4) : 12.

LU Qingquan, SU Liyong, ZHANG Zhiwei, et al. Research on
the disassemble and connection design of prefabricated platform
slab in subway station[ J]. Construction Technology, 2021, 50
(4):12.

FRAE Ty, 2, VR, S5, 1995 4F H AR 2 KT 3t gk
Tl F IR BRI AT [T]. A TR,
2018, 40(2) : 223.

DU Xiuli, LI Yang, XU Chengshun, et al. Review on damage
causes and disaster mechanism of Daikai Subway Station during
1995 Osaka-Kobe Earthquake[ J]. Chinese Journal of Geotechni-
cal Engineering, 2018, 40(2) ; 223.

TAO L, DING P, YANG X, et al. Comparative study of the seis-
mic performance of prefabricated and cast-in-place subway station
structures by shaking table test[ J]. Tunnelling and Underground
Space Technology Incorporating Trenchless Technology Research,
2020, 105 103583.

WA, BEERE, MOk, . b8k Al TR R e A A i 1
UM R Sk i ge D7 R FE (] R BB sc i, 2019, 32
(5): 83.

YANG Xiuren, HUANG Meiqun, LIN Fang, et al. Experimental
method of grouted mortise-tenon joint for prefabricated metro sta-
tion structure[ J]. Urban Rapid Rail Transit, 2019, 32(5) : 83.
WA, MO, BESERE. MRk Al T A e AU 45 A e A
MRS PUE R EAME R[], BART R4, 2020,
53(4): 111.

YANG Xiuren, LIN Fang, HUANG Meiqun. Research on flexur-
al bearing capability of long grouted single mortise-tenon joints for
prefabricated metro station structures[ J]. China Civil Engineer-
ing Journal, 2020, 53(4) . 111.

e, mIT, BFE, F SR B 4l A A

D 0

(L#5 157 In)

[4]

[5]

TR, IR WESLE T X 40 R b Rk R T R e A BRAE 43 AT
[J]. Rl ( AR , 2019, 50(2) : 390.

DING Zhi, ZHANG Xiao. Numerical analysis of influence of pile
foundation construction on adjacent metro tunnel[ J]. Journal of
Central South University ( Science and Technology), 2019, 50
(2): 390.

PR, HEEE, DS, S B N LR TG T
XTI T ik AR IR S B S [T ] BB RN S TR AR,
2023, 20(7) : 2372.

SHAN Yao, XIAO Weixiong, MA Weisan, et al. Influence of de-

A 5

SRS VEREDIFE[T]. FEFP4iH, 2018, 35(5) : 73,
ZHANG Xuelong, GAO Xiangyu, YANG Xiuren, et al. Mechan-
ical performance of tongue and groove joints in assembled metro
stations[ J |. Special Structures, 2018, 35(5) ; 73.
(9] TEA, bk, WET. BT HAh LM 3B i MRS BF 5
FRBBUE AT [J]. A%, 2021, 66(2) : 281.
ZHANG Yuwei, YANG Tao, LI Wugian. Numerical analysis of
tenon-groove assembled joint based on nonlinear analysis of con-
tact surface[ J]. Highway, 2021, 66(2) ; 281.
mhEE, TS, I, A AR T Ak CHC BRI EE
HAEHERZEYER [ T]. Wl Pl s o5y, 2022, 25
(4): 120.
YE Liang, DING Xianli, XIANG Bao, et al. Bending perform-

[10]

ance of CHC steel-concrete combined joint in underground prefab-
ricated metro station [ J ]. Urban Mass Transit, 2022, 25
(4): 120.

MR, R B Ik ARl AN [R5 AL U U 3 =AY
Feemy Jr s eng g (1], BRI A v (h3 ), 2022, 42
(3): 420.

LIN Fang, PENG Zhiyong. Influence of different structure types

[11]

of prefabricated metro station on mechanical properties of grouted

mortise-tenon joint [ J J. Tunnel Construction, 2022, 42
(3): 420.

ZE0, BTEAE. ABAQUS JREE T3040 T WU ik pr R[]
SEM AR, 2013, 29(6) : 27.

QIN Hao, ZHAO Xianzhong. Study on the ABAQUS damage pa-
rameter in the concrete damage plasticity model [ J]. Structural

Engineers, 2013, 29(6) : 27.

- A% B #7.2023-08-14 51 B #7:2023-09-14 iR ik B #7:2024-07-10
Received :2023-08-14 Revised:2023-09-14 Published :2024-07-10

© B —AFE BRI SR, E B R TAR)T, zang_yw@ hdec. com
BASHEH : EHON W EHFR A ,2310180@ tongji. edu. cn

- O3k HE ZBAT R ) 4 Bk, FFARI CC BY-NC-ND i
(©) Urban Mass Transit Magazine Press. This is an open access article
under the CC BY-NC-ND license

0

veloped Benoto piling on deformation of adjacent high-speed rail-
way subgrade in soft soil area[ J]. Journal of Railway Science and

Engineering, 2023, 20(7) : 2372.

- AR B #7:2023-10-15 5= B #7:2023-11-14 iR ik H £7:2024-07-10
Received :2023-10-15 Revised :2023-11-14  Published :2024-07-10
< BAEAEE R, FH R AL, zhuzb@ hatlsjy. com
- ©QR T B SGBAT ) 4 F Ak, TFAIRI CC BY-NC-ND #
(©) Urban Mass Transit Magazine Press. This is an open access article

under the CC BY-NC-ND license

- 163 -





