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Abstract: In order to study the influence factors affecting the preload loss of the cable clamp bolt of the
suspension bridge and its sensitivity, a local finite element model of the cable clamp in a suspension bridge

in Guangxi province was established, and then was verified by the creep test results. Next, 27 finite
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element models of bolt clamp were set up by using the orthogonal experiment method to study the influence
factors on preload loss which include the stress relaxation rate of the bolt, the creep rate of the cable, the
porosity of the cable, the suspender force, the initial preload of the bolt, the cable clamp inclination angle
and the temperature difference between cable and clamp. The research results show that: the preload loss
of the bolts increases with the stress relaxation rate of the bolts. The cable creep rate has a significant
impact on the preload loss of the bolts. The preload loss increases significantly with the cable creep rate.
The temperature difference between the clamp and the cable has a significant impact on the preload loss of
the bolt, the bolt preload loss decreases as the temperature difference increases. The influence of the cable
porosity on the preload loss of the bolts is relatively small. The impact of the suspender force on the preload
loss of the bolt is negligible. The preload loss of the bolts initially increase and then decrease with the
increasing initial preload of the bolts. The influence of the cable clamp inclination angle on the different
bolts in the same clamp is unclear. The research conclusions can provide references for the design and
maintenance of the suspension bridge cable.

Key words: bridge engineering; bolt preload; orthogonal experiment; stress relaxation; temperature

difference; initial preload
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Fig.1 Finite element model of cable clamp
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Fig. 2 General layout of bolt creep experiment
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Tablel Material creep parameter
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/MPa
391 1.346 6 0.374 8 0.2821
WA 453 3.714 1 0.3512 0.256 5
515 4.328 4 0.3253 0.270 6
850 433.2800 1.1590 0.286 5
E4 1120 70.203 0 1.034 8 0.194 3
1190 10.836 0 1.088 5 0.148 4
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Fig.3 Comparison of stress in bolt and cable between

theoretical values and finite element values
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Table 2 Orthogonal experiment influencing factors and levels of bolt preload loss
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Table 3 Orthogonal experiment cases of bolt

preload loss
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1 0.8 0.5 16 1500 470 0 —2
2 0.8 0.5 16 1500 620 10 0
3 0.8 0.5 16 1500 780 20 2
4 0.8 0.6 18 1750 470 0 —2
5 0.8 0.6 18 1750 620 10 0
6 0.8 0.6 18 1750 780 20 2
7 0.8 0.7 20 2000 470 0 —2
8 0.8 0.7 20 2000 620 10 0
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11 1.0 0.5 18 2000 620 20 —2
12 1.0 0.5 18 2000 780 0 0
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Fig.5 Preload loss rate under different stress

relaxation rate of bolts

100 - —— 12
—e— 2RBFF
—a— 3R
—v— AR

60 -

HARFAKFIHME /%

40

KF1 KF2 KF3
B6 ARFHETHEREKETHERAREER

Fig. 6 Preload loss rate under different cable creep rate
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Fig. 8 Preload loss rate under different suspender force
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Fig.9 Preload loss rate under different initial

preload of bolts
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Fig. 10 Preload loss rate under different cable clamp
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Table 4 Sensitivity parameter analysis for bolt

preload loss

NS 1S 25 HBAT 35T 4 5 IRAT
BRI AN B T ek Kok - .
2 1 F /N *ok * * *ok
URAT B9 40 iy X 11 ok ok ok ok
2 e i Fy Kok wox o Kok
2 Kok P Kok P

kR 02 BOU BT R UK ) 3 5 e
3 5 BORBEN B 5 BRI B R R K
BN 22, FE S A R iR 22 IR R
5t 328 23 Ay 5 M) R e SR 5[] T3 40K B S Y 3
E . fE— R B 13w AT A W ik S 150 A B
TN RAT BT 8k

4% i

(1) 3= 25 0% A2 3ok 25 % 2% Je WRUAT 3 1 7 4 2k Y
PRSI R TE I Sl VISR E S E S
ESOliiER e SR PNTR NS B e
PRUEZEBE A1 B0 T, IR 3 iy R 40 1 22 2 R AL,
V28 A1 2 45 ) ol 1 7 48R/

(2)WRFT F1 B N T3 ox it 8 5 R BR AT 1) 90 42 5
W] 3 5% 2% Je AT 55 T 3 8 2k vy S o A W 3, R e
U 35 [0 7 5 B R AT B D7 3 A% st R 3R ) 49 K
111538 K, Bl SR AT 00 e 5K [T 0 34 K 2 BSR4 K D
AN R o R I A R R AN B AR LA 1
TN TG S8 i T LA S AR MR T L A it P S
I B AT K T A 2k

(3) & Je 5 T 451 i 22 X F Je IR AT X 15 77 45
YISE AR S YR SUPIEPN i R R
TR IR T IR

(4) 5 DL Y 25 48 2 Bt 30 28 e MR 55 [ 45t
PSR AL VNS Y STPIEP N e )
e SR DNITTE: N (ESY 7o 210K NN

(5) 28 e Mt fiy X 2R Je b AN ] o7 & Ak MR AT 5
IR DR W A T 22 5, B 2R AR B3 R, R
e Z G TR i AR SR SR T ) B R R R, R

e Hp R R B T 7 4 O AR A B AR E , B AR 1R
L SEIPAE S S R T W

S E WK

[1] E&R, s, £k, 5 ik UTBWas KUk 5315 K&

FOXT B R M BHR W B 952 [T]. AR 2 R A
W, 2023, 53(6): 1658-1668.
Wang Jun, Li Jia-wu, Wang Feng, et al. Wind
speed distribution in simplified U -shaped valley and
its effect on buffeting response of long-span suspen-
sion bridge[J]. Journal of Jilin University(Engineering
and Technology Edition), 2023, 53(6): 1658-1668.

[ 2] Mayrbaurl R M, Camo S. Guidelines for Inspection
and Strength Evaluation of Suspension Bridge
Parallel-Wire CablesiM]. USA: Transportation Re-
search Board, 2004.

[3] MEAMESMBESEN RS . HAKHN-Y
Pl A L B2 R i o B A M. b s i
NSRRGSR 2y, 1998,

(4] 2o, g2 . BB RMRIMB T MBER
HAR[CL/ vh B 2 e 2 25 B B2 RN 25 0 T/ 43 2 2017
EREN R ARSVORSCE, M, R E, 2017:
654-659.

[5] Tendo M, Yamada K, Shimura Y. Stress relaxation
behavior at high—tension bolted connections of
stainless—steel plates[J]. Journal of Engineering Mate-
rials & Technology, 2001, 123(2): 198-202.

[6] Alkelani A A, Housari A B, Nassar A S. A pro-
posed model for creep relaxation of soft gaskets in
bolted joints at room temperature[J]. Journal of Pres-
sure  Vessel Technology(ASME), 2008, 13(1):
No. 011211-1-6.

(7] #il, Tk, HBR . MR I 3k 05 A8 FA 5t A B JT 43 #r

(7). HUBEBEH Sl , 2013, 271(9): 39-41,45.
Xu Hao, Wang Wei, Ma Yue. Finite element analy-
sis of creep relaxation in bolted connections[J]. Me-
chanical Design and Manufacturing, 2013, 271(9):
39-41,45.

(8] XUMEie, RAE4, AT . MR AR 055 A2 A0 st X
ARUVECEEHUIR TUARDRG B2 818 1 52 i [T]. 75 42 383l K2
4, 2015, 49(9): 14-17,140.
Liu Hai-bo, Wu Jia-kun, Wang Yong-qing. The ef-
fect of creep relaxation of anchor bolts on the geomet-
ric accuracy degradation of large CNC machine tools
[J]. Journal of Xi'an Jiaotong University, 2015,
49(9): 14-17,140.

[9] Xu H, Wang F, Cheng X. Pullout creep properties

of grouted soil anchors[J]. Journal of Central South



o

2 2

1196 * 2

R

w"(x

F R ) % 55 %

(10]

[11]

[12]

[13]

[14]

[15]

University of Technology, 2007, 14(1): 474-477.

Kim N. Performance of tension and compression an-
chors in weathered soil[J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2003, 129(12):
1138-1150.

WHA, fI4E, WA . T 2 ROEE BT Y By 2 X
2R Je W R T M R B g o3 B (7). MR B B, 2018,
48(5): 16-20.

Shen Rui-li, He Kai, Miao Ru-song. Analysis of ul-
timate sliding friction resistance of pin connected cable
clamps based on multi-scale models[J]. Bridge
Construction, 2018, 48(5): 16-20.

JA B A, BIAR, L, G5 B JR A A2 I AL Y
RIEHT B E Iy A TMT]. op A B2 4R, 2024,
37(7): 157-167.

Zhou Yong-jun, Jia Li—qiang, Yang Fan, et al. Re-
search on Preload Loss Prediction of Clamp Bolt Con-
sidering Cable Creep of Galvanized Layer[J]. China
Journal of Highway and Transport, 2024, 37(7): 157~
167.

faftd . BRI R MK R T EHN ) 2 R K
PIIWIFE[D]. WU PR 22l R, 2017,

He Kai. Research on stress of main cable under long
cable clamp and anti sliding bearing capacity of cable
clamp of railway suspension bridge[D]. Chengdu:
Southwest Jiaotong University, 2017.

FEge, LRE, RO, 5. ST RS A A2
BEWRITE AR R T REEMR: AR
Bh2ERR , 2022, 50(1): 59-68.

Tang Mian, Che Tian—xin, Song Xu-ming, et al.
Study on pretension force of cable clamp of self an-
chored suspension bridge based on creep theory[J].
Journal of South China University of Technology
(Natural Science Edition), 2022, 50(1): 59-68.
Mg, R, B, 45 BeR M F 40 BB
(5 BT SE[C L/ b B A 2 2 W BE RN A 4 TR 2

[16]

(17]

(21]

2001 £EMF 222 RPN 223 S, P, E L 2001.
EUEEIR, M B SR ORR AR I 4 TR DA b Y
HEPI AT T Jy5, 2018, 35(10): 229-237.
Lyu Jia—xin, Xiao Yi. Improved approach to model-
ling preload relaxation in bolted composite joints[J].
Engineering Mechanics, 2018,35 (10): 229-237.

Wi 18] . TRURE 7 g R A9 22 M s PERE D 9T (). 1R
P24, 1997, 44(6): 41-46.

Lu Guang-lyu. Research on relaxation performance
of prestressed high strength steel wire[J]. Journal of
Civil Engineering, 1997 ,44(6): 41-46.

JIBZE, &, Bl . 5T ES a0 % 2L R
AF 4 5% W) 07 SR E 2 50 B (). R AF SR, 2006,
29(2): 176-181, 216.

Zhou Yong-jun, Quan Wei, He Shuan-hai. Analysis
of seismic response sensitivity parameters of continu-
ous rigid frame bridges based on orthogonal tests[J].
Earthquake Research, 2006, 29(2): 176-181,216.
PR, WO, WRTIR, AR R TR B R R AR
FFE I A ISR [T K% Rl AR IR,
2024, 44(6): 72-80.

Jiang Shu—qin, Zhou Yong—jun, Cao Zi-yuan, et al.
Experiment on detection of preload force in bolt clamp
by pulling method[J]. Journal of Chang'an University
(Natural Science Edition), 2024, 44(6): 72-80.
WA . KRB RN E40E T EAME R, 1993,
21(3): 175-180.

Huang Tie-sheng. Construction of the main cable of
the Oshima Bridge[J]. Foreign Bridges, 1993, 21(3):
175-180.

CPE 2 B2 E RO A B . v [ 32 TR 2 RS 45
- 2024[7]. W EABAR, 2024, 37(12): 1-160.
Editorial Department of China Journal of Highway
and Transport. Review on China's pavement engi-
neering research: 2024[J]. China Journal of Highway
and Transport, 2024, 37(12): 1-160.



