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Abstract. Stay cables are one of the key load-bearing components of long-span cable-stayed bridge, the
accurate determination of its stress state and geometric parameters is one of the important foundations and
prerequisites for conducting structural design analysis and construction control. In review of this issue, a fast
and high-precision calculation method for the stress state and geometric parameters of stay cables under target
force condition is studied based on suspension cable analysis theory and numerical solution techniques. First,
based on the analysis of suspension cables, the calculation control equations for the shape, inclination angle
and unstressed length of the stay cables suitable for engineering applications are analyzed and summarized.
Focusing on the parameters of the control equations, a fast iterative solution for solving the equation
parameters is proposed based on the analysis of fix point iterative format and the numerical solution technique
of the secant method, and the performance of the proposed method is compared and verified. Then, the stay

cables in an actual cable-stayed bridge are analyzed and discussed by using this method. The result shows
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that (1) The proposed method has good accuracy and applicability, which is suitable for the control of stay

cables in actual bridge engineering. (2) The method is stable and fast in calculation, and the first iteration

values are relatively close to the final convergence result. After 3-5 iterations, the calculation can accurately

converge. (3) As the length and vertical angle of the stay cable continue to increase, its nonlinear effect

continues to strengthen. The method can maintain good accuracy and performance for each stay cable, and

has achieved good application result. This provides a reference for high-precision structural analysis and

precise manufacturing and installation of stay cables.

Key words: bridge engineering; stress state; numerical iteration; stay cable; catenary theory
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Fig. 1 Illustration of stresses on stay cable and geometry of

cable element
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secant method
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Tab.1 Design parameters of stay cables
Zeumil s AR R & vl n5 AR A
5 FUAK LEFE/(KN-m™")  BIEI/kN
x;/m y;/m x;/m y;/m
C1 0 0 20.259 43. 964 PES7-121 0.389 2392.6
C2 -35. 100 -0.175 20. 166 54.201 PES7-139 0. 448 2997.8
C3 -78. 100 -0.390 20. 103 66. 553 PES7-199 0.632 3947.8
C4 -122. 100 -0.610 20.073 80. 326 PES7-241 0.761 4984.2
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Tab.2 Comparison of calculation results obtained by 2 methods
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Fig.4 Iteration error process of obtained by proposed method
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Tab.3 Calculation result of typical stay cable’s

stress state and geometric parameters

o KW/ () KJ1/kN Joni hE&K
i 9, 0, T, T, Lyen/m
S22 29.03 30.27 4984.19 5045.82  163.157 3
S17  31.66 32,72 3878.2 3923.8 135.183 0
Si1 36.71 37.35  3801.95 3834.1 102. 056 2
S6 47.17 47.60  2873.25 2896.8 71.125 5
S1 7195 72.07  3188.35 3209.7 42.879 4
M1 71.89 72.01  3243.4  3264.6 42.737 1
M6 46.91 4732 2967.35 2990.6 70.753 8
M1l 35.82 36.50  3638.15 3669.9 102.774 0
M17  29.03 30.13  4071.55 4116.5 143.576 7
M22  25.70 27.17  4696.7 4757.3 178.425 7
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Fig. 6 Comparison of calculation errors of unstressed cable
length of stay cables at mid-span

P&, JESL TR R ) A RRAE 08 23 B SR A 7 12,
7T R e A 4 R LA K32 0 A R S
i, SRR AE TR R RS

(2) SBUEUEI SRR LA SRR, BT il Uik
FA A e B THSRORS B M R4 A 0 I, AR T A FR
Jer ik, HRIERENE Sk S BAT — 2 i



64

OB %

SRS . '3

540 %

(3) BERERHIRRK ., BrdeMAmig R, H

JUARTEE S P 5500 K AN Wi 185 5, 0 80 o A O A 7 1)
Tl LR SR R R EE, RO I LA AR
IRIAEE, XA TR B DA R i A i st 2%, e o 1
Keidi PR3 R AT

BEH

References:

(1]

[2]

(3]

(4]

(5]

[6]

[7]

(8]

(9]

[10]

XAk, BT [M]. Jbat: NRASHE H R, 2002.
LIU Shi-lin. Cable-stayed Bridge [ M ]. Beijing: China
Communications Press, 2002.

B, bz, ki, & ORESEERHNE T4 f2
JUAE RIS S W (M. SR . PE R A8 R i
#t, 2009.
LI Qiao,

Introduction

BU  Yi-zhi,
and Application

ZHANG Qing-hua, et al.
of Geometric Control
throughout the Construction Process of Large-span Cable-
stayed Bridges [ M ]. Chengdu:
University Press, 2009.
JAYARAMAN H B, KNUDSON W C. A Curved Element
for the Analysis of Cable Structures [J]. Computers &
Structures, 1981, 14 (3/4) . 325-333.

IRVINE H M. Cable Structures [ M ]. Cambridge: MIT
Press, 1981.

SRALHT, VAL, TN 1R A R TR
[J]. =5IEI%H, 2000, 6 (2): 18-23.

ZHANG Li-xin, SHEN Zu-yan.
Cable Element in Prestressed Cable Structures [ ] ].
Spatial Structures, 2000, 6 (2). 18-23.

Tiis, A BRI K BRI Rl Rm KA
e [J]. FRRREIR, 2009 (4): 54-58.

FANG Zhi, LI Xue-you. Calculation of Unstressed Length and
Reasonable [J]. Bridge Construction, 2009 (4); 54-58.
BRIHE, PRBIE, oM. SHIRICN R KA
WA (1], PAMAR, 2012, 32 (1) 149-151.
GU Li-xiong, LIN Zhen-kai, WANG Rong-hui. Practical
lterative Algorithm of Stay Cable Unstressed Length [J].
Journal of China & Foreign Highway, 2012, 32 (1) 149-151.
B, B, BTSSR IR AR R R TN K
MRS s ], ERSCH R FAM (H AR
M), 2014, 33 (6): 5-8, 88.

ZHAO Lei, JIA Shao-min, GU Xiang.
Calculation Method of Unstressed Length of Cable-stayed
Twin-decks [ J ].
Chongqing Jiaotong University ( Natural Sciences), 2014,
33 (6):5-8, 88.

JUNG M R, MIN D J, ATTARD M M, et al. Unstrained
Element Length-based Methods for
Optimized Initial State of Cable-stayed Bridges [ J].

Southwest Jiaotong

Numerical Models for

Simplified

Bridge with Separate Journal  of

Determining  One

International Journal of Engineering Research & Science,
2015, 1 (9): 73-95.
R, RHTRROME (], PRk, 19% (3): 21-24.

LI Qiang-xing. Static Force Solution to Stayed Cables

[11]

[12]

[13]

[16]

[18]

[J]. Bridge Construction, 1996 (3). 21-24.

Bl B RHIRION KR ()], A8,
2012 (5): 143-147.

FENG Jie-chun, DAI Ying-zhang. Calculation of Non-
Stress Length of Cable in Cable-stayed Bridge [ J].
Highway, 2012 (5) . 143-147.

TR, BROME, M EEA. ORI sk ) s ik
BRRMREKRMAEA [J]. TR, 2003, 20
(6): 81-85.

NIE Jian-guo, CHEN Bi-lei, XIAO Jian-chun. Analysis of
the Unstressed Length of Catenary with Known Stressed
Force [ J].
Mechanics, 2003, 20 (6): 81-85.
Bl o] RN RN R Ty RS SR [C] 7/
P E A B SRS TR S — JUIL LA B2
ARifigss. dbnt: ANRZSHE R, 2000 774-782.

Ll Chuan-xi. Flexible Cable State and
Similarity Algorithm for Cable-stayed Bridges [ C ] //
1999 Bridge Symposium of Sub-society of Bridge and

Length or End Tension Engineering

Mechanical

Structure of CHS. Beijing: China Communications Press,
2000 774-782.

iR, BRI, BUNAI, S RHUBFRER N R K
Ak A [J]. PERRRE R (AP ,
2019, 38 (2): 92-97.

HU Yuan-yuan, LI Zhi-mou, LI Xiao-gang, et al. The
Formulas for Solving the Cable-free Cable Length Based on
Newton-raphson [ J]. Journal of Xihua University ( Natural
Science Edition) , 2019, 38 (2): 92-97.

TRERKL. B 0 [M]. BB VR ACil R ekt
2005.

XU  Yue-liang.
Southwest Jiaotong University Press, 2005.

mEE, DA, RISK. SRR T SR
ook [J]. THRH%, 1999, 16 (3): 130-134, 43.
XIANG Jin-wu, LUO Shao-xiang, CHEN Hong-tian.
Catenary element Approach for Cable Structure Vibration
Analysis [J]. Engineering Mechanics, 1999, 16 (3):
130-134, 43.

TEWE, XVRT. R IO 3R K BORTIR A vk [T].
PR (HERFREMD) , 2010, 38 (7): 49-52.
WANG Feng, LIU Mu-yu. An Accurate Method for
Determining Unstressed Cable Length in Long Span Cable
Stayed Bridge [J].
Science and Technology ( Natural Science Edition) , 2010,
38 (7): 49-52.

HE, G E. BEERERRERMITE (1), #kiE
FruERT, 2004 (5): 9-10.
JIN Ming-jun, ZHANG Zhi-guo.
Length of Flexible Cable of Catenary Curve [J]. Railway
Standard Design, 2004 (5): 9-10.

WALTHER R, HOURIET B, ISLER W, et al. Cable
Stayed Bridges [ M]. 2nd ed. London: Thomas Telford
Limited, 1999.

Numerical Analysis [ M |. Chengdu;

Journal of Huazhong University of

Computation of the



