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Research on the cable removal procedure of the cable-stayed fastening

construction method of the steel box arch bridge

FENG Haoxuan, PEI Bida, LI Chuanxi

(Key Laboratory of Bridge Engineering Safety Control, Ministry of Education, Changsha University of Science &
Technology, Changsha 410114, China)

Abstract: The cable of the cable-stayed buckle-and-hang system needs to be removed after the arch rib
is closed. Various changes will occur to the bridge components during cable removal, affecting
structural safety. To explore the optimal cable removal sequence for a steel box arch bridge and the
possible extreme asymmetric states during cable removal, this study used the Chetianjiang Bridge as a
case study. A finite element model was established to calculate the effects of four different cable removal
schemes on the arch rib. The results indicate that removing cables sequentially from the vault to the arch
foot minimizes the increase in cable force. Conversely, removing cables from the arch foot to the vault
results in the maximum vertical displacement and stress extreme values in the arch rib. Therefore, the
most suitable sequence for meeting construction requirements is to remove the cables from the top of the
vault to the foot of the arch. Using Midas/Civil software, several extreme asymmetric cable removal
states are simulated and analyzed. The findings suggest that the removal of the backstay cables should
be synchronized as much as possible to ensure structural stability. Additionally, the removal progress of
the cables on both sides and the difference in removal progress between the left and right spans should
be controlled within one cable bundle to minimize adverse impacts on the bridge structure.
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Fig. 1 Arch rib segment division diagram
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Fig. 2 Bridge overall layout (unit: cm)
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Fig. 4 Specific location of reference section
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Fig. 5 Stress results of reference sections
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Fig. 6 Changes in vertical displacement of control sections
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Table 2 Initial, maximum and increased force values of cables
- WItHE 1/ E o TR HR= ESL
kN RKMAN | $80E/% | BORMEAN | H90R/% | ROKMEAN | $8IE/% | BORMEAN Bi/%
1# 619.9 619.9 0.0 623.3 0.5 619.9 0.0 627.8 1.3
24 669.6 676.1 1.0 678.2 1.3 701.0 4.7 694.0 3.6
3# 695.6 715.2 2.8 699.6 0.6 701.3 0.8 699.6 0.6
4# 731.2 769.5 5.2 731.2 0.0 779.5 6.6 762.0 4.2
NEFR S# 767.4 814.7 6.2 767.4 0.0 782.9 2.0 767.4 0.0
O# 775.8 812.4 4.7 775.8 0.0 797.8 2.8 779.5 0.5
T# 867.7 880.2 1.4 869.0 0.1 868.3 0.1 867.7 0.0
8 1051.2 1051.2 0.0 1055.2 0.4 1051.2 0.0 1055.2 0.4
o# 1203.5 1203.5 0.0 1203.5 0.0 1203.5 0.0 1203.5 0.0
1# 658.3 658.3 0.0 661.3 0.5 658.3 0.0 661.9 0.5
2# 753.8 756.8 0.4 756.6 0.4 773.1 2.6 769.7 2.1
3# 800.5 811.9 1.4 802.4 0.2 803.0 0.3 805.9 0.7
4# 793.6 820.3 34 793.6 0.0 829.5 4.5 819.4 3.3
KPR S# 831.5 866.1 4.2 831.5 0.0 843.6 1.5 831.5 0.0
O 825.2 853.6 34 825.2 0.0 844.5 2.3 831.0 0.7
T# 919.2 929.8 1.2 919.2 0.0 920.0 0.1 919.2 0.0
8# 1108.5 1108.5 0.0 1110.3 0.2 1108.5 0.0 1110.3 0.2
o# 1291.0 1291.0 0.0 1291.0 0.0 1291.0 0.0 1291.0 0.0
N
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Fig. 7 Maximum values of increased forces under different schemes
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Table 3 Comparison between measured cable force and theoretical cable force during cable removal

A SHRIFBRICIN, OHRIFBRTE L AHZRYFBR5E
MR
HSAE/KN | SCIME/KN | 25(EE/% | PSE/AN | SCME/AN | 22(E /% | BRSE/AN | SCUE/KN | 25(E /%
1# 621.8 581.5 -6.5 620.0 591.7 -4.6 614.4 542.0 -11.8
24 664.2 708.5 6.7 663.9 696.2 49 668.1 717.2 73
34 683.8 7278 6.4 686.3 738.5 7.6 699.6 711.8 1.7
/N LR a# 715.2 745.8 43 720.1 758.0 53
54 754.4 769.3 2.0 757.2 792.7 47
6# 769.2 749.9 -2.5
7# 868.8 811.5 -6.6
1# 661.3 699.1 5.7 658.1 728.5 10.7 650.4 712.3 9.5
24 752.1 756.7 0.6 750.1 776.6 3.5 750.1 775.1 33
3# 794.6 770.0 -3.1 794.5 750.8 -5.5 802.3 821.8 2.4
KRR 44 785.0 851.3 8.4 785.3 814.2 3.7
54 823.5 865.1 5.1 821.1 872.8 6.3
6% 819.9 778.6 -5.0
TH# 917.1 904.5 -1.4
R4 REFERMAPEEEZ®
Table 4 The influence of various factors in different order of cable removal
OIS A Prgr=t TR R mm | HERD R I AE/MPa | HER A FEARAE /mm
1| PRBR/N AR o#dn R 190.1 -61.5 234
2| PRBR/NELARN 84 O#TI R 375.8 -71.4 56.5
R FFRAXFRIFER -
3 | PRBROC AR o R 257.1 -63.4 24.5
4 | PRBRKCHE R 84 9N R 496.5 -73.2 59.4
o 5 [ PRBRK NER AN oI ER B R 2.0 -59.8 20.1
e A7 IR AN KRR —
6 | YRR VNERRZCNR 8# 9N R R 2.0 -64.7 26.8
7 | PRBR/NERR A IR oI R R 27.4 -67.0 46.9
KN AR RARXT YRR —
8 | URBR/NEL R A AT 84 O R TH R 54.9 -789 96.1

R5 TH~ MR RRHFBAREZ G

Table 5 Comparison among 7#-9# cables with different unloading degrees

w5 IR BT /mm HER R SR AE/MPa HER 7 B A /mm

Hiz 50% 100.4 -59.7 13.9
OHIR

St A HI 191.8 -62.7 27.0

H#k 50% 98.4 -64.7 16.9
S#INR

JE A HI 2 188.4 -68.1 33.6

17k 50% 79.4 -66.8 17.4
THIR

SEA I, 175.0 -70.2 37.7
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