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Fig.1 Dynamic response process
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Fig. 2 The general layout of the whole bridge and

the section of the girder
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Fig. 3 Schematic of single and dual-shaped hanger
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Fig. 4 FE model of the suspension bridge
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Fig. 5 Stress response of hangers after the breakage

of a hanger
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Fig. 6 Stress response amplitude of adjacent hangers

Ac/MPa

after the breakage of a hanger
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Tab. 1 Stress response factors of adjacent hangers

after the breakage of a hanger

(LR BRR AR
e ono / MPa : - -
= Sfsan Sma.h Ssan Sma.h
1 402 1. 46 2.08 1.03 1.11
4 402 1.47 2.07 1.08 1. 30
7 402 1.41 1.93 1.11 1.32
10 402 1. 36 1. 88 1.11 1. 30
13 402 1.23 1.68 1.08 1.25
14 402 1. 25 1.70 1.09 1. 28
18 402 1. 35 1. 86 1.11 1.27
23 402 1.41 1. 96 1. 10 1. 29
28 402 1. 45 2.13 1.07 1. 26
33 402 1. 49 2.16 1. 06 1. 21
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Fig. 7 Response factor of remaining hanger with

the same number
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Fig. 8 Shear force response amplitude of beam after

the breakage of a hanger

k2 WREZRT N wmpE %K
Tab. 2 Shear force response factors of beam after

the breakage of a hanger

% LG R

P Qi /kN B ; | ;
sa, bf J ma,bf obf a, bl
1 745 1.77 2.64 1.01 1.54
4 905 1.93 2. 60 1.13 1.82
7 687 2.26 3.42 1.31 1.94
10 1350 1.41 3.19 1.19 1.78
13 1700 1.59 3.12 1.56 2.67
14 1540 1.69 2.96 1.21 1.94
18 1250 1.68 2.86 1.20 1.71
23 1050 1.83 2.34 1.19 1.50
28 933 1.93 2.70 1.15 1.53
33 850 2.02 2.81 1.11 1.46
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Fig. 9 Bending moment response amplitude of beam after

the breakage of a hanger
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Tab.3 Bending moment response factors of beam after

the breakage of a hanger

& M.,/ PR W R
5 RNem) f faee fabn faobm
1 1 950 2.56 4.26 1.01 1.91
4 3 700 1.78 2. 86 0.99 1.41
7 2 500 2.20 6. 88 1.02 2.12
10 —1 940 0. 95 2.94 0. 96 2.63
13 —10 650 0.75 1.54 0. 94 1.32
14 —15 200 0.99 1. 26 1.03 1.15
18 —1 520 1. 09 1.22 1.03 1.20
23 3 330 2.25 4.02 1.37 1.95
28 6 455 1. 67 2. 44 1. 20 1.48
33 7 420 1.62 2.13 1.18 1.49
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Fig. 10 Torsion moment response amplitude of beam

o @

after the breakage of a hanger
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Tab.4 Torsion moment response factors of beam after

the breakage of a hanger

2% T/ BRR X%
T BN+ m) Ssacbt Jma.be Ssaib Sma.be
1 15 890 0.69 1.92 0. 04 0. 26
4 15 890 0.79 2.03 0.13 0.47
7 15 890 0.76 1.79 0.18 0.79
10 15 890 0.79 2.08 0.23 1. 16
13 15 890 0.94 2.64 0. 36 0.98
14 15 890 0.63 1.98 0. 20 1. 29
18 15 890 0.76 2.03 0.22 0.78
23 15 890 0.79 1. 64 0.17 0.47
28 15 890 0. 80 1.78 0. 44 0.11
33 15 890 0. 82 1.54 0. 44 0.08
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Fig. 11  Stress response amplitude of cable after the

breakage of a hanger
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Fig. 12 Force response amplitude of bearing after

the breakage of a hanger
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Tab.5 Force response factors of bearing after the

breakage of a hanger

BE L BRR WL
& fan Fona fa. Fona
1 2 470 1.01 1. 44 1.00 1.26
4 2 470 1. 00 1. 64 1. 00 1.31
7 2470 1. 00 2.02 1.00 1.45
10 2470 1.02 2.15 1.00 1.66
13 2470 1.48 2.48 1.17 1. 87
14 2 470 1. 46 2.15 1.15 1.56
18 2 470 1.01 1.82 1.00 1. 40
23 2470 1. 00 1.70 1. 00 1.33
28 2470 1.01 1. 37 1. 00 1.19
33 2 470 1.01 1.33 1.00 1.11
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Fig. 13 Lateral bending moment response amplitude of

tower after the breakage of a hanger
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Fig. 14 Longitudinal bending moment response amplitude

of tower after the breakage of a hanger
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Tab. 6 Longitudinal bending moment response factors of

tower after the breakage of a hanger

m#E Mo/ LEES WETES
T GNem) Smas Ssauts Smass
1 19 000 1.08 L.19 1.03 1.06
4 19 000 1.08 1.22 1.03 1.08
7 19 000 111 L.21 1.05 1.10
10 19 000 1.13 1.44 1.06 1.12
13 19 000 1.09 1.26 1.05 1.11
14 19 000 1.06 1.38 1.04 1.14
18 19 000 1.04 1.50 1.03 1.14
23 19 000 1.02 1.28 1.02 1.13
28 19 000 1.02 1.29 1.02 1.08
33 19 000 1.02 1.16 1.02 1.07
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Safety analysis of self-anchored suspension bridge with dual-shaped hanger
after sudden breakage of hanger

QU Wen-liang®, WU Guang-run, ZHANG Zhe, LI Tian

( School of Civil Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Hangers are essential security parts of the suspension bridge structure. It is a general
phenomenon that hangers have serious corrosion problems, and the hangers may fail suddenly under
fatigue and corrosion effect. Existing research and engineering examples show that the breakage of a
hanger can lead to the successive breakage of other hangers and then result in the collapse of the whole
bridge at worst. Dual-shaped hanger can improve the safety of the suspension bridge related to the
hanger failure. To research into the safety improvement and dynamic response of the suspension
bridge after the breakage of the dual-shaped hanger, the study on the response of suspension bridge
after hanger breakage is carried out using nonlinear static and dynamic methods, based on a 200 m
self-anchored suspension bridge with concrete girder. The analytical results show that the dual-shaped
hanger can reduce the response of suspension bridge after hanger breakage and improve the safety of
the whole bridge during the service and maintenance stage. The conclusion can also provide a reference

for the replacement, maintenance and reinforcement of suspension bridge hangers.

Key words: self-anchored suspension bridge; breakage of hanger; safety analysis; dual-shaped hanger



