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Damage Model and Bilinear Approximation of
Deteriorated Wires in Suspenders

LI Yuanbing , ZHANG Qiwei
(Department of Bridge Engineering, Tongji University, Shanghai
200092, China)

Abstract: Based on the mechanical properties of deteriorated
wires which examined by experimental tests and FEM
simulation.a new damage model and bilinear approximation of
deteriorated wires in suspenders are proposed according to
force-displacement envelope of deteriorated wires. The model
is cumulative and capable of combining the real constitutive
relations of wires, strength, stiffness, ductility, corrosion, and
loading history. The new bilinear approximation of the
deteriorated wires is advanced based on the exact solutions of
integral method and S. M. Elachachi constitutive method.
Furthermore, the damage indicator of suspender is established
combined with the corrosion distribution and damage
indicators of wires. Finally, the rationalization of the proposed
model is validated and the sensibility of parameters is
illustrated. It is found that the mechanical properties of wires
degrade significantly with the corrosion and actual load

history. In addition, the damage indicator of suspender is
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reasonable which reflects the degradation in strength, stiffness
and limit strain.

Key words: suspender; deteriorated wires; arch bridge;

damage model; bilinear
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Fig.1 Force strain curve of damaged wires
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Fig.2 Deterioration of mechanical properties of wires
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Fig.3 Definition of damage indicators of wires
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Fig.4 Approximation of wires’ damage indicators
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Fig.5 Comparison of different approximations of

wires’ damage indicators
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Fig.7 Simulation of corrosion distribution of suspender
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Tab.1 Numerical illustration of damage indicators of different damage models
WS AR RIESEeS WERRE % RN AR | RS AR RIESETE BRSO R AR
1 0.89 0.71 0.50 0.74 31 0.46 0.25 0.10 0.39
2 0.88 0.58 0.45 0.75 32 0.35 0.20 0.11 0.28
3 0.86 0.69 0.47 0.70 33 0.29 0.12 0.05 0.25
4 0.77 0.58 0.35 0.62 34 0.13 0.08 0.04 0.11
5 0.83 0.55 0.35 0.70 35 0.30 0.10 0.06 0.26
6 0.76 0.53 0.31 0.63 36 0.24 0.07 0.05 0.20
7 0.81 0.47 0.31 0.70 37 0.16 0.15 0.05 0.13
8 0.55 0.44 0.25 0.39 38 0.09 0.12 0.04 0.07
9 0.80 0.41 0.28 0.69 39 0.34 0.12 0.07 0.28
10 0.63 0.45 0.25 0.49 40 0.17 0.16 0.04 0.14
11 0.67 0.32 0.22 0.56 41 0.33 0.10 0.09 0.27
12 0.77 0.35 0.23 0.65 42 0.26 0.10 0.07 0.20
13 0.84 0.40 0.28 0.75 43 0.38 0.15 0.08 0.32
14 0.72 0.42 0.29 0.59 44 0.28 0.17 0.06 0.23
15 0.72 0.46 0.27 0.58 45 0.13 0.10 0.05 0.11
16 0.83 0.32 0.29 0.73 46 0.18 0.05 0.05 0.15
17 0.72 0.34 0.23 0.61 47 0.26 0.07 0.06 0.22
18 0.60 0.35 0.20 0.49 48 0.18 0.11 0.05 0.14
19 0.51 0.31 0.15 0.41 49 0.09 0.08 0.04 0.08
20 0.53 0.40 0.19 0.41 50 0.16 0.12 0.04 0.13
21 0.55 0.39 0.22 0.41 51 0.21 0.09 0.06 0.16
22 0.51 0.32 0.14 0.41 52 0.14 0.06 0.04 0.13
23 0.64 0.30 0.19 0.53 53 0.11 0.09 0.02 0.11
24 0.38 0.32 0.15 0.27 54 0.27 0.14 0.05 0.23
25 0.55 0.27 0.17 0.45 55 0.07 0.06 0.02 0.07
26 0.61 0.32 0.15 0.51 56 0.08 0.04 0.02 0.08
27 0.43 0.25 0.12 0.35 57 0.04 0 0.02 0.05
28 0.46 0.14 0.08 0.40 58 0.02 0.05 0.01 0.04
29 0.44 0.11 0.08 0.38 59 0.04 0.03 0.02 0.04
30 0.40 0.19 0.10 0.33 60 0 0 0 0
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Fig.9 Deterioration of damage indicators with mechanical properties
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