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Corrosion fatigue damage mechanism of steel wire of in-service
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Abstract: In order to assess the remaining fatigue life of the steel wire of in-service concrete-filled
steel tubular arch bridge boom, the high-strength steel wire inside the replaced boom of an arch
bridge that was in service for 20 years, was taken as the research object, and the steel wire was
subjected to accelerated corrosion for different time to obtain steel wire specimens with different
degrees of corrosion. The surface roughness, mass loss rate, fracture mechanism, and fatigue life
of the steel wire under different degrees of corrosion were obtained through surface inspection,
weighing, fatigue testing, and fracture morphology analysis. The fatigue life data were analyzed
by using the Weibull model, and the remaining fatigue life formula of the boom steel wire under

different failure probabilities was obtained. The results show that as the degree of corrosion
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increases, the surface roughness and quality loss rate of the boom steel wire continuously

increase, the fatigue life decreases, and the fatigue fracture surface is brittle failure. The fatigue

life of the polished steel wire is improved. Under the same failure probability, the remaining

fatigue life of the boom steel wire will decrease with the increase of stress ratio or corrosion

degree. The research results can provide reference for the service status and fatigue life prediction

of boom steel wire.

Key words: arch bridge boom; corrosion of steel wire; fatigue life; Weibull distribution; damage

mechanism
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Table 1 Chemical composition of steel wire
LR C Si Mn S Cu Cr
W5 H 0. 85~0. 90 0.12~0. 32 0. 60~0. 90 <0.002 5 <0.10 0.10~0. 25
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Fig. 3 Appearance of boom steel wire
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Fig. 7 Schematic diagram of steel wire surface profile
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Table 3  Fatigue life of corroded steel wire

ErRe I | S W55 /100 R IR 3 S 9% 95 UCEL/ 100
1 0.91 37 0.53
2 1.24 38 0. 66

0.48
3 0. 36 1. 66 39 0. 86
4 1.92 40 1.01
5 2.13 41 C 0.18
6 0.53 42 0.32
7 0.75 43 0. 60 0.41
8 A 0.48 0. 87 44 0.50
9 0.93 45 0.61
10 1.21 46 0. 64

11 0. 36 47 0. 84
12 0.52 48 0. 36 1.08
13 0. 60 0.63 49 1. 31
14 0.71 50 1.53
15 0.99 51 0.29
16 0.69 52 0.49
17 0.89 53 D 0.48 0.53
18 0.36 1.12 54 0.72
19 1.55 55 0.99
20 1.85 56 0.13
21 0.49 57 0.27
22 0.74 58 0. 60 0.37
23 B 0.48 0.82 59 0.43
24 1.01 60 0.62
25 1.31 61 0.98

A
26 0.23 62 B 1.18
GTE &)
27 0. 45 63 1. 05
28 0. 60 0.53 64 0.98
B
29 0.71 65 B 1.02
GTE &)
30 0. 89 66 1. 20
0.48
31 0.59 67 0.62
C
32 0.79 68 B 0. 86
GTE &)
33 0.36 1.01 69 1.07
C
34 1.25 70 0.57
D
35 1.45 71 ) 0.63
TR
36 0.48 0.41 72 0.81
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Relationship between fatigue life of steel

wire and stress ratio
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