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Fig. 1 Corrosion pit morphology
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Fig. 2 Stress amplitude corrosion acceleration effect function
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Table 1 Corrosion currents in different regions
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Table 2 Chemical composition of steel wire (%)

C Si Mn S Cu Cr

0.8-0.850.13-0.310.62-0.89 <C0.0022 <C0.09 0.12-0.22
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Table 3 Mechanical properties of steel wire specimens

FEA ESEE o HR o IR SHIRIEM
%% W (GPa) SBJE(MPa) #JF (MPa) fiiH 3 (%)
1 201.3 1675 1843 5.7
2 200. 8 1656 1851 5.5
3 198.9 1657 1846 5.8
4 199.5 1668 1845 5.6
5 202.4 1671 1863 5.4

EHME - 200.58 1665. 4 1849. 6 5.6

K4 %55 K3 bl

Fig. 4 Fatigue experiment
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Fig. 5 Corrosion fatigue experimental device
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Table 4 Experimental results of steel wire at 2 Hz loading frequency
. N CHUn 28 N (U 2 N CHUn & N CHUn 2
95 R C, m, AS(MPa) S,
10 7R 15 %O 25 TR 35 YO
1 0 3.72X107" 3,047 550 275 781,658 792,968 805,659 912,365
2 0 450 225 1,169,856 1,261,569 1,294,547 1,312,968
3 0 350 175 1,698,574 1,712,256 1,789,269 1,985,526
4 0 300 150 2,745,692 2,759,598 2,856,253 2,896,396
5 0 250 125 3,120,256 3,196,396 3,202,257 3,365,278
6 0.1 3.68x107 " 3.125 550 336 625,694 715,498 814,256 912,658
7 0.1 450 275 935698 948,654 1,010,325 1,156,895
8 0.1 350 214 1396871 1,406,986 1,512,316 1,625,121
9 0.1 300 183 2036471 2,132,378 2,156,795 2,265,968
10 0.1 250 153 2789252 2,798,254 2,895,966 2,956,589
11 0.3 3.12X107'" 2.966 550 511 435698 512,986 612,256 715,325
12 0.3 450 418 799687 899,692 912,698 1,021,696
13 0.3 350 325 1135466 1,215,498 1,298,376 1,365,563
14 0.3 300 279 1869541 1,902,657 1,998,968 2,102,456
15 0.3 250 232 2396581 2,410,002 2,456,369 2,596,698
16 0.5 2.89X107" 2.968 550 825 356,897 484,379 502,376 658,025
17 0.5 450 675 651,654 756,512 701,325 802,369
18 0.5 350 525 945,684 1,008,023 1,125,543 1,269,789
19 0.5 300 450 1,225,462 1,345,679 1,312,989 1,458,979
20 0.5 250 375 1,565,454 1,698,758 1,654,892 1,795,494
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Fig. 6 Relationship between corrosion acceleration factors Fig.7 Relationship between corrosion acceleration factor

nd loading fr ncy in seawater environments . S .
and loading frequency in seawater environments and loading frequency in different environments
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Table 5 Test results of steel wire without corrosion under 2

Hz loading frequency

it R AS(MPa) S, N
1 0 550 275 2,654,146
2 0 450 225 #
3 0 350 175 #
4 0 300 150 #
5 0 250 125 #
6 0.1 550 336 2,361,524
7 0.1 450 275 #
8 0.1 350 214 #
9 0.1 300 183 #
10 0.1 250 153 £
11 0.3 550 511 #
12 0.3 450 118 2,036,214
13 0.3 350 325 #
14 0.3 300 279 #
15 0.3 250 232 #
16 0.5 550 825 1,765,142
17 0.5 450 675 1,862,315
18 0.5 350 525 2,011,589
19 0.5 300 450 #
20 0.5 250 375 £
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Fig. 8 The S-N curves of steel wire at R=0
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Fig. 10 The S-N curves of steel wire at R=0. 3
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Fig. 12 Scanning electron microscope photo of steel wire fracture
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Fig. 15 Fatigue fracture process of steel wires with multiple corrosion after 100000 pre-fatigue cycles
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Fig. 16 Fatigue fracture process of steel wires with multiple corrosion pits after 150000 pre-fatigue cycles
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Fig. 17 Fatigue fracture process of steel wires with multiple corrosion pits after 250000 pre-fatigue cycles
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Fig. 18 Fatigue fracture process of steel wires with multiple corrosion pits after 350000 pre-fatigue cycles
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Fig. 19 Fatigue fracture process of steel wires with multiple corrosion pits after different pre-fatigue cycles

5 NN ) INF 1) A i 006 i 57 2 0T R ) X 3R
A 290 U ok X 4 22 149 982 5 i 5 WA R J
P2 55 R W I 38 KT S A4 8 55 A . 22 R it
P 55 W 28 LR 0 [T AN O T S TORRER Y
B SR 1 I BO™ A2 ) LUK B B 55 I 3R
ARAETE B 22 1 IR 20 B TR 2 2R L 35 0B
55 N2 A 22 I8 T IO 22 (4 T T R 5 7 i BRE

HT I 20 AT AE A [7] (14 300 2 K0 B, i
TN AR B T ol o ) 6 72 o 9 22 SR I

R JRE PR R B — S B JA R E E R AR bk B R
B AR AR AT AR A ) R TN 2R B
JE i ST 38 R RE Ry ] 21 AT 22 Rk T A SRR
BRI R 22 e KO 14,500, E2A LT LA A -

(D) He T80 05 B 19 Paris 20 50 RBOA B
A58 A UER B A BRI B HOR.

(2) B I 57 e — B FL AT 2% Y Tl AR SCHR
P 1 B R — Bl B Rk L I AN 52 4 .

(3) H T H0ORE Y B BIOE L ok 64 BE BIL 1 DA B sk
BT 1R 22 I AR A e e A



BEANOTSE . B PO 05 R A 1 T R A P 9 22 R 7 5 S SR F o - 391 -

— TR 57 INER1077 IR

2.0 ['|l—— Bige s a1 K
T 57 In#k2 575 Ik
— T F7 I ER3 5T K
g1s5t
g
=
o
5
- 1o}
@]
0.5}
0.0 1 1 = n 1 = n 1 = 1 1 = n 1 - 1 1 = 1 1 =
0.0 2.0X10° 4.0X10° 6.0X10° 8.0X10° 1.0X10° 1.2X10° 1.4X10
N (Cycles)

[ 20 22 B ok 70 09 22 B8 ok 5 55 — I B
52 TR B EUEA SR
Fig. 20 Change process of corrosion fatigue crack length

of steel wire with multiple corrosion pits

16 : : : . : .
W FUE 57 #1007 K The max error is 14.5%
® TS NE1 ST R m A
14 1| A i3 35 k2575 )
v HURE ST R3Sk | ®
12f u —
evA e B B4 wh A
S 10t Vay o v of4x 4 x
< ey ¥ Uve o
INE A A L
= va ® ® ®
s Y
61 A oAA o v
o A, A v %y o
4 [
5)
0 5 10 15 20

Sample number

Bl 21 ZEohbieN 2 e 5id 5 iR 2=
Fig. 21 Theoretical and experimental errors in steel

wires with multiple corrosion pits

4 #ig

o T E R R DIRE . KA R #2222 1)
— 8 BR[0T 0 30 I o 3l 2 3% B 55 M I
T 55 AR B RONE. A I A BIE S ST T TORE 95 N 2%
Ja e 58 JSE A 22 JE b g 57 AR Y BB HE 2. AR THRL Y
AR 2 BB AR 1 B Be R AT 97 S-
N i 26 A K Miner 458 473 E W 31 5380 19 55 463 13 9 2%
ROR BT RS B AT 5 2 B BORE I ko 55 ol

P T I B TESE 1 I B J i 7 3 3 b 5 9% 57
TS TR el R ik 8y g 2 BT ek B AR
SPIRL T SRR 7RSS 2 TR B L %0 B
Hb A B ok kS R A L R G IE 5 /Y Paris 2233t
BTG RN O S g T A IR T
ZH. 301k Franc3D SCBL T 31480 1 72, 9 5 56 oF
T XL S T RAFIECR. 3A DL L 458

(1) K Z A T ah A5y B v, AT LS o il
FOREBRE L. 2GS BT HE AR LL
PRI B T At T A S U 5 A AR . 2
F 32 0y B BE RN T B 24 T i N 2
B 55 S 00 45 SR LL  T0I0 RS iz 55 7 i I B R iR 2
2k 14, 5%, Ho AL B8 B A B il Bt e i 5 25 K
2 11%.

(2) FRRE T 4009 55 100 5 5 0 48000 58 X 5 o 9 57
ST 5 R A A ) A T ok BRI v > o 8 AR R AR s
B 22 A 75 53 1AL R AT 6 ke o R ok Xob 9% 55 1) 52 i A P
BRI F A S J b T ok e [ R R 22 1Y) T
Tl 55 75 iy BRI T 4l 55 5

(3) TEAH [ 1) JE ot A 55 v s 9% 57 68 530 m, RJE 57
FECHMBHR R ) 5 AR X L B R E 5 R I K
JEAEE R m Ry 3 A COM N ER Ry 101 A2
A (ELJZE 50 T LS 095 5 st A 22 (1) % 55 18 B0 m, R

D PRI EBEING i F N 22 f )™ 5 il
AT Ry S BE A ol AEL ER T8 ol 19 52 2 M TR Ot R Al )
W SRR A BT 25 5%, 5 8l EE EAFR.

%3k

(1] wE s, WEESC, JaMR IR, 22748 fif 43 A0 S 2 PR 95 4 1
TSR Y S o o5 MERe R SR (T ], MORLS 4R, 2021,
35(20); 20087-20091. (Yu X R, Yao G W, Fan W
Q. Experimental on the corrosion fatigue behavior of
steel strands under the couple effect of variable load
and choride environment [ J ]. Materials Reports,
2021, 35(20): 20087-20091. (in Chinese))

[2] Sun HH, Tang X T, CaiSY, Yan L, Liu H]J. Fa-
tigue of suspender anchorages under axial and bending
loads of suspension bridges[J]. Journal of Construc-

tional Steel Research, 2024, 212. 108252.



392 -

W g 22 4l

2025 42 46 &

(3]

(4]

(5]

[6]

(7]

(8]

[9]

[10]

[11]

Xue S L, Shen R L. Research on fatigue failure and
structural measures of suspenders in the Jinsha River
railway suspension bridge[ J]. Engineering Failure A-
nalysis, 2024, 162. 108359.

BEFA . AN 22 B 747 40 22 R T o 55 800 43 A
SHEGRBIID]. I PR S8 R, 2021, (Xue S
L. Corrosion Fatigue Effect Analysis and Damage I-
dentification of High Strength Steel Wire and Parallel
Steel Wire Cable[ D]. Sichuan: Southwest Jiaotong
University, 2021. (in Chinese))

HFEAERE. o T BN 22 9% 57 P B M B 8 R 0 55 T S
PG T PSS [ D], WivE. WiV k2%, 2018. (Zheng X
L. Research on the Fatigue Performance of Corroded
Steel Wire and Evaluation Method of Fatigue Reliabil-
ity for Bridge Cables[D]. Zhejiang: Zhejiang Univer-
sity, 2018. (in Chinese))

Xue S L, Shen R L, Xue H J, Zhu X X, Wu Q,
Zhang S. Failure analysis of high-strength steel wire
under random corrosion[ J]. Structures, 2021, 33:
720-7217.

Nakamura S, Suzumura K. Experimental study on
fatigue strength of corroded bridge wires[J]. Journal
of Bridge Engineering, 2013, 18(3): 200-209.

Fan C, Li Z X, Wang Y. A multi-scale corrosion fa-
tigue damage model of high-strength bridge wires[J].
International Journal of Damage Mechanics, 2020, 29
(6): 887-901.

Jiang C, Wu C, Jiang X. Experimental study on fa-
tigue performance of corroded high-strength steel
wires used in bridges[J]. Construction and Building

Materials, 2018, 187 681-690.

Li H, LanC M, Ju Y, Li D S. Experimental and nu-
merical study of the fatigue properties of corroded
parallel wire cables[J]. Journal of Bridge Engineer-
ing, 2012, 17(2). 211-220.

Guo ZZ, Ma Y F, Wang L, Zhang J R, Harik I. E.

Corrosion fatigue crack propagation mechanism of

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

high-strength steel bar in various environments[ ] ].
Journal of Materials in Civil Engineering, 2020, 32
(6): 04020115.

Sun B. A continuum model for damage evolution sim-
ulation of the high strength bridge wires due to corro-
sion fatigue[ J]. Journal of Constructional Steel Re-
search, 2018, 146 76-83.

Xue S L, SuT, Shen R L., Zong Z L., Zhao X Q. A-
nalysis of corrosion fatigue coupling effect of high-
strength steel wire based on multi-stage competition
assisting theory [ J]. Engineering Fracture Mechan-
ics, 2024, 298. 109958.

NiY Q, Ye X W, Ko ] M. Monitoring-based fatigue
reliability assessment of steel bridges: analytical mod-
el and application[ J]. Journal of Structural Engineer-
ing, 2010, 136(12).: 1563-1573.

Gallo P, Lehto P, Malitckii E, et al. Influence of mi-
crostructural deformation mechanisms and shear
strain localisations on small fatigue crack growth in
ferritic stainless steel[J]. International Journal of Fa-
tigue, 2022, 163: 107024.

Sun Q, Dui H N, Fan X L. A statistically consistent
fatigue damage model based on Miner’s rule[ J]. In-
ternational Journal of Fatigue, 2014, 69. 16-21.
Kreider K L, Mckinnon J] M. Clemons C B, et al.
Modeling unidirectional corrosion damage evolution in
a SS 316 pencil-electrode experiment[ ] ]. Corrosion
Science, 2021, 179: 109086.

Ma Y F, He Y, Wang G D,Wang L., Zhang ] R, Lee
D H. Corrosion fatigue crack growth prediction of
bridge suspender wires using Bayesian gaussian
process[ J]. International Journal of Fatigue, 2023,
168, 107377.

Wu Q G, Chen X D, Fan Z C, Nie D F, Wei R C.
Corrosion fatigue behavior of FV520B steel in water

and salt-spray environments[J]. Engineering Failure

Analysis, 2017, 79. 422-430.



5 33 REAN AR B Il 57 M 13 18 R SR A5 PP 9 B 22 55 3000 i 5 S B F 5 - 393 -

Failure Analysis and Experimental Study of Steel Wires in Cable Structures

Under Coupled Effects of Corrosion and Fatigue
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Abstract The coupled corrosion-fatigue failure of steel wires is a prevalent and critical failure mode in
cable structures. However, protective sheaths prevent simultaneous corrosion and fatigue, complicating
failure analysis. Traditional methods based on damage mechanics and fracture mechanics have been widely
used to study fatigue fracture. However, damage mechanics approaches are often computationally complex
and difficult to apply in engineering practice, while fracture mechanics methods typically require the as-
sumption of pre-existing cracks, limiting their real-world applicability. To address these limitations, this
study proposes a comprehensive theoretical framework for evaluating the corrosion-fatigue failure of high-
strength steel wires. First, the fatigue damage state of steel wires is assessed using S-N curves under non-
corrosive conditions, assuming the protective sheath remains intact. Once damage to the sheath occurs, a
corrosion kinetics model is employed to simulate the growth of corrosion pits in steel wires. The transition
from corrosion pits to cracks is then predicted by determining the critical fatigue cycles required for crack
initiation. Subsequently, crack propagation is analyzed using fracture mechanics principles and Franc3D
software, enabling the estimation of the fatigue life of corroded steel wires. To validate the theoretical pre-
dictions, an experimental study is conducted to investigate the coupled effects of fatigue and corrosion in
high-strength steel wires, where fatigue loading is applied prior to corrosion exposure. Comparison of ex-
perimental results with theoretical calculations reveals minimal deviation, confirming the accuracy and ef-
fectiveness of the proposed theoretical approach. In summary, the failure analysis methodology developed
in this study offers a computationally efficient and practically applicable approach for assessing the corro-
sion-fatigue behavior of steel wires in cable structures. The method exhibits strong agreement with experi-
mental observations and provides a valuable reference for the design, operation, and maintenance of cable
structures. Furthermore, the proposed framework can be extended to other high-strength steel compo-
nents exposed to coupled fatigue and corrosion conditions, contributing to the reliability and durability as-
sessment of engineering structures in harsh environments.

Key words high-strength steel wire, corrosion-fatigue coupling, fracture mechanics, damage mechan-

ics, S-N curve





