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Effect of Axis Deflection Angle on Mechanical Properties of Corroded
Steel Wire for Slings

Xie Qingqing',Deng Nianchun'?
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2. Guangxi Key Laboratory of Disaster Risk Reduction and Engineering Safety, Guangxi University, Nanning 530004, China)

Abstract: Slings of arch bridges may experience axial deflection after long—term service. In order to study the
influence of this phenomenon on the force of the slings, this paper designs a static tensile test scheme of axial
deflection for the basic unit of the slings. Firstly, the corroded steel wire specimens were prepared by accelerated
copper salt corrosion method, and the static tensile tests were carried out on the specimens at four different
coaxial deflection angles (0, 10, 20 mrad and 30 mrad). Ansys is used to simulate the test and the pitting. The
results show that the weight loss rate and the average corrosion depth of steel wire increase linearly with the cor-
rosion time, but the corrosion rate decreases quadratically with the corrosion time. The ultimate tensile properties
of steel wire decrease with the increase of deflection angle. The coupling of deflection angle and corrosion accel-
erate the weakening of the tensile strength of steel wire. The numerical simulation is in good agreement with the
experiment, which effectively verifies the law obtained by the experiment. The phenomenon of concentrated stress
occurs when there are pits in steel wire, and the maximum stress increases with the increase of deflection angle.
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Fig.1 Shape of steel wire before cleaning with different
corrosion time
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(b) Corrosion time 720 h
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Fig.2 Shape of steel wire after cleaning with different
corrosion time
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Tab.1 Average corrosion index
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Etching  Average mass Mean corrosion  Weight loss corrosion

time/h loss rate/% depth/mm rate/(g/(m?-h) )
360 1.53 0.027 0.58
720 2.28 0.04 0.433
1080 3.02 0.053 0.384
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Fig.3 Variation law of mass loss rate with corrosion
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Fig.4 Variation law of average corrosion depth with
corrosion
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Fig.5 Variation law of mass loss rate changes with

Weight loss corrosion rate/(g/(m?-h))
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Fig.8 State of force of the wire at the angle of deflection
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Tab.2 Average breaking stress value of steel wire

Angle of Average breaking stress value/MPa
deflection
/mrad 0 360 h 720 h 1 080 h
0 1 879.6 1 850.1 1810 1 740.4
10 1 863.3 1825 1780.4 1703
20 1 821.6 1793.5 1733.2 1634.2
30 1 760.3 1 675 1591.8 15109
1850
1 800
& 1750
=
% 1700
=
;D 1650 —m—0
2 | —®—360 h
5 1000F _u 7501
“ 1555F —v—1080h
1 500 | 1 | 1 |

0 5 10 15 20 25 30
Angle of deflection/mrad
E9 AEBHEENLERERTHMELKA
Fig.9 Fracture stress of steel wire with different corrosion
degrees under deflection angle
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Fig.10 Finite element model of steel wire
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Tab.3 Test and simulation results of uncorroded steel wire

Angle of  Experimental ~ Value of  Relative error/
deflection/mrad ~ value/MPa  simulation/MPa %
0 1 879.6 1870.3 0.5
10 1 863.36 1857.93 0.29
20 1821.6 1 846.97 1.4
30 17603 1830.25 3.82




108 L N i N

2023 4

3.3 NI S

FEJE DA BT v, BT 09 8 AR — T 43 Sk 2 Bk
e CEMEERIE = A8 55 | L 3 fie S ik VR B A
TR S ) 2 ot ) i R ok B R e DA L T 78 4y
A SH, A 1 080 h 23T Ay fie K Pl T I i
FITE 0.4~0.6 mm, AL, A SCE IR BTERE R 0.5 mm
KA FE A 0.8 12 B ERIE T 37 250 mm 1) #K
2247 BT RYEAT I 1 40 B, IR 14 FiR R 22—

14 et sy
Fig.14 Steel wire pitting model

ity ¢ B A [ i, 3 — it A 0 O A £ 52 A% Rl e r
I3, bl 7 g 35 R AR BB J1E Y 20%, BT ik
HEAT AR 4% 400 43, B /N Rl B R BB T RUST 43 i) B
0.02 mm F1 0.5 mm #47 H %] 5, @il 15 s,
S NS S W R T B S X NI DAV
YERE , ilutrp b 7= A IR 08 R 7 43 A, By g 4 Ak
7 A A e 07 ) DX SR A AR A3 A T ik B A R b
K 7B BAE w7 XV B B ) A % BN

B 15 hyTab ey Mgkl o
Fig.15 Grid division at the pit

(a) The deflection angle is 0 mrad

(b) The deflection angle is 10 mrad
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Fig.16 Stress analysis nephogram of the pit
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