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Effect of Corrosion Pits on Mechanical Properties of Steel Bar after
Exposure to High Temperature

LIU Chongrun, BA Guangzhong, ZHENG Xinxin, ZHOU Jiaxin

(College of Ocean Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: In order to study the stress distribution of steel bar with corrosion pit after exposure to high temperature ,
specimens with artificial corrosion pits were prepared, then the high temperature was exposed and tensile tests were
conducted to investigate the variability in mechanical properties. The stress distribution near the artificial corrosion
pits was simulated by finite element analysis. The results show that for the specimens with single artificial corrosion
pit, its stress concentration factor of the specimen with hyperbolic corrosion pit is greater than that with elliptical pit.
When the width of the artificial corrosion pit is constant, the stress concentration factor increases with the increase
of depth to width ratio. After experiencing 800 °C, the stress concentration factor is reduced by about 10%. For the
specimen with two artificial corrosion pits, the stress concentration factor significantly increases when the angle of
corrosion pits is between 30° and 90°.
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Table 1 Chemical composition of steel bar
w/%

Fe C Si Mn P S Ceq

97.284 0.210 0.570 1.410 0.038 0.038  0.450
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Fig. 1
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(b) Hyperbola(d,/b,=1)
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Fig.2 Shapes and sizes of artificial corrosion pits

(a) Ellipse
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Table 2 Parameters of artificial corrosion pits
d b d 2
Shape 4 o/ Shape / b/
mm  mm mm  mm
Ellipse(groove) 2.0 2.0 || Hyperbola(groove) 2.0 2.0
Ellipse(groove) 4.0 2.0 || Hyperbola(groove) 4.0 2.0
1.2 KR E

Ji =R B % Zwick Z250TEW % 250 kN
Jr et R IR ML, e K27 o 100 KN, B #4314 114 T

X

KA RR B

Schematic diagram of specimen(size: mm)
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(c) Hyperbola(d,/b,=2)

Friw A 0~15 mm.
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Fig.3 Model and sectional view of adjacent artificial

corrosion pit
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Table 3 Parameters of corrosion pit simulation model of

single artificial corrosion pit
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Table 4 Parameters of corrosion pit simulation model of
adjacent artificial corrosion pits

Shape /by a/() Shape 4/ b/ 0/()
mm  mm mm  mm
Ellipse(pit) 2.0 4.0 0 | Ellipse(pi) 2.0 4.0 60
Ellipse(pit) 2.0 4.0 15 | Ellipse(pi) 2.0 4.0 90
Ellipse(pit) 2.0 4.0 30 | Ellipse (pit) 2.0 4.0 180
Ellipse(pit) 2.0 4.0 45

d/ b/ Shape d/ b/

mm mm mm mm

Shape

Ellipse(groove) 1.0 0.5 Ellipse(groove) 2.0 4.0

Ellipse(groove) 1.0 1.0 || Hyperbola (groove) 2.0 2.0
Ellipse(groove) 2.0 1.0

Ellipse(groove) 2.0 2.0

(
(
( Hyperbola (groove) 2.0 4.0
(
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Fig.4 True stress-strain curves
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Fig.5 Comparison between experimental values and simulated values of load-displacement curves at different temperatures

3

3.1
3.1.1

HERMER

BRIFE TR B 11 53 76
AU T4 B ) o3 A

Equivalent stress/MPa:

440.240(max)
391.340
342.440
293.530
244630
195730

97.927

49.025
0.124(min)

(a) Vertical view

3 5t KA 7 AT LA BB BT B9 B g o3 A
U ORI N S IOV S VR o A APAR = SN
{ELTE 85 SO FB , f5e /N (ELTE W 2047 i n 77 18] #9945 L
W%, 550 8T8 85 B 7 de K (B L T SRR R

Equivalent stress/MPa:

. 440.240(max)
391.340
342.440
293.530

C 244.630
195.730

97.927
49.025
0.124(min)

(b) Front view

P16 AEADLER bT i I8 g 3 A

Fig. 6 Stress distribution at artificial corrosion pit
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Fig.7 Stress distributions of radial section of adjacent artificial corrosion pits
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Fig. 10  Stress concentration factor of adjacent artificial

corrosion pits
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