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Numerical Analysis of High Cycle Fatigue Life and Damage of Pitted
Corroded Steel Bar Based on Continuum Damage Mechanics
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(1. Institute of Structural Engineering, Zhejiang University, Hangzhou 310058, China;
2.School of Civil Engineering and Architecture, Ningbo Tech University, Ningbo 315100, China)

Abstract: The fatigue damage model parameters of HRB400 steel bar were obtained through testing. Ac-
cording to the pit morphology and fatigue test results of corrosion-accelerated steel bars, the high cycle fa-
tigue life prediction and damage process analysis of pitted corroded steel bars were realized through second-
ary development on the Abaqus platform. The results show that the fatigue life prediction results agree
well with the experimental values. There is stress concentration at the pit, and the fatigue damage is con-
centrated near the bottom of the pit. The damage in the early and middle stages of fatigue develops slowly,
and then accumulates rapidly at the end of fatigue life. The elastic modulus of the material decreases with
cyclic loading. The stress at the bottom of the pit drops to a lower value rapidly at the late stage of fatigue
life and shiflts to the periphery, and stress redistribution occurs.

Key words: corroded steel bar; corrosion pit; high cycle fatigue; continuum damage mechanics; finite ele-
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Table 1 Chemical composition of HRB400 steel bar  w/%

Fe C Mn Si S P \Y%

97.800  0.190 1. 340 0. 530 0.014 0. 028 0. 040
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Table 2 Fatigue test results of HRB400 steel bar specimens

Specimen

Guan/ MPa ¢,/ MPa Ni/times N, /times
code
F1-1 240 0 171 328
F1-2 240 0 110 659 135 731
F1-3 240 0 125208
F2-1 230 0 187 534
F2-2 230 0 229 725 209 844
F2-3 230 0 212 272
F3-1 220 0 473 267
F3-2 220 0 320 359 387 125
F3-3 220 0 367 748
F4-1 210 0 1372 998
1288961
F4-2 210 0 1204 925
F5-1 350 190 298 755
F5-2 350 190 376 248 343720
F5-3 350 190 356 156
F6-1 330 160 525652
F6-2 330 160 445 770 495 711
F6-3 330 160 515713
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Fig. 2 Pretreated steel bar specimen
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Fig. 4 Corroded steel bar specimen
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Table 3  Pit size and fatigue test results of corroded steel bar specimens

Pit size/mm

Specimen Stress

code Omax/ MPa ratio N,/times
! w d
CF1 9.91 4. 55 0. 87 290 0.1 377 408
CF2 9. 83 4.53 0. 85 210 0.3 881 959
CF3 8.02 4.51 1.02 290 0.1 152 656
CF4 7.93 4. 45 1. 09 210 0.3 694 201
CF5 10. 14 5.12 1.21 250 0.5 1087377
CF6 10. 22 5.09 1. 20 250 0.2 519 138
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Table 4 Parameters in the fatigue damage evolution
model for HRB400 steel bar

B aM,~*# b, b, a M,

1. 658 3.082X1077  0.00069 0.0000502 0.75 114292
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