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Abstract:To investigate the fatigue performance of Q420qENH welded joints after corrosion, electrolytic
accelerated corrosion tests and fatigue experiments were conducted on specimens, combined with numerical
simulation. A thermal-mechanical coupled finite element model was established to simulate the welding process.
The fatigue life of corroded welded joints was predicted using ABAQUS and FE-SAFE by introducing residual
stress fields and stress concentration factors. The results show that all specimens fractured at the corrosion pits in
the middle of the weld toe. Residual stress presents tensile stress, and the fatigue life of specimens decreases
significantly with the increase of fatigue stress amplitude and corrosion time. The relative errors between test and
simulation results are within 15%. The S-N curves (95% survival rate) fitted from test and simulation fatigue data
show that the maximum relative error at 2 million cycles is 4.31%, indicating small errors and good prediction
accuracy. According to the Code for Design of Steel Structures of Railway Bridges (TB/T 10091-2017), it is
recommended to adjust the fatigue allowable stress amplitude category of butt joints for railway non-painted
Q420qENH weathering steel to Category VII in bridge design.
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Tab.1 420qENH and welding consumables composition content

Ry R 80%)

M

Mn Cr Ni Cu Alb Si C P S

BlA Q420qENH  1.36 0.4~0.7 0.3~0.4 0.25~0.5 0.033 0.25 0.06 0.01 0.002

J&FF SC-81W 0.5~1.3 0.45~047 0.3~0.8 0.3~0.75 1.8 0.2~0.8 0.12 0.03 0.03
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Fig.1 Detailed dimensions of the specimen
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Fig.2 Electrolytic Accelerated Corrosion Test Diagram
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Tab.2 Corrosion volume and corrosion rate

JE b A 391(t/h) BRI ¢ /) JRESURE T /% JRURIREE /1 g (/)
4 14.01 2.70 72.80 18.20
8 26.93 5.25 139.91 17.49

14 41.83 8.11 217.34 15.52
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Tab.3 Parameter settings for fatigue experiment parameters

WS AR TN IIEA /MPa KT Fuad kN 5/N T Fan /KN 377 Fu /KN #8377 FJ/KN

1 306 136 13.6 74.8 61.2
2 288 128 12.8 70.4 57.6
3 270 120 12 66 54

4 252 112 11.2 61.6 50.4
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Fig.3 Macroscopic morphology of specimen fatigue fracture
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Tab.4 Experimental fatigue life results

M 5 R AIEA /Mpa RIGIE TR AR WAL

306 199427 JE Bk
. 288 216070 JE Bk
270 231795 JE Bk
252 243047 JE Bk
306 150961 JE Bk
288 163035 JE Bk
s 270 167163 JE Bk
252 170856 JE Bk
306 141815 JE Bk
i 288 154129 JE Bk
270 159429 JE Bk
252 162825 JE Bk
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Fig.4 Finite element model
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Tab.5 Material Performance Parameter Table

R JE/PC EL#E/(/(kg « K)) Ak Z¥0/10°K! Jit R 5 /M Pa AR/ MPa S AEH/(W/(m * K))

20 439.80 0 470 206 53.33
100 487.62 1.248 470 206 50.67
200 529.76 1.288 470 185.4 47.34
300 564.74 1.328 470 164.8 44.01
400 605.88 1.368 470 144.2 40.68
500 666.50 1.408 366.6 123.6 37.35
600 759.92 1.448 220.9 63.86 34.02
700 1008.15 1.488 108.1 26.78 30.69
800 803.26 1.410 51.7 18.54 27.36
900 650.44 1.340 28.2 13.91 27.3
1000 650 1.408 18.8 9.27 27.3
1100 650 1.462 9.4 4.635 27.3
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Fig.5 Double ellipsoid heat source model
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Tab.6 Shape parameters of the double ellipsoid heat source model

/mm /mm /mm /mm F1 F2
B2 5 7 5 10 0.6667 1.3333
= 5.6 7 5 10 0.6667 1.3333
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Fig.6 Temperature field cloud at each time node
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Fig.7 Heat cycle curve of weld node
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Fig.8 Cloud diagram of residual stress distribution after cooling
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Fig.9 Variation curve of residual stress in each path
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Tab.7 Erosion pit calculation

2 )]

Ji5 vt )/ JE /g AR/ mm? B mm® 1k /g AR
4 9.94 0.000276 3
8 24.24 36000 0.000673 6
14 38.45 0.001068 9
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Fig.10 Stress cloud calculated by stress concentration factor for corrosion time of 14h
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Fig.11 Stress diagram before and after fatigue load application
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Fig.12 Cloud diagram of fatigue life distribution after corrosion for 14 hours
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Tab.8 fatigue life results
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Tab.9 Log-linear expression for S-N curve at m=3
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Tab.10 Fatigue strength at 95% guarantee for 2 million cycles
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