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ABSTRACT: The work aims to quantitatively study the redistribution effect of welding residual stress caused by crack propa-
gation, and obtain the variation law of residual stress with crack propagation. First, the initial residual stress of the Q355 steel
plate butt joint was tested through the blind hole method. Then, the crack propagation parallel and perpendicular to the weld
seam was simulated with the wire-cutting technology, and the changes in residual stress caused by crack propagation were

measured. Finally, based on the test data, a functional relationship between the residual stress release amount Ao and the crack
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length a was proposed, and further, a calculation formula for stress redistribution with crack propagation was derived. The re-

sults showed that: in the weld zone of the Q355 steel plate butt joint, there was a significant longitudinal residual tensile stress

(along the direction of the weld seam), with the peak tensile stress occurring at the weld toe, reaching up to 1.13 times the yield

strength. There was also a large gradient and alternating tensile-compressive residual stress in the transverse direction of the

weld zone. The peak compressive stress appeared at the weld toe, measuring 52.6 MPa, while the peak tensile stress occurred at

a distance of 17 mm from the center line of the weld seam, measuring 63.5 MPa. Crack propagation resulted in a significant re-

lease of residual tensile stress. When the crack propagated along the center line of the weld seam, the peak transverse residual

tensile stress decreased by 45.8%. When the crack propagated perpendicular to the weld seam, the peak tensile stress at the weld

toe decreased by 63.3%. To sum up, the propagation of cracks significantly affects the residual stress distribution in welded

components. The crack propagation stress redistribution calculation formula proposed based on the measured data can effec-

tively reflect the redistribution of residual stress.
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Tab.1 Welding process parameters

Bottom welding Bottom welding Cover welding Cover welding Lateral swing speed of Longitudinal swing speed of

current/A voltage/V current/A voltage/V welding torch /(mm-s™) welding torch /(mm-s™)
P1 140-155 21.5 200-205 29.3
P2 154-169 21.3 231-252 28.8 3 4
P3 144-157 20.8 204-214 29.8
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Fig.1 Specimen diagram
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Fig.2 Diagram for strain layout of residual stress test
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Fig.3 Layout of measurement points
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Fig.4 Boundary conditions of mechanical analysis
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