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Abstract: Using the general finite element software MSC. Marc as a platform, the thermal-elastic-plastic finite element
method is employed to numerically simulate the residual stress and deformation of typical Q890q steel welded joints, and
the effect of post-weld heat treatment on welding residual stress is also simulated. Based on the numerical simulation results,
the influence of residual stress under static load conditions on the bearing capacity of Q890q steel flat butt joints is systemati-
cally analyzed. In addition, taking box-type joints as the research object, the effects of external restraint and joint size on the
residual stress and transverse shrinkage deformation of Q890q steel joints are discussed. The study shows that there are lon-
gitudinal tensile residual stresses exceeding the normal temperature yield strength of the material in the weld and nearby ar-
eas of the Q890q steel flat butt joint, and post-weld heat treatment can significantly reduce the residual stress of the joint.
When the butt joint is subjected to a static tensile load parallel to the weld, with the continuous increase of the load, the peak
value of the longitudinal residual stress first slightly increases, then decreases, and stabilizes at the level of uniaxial tensile
yield strength, and the residual stress has almost no effect on the static strength of the joint. For Q890q steel box-type butt
joints, external restraint will increase transverse residual stress and reduce transverse shrinkage. The closer the restraint posi-
tion is to the weld, the more significant the increase in transverse residual stress, and the smaller the transverse shrinkage.
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Table 1 Chemical composition of Q890q steel (wt. %)

C Si Mn P S Ctr Mo Ni Nb V Ti Fe
0.16 0.27 1.49 0.017 0.0016 0.25 <0.5 <0.5 <0.1 <0.1 <0.1 Av&
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Table 2 Mechanical properties of Q890q steel at ambient temperature
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Fig. 5 Longitudinal residual stress contour of the butt joint
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Fig. 6 Longitudinal residual stress distribution along the feature lines

of the butt joint
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Fig. 7 Transverse residual stress contour of the butt joint
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Fig. 8 Transverse residual stress distribution along the feature lines

of the butt joint
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Fig. 13 Residual stress contour of the but joint after heat treatment
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Table 3 Computational cases of box-shape joints
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Fig. 14 Boundary conditions of the box-shape joints
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Fig. 15 Circumferential residual stress on the cross-sections of the

box-shape joints
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