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Effect of Residual Stress and Hardening on Grain Boundary Sliding in Welds

of Low-carbon Stainless Steels with Surface Machining
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To clarify the effects of residual stress and hardening on intergranular stress corrosion cracking (IGSCC)
behavior in welds of low-carbon austenitic stainless steels with surface machining, residual stress and

hardness were evaluated by 3-dimentional thermo elastic-plastic analysis and grain boundary sliding
behavior was examined using a constant strain rate tensile test. It was revealed that grain boundary
sliding occurred in the material at 561K by the tensile test with the numerically simulated tensile
residual stress due to multi-pass welding and surface machining. In addition, it was clarified that the
grain boundary energy is raised by the grain boundary sliding. On the basis of these results, it was
concluded that the cause of IGSCC in the welds of low-carbon austenitic stainless steel with surface
hardening is the increase in grain boundary energy due to grain boundary sliding induced by residual

stress of multi pass welding and surface hardening.

Keywords: Intergranular stress corrosion cracking (IGSCC), Low-carbon austenitic stainless steel,

Welds, Surface machining, Residual stress, Work hardening, Grain boundary sliding.
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Table 1 Chemical compositions of material used (mass%).

Element £ Si Mn P S

Ni Cr N Co Mo Fe

SUS316L 0014 047 139 0.014 0.001

11.31 17.58 0.102 0.14 2.09 Bal
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Fig.1 Relationship between plastic strain and hardness.
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Fig.2 Relationship between distance from surface and
residual stress and hardness.
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Fig.3 Surface appearance of tensile tested specimen.
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Fig.4 Relationship between misorientation at grain
boundaries and amount of grain boundary sliding.
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Fig.5 Relationship between angles between tensile
direction and grain boundary and amount of grain
boundary sliding.
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Fig.6 Relationship between strain and amount of grain
boundary sliding.
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(b) Cross sectional view of groove at grain boundary

Fig.7 3-D reconstructed image from SE images of
surface of SUS316L etched and cross sectional view of
groove formed at grain boundary.
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Fig.8 Relationship between amount of grain boundary
sliding and depth of groove at grain boundary, dihedral
angle of groove and grain boundary energy.
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