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A Study on Residual Stresses of Multilayer Welded SUS316 Steel with
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In this study, the influence of surface machining on the residual stress near the surface of multilayer welds of
austenitic stainless steel SUS316 was investigated by measuring the residual stress using the double exposure
method (DEM). The results revealed that the residual stress introduced by surface machining disappeared due to
the heat of welding, and no influence remained on the residual stress near the weld metal. In addition, the results
of the residual stress simulated by FEM analysis correspond to the measured results, and the location of the
maximum tensile residual stress is found to be in good agreement with the occurrence of stress corrosion
cracking (SCC) in the weld. It follows that surface machining has no obvious influence on the residual stress
after multilayer welding, and our result supports that surface machining is not the cause of SCC in actual welds.
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Table 1 Chemical composition of materials (mass%)

Material C Si Mn P S Ni Cr Mo Co Fe
SUS316 0.04 0.60 0.93 0.034 0.004 10.16 16.83 2.06 0.20 Bal.
YS316 =0.08 =0.65 1.0~2.5 =0.03 =0.03 11.0~14.0 18.0~20.0 2.0~3.0 Bal.
20°
z ;
.‘ X
Y
14
> le = o]
14I Surface Machining
150 [unit: mm]

Fig. 1 Schematic diagram of specimen for welding and sample for stress measurement
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Table 2 Welding conditions

Current Voltage Wire feed rate Welding speed

Layer Pass ) ") (ons) (ns)
1 1 250  15-16 45 1.67
2 2 220 14-15 45 1.67
3 3~4 220 14-15 45 1.67
4  5~6 220 14-15 45 1.67
5 7-8 220 14-15 45 1.67
6 9~10 220 14-15 45 1.67
7 11~13 220 14-15 45 1.67
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Fig. 2 Integral region of sin>y method
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Fig. 3 X-Ray beam and configuration of detector for DEM
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Fig. 4 Residual stress distribution on the surface in the

transverse welding direction

(c) Sample C without surface machining (7 layer-13 pass)
Fig. 5 Diffraction image from surface of each specimen

(x = 2.5 mm)
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(b) Residual stress map
Fig. 6 Residual stress distribution near the surface in the

transverse welding direction
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Fig. 7 Residual stress distribution near the surface in the plate

thickness direction
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Overall view

Sample A
with surface machining
(1 layer-1 pass})

Sample B
with surface machining
(7 layer-13 pass)

Sample C
without surface machining
(7 layer-13 pass)

(b) Cross section of samples A~C
Fig. 8 FEM analysis model of 1-layer and 7-layer welding

(M in the figure indicates the surface machining)
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Fig. 9 Temperature dependence of material properties of
SUS316
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Simulated section

Actual section

Fig. 10 Comparison between actual sections and simulated

results after 1-layer and 7-layer welding
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Fig. 11 Simulated residual stress distribution at the cross section in 3 directions
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Comparison of residual stress across welding direction
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Fig. 12 Comparison between simulated residual stress and

measured result across the welding direction
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