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Evaluation of the sustainability of compressive residual stress by introduced a 

stress improvement method (the second report) –Residual stress change of 

welded joint with shot peening by thermal cycle and stress loading. 
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To validate the FEM simulation technique presented in the previous report, we made pipe butt welded joints between 

base metals of the same material SUS316L and between base metals of the dissimilar materials SUS316L and STPT370. 

Shot peening (SP) on the outer surface or the inner surface of these welded joints induces high compressive residual 

stresses on the surface. After heat treatment with the peak temperature of 623 K was applied to the welded joints, they 

retained high compressive residual stresses but the compressive residual stresses were relaxed by 100-300 MPa. 

Similarly, applying an axial compressive strain of 0.3% to the welded joints enabled them to retain high compressive 

residual stresses but the compressive residual stresses were relaxed by up to 100 MPa. 

 

Keywords: butt welded pipe, shot peening, compressive residual stress, relaxation, thermal treatment, stress loading 
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Welded Joint

Base

metal

Filler wire Size

Same welded joint SUS316L Y316L

O.D. 161.5 mm,

11.25 mmt, 195

Y316L

YNiCr-3

Dissimilar welded joint

SUS316L,

STPT370

O.D. 161.5 mm,

11.25 mmt, 400
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Table 1 Materials and size of welded joint made. 
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E-mail: nishikawa-satoru@japeic.or.jp 

Fig. 1 Schematic illustration of groove shape. 
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Fig. 3 Appearance of welded joint after SP. 
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Table 2 Welding condition of welded joint. 

Joint Pass

Current

(A)

Voltage

(V)

Welding speed

(cm/min)

Wire feeding

speed(g/min)

Same 1�10 180 10 8 6.33

1 180 10 9 12.05

2 220 10 11 6.49

3 250 10 11 6.49

4�6 250 10 9 6.49

7�12 250 10 8 6.49

1 180 10 9 12.05

2 220 10 11 6.49

3 250 10 11 6.49

4�6 250 10 9 6.49

7�12 250 10 8 6.49

Dissimilar

(Y316L)

Dissimilar

(YNiCr-3)

Fig. 2 Appearance of welded joint. 

Equipment Impeller method

Cut wire SUS304(φ0.8 mm, 0.8 mmL, Hv468)

Projection speed 30 m/s

Rotation speed of stage 12 r.p.m.

Projection time 280 s

Coverage 200%

Equipment Air method

Cut wire SUS304(φ0.8 mm, 0.8 mmL, Hv468)

Projection pressure 0.4 MPa

Nozzle size φ9 mm

Projection volume 9.4 kg/min

Rotation speed of stage 30 r.p.m.

Projection time 120 s×3

Outer

surface

Inner

surface

Table 3 Shot peening condition of outer and 

inner surface. 
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Table 4 Measurement condition of residual stress by X-ray 

diffraction. 
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Fig. 4 �bc)pp�|}�Ù56Cï56);<=
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ì 200 MPa)9:;<=*?@Gi�2K 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Residual stress distribution on surface in as welded 

joint. 

 

Fig. 5� SPklB);<=*`6� SKSPkl#$

��Ù56?C20 mm�ï56?C30 mm��SPkl#

$�Ù);<=*�åæl���¢)���KSPkl

12=>��Ù56�-500D-600 MPa�ï56�-600D

-700 MPa�÷?i|��Ù56��bc���78;<

=*?EA÷����9:;<=*?��UVi�2K

Fig. 6 �Ù56) 350 �)m��FB�|}�;<=*

`6� SKm��B¢��9:;<=*�G�1i�

�¢))�m��FCHI1i9:;<=*? 100D200 

MPano1i�2K 

Ç«�Fig. 7D9�9:qrstuFB);<=*`6

� SK�rV)&J�|�i¢�qrstuB¢��

9:;<=*?G�UVi�2KFig. 7� SÙ56� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measured Material STPT370 SUS316L (Y316L) YNiCr-3

Characteristic X-ray Cr Kα Mn Kα Mn Kα

Tube voltage (kV) 20 20 20

Tube Current (mA) 4 4 4

Diffraction α-Fe 211 γ-Fe 311 Ni 311

Diffraction angle 2θ(deg) 156.4 152.2 152.2

Number of X-ray incident angle ψ 9 9 9

X-ray elastic constant E/(1�ν) (GPa) 175 149 149

Fig. 5 Residual stress distribution on surface of as peened. 

Fig. 6 Residual stress change of outer surface by heat 

treatment at 350 °C. 

Fig. 7 Residual stress change of outer surface by 0.07% 

compressive strain. 
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Fig. 10�bc��?Y316LCYNiCr-3)bc)pp�
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Fig. 11�ï56� SPkl12def) 350 �)m�
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:qrs�ï6�78qrs?@Gi|��9:=*)

tuB)g�|�i��DE±6?9:qrs�÷?i

�2K]1i��uB�fCHI1i�78|��9:

qrs)no?@Gi�2K12??i�Ù_qrs)

tu�h_��i�W?@G�qrs?Xj`UV2
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350 �)m��m��0.3%)9:qrs��«¬���

1i¢��9:;<=*?G�UV�¢))�m���

Fig. 8 Residual stress change of inner surface by 0.07% 

compressive strain. 

Fig. 9 Residual stress change of inner surface by 0.3% 

compressive strain. 

Fig. 10 Residual stress distribution on surface in as welded 

joint of dissimilar welded joint. 
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Fig. 11 Residual stress change of outer surface by heat 

treatment at 350 °C. 

(a) Filler wire: Y316L 

(b) Filler wire: YNiCr-3 

(a) Stress loading history 

Fig. 12 Change of inner residual strain by stress 

loading. 

(b) Distribution of inner residual strain 
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