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Abstract

It is necessary to evaluate the influence of the residual stress and distortion in the design and
fabrication of welded structure and the sound welded structure can be maintained by this
consideration. Multipass welds of the 316L stainless steel have been widely employed in the pipes of
Liquid Metal Reactor. In this study, the residual stresses in the 316L stainless steel pipe welds were
calculated by the finite element method using ANSYS code. Also, the residual stresses both on the
surface and in the interior of the thickness were measured by HRPD(High Resolution Powder
Diffractometer) instrumented in HANARO Reactor. The residual stresses were measured for each 18
points in small(t/d=0.075) and large pipe specimens (t/d=0.034). The experimental and calculated
results were compared and the characteristics of the distribution of the residual stress discussed.
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Table 1 Pipe and Weld Geometries

Pipe D t No. of
Standard
Weld (mm)  (mm) Weld Pass
ANSI 4 inch
SMAW 114 8.56 7
Schedule 80
ANSI 10 inch
SMAW 273 9.27 8

Schedule 40

D= outside diameter, t= nominal pipe thickness

Table 2 Thermal Properties of Stainless Steel 316 L

T(°C) C,(J/kg °C) k(W/m °C)
40 450 15
400 570 20
800 620 25
1200 700 31
1390 730 33
1600 730 90

C,= Specific Heat, k= Thermal Conductivity

Table 3 Mechanical Properties of 316 L Stainless Steel and Weld Metal

T E sy(MPa) s,(MPa) Er a
(°C) (GPa) Base Weld (MPa) Y (1/°C)
40 210 230 460 2800 0.26 19x10°¢
400 168 139 278 2370 0.32 19x10°¢
800 133 80 160 1900 0.25 19x10°°
1200 55 22 22 600 0.24 19x10°¢
1390 10 2 2 100 0.24 19x10°°
1600 10 2 2 100 0.24 19x10°°

E= Elastic Modulus, s,= Yield Stress, Er=Tangent modulus, v = Poission’s Ratio, o = Linear

Thermal Expansion Coefficient
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Fig. 1 Configuration of the weld joints and measurement points of the experiment

Fig. 2 Finite element model of analysis area

Fig. 3 Configuration of Large pipe specimen fixed in the sample stage
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Fig. 4 Schematic diagram of experimental apparatus  Fig. 5 Schematic diagram of multipass
weld pipe
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Fig.10 Hoop and axial residual stress on
middle surface(10 inch dia.)

500 —=— Small outer (s,)
—e— Small middle (s,
400 Small inner (s,)
300 3\
© 200
& B B—— ]
s X .
?’/ 100 L 3
2 \ /
ﬁ 0 ‘i;_s(—a . 7
100 e
-200
-300
0 10 20 30 40 50 60 70
Distance from weld centerline(mm)
Fig. 12 Distribution of the hoop residual stress

on the experimental data(Small pipe)

—m— Small outer (s )
300 x
—e— Small middle (s )
Smallinner (s))
200
\ L]
T 100\ A
% \ L)
§ o\ gLt e =
& / ¢
-100 E
-200
0 10 20 30 40 50 60 70
Distance from weld centerline(mm)
Fig. 14 Distribution of the axial residual stress

on the experimental data(Small pipe)

700

—=— Calculated(s)
600 z
—e— Calculated(s))
500 x
Measured(s )
400 “
X v Measured(s)
. 300 x
g
200
3
100 :
@ L
g o .
= L SR L
o 100 & S v
-200 ey - -
-300
-400
0 20 40 60 80

Distance from weld centerline (mm)

Fig. 11 Hoop and axial residual stress on

inner surface(10 inch dia.)
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Fig. 13 Distribution of the hoop residual stress

on the experimental data(Large pipe)
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Fig. 15 Distribution of the axial residual stress

on the experiment data(Large pipe)
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