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Analysis of Residual Stresses for the Multipass Welds of 316L Stainless Steel Pipe
by Neutron Diffraction Method
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Abstract

Multipass welds of the 316L stainless steel have been widely employed in the pipes of Liquid Metal Reactor.
Owing to localized heating and subsequent rapid cooling by the welding process, the residual stress arises in the weld
of the pipe. 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 experimental
data and the calculated results were compared and the characteristics of the distribution of the residual stress discussed.
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Fig. 1 Welded specimen of 316L stainless steel pipe
Table 1 Pipe and Weld Geometries

Standard Pipe D t No. of
B Weld | (mm) | (mm) | Weld Pass
ANSI 4 inch
Schedule 80 | SMAW | 114 | 8.56 7
ANSI 10 inch
Schedule 40 SMAW | 273 | 9.27 8

D= outside diameter, t= nominal pipe thickness
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Fig. 2 Configuration of the weld joints and
measurement points of the experiment

Table 2 Welding Condition

Current Voltage Welding
(A) (V) Speed (mm/min)
120 30 350
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Fig. 3 High Resolution Powder Diffractometer
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Fig. 4 Schematic diagram of experimental apparatus
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Fig. 5 Schematic diagram of multipass weld pipe
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Fig. 6 Finite element model of analysis area
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Table 3 Thermal Properties of 316 L Stainless

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

Co= Specific Heat, k= Thermal Conductivity

Journal of KWS, Vol. 21, No. 6, October, 2003



42 A 23 316L 2HJE 2% flE 885 273y &y 67
Table 4 Mechanical properties of 316 L stainless e AL ¢ F Uik 4 #x Fo 87 dF
steel and weld metal kel AEes Byl 3lHox] ARz olEHn 1 o
T | E |s(MPa)| s,(MPa) | Er } a do] F7IETE vpx|Et 82 Fo &-gF-oA Hu
(C) |{GPa)| Base Weld (MPa) (1/ °C_)b o128 zhol| wmaraitt
40 | 210 230 460 2800 | 0.26 | 19x10
400 | 168 139 218 2370 | 0.32 | 19x10°
A S n) =2 O |— v
8001 133 80 160 1900 | 0.25 | 19x10® 4.2 "'%IHHJ':‘I-Ql I'—l‘-'Toa:‘i T
1200( 55 | 22 22 | 600 | 0.24 | 19x10° o ]
1390| 10 2 2 100 | 0.24 | 19x10° S3u|ze] zgate] B3P wekoz Fghe &
1600{ 10 | 2 2 100 | 0.24 | 19x10° | o] Yzug} 2o 5, = 2uE L g2

E=Elastic Modulus, sy=Yield Stress, Er=Tangent Modulus,
v=Poission’s Ratio, a=Linear Thermal Expansion Coefficient
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Fig. 7 Temperature distribution of the we 1d after
each weld pass
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