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ABSTRACT
To perform the integrity evaluation of RPV more realistically, it is necessary to evaluate the metallurgical
microstructure and residual stress considering more real phenomena such as multi-pass welding process and
PWHT. Accordingly, firstly, this paper proposes the integrated assessment methodology systematically developed
for residual stress on weldment of RPV by using thermodynamics, diffusion theory, finite element method and
validation experiment. Also, the residual stress on circumferential weldment of reactor pressure vessel is
calculated considering multi-pass welding process by the commercial finite element package, ABAQUS.
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Table 1 Chemical composition of SA508 Class 3

ElL | C |'Si
wt%| 0.19 [ 0.08

Mn! P | S | Ni | Cr
1.3510.006{0.002| 0.82 | 0.17

Mo | Al
0.51 {0.009

Table 2 Specifications of welding parameters

Wire | Cur-{ Vol~ Preheat|Interpass

size | rent:} tage Speed teimp. femp. PWHT
500- | 28- | 30-40 o o 615°C/

A4mm | g60a | 32V |em/min| 128C | 200C | 70n,
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Fig. 3 Thermal-physical material properties

of SA508
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Fig. 4 Mechanical material properties of
SA508

Fig. 5 Finite element model
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Fig. 10 Residual stress distributions

42 EE7l dFUEg SRR dF BF
29 §4 28 dg3 B2 &
E=&39d.
oself-equilibrating Fee] AF[FZH REst LA
'8h:]-
4 A{FS T, WA s 4%SHol U
91 HEHAAE A Ho| AL,
oHAZY WA Hd 48 IF-32o LA
o},
oxnt AYUZ sﬂ*% A E FF FdE
FE oIy WY E ust Bado.
oFF Aid 2&%% 3 8§34 AEES
A8 A7 SALAES F4Y g FHo|t}

rE

[1] TL. Dickson, et al, 1999, "Revisiting the integ-
rated pressurized . thermal shock studies of an aging
pressurized water reactor,” ASME PVP, Vol.388,
pp.79-89.

[2] TL. Dickson, et al, 1998, The Inclusion of Weld
Residual Stress in Fracture Margin Assessments of
Embrittled Nuclear Reactor Pressure  Vessels,
ORNL/CP-96684.

B] B8 5, 2000, “BA=2 g HEEH ¥}
N 238 AEE 93 HGEEE A4 7
& FE” dFouix ey, AT, pp.
95-100.

[4] ABAQUS User's Manual, Ver.5.8, HKS, Inc., USA.

[5] T. Fuhrich, et al, 1999, "Marangony effect in deep

penetration laser welding of steel” 18th Int.
Congress on Applications of Laser & Electri-Optics,
San Diego, Nov. 15-18.

[6] RT.C. Choo and J. Szekely, 1991,
gas shear stress on marangoni
welding", Welding Research
223-5-233-s, September.

[71 RE.  Reed-Hill, 1973,
Principles, 3rd Edition, p.256.

[81 H. Hu and B.B. Rath, 1970, Metall. Trans.,
pp-3181. ’

[9]1 Thermo-Cale, Users' Guide,
Institute of Technology, Sweden.

"The effect of
flows ion arc
Supplement,  pp.
Physical =~ Metallurgy
Vol.1,

Version M, Royal '

[10]J.S. Kirkaldy and E.A. Bagains, 1978, Metall.
Trans. A, Vol9A, pp.495-501.

[11]1K. Hashiguchi, 1984, CALPHAD, Vol.8(2),
pp-173-186.

[12]DICTRA, Users' Guide, Royal Institute of
Technology, Sweden.

[13JM. Victor Li, et al, 1998, "A computational

model for the prediction of steel hardenability,”
Metallurgical and Materials Trans. B, Vol. 29B,
pp.661-672.

[14}S.S. Babu, 1992, Acicularferrite and Bainite in
Steels, Ph.D Thesis, University of Cambridge,
UK.

[15]M. Takahashi and Bhadeshia,
Transactions, Vol.32, pp.689-696.

[16]E.Scheil, 1935, "Anlaufzeit der austenitum-wandlung,"
Arch. Eisenhuttenwes, Vol.8, pp.565.

1991, Materials

[17IM. Avrami, 1939, "Kinetics of phase change L"
J.Chem. Phys., Vol.7, pp.1103.
[18]M. Avrami, 1940, "Kinetics of phase change IL"

J. Chem. Phys., Vol.8, pp.212.

{19]P. Dong and F.W. Brust, 2000, "Welding  residual
stresses and effects on fracture in pressure vessel
and piping components: a millennium review and
beyond,” J. of Pressure Vessel Technology, Trans.
of ASME, Vol.122, pp.329-338.

Rojolsxd §, 2001, “4AE 4Hg7] 83 €9
g5 wAzzd % ASEN 957 97
A3 %Zﬂ?”*tﬂﬁl AFdgte (FEAR).

[21}1C.Wagner,Thermodynaimcs of Alloys, 1952, Addison
-Wesley Publishing Co., Reading, MA

[22]F.D. Richardson, 1953, J. Iron Steel Inst.,
pp.33-51.

[23]W. Steven and A.G. Haynes,
Inst., Vol.183, pp.349-359.
[24]C.Y. Kung and IJ. Rayment, 1982, Metall. Trans.

A, Vol.13A, pp.328-331.

Vol.175,

1956, J. Iron Steel

-434-



