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Integrity Assessments for SA508 Reactor
Pressure Vessel Weldments
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Abstract

The integrity assessments of SA508 Cl. 3 weldments for reactor pressure
vessels have been performed. The microstructure and mechanical properties
have been investigated using the weld joint (including heat affected zone)
tensile specimens. The minimum properties were noted in the region of about
7 mm apart from the fusion boundary(FB), although FEM analysis for tensile
specimens showed the fracture would occur at the region about 5 mm from
the FB, due to pure geometrical constraint. This result is not consistent with
the previous study showing the weakest region apart form 4-5mm from the
FB(in this study, only limited area was investigated, up to 6mm from the FB).



5o

=
=

oj < 7t

O

o &

o A

2
S

Aot

-
o= At

ol
dhstA =22 Ao Cf &t

2
=
x| =gt mal=

M

B

ew
m] E
<+ <
o“_o m_x
U g
ol 53 3l

0

ol
J10

Al eh[1-3]

ol &

ol

Al
—

of
ot = = ACH2,4-6].

F

2 dof 2
M
o

od

of of&

ASME SA 508

ol
@

A
b UTH[4,14,15]

K =

=
110

To 00

of

|y

o1 Al

Gleeble M3
_'f'_

Hslog,
~ LA
=] [=)

—1
=

2
S

£ ARy wEa

1 20 A

O
[

=

4

04
@

Kto
g
mr
0l0

7ol

7l
20
0

<l

21 AFEAN =

42

3

SA508 Class

AMEE=

=
S
SH

LEEFLE AT SA5082]

M2(F) st=EE53Y¥dAM WPS(Welding Procedure Specification)ol| k2l ==



Table 1. Chemical composition of SA508 Class 3 steel (wt.%)

C Si Mn P S Ni Cr Mo Al

0.190 | 0.08 | 1.410 | 0.003 | 0.003 | 0.780 | 0.142 | 0.551 | <0.005

Table 2. Welding conditions of SA508 steel

Wire Travel | Preheat | Interpass
) Current | Voltage
Process |Diameter A) V) Speed | Temp. Temp. PWHT
(mm) (em/min) (c) (c)
615C,
SAW 4 500~600| 28~32 | 30~40 121 200
40hrs
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a) Specimen preparation b) ASTM E-8 Sub-size Specimen (unit: mm)

Figure 1. Specimen for tensile tests
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Figure 2. Microstructures of SA508 welded specimen



ClZAlH e Zoldets wet Mzl olM =AS AZMoz pHEF &
= Fig. 20l LHERLE Aot QIEAIE S| oM =EA 2 2 - HAZ - 8885
- HAZ - 22 F4=0 Aok 2| o|M=22 daXel HHy= ot=d

ALO| E (tempered martensite)2+ H| 0| LIO| E(bainite)2l =&t=2l2 = Act XY
£2l= Ol2EIAO|EL| 20| #XslH ZRY20{ O|A UAS Bk
M 2o 47 L= 7oun, EF FRlol B 5= M4m 322 EEF
?7F ol Ml StA| LtEFSEC

)
rh
OTT'
> 1

SAHoz EAMEE 2H2to| o|M =% B2y ststM B9 Xlo|+= Table 30
LEEFLE ACEH

Table 3. Chemical compositions of SA508 CI.3 steel weldments (wt.%)

C Si Mn P S Ni Cr Mo Al
Base 0.190 | 008 | 1.410 | 0.003 | 0.003 | 0.780 | 0.142 | 0.551 | <0.005
HAZ 0.184 | 007 | 1.440 | 0.003 | 0.002 | 0.718 | 0.144 | 0.553 | <0.005
Weld 0073 | 034 | 1.823 | 0.009 | 0.002 | 0.170 | 0.052 | 0.520 | 0.027
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Figure 3. Hardness measurement of SA508 welded specimen
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Figure 4. Stress—strain curve of SA508 welded specimen at RT

(Strain rate = 10™* /sec)

Table 4. Summary of mechanical properties of SA508 welded

specimens
Temperature T RT 100 200 300
Strain _ . _ B _ B _ .
/sec | 10™* 107° 10 107° 10 107° 10 107°
rate
YS WPa 335 410 335 404 337 400 339 406
uTsS MPa 412 564 514 526 511 524 576 569
Fracture
MPa 301 429 401 422 409 440 473 485
Strength
Total Elong. % 1" 1 12 10 1" 10 13 11
Uniform
% 8 7 9 8 9 8 11 8
Elong.
Reduction of
% 74 - 73 - 70 - 57 -
Area
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Figure 5. Variation of mechanical properties of SA508 welded specimen

with temperature (Strain rate = 10™*/sec)
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Figure 6. Fractured tensile specimens indicating the weakest region
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Figure 8. Principal stress distribution in tensile direction
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Table 5. Comparison of microstructure and mechanical property

Research Microstructure Vickers Tensile
Institute Hardness Strength
Base 198 610
A6 194 558
KAERI A7 196 586
B7 189 559
Base 173
SMU Weak 564
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