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Residual Stresses and Aging Degradation of Stainless Steel Weld Overlay Cladding
for Nuclear Reactor Pressure Vessel
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This paper reports the residual stresses and thermal aging and neutron irradiation
embrittlement of stainless steel weld overlay cladding made by electroslag and
submerged arc methods on low-alloy pressure vessel base steels. The results of residual
stress distribution measurements by layer removal method showed that high tensile
stresses and compressive stresses were found in the clad and heat affected zone of the
base metal, respectively. Thermal aging at 400°C for 10000 h caused a slight increase
in strength, the shift in ductile to brittle transition temperature (DBTT) and the loss of
the upper shelf energy (USE). The similar results were obtained in the neutron irradiated
cladding to a fluence of 1.5-2.0 X 10*° n/cm’ (E>1MeéV). Such hardening and
degradation in the Charpy related properties were comparable in electroslag and
submerged arc weld overlay cladding, while the initial DBTT and USE in electroslag
weld overlay cladding were lower and higher than those in submerged arc weld overlay
cladding, respectively. The shift in DBTT due to neutron irradiation in the weld overlay
cladding was lower than that in the low-alloy pressure vessel base steels.

Keywords:

Reactor Pressure Vessel, Stainless Steel Weld Overlay Cladding, Weld Residual
Stresses, Thermal Aging, Neutron Irradiation, Embrittlement, Ductile to Brittle
Transition Temperature

This report includes the test results obtained under the contract between JAERI and
the Science and Technology Agency of Japan under the auspices of the special account
law for electric power development promotion.
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#21% ESW 7 F v FOLFERS DA EWt%)

C Si Mn P S Ni Cr Mo N

#1/ | 0013 062 128 002 0002 107 195 0.02 0.07

B2 | 0013 065 1.18 0020 0002 107 196 0.02 0.008
#£022% ESW 275y FHBM (BFM) DILFERT DI (Wt%)

C | Si |Mn]| P S | Ni | Cr | Cu|[Mo| Co| N
¥4t 1 0.19 | 0.19 | 1.44 |0.004{0.001| 0.66 | 0.13 | 0.04 | 0.50 {0.011|0.014
#£23% ESWZIv FDo 7294 EFRE

PWHT il PWHT
8 7294 VE A 2 (%) 8 7234 Va A &(%)
18 9.1 8.6
BiE (Es5E) 10.0 8.4

PWHT . BH:ZZNH

o4k SAWZ Iy FEI1BRUVERE (B5E) DILFET(Wi%)

C Si Mn P S Ni Cr Mo N
#12| 0058 057 149 0013 0008 990 195 0.08 0.014
BB | 0030 084 156 0009 0009 104 19.6 <0.01 0.028
#2.5% SAWM 7 I v FRBMJIEFRM) DILFERT(Wi%)
C | Si|Mn| P S | Ni | C | Cu|{Mo|Co| N
fE&At 020 [0.30 [1.32 [0.015 [0.010 |0.68 [0.17 |0.16 [0.53 [0.011 |0.010
26K SAWMZ 59 KD 7274 MRAR
PWHT i PWHT #
0 714 V& (%) 8 11 VEH E(%)
1R 10.4 10.5
BB (B558) 12.9 10.6
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