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Abstract: The failure of reactor internals may have a significant effect on the safe operation and shutdown of a reactor.
Various agings related to neutron irradiation occur or can potentially occur in the reactor internals owing to high
neutron irradiation levels. Austenitic stainless steel, one of the principal materials constituting the reactor internals,
shows different mechanical material behaviors such as tensile/creep properties and fracture toughness with neutron
irradiation levels. This variation should be considered when the structural integrity of the reactor internals against
agings during the design lifetime or continued operation period is evaluated. In this study, user subroutine programs
considering the variation of mechanical material behaviors with neutron irradiation levels were developed. The
programs were validated by testing them for various conditions.
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Fig. 1 Schematic mathematical model of the mechanical
constitutive equation considering neutron irradi-
ation
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Fig. 2 Analysis model for verification of the user
subroutine programs.
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Table 1 Verification results for irradiation-enhanced
creep in CREEP (maximum equivalent creep
strains at 10,000h and relative differences)
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Table 3 Verification results of the UHARD and CREEP
for the cases that irradiation embrittlement,
creep and void swelling occur simultaneously

Neutron Exact
irradiation/ solutions FEA results Relative differences
max. applied | usingthe
tensile stress/ eq.(15)
temperature *) Default | CREEP | (D=100x | (E=100x
option (B) © (B-AYA) | (CAYA)
3dpa/ 3.1239x 32135% 3.1496x
650MP/ 107 107 107 28687% | 0.8215%
330C mm/mm mm/mm mm/mm
10dpa/ 1.2815% 1.3076x 1.2852x
790MPa/ 10" 10" 10" 20354% | 02912%
330C mm/mm mm/mm mm/mm

Table 2 Verification results for void swelling in CREEP
(maximum void swelling strains at 10,000h and
relative differences)

Exact Relative
Neutron solutions ul;l;:lA gii%l}?}’ differences
irradiation using the g(B) (C=100x%
eq.(16) (A) (B-A)/A)
5.6403x10° | 5.6466x10° .
3dpa mm/mm mm/mm 0.1126 %
2.5992x107 | 2.6021x107 .
10dpa mm/mm mm/mm 0.1135%
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