F=U7171583] =&
A48 A1z 20183 69 pp. 1-7

ISSN 1738-8333
http://dx.doi.org/10.20466/KPVP.2018.14.1.001

Finite Element Damage Analysis Method for J-Resistance Curve
Prediction of Cold-Worked Stainless Steels

Jun Min Seo’, Ji Soo Kim" and Yun Jae Kim''

(Received 2 January 2018, Revised 17 January 2018, Accepted 18 January 2018)

ABSTRACT

Materials in nuclear power plants can be embrittled by neutron irradiation. According to existing studies, the
effect of the material property by irradiation embrittlement can be approximately simulated by cold working (pre-strain).
In this study, finite element damage analysis method using the stress-modified fracture strain model is proposed
to predict J-Resistance curves of irradiated SUS316 stainless steel. Experimental data of pre-strained SUS316 stainless
steel material are obtained from literature and the damage model is determined by simulating the tensile and fracture
toughness tests. In order to consider damage caused by the pre-strain, a pre-strain constant is newly introduced.
Experimental J-Resistance curves for various degrees of pre-strain are well predicted.
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o, f, y = material constants in  stress-modified

fracture strain locus

Epre = pre-strain

& = stress-modified fracture strain

& = plastic equivalent strain

A = incremental plastic equivalent strain
A = mises equivalent stress

Om = mean stress

o; = principal stress components

oy = yield strength
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ors = tensile strength

@ = cumulative damage

wpe = damage due to pre-strain

[oR = critical cumulative for ductile fracture
Aw = incremental cumulative damage

k = pre-strain constant

J-R = J-resistance
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Table 1. Chemical composition of SUS316 (wt. %)

Fe C Si Mn P
Bal. 0.06 0.84 0.84 0.028
S Ni Cr Mo
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Fig. 2 Fracture toughness test result of pre-strained
SUS316 stainless steels
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Fig. 4 Stress-strain curves of CW05%
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Fig. 7 J-Resistance curve of CW05% from test and FEA.
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