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ABSTRACT

Recently there have been many concerns on structural integrity of nuclear piping under seismic loadings. In terms
of failure of nuclear piping due to seismic loadings, an important failure mechanism is low cycle fatigue with
large cyclic displacements. To investigate the effects of seismic loading on low cycle fatigue behavior of nuclear
piping, the cyclic behavior of materials and nuclear piping needs to be accurately estimated. In this paper, the
non-linear finite element (FE) analyses have been carried out to evaluate the effects of three different cyclic hardening
models on cyclic behavior of materials and nuclear piping, such as isotropic hardening, kinematic hardening and
combined hardening.

Key Words : Cycling loading (¥153}5%), Hardening model (748} %), Hysteresis loop (3]2=EI2IAl2~ F3I), Equivalent
plastic strain (74 HEE), Strain range (HIE H2)

7|5AMH e = strain
e = plastic strain
C = hardening variable of Chaboche formula €, = strain amplitude
¢, b = material parameters of isotropic hardening e = equivalent plastic strain
] ] peeq
f = yield function v = recovery parameter of Chaboche formula
l, = gage length o = deviatoric stress tensor
Ae = strain range Oy = initial yield strength
Ag, . = equivalent strain range 5, — yield strength
= back stress or shift stress
o = deviatoric back stress tensor 1. A 'I =
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Fig. 2 Schematic of shutdown cooling piping system
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Fig. 4 The finite element model of cyclic tensile test specimen
employed in the present study
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Fig. 5 The finite element model of shutdown cooling piping
system employed in the present study
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