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ABSTRACT
There are on-going efforts that are developing Generation IV (Gen V) nuclear reactors due to
their high level of safety, high fuel efficiency and reduced level of nuclear wastes. Among
GEN-1V reactors, the sodium-cooled fast reactor (SFR) has been regarded as one of the most
promising candidates, in particular, in Korea. This SFR is operated at high temperature over
500°C, and is also subjected to repeated thermal stress with mean stress due to high
temperature gradients. Additionally, it is operated at relatively low pressure compared to
commercial reactors. Therefore, main failure modes are strongly related to time-dependant
plasticity such as creep rupture, creep deformation, creep-fatigue and ratcheting.
The Modified 9Cr-1Mo is one of strongest candidate materials for pipes and tubes in SFR
since it has high thermal conductivity, low thermal expansion coefficient, adequate fracture
toughness and good resistance against stress corrosion cracking. However, an adequate
constitutive model is necessary to simulate accurate behaviour of modified 9Cr-1Mo because
it has severe cyclic softening characteristics at high temperature.
Among various inelastic constitutive models, a unified Chaboche constitutive model[1-3] is
used for inelastic analysis in this study. Constitutive equation and hardening rules are as
follow.
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where, Eq. (1) is evolution of the accumulated inelastic strain, Eq. (2) is isotropic hardening
rule and Eqg. (3) is kinematic hardening rule.
Finite element analysis was conducted by using commercial program ABAQUS. The unified
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Chaboche constitutive model for inelastic analysis is implemented in a UMAT code. Finally,
various viscoplastic behaviours of modified 9Cr-1Mo steel are investigated and discussed.

REFERENCES

[1] J.L Chaboche, G. Rousselier, On the plastic and viscoplastic constitutive equations-Part I:
rules developed with internal variable concept, J. Press. Ves. Tech., Vol. 105(2), pp.
153-158, 1983.

[2] J.L Chaboche, G. Rousselier, On the plastic and viscoplastic constitutive equations-Part II:
application of internal variable concepts to the 316 stainless steel, J. Press. Ves. Tech.,
Vol. 105(2), pp. 159-164, 1983.

[3] J.L Chaboche, Constitutive equations for cyclic plasticity and cyclic viscoplasticity, Int. J.
Plasticity, Vol. 5, pp. 247-302, 1989.



