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Inelastic Behavior of Modified 9Cr-1Mo Steel
and Its Unified Constitutive Model ”

Sumio MURAKAMII, Fiichi TANAKA!
and Nobutada OHNO!**

Abstract

Structural materials for fast breeder reactors show significant inelastic behavior
under mechanical and thermal strain cycles in operation, and the constitutive model to
describe such behavior is prerequisite for the evaluation of structural design. In
particular, a unified model is needed since the separation of plasticity and creep is
difficult and the interaction between them exists. The purpose of the present paper
is to perform fundamental material tests for Modified 9Cr-1Mo steel as a candidate
material for the fast breeder reactor of the next generation and to obtain the
information for the formulation of a practical unified constitutive model.

An extensometer of two circular ring type with sheet springs was developed first
to measure the axial and the torsional strain in a thin-walled tubular specimen at
550°C. Then a high-frequency heating coil was manufactured to realize the
temperature distribution within +1.5°C along the gage length of the specimen. A real-
time control program for a bi-axial loading testing machine was developed in order to
give complex strain trajectories and extensive strain rates to the specimen.

Next by using testing system developed herewith, uniaxial tensile tests of several
strain rates were performed in order to clarify the strain-rate dependence of the
material. The results showed marked strain-rate dependence; the flow stress at the
rate of 10~% in particular was twice as high as that of 5x107". Then cyclic tests of
constant strain amplitudes ranging from 0.3 to 0.75% were performed at the strain rate
of 10-3/sec in order to elucidate the cyclic properties of the material at 550°C. The
results revealed marked cyclic softening behavior at any strain amplitude. Furthermore
tensile creep tests at stress levels of 240 through 330 MPa showed remarkable stress
dependence of creep rate; the creep rate became 6.7 times higher by a stress increase
of 10%.

Finally, these experimental results were simulated by two unified constitutive
models proposed so far, i.e. Bodner-Partom and Robinson Models. It was found that
further studies are necessary to obtain the quantitative description of the experimental
results.

* Work Performed at Nagova lUniversity under contract with Power
Reactor and Nuclear Fuel Development Conporation
Contract Number : 630000057
PNC Liaison : Koji lwata (Oarai Engineering Center, Structural
Engineering ‘Section)

**Department of Mechanical Engineering, Nagoya University
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oMWY 3L HARD B0, FRAMOFH LM 2Kk B &,

(ecs)n = (RiB/2) [1- (A/2)1 (14)
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u = aV:
a = b Ve (156)
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BEhFNVz, ViOMELLTROLEDRBETE S,
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