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Post-irradiation Fatigue Test of 2 1/4Cr-1Mo Steel
for the Pressure Vessel Material of the HTTR

Toshimitsu [SHII, Kiyoshi FUKAYA, Yutaka NISHIYAMA, Masahide SUZUKI
Motokuni ETO, Masao OHMI*, Hideaki MIMURA' and Norikazu CQOKA*

Department of High Temperature Engineering
Tokal Research Establishment
Japan Atomic- Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received May 9, 1996)

Low cycle fatigue tests of the irradiated 2 1/4Cr-IMo steel for the pressure vessel
material of the High Temperature Engineering Test Reactor (HTTR) were performed to
examine the neutron irradiation effect on fatigue properties, i.e., fatigue life and
cyclic softening behavior. These tests were performed at 450 °C in a.vacuum of ~10"°
Pa using a servo-hydraulic fatigue testing machine instalied in a hot cell of the Hat
Laboratory of the Oarai Research Establishment. Axial strain rate was controlled at
0.1%/sec with total strain ranges of 0.75, 0.8, 1.0, 1.2 and 1.5%.

Main results are summarized as follows: 1) Maximum stress at the initial stage of the
cyclic fatigue testing of the specimens irradiated to a neutron fluence over 2x 10"’
n/cm® (>1MeV) increased in comparison with the unirradiated specimens, 2} No
significant difference was found in the cyclic softening behavior between the irradiated
and unirradiated specimens. 3) Fatigue life of the irradiated specimen whose ductility
was reduced by the neutron irradiation decreased slightly in comparison with the
unirradiated specimen. 4) It is considered that there is no effect of the neutron
irradiation on the fatigue life and the cyclic softening behavior at the total fluence

expected in the lifetime of the HTTR pressure vessel.

Keywords: Post-irradiation Fatigue Test, 2 1/4Cr-1Mo Steel, HTTR, Fatigue Life, Pressure

Vessel Material, Cyclic Softening Behavior
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Fig.1-(b) Configuration of fatigue test specimen without flange.
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pecimen, A&t=1.5%.
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{(b) Irradiated s

Fig.11 SEM photographs showing fracture surface of fatigue tested

(a) Unirradiated specimen, Age=1.5%.
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Fig.12 Low cycle fatigue test results of the irradiated and unirradiated specimens without flange.
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Fig.13 Low cycle fatigue test results of the irradiated and unirradiated specimens with flange.
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Fig.14 Variation of the total stram rangc(A&}, elastic strain rangc(AEe) and plastic strain range(A€p)
with the number of cycles to failure for the fatigue specimen without flange.
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with the number of cycles to failure for the fatigue specimen with flange.
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~ Fig.16 Effect of the neutron irradiation on the cyclic softening behavior.
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Fig.17 Effect of the neutron irradiation on the cyclic softening behavior.
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Fig.18 Effect of the neutron irradiation on the cyclic softening behavior.
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Fig.19 Effect of the neutron irradiation on the cyclic softening behavior.
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Fig.20 Effect of the neutron irradiation on the cyclic softening behavior.
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Fig.21 Effect of the neutron irradiation on the cyclic softening behavior.
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Fig.22 Difference of maximum tensile stress between the irradiated and unirradiated specimen
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Fig.23 Stress-Strain hysteresis loops at the first cycle of the cyclic fatigue test
for the irradiated and unirradiated specimens.
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Fig.24 Stress-Strain hysteresis loops at the 1/2Nf cycle of the cyclic fatigue test
for the irradiated and unirradiated specimens.
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Fig.26 Change in tensile properties of the 2 1/4Cr-1Mo steel as a function of neutron fluence .
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Fig.27 Comparison of low Cycle fatigue test results with the design fatigue curves.



