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Structural integrity of stainless steel components exposed to neutron irradiation
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Abstract Load carrying capacity of austenitic stainless steel component is increased due
to hardening caused by neutron irradiation if no crack is included in the component. On the
other hand, if a crack is initiated in the reactor components, the hardening may decrease the
load carrying capacity due to reduction in fracture toughness. In this paper, in order to develop
a failure assessment procedure of irradiated cracked components, characteristics of change in
failure strength of stainless steels due to cold working were investigated. It was experimentally
shown that the proof and tensile strengths were increased by the cold working, whereas the
fracture toughness was decreased. The fracture strengths of a cylinder with a circumferential
surface crack were analyzed using the obtained material properties. Although the cold working
altered the failure mode from plastic collapse to the unsteady ductile crack growth, it did not
reduce failure strengths even if 50% cold working was applied. The increase in failure strength
was caused not only by increase in flow stress but also by reduction in J-integral value, which
was brought by the change in stress-strain curve. It was shown that the failure strength of the
hardened stainless steel components could be derived by the two-parameter method, in which
the change in material properties could be reasonably considered.

Keywords Failure Stregnth, Stainless Steel, Neutron Irradiation, Cold Working, Two-Parameter Method,
Failure Asessment Curve, J-integral Value, Elastic-Plastic Fracure Mechanics, Limit Load
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Table 1 Summary of failure mode of cracked components and influence factors, assessment procedure,
driving force parameter and material resistance.
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strengths
Small Small
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Table 2 Chemical composition of test material (mass%).

Fe C Si Mn

P

S Ni Cr

Bal. 0.02 049 0.95

0.019

0.001 10.15 16.33 2.07

Table 3 Summary of tensile test results of cold worked stainless steels obtained at room temperature.

Yield Tensile . Uniform | Reduction | Young's
CW Elongation . .
(%) strength | strength (%) elongation | in area modulus A £
(MPa) (MPa) (%) (%) (GPa)
0 275 586 61.7 485 85.2 199 1413 0.0396
o 10 474 652 46.7 321 83.0 197 1398 0.1339
Longitudinal == 657 751 32.3 170 837 192 1374 0.2922
direction
40 828 944 19.3 2.1 795 181 1222 0.6013
50 872 997 177 2.2 75.7 172 1208 0.6868
0 282 533 60.3 473 86.1 201 - -
10 495 655 470 329 83.0 201 - -
Transverse ) 643 764 303 153 798 199 - -
direction
40 861 979 19.3 2.1 75.0 203 - -
50 948 1067 15.7 2.1 705 201 - -
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Fig. 1 Stress-strain curves for cold worked stainless
steels (L: longitudinal direction, T: transversal
direction).
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Fig. 2 Change in yield and tensile strengths with
degree of cold working.

2000
1800
1600
& 1400
= 1200
)]
8 1000
@ 800
g
= 600 | | |
400 [----------- PSSR dmmooonoooooo oo
1| —DIC iteration method
200 |71 ——Conventional tensile test|
0 : : :
0.0 0.5 1.0 1.5 2.0
True strain
(@) CW50

Fig. 3 True stress-strain curves for cold worked stainless steels obtained by using digital image correlation technique.
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Table 4 Summary of fracture toughness tests for cold
worked stainless steel.

) Constants for J-R curve
CW (%) Jy (k]/m®)
C C,
10 2575 2251 1585.1 0497
20 735 1104 1008.0 0.570
40 579 555 750.6 0429
50 273 255 506.7 0.607
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Fig. 5 Fractured surfaces obtained by fracture toughness tests performed at room temperature. Duplicate tests were
carried out for each degree of cold working except CWO.
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Fig. 6 Change in fracture toughness with degree of
cold working obtained for stainless steel at room
temperature.
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Fig. 10 Change in fracture toughness with yield
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Fig. 13 Finite element divisionsfor analyzing J-integral
value of cracked cylinder

(R/t= 10, a/t= 0.7, 2c= 60°)
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Fig. 14 Examples for failure assessment by two-parameter method using failure assessment curve (FAC).
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Fig. 15 Change in fracture strength of cracked cylinder with degree of cold working obtained for different crack

geometries.
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