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Effect of Plastic Strain on Fracture Strength of Cracked Components
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Abstract Nuclear power plant components are occasionally subjected to large load by
earthquake and may suffer plastic strain. Although the plastic strain induced in materials increases
the strength, it may reduce the fracture toughness due to a crack in the components. In this study,
the effect of the plastic strain on strength of cracked components was investigated. Firstly, the
change in the tensile properties and fracture toughness due to plastic strain were examined for Type
316 stainless steel and carbon steel (SM490) . The degree of nominal plastic strain was 5% , 10% |,
20% and 40% (only for stainless steel) . Secondly, the J-integral values of surface crack on a pipe
were evaluated by finite element analyses. Finally, the critical load for fracture of the cracked pipe
was evaluated for various pipe and crack geometries using the J-integral values and the fracture
toughness obtained. It was concluded that the plastic strain enhances the fracture strength of the
cracked components when the induced plastic strain is less than 10% , although the extremely large
plastic strain could reduce the strength.

plastic strain; fracture toughness, fracture strength, cold work, stainless steel, two-parameter
method
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Plas‘Fic Yield | Tensile Elongation I.ieduction Young's o
strain | Strength | strength (%) in area | modulus a n (k]/m?) C C:
(%) | (MPa) | (MPa) (%) | (GPa)
0 258 584 60.3 83.0 205 3.46 5.62 — — —
5 388 628 52.3 81.2 197 2.17 9.43 — 1239 0.566
SUS316 10 478 671 45.3 80.0 193 1.28 13.9 — 1344 0.389
20 643 774 33.0 78.3 191 0.316 26.1 726 812 0.388
40 870 982 19.7 73.6 183 0.339 17.1 207 338 0.401
365 534 29.7 74.6 208 7.41 5.32 313 432 0.430
SMA490 5 494 572 24.0 75.6 209 1.03 22.3 527 640 0.492
10 547 592 19.3 71.6 208 0.458 42.6 109 190 0.408
20 607 640 15.0 69.8 207 0.371 58.1 — — —
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