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Effect of Microstructure on Low-cycle Fatigue Property of Structural Steels under Large Plastic Deformation

Nobuyuki ISHIKAWA, Masayoshi KURIHARA and Masao TOYODA

Synopsis : Low-cycle fatigue behavior of the structural steels under large plastic strain was investigated using notched round specimens. Crack growth

rates show good correlation with the value of effective J-integral range, AJ,;. Crack growth rates are strongly affected by microstructure of

the steels. It was shown that steels with higher pearlite volume fraction have lower crack growth rate. Many voids were observed around

crack tip in the steel with higher pearlite volume fraction, which shows that the void growth and coalescence mechanism is dominant in this

type of steels and crack growth were suppressed by branching and curving of the crack. On the other hand, in the steel with lower pearlite

volume fraction, voids were hardly formed near crack tip region and crack propagates by plastic blunting and re-shaping mechanism, keeping

the crack shape strait. Fatigue failure life were affected by MnS inclusion content. Large amount of void nucleation and growth were ob-

served in the inner region of the specimen of the steel with large MnS content during cyclic loading, and final failure was occurred with a

very short crack extension. It can be said that final toughness is improved by reducing MnS inclusion content and pearlite volume fraction,

which can prevent void nucleation and growth in the inner region during cyclic loading.

Key words: structural steel; low-cycle fatigue; large plastic strain; J-integral range; crack propagation; void nucleation; void growth; MnS inclusion.
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Table 1. Chemical compositions and mechanical properties of the steels.

No. Chemical composition (mass.%) YS| TS | vTrs| vEs | f,
C Si Mn P S Nb V_[MPa)(MPa) O | (I | (%)
A 10.157] 0.40] 1.47]0.012]0.003]0.008] - 3671 5281 -2 | 234124.7
B ]0.14010.05]1.2910.008{0.018]0.063] - 38715271 4 |1137115.3

C 10.037/0.30]1.13]0.005]0.001]0.036]0.072]| 437 | 514 -89] 375] 6.9
vTrs : transition temperature vEs : shelf energy f » : pearlite volume fraction

(b) Steel B

Fig. 1. Microphotographs of the steels.
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Fig. 5. Fatigue life curves for Steel A with the specimen

differing in root radius.
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Fig. 6. Fatigue life curves for Steel A, B and C with the
specimen of p=1.0 mm.

(c) Steel C

Fig. 7. Fracture surface of the notched round bar specimens (p=1.0mm, &,=1.0%).
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Fig. 8. Crack extension curves for Steel A with different
root radius under cyclic loading of €,=1.0%.
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Fig. 10. Estimation of effective J-integral range for crack
extension from load-displacement curve.
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Fig. 12. Relation between crack growth rate and effective
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Fig. 13. Ductile crack propagation in Steel A and C (p=
1.0mm, £,=1.0%).
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Fig. 14. Void growth during cyclic loading in Steel B (p=
1.0mm, £,=1.0%).
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