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Effect of low cycle fatigue loading on the crack tip plastic zone
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Abstract: To ascertain the loading interaction mechanism of the crack growth under
high and low combined cycle fatigue loading, the elastic-plastic finite element numerical sim-
ulation method was used to determine the plastic zone of crack tip of the specimens with cen-
ter crack under high and low combined cycle fatigue loading. It was proven that the unloa-
ding of low cycle fatigue loading contributed to the reduction of reversed plastic zone of crack
tip corresponding to high cycle fatigue loading. This resulted in the decrease of crack closure
level and the increase of crack growth rate, as well as the reduction of crack growth life un-
der high and low combined cycle fatigue loading. The effects of the stress ratio of low cycle
fatigue loading, the stress ratio of high cycle fatigue loading, the high cycle fatigue loading
number per low cycle fatigue loading on the reversed plastic zone of crack tip were also inves-
tigated in contrast. The unloading of low cycle fatigue loading gradually increased along with
the decrease of low cycle fatigue loading stress ratios, the increase of high cycle fatigue load-
ing stress ratios, and the decrease of high cycle fatigue loading numbers per low cycle fatigue

loading.
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Fig. 1 Plastic zone of crack tip
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Table 1 Mass fraction of chemical composition of

GH4169 (unit: %)

C Cr Ni Co Mo
0.024 17.55 54. 37 0.14 2.93
Al Ti Nb Fe P
0.52 1.01 5. 36 17.55 0.01
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Fig. 2 Tension specimen with center crack
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Fig.5 Plastic strain distribution of the crack tip
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Effect of low cycle fatigue loading stress ratio

on reversed plastic zone of crack tip
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Fig. 10 Reversed plastic zone of crack tip under
different high cycle fatigue loading

stress ratios
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Fig. 11 Effect of high cycle fatigue loading stress ratio

on reversed plastic zone of crack tip
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