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Crack Growth Prediction for Low-Cycle Fatigue Regime
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The objective of this study is to show a crack growth prediction procedure for

the low-cycle fatigue regime. First, fatigue crack growth tests using Type 316 stainless steel
specimens at room temperature were reviewed. It was seen that the crack growth rates
correlated well with the equivalent stress intensify factor, which was derived using strain range
instead of stress range. Furthermore, the effective equivalent stress intensify factor derived
using the effective strain range exhibited excellent correlation with the crack growth rates
obtained under various specimen geometries and loading conditions including high and low-
cycle regimens. The obtained crack growth rates were also compared with the growth rate
prescribed in the fitness-for-service code of the Japan Society of Mechanical Engineers(JSME).
The test results agreed with the growth rate of JSME code. Finally, the procedure for predicting
the low-cycle fatigue crack growth was shown. Although the JSME code is aimed at predicting
fatigue crack growth for the so-called small scale yielding condition (high-cycle fatigue regime),
the material constants determined for the high-cycle fatigue regime can be used even for the
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Table 1 Chemical content of test material (mass %).

Fe C Si | Mn P S Ni Cr | Mo
Bal. | 006 | 05 | 1.3 |0.031(0.027 |10.18|16.94 | 2.02

& % _
= B

(=}

Sy

30
]
018

Fig. 1 Geometry of round-bar test specimen (unit: mm).
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Fig. 2 Change in crack length on the surface obtained
byreplica specimens during low-cycle fatigue
tests.
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Fig. 3 Geometry of plate test specimen (unit: mm).
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Fig. 4 Relationship between crack growth rate and
stress or strain intensity factor range.
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Fig. 5 Schematic drawing for defining nominal and true
effective strain ranges.
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Fig. 6 Relationship between crack growth rate and
equivalent stress intensity factor range.
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Fig. 7 Correlation between crack growth rate and
stress intensify factor prescribed in JSME FFS
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