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Determination of the Threshold Stress Intensity Factor
in Fatigue Crack Growth Test
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Abstract : In fatigue crack growth test, it is important not only to analyze characteristics of fatigue crack
growth but also to determine the threshold stress intensity factor, 4Ku which is the threshold value of
fatigue crack growth. Linear regression analysis using fatigue test data near the threshold is suggested to
determine the 4K in the standard test method but the 4Ky can be affected by a fitting method. And there
are some limitations on the linear regression analysis in the case of small number of test data near the
threshold. The objective of this study is to investigate differences of the JKgu due to regression analysis
method and to evaluate the relative error range of the 4Ky in same fatigue crack growth test data.
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Fig. 1 Typical fatigue crack growth behavior in metals
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Fig. 2. Fits to near-threshold data for aluminum alloy by
various approaches?
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Fig. 3. Fatigue crack growth test data for determining the
threshold stress intensity factor” (sample data 1)

Table 1. Linear regression analysis results for fatigue crack
growth test data in Fig. 3

4K Relative 2
[ MPa - m1/2] Error[%)]
Linear 1 7.196 - 0.999-+
Linear 2 7.195 0.014 0.999---
Linear 3 7.196 0 0.999...
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Fig. 4. Fatigue crack growth test data for determining the
threshold siress intensity factor? (sample data 2)

Table 2. Linear regression analysis results for fatigue crack
growth test data in Fig. 4 ’

4K Relative 2
[ MPa - m'?] Error[%]
Linear 1 2.907 - 0.310
Linear 2 2247 227 0.310
Linear 3 2.899 0.26 0.946
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Fig. 5. Fatigue crack growth test data and fitting curves for
determining the threshold stress intensity factor”
(sample data 3)

Table 3. Linear and nonlinear regression analysis results for
fatigue crack growth test data in Fig. 5

4Kp Relative 2
[ MPa - mllz] Error[%)]

Linear 1 2.806 - ol

;“‘ea‘ .| Linear 2 2726 285 | 0761
egression

Linear 3 2.805 0036 | 0.995

_ Weibull 3.083 987 | 0992
Nonlinear

Regression | o o 2.866 214 | 0.994
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Fig. 6. Fatigue crack growth fest data and fitting curves for
determining the threshold stress intensity factor”
(sample data 4)

Table 4. Linear and nonlinear regression analysis results for
fatigue crack growth test data in Fig. 6
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Fig. 7. Fatigue crack growth test data and fitting curves for
determining the threshold stress intensity factor”
(sample data 5)

Table 5. Linear and nonlinear regression analysis results for
fatigue crack growth test data in Fig. 7

4Kn Relative 2 4K Relative g
[ MPa - m'/?] | Error[%)] [ MPa - m1/2] Error[%)]
Linear 1 2.333 - 0.413 Linear 1 1.541 - 0.728
Linear . Linear .
Regression Linear 2 2.097 10.12 0.413 Regression Linear 2 1.471 4,54 0.728
Linear 3 2332 0.043 0.990 Linear 3 1.540 0.065 0.992
5 Weibull 2.364 1.33 0.942 . Weibull 1472 448 0.994
Nonlinear Nonlinear
R i Regressi
CETESSION | Sinh 2.096 1016 | 0.957 EIESSION | Sinh 1.676 876 | 0.979
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