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Resistance-Curve Method for Predicting Fatigue Thresholds
in Holed Specimens under Combined Torsional-Axial Loading
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The R-curve method for predicting the fatigue thresholds of notched components was applied to
the fatigue thresholds of notched components under combined loading of cyclic torsion and tension-
compression. The prediction was compared with the experimental data obtained from thin-walled
tubular specimen with a hole under the combination of cyclic torsion and axial loading. The effect
of the hole size on the fatigue thresholds was calculated from the R-curve method for three cases:
cyclic torsional stress, cyclic torsional stress with superposition of a in-phase cyclic tension-compres-
sion stress with the same amplitude, cyclic axial tension-compression stress. The stress ratio was R
=—1. The experimental data agreed well with the prediction both for crack initiation and fracture.
The measured length of nonpropagating cracks had some scatter and the maximum length agreed
fairly well with the predicted line. The nonpropagating crack length normalized with the hole radius
at the threshold stress for fracture was predicted fairly constant without respect to the hole size,
while it varied slightly with the loading condition. The effect of the in-phase combination of axial
and torsional stress loadings on the fatigue threshold was predicted by assuming the crack direction
perpendicular to the maximum principal stress. A good agreement between predicted and experimen-
tal results was obtained.

Key Words: Fatigue Thresholds, Notch Effect, Torsion, Combined Loading, Carbon Steel, Non-
propagating Crack :
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Fig. 1. Resistance-curve method for predicting
fatigue thresholds.

Fig. 2. Shape and dimension of specimen.
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Fig. 3. Resistance-curve for predicting fatigue thresholds
under cyclic torsion for 4= 0.50 mm (Case A).
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(d) z=0,=T0MPa (Case C)

Fig. 4. Micrographs of cracks emanating from a hole under cyclic torsion = 0.50 mm.
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Fig. 5. Change of fatigue crack propagation rate with crack extension under cyclic torsion d=0.50 mm.
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Fig. 6. Effect of stress amplitude on nonpropagating crack length (d= 0.5 mm).
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Fig. 7. Effect of the hole radius on fatigue thresholds for cases A and C.
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Fig. 10. Fatigue thresholds under combined in-phase loading of torsion and tension-compression.
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Fig. 11. Superposition principle of stress intensity factor under biaxial loading.
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