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Fatigue Life Evaluation under Out-of-Phase
Push-Pull and Torsion

by

Isao OukAawA*, Hideo TakAHASHI*, Takamichi TOMARU**
and Masaaki Misumr***

This paper discusses the stress-based evaluation of fatigue life under both in-phase and out-
of-phase combined loading conditions. Load controlled fatigue tests were performed on a low carbon
steel under combined push-pull and completely reversed torsion in the intermediate to high cycle reg-
ime. Phase differences between two loadings were 0°; 45° and 90°.

Experimental data showed that the increase of phase difference resulted in the increase of fatigue
life under combined loadings. This may be explained by the decrease of plastic strain range due to
material hardening in out-of-phase conditions.

Gough’s ellipse quadrant was generalized to out-of-phase loadings by taking account of the phase
differences. This criterion can be easily applied but slightly overstimates the actual life. A modification
of Lee’s criterion, which was also an extension of Gough’s equation, showed good agreement with the
observed life. Furthermore, Brown-Miller’s theory expressed in terms of the shear and normal stresses
on the maximum shear plane was applied to out-of-phase fatigue. As a result, the fatigue lives under
push-pull, torsion and combined in- and out-of-phase loadings were well correlated by Brown-Mil-
ler’s criterion.

Key words : Out-of-phase loading, Combined stress, Fatigue life evaluation,

Equivalent stress, Push-pull, Torsion
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Table 1. Chemical composition, heat treatment and mechanical properties.
Chemical C Si Mn P S Al
composition
(%) 0.120 0.010 0.350 0.020 0.015 0.025
Heat 920°C 1 hr FC, 710°C 4 hr FC, 550°C 4 hr FC, 400°C 8 hr FC,
treatment 300°C 8 hr FC, 200°C 12 hr FC, 100°C 24 hr FC
Yield stress in tension (MPa) 252
Tensile strength (MPa) 328
Elongation (%) 46
Mechanical Contraction of area (%) 74
properties
Yield stress in torsion (MPa) 118
Torsional strength (MPa) 492
Micro-vickers hardness Hv 85

FC ; Furnace cooling in vacuum.
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Fig. 1. Specimen geometry.
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