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Multiaxial fatigue life prediction of notched parts based on the theory of critical distance
LIU Jianhui, WU Shenglei
(School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The theory of critical distance method (TCD) considers the effect of effective stress on
fatigue damage of notches, but ignores the weight of the effect of a non-uniform stress field near
the notch root on the effective stress-strain. This research takes the notch specimens under mul-
tiaxial loading as the research object, and based on the critical distance theory, it establishes a fa-
tigue life prediction model applicable to notch specimens under multiaxial loading by considering
the effects of a non-uniform stress field near the notch root and non-proportional additional
strengthening effects on fatigue life. Firstly, considering the influence of the loading path on non-
proportional additional strengthening, the non-proportional additional strengthening coefficient
considering phase difference is proposed. Secondly, based on the weight function theory, the dis-
tance dimension influence on the effective stress-strain is eliminated by normalization, with the
weight function considering the non-uniform stress field near the notch root and the non-proportional
additional strengthening effect established to modify the critical distance method. Finally,
combined with the Manson-Coffin equation, we proposed a multiaxial fatigue life prediction model
based on the critical distance line method for notched specimens. Experimental data from two ma-
terials, En8 and Al7050-T7451, are used for experimental validation, with the results showing
that the prediction results are good and all lie within the triple error dispersion band.
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Fig. 1 Critical distance line method and critical distance

point method calculation schematic
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Fig.2  Relationship between non-proportional additional

reinforcement factor and phase difference
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Fig. 3 Multiaxial fatigue notched specimens (unit: mm)
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Tab.3  Uniaxial fatigue properties parameters for materials
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