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Abstract

A statistical methodology for the assessment of high cycle fatigue failure probability
is presented. Based on a probabilistic Haigh diagram for a unit volume in combination
with a weakest link model, the approach allows failure probability quantification for
arbitrarily shaped components. We demonstrate how the model can be calibrated using
a maximum likelihood approach for censored data. In order to show its potential,
the proposed methodology is applied on three different publicly available data sets
containing tests for smooth and notched sheet specimens. In all considered cases the
model predictions are in good agreement with the test data.

Keywords: high cycle fatigue, multiaxial fatigue, probabilistic analysis, size effects,

notches

1. Introduction

Since the mid 1950s when Coffin and Manson developed a methodology to de-
scribe the fatigue behavior of metals under elasto-plastic strain amplitudes [1} 2], me-
chanical fatigue phenomena have roughly been classified into low cycle fatigue (LCF)
and high cycle fatigue (HCF) [3]. While the first kind, low cycle fatigue, was referring
to high-amplitude loadings under which failure would occur after a rather low num-
ber of cycles (typically < 10%), high cycle fatigue was the terminology for most of
the remaining cases where due to low stress amplitudes failure would not be expected
before reaching a high number of cycles (often defined as > 10%).

High cycle fatigue problems are often characterized by rather low stress ampli-

tudes applied at high frequencies and superimposed mean stresses. A typical example
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