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Abstract

The current study presents methods to predict the governing crack initiation site and fatigue

crack initiation life of components with surface roughness. The surface topography is mea-
sured with white light interferometry and explicitly accounted for in detailed finite element

models. The micro-notch stress fields are used in multiaxial and uniaxial crack initiation cri-
teria where the relative stress gradient is included. The numerical predictions are compared

with test results for cylindrical aluminum specimens with axi-symmetric surface roughness.
Damage parameters based on the average stress fields over a certain distance were found to

be highest in the micro-notches where cracks grew to failure. Lifetime predictions using a
multiaxial damage criterion with a gradient correction and elastic-plastic stress fields showed
good correlation with the experiments. Uniaxial criteria, criteria without gradient correction,

and criteria based on linear elastic stress fields were found to be overly conservative. In some
specimens, the failure location could not be identified by the proposed damage criterion. This

is likely due to the presence of microstructural weaknesses near the micro-notches, leading
to shorter initiation lives that cannot be described by geometry alone. It is concluded that

resolving the detailed surface topography and accounting for this geometry in a detailed finite
element model provide a predictive approach when multiaxial stresses are accounted for, but

the importance of microstructure needs further attention.
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1 Introduction

For many mechanical and structural components a large part of the fatigue life consists of ini-

tiating a small crack. Engineering prediction approaches (Basquin and Manson-Coffin types)
have been used extensively. A large effort has been put into understanding the fatigue damage
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