Volume 84 2016 ISSN 01421123

Accepted Manuscript

International Journal of

Prediction of size-dependent fatigue failure modes by means of a cyclic cohesive E @{\E ﬁ @ uﬂ @

zone model

Stephan Roth, Meinhard Kuna

PII: S0142-1123(17)30053-1
DOL: http://dx.doi.org/10.1016/j.ijfatigue.2017.01.044
Reference: JIJF 4234
I:sis
To appear in: International Journal of Fatigue
Received Date: 10 October 2016
Revised Date: 29 January 2017
Accepted Date: 31 January 2017

Please cite this article as: Roth, S., Kuna, M., Prediction of size-dependent fatigue failure modes by means of a
cyclic cohesive zone model, International Journal of Fatigue (2017), doi: http://dx.doi.org/10.1016/j.ijfatigue.
2017.01.044

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ijfatigue.2017.01.044
http://dx.doi.org/10.1016/j.ijfatigue.2017.01.044
http://dx.doi.org/10.1016/j.ijfatigue.2017.01.044

Prediction of size-dependent fatigue failure modes by
means of a cyclic cohesive zone model

Stephan Roth®*, Meinhard Kuna®

*TU Bergakademie Freiberg, Institute of Mechanics and Fluid Dynamics,
Lampadiusstrafle 4, 09596 Freiberg, Germany

Abstract

Cyclic cohesive zone models offer the ability for a unique modelling of fatigue.
The local damage processes occurring inside the cohesive zone manifest them-
selves macroscopically between two limiting cases of failure mode: uniform
debonding and fatigue crack growth. In this study, we introduce a length ratio
between the structural dimensions and the characteristic material length con-
tained in the cohesive law. At the example of a modified double cantilever beam
specimen, it is shown that this length ratio explains the size effect and the fail-
ure mode at the macroscopic scale. The analytically and numerically obtained
results are plotted in failure maps, which show the predicted fatigue behaviour
of the considered material in dependence on two loading parameters: nominal
stress and J-integral. A cyclic failure assessment diagram (CFAD) is elabo-
rated and the relationship to the well-known KITAGAWA-TAKAHASHI-Diagram
is demonstrated. This way, cyclic cohesive zone models link classical failure
assessment concepts of fracture mechanics and structural durability.
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1. Introduction

The cohesive zone model (CZM) represents a powerful concept to model ma-

terial degradation and failure. In recent years, enhancements to cyclic cohesive
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