
Accepted Manuscript

Fatigue life estimates under non-proportional loading through continuum dam-

age evolution law

J.P. Lopes, L. Malcher

PII: S0167-8442(16)30290-7

DOI: http://dx.doi.org/10.1016/j.tafmec.2016.12.003

Reference: TAFMEC 1792

To appear in: Theoretical and Applied Fracture Mechanics

Received Date: 21 September 2016

Revised Date: 30 November 2016

Accepted Date: 6 December 2016

Please cite this article as: J.P. Lopes, L. Malcher, Fatigue life estimates under non-proportional loading through

continuum damage evolution law, Theoretical and Applied Fracture Mechanics (2016), doi: http://dx.doi.org/

10.1016/j.tafmec.2016.12.003

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.tafmec.2016.12.003
http://dx.doi.org/10.1016/j.tafmec.2016.12.003
http://dx.doi.org/10.1016/j.tafmec.2016.12.003


  

Fatigue life estimates under non-proportional loading through 
continuum damage evolution law 

 

J. P. Lopes and L. Malcher* 
 

*malcher@unb.br 
 

University of Brasília, Faculty of Technology, Department of Mechanical Engineering, 
Campus Darcy Ribeiro, Brasília – Distrito Federal – Brazil. 

 
 

Abstract. This paper seeks to use Lemaitre’s Continuum Damage Model to obtain 

fatigue life estimates under multiaxial proportional and non-proportional loadings. Initially, 

the Lemaitre’s mathematical model is presented, by formulating the necessary constitutive 

relations. Chaboche’s model was chosen to describe the kinematic hardening law. Then, the 

numerical model necessary to solve the constitutive relations is developed, utilizing the 

Chaboche’s law with 3 terms and Euler’s implicit discretization. Then, the material 

parameters are identified for 304 and S460N steels and 6061-T6 aluminum alloy. The model 

is implemented in a FORTRAN routine, which is submitted to uniaxial and proportional and 

non-proportional multiaxial loading histories. The fatigue life data obtained from Lemaitre’s 

damage model is compared to experimental data. Then, a stress amplitude analysis is 

conducted and the numerical stresses are compared to experimental data. Damage evolution 

curves are also obtained for each material and loading. The results show that Lemaitre’s 

damage model describes adequately the behavior of the analyzed materials under low cycle 

fatigue, when low strain amplitudes are being applied to the specimen. 
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