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ABSTRACT 

The paper discusses the numerical implementation of a coupled cyclic plasticity-damage model, 

suitable for large-scale structural computations and simulation of low-cycle fatigue of metal 

components under plane stress conditions. The theoretical formulation of the numerical scheme is 

based on J2-plasticity theory with combined kinematic/isotropic hardening. The kinematic hardening 

part is nonlinear, following a multiple back-stress concept [1], whereas damage is accounted for, 

through an isotropic damage function [2]. An implicit integration scheme is developed along with the 

consistent linearization in such a way that a wide range of isotropic damage functions can be 

incorporated under the same algorithm. The algorithm accounts for plane stress conditions, and is 

suitable for elastic-plastic/damage analysis of shell structures. 

The paper examines the application of the numerical scheme towards the accurate simulation of 

physical experiments on large-scale piping components [3] under severe cyclic loading that leaded to 

low-cycle fatigue failure. Issues related to mesh dependency are also examined by considering a wide 

range of element sizes. Favourable comparisons are observed between experimental and numerical 

results regarding the structural response, the local strains and the number of cycles to through-thickness 

cracking. The results show that, upon proper calibration of the material model and the isotropic damage 

function, the mechanical response of metal structural components under severe cyclic loading can be 

accurately predicted.  
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