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Finite Element Analysis of Fatigue Crack Closure
under Plane Strain State
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Abstract

An elastic-plastic finite element analysis of fatigue crack closure is performed for plane strain
conditions. The stabilization behavior of crack opening level and the effect of mesh size on the crack
opening stress are investigated. In order to obtain a stabilized crack opening level for plane strain
conditions, the crack must be advanced through approximately four times the initial monotonic plastic
zone. The crack opening load tends to increase with the decrease of mesh size. The mesh size nearly
equal to the theoretical plane strain cyclic plastic zone size may provide reasonable numerical results
comparable with experimental crack opening data. The crack opening behavior is influenced by the
crack growth increment and discontinuous opening behavior is observed. A procedure to predict the
most appropriate mesh size for different stress ratio is suggested. Crack opening loads predicted by the
FE analysis based on the procedure suggested resulted in good agreement with experimental ones
within the error of 5 %. Effect of the distance behind the crack tip on the crack opening load
determined by the ASTM compliance offset method based on the load-displacement relation and by the
rotational offset method based on the load-differential displacement relation is investigated. Optimal
gage location and method to determine the crack opening load is suggested.
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