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Analysis and prediction of ultra—low cycle fatigue fracture of
offshore steel based on cyclic void growth model
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Abstract: The cyclic void growth model (CVGM) based on microscopic fracture mechanism is an effective
method to analyze and predict ultra~low cycle fatigue (ULCF) fracture. In this method, the void growth index
and damage degradation parameters are important parameters to control the crack propagation process. Due
to the influence of production technology, the void growth index and damage degradation parameters of differ-
ent batches of steels are often unfixed, which leads to the insufficient accuracy of the ultra~low cycle fatigue
fracture analysis. In order to solve this problem, smooth round bar, smooth notch round bar and notch sam-
ples were used to carry out experiments, the ultra—low cycle fatigue characteristics of steel were studied, and
the cracking mechanism and damage evolution law of the samples were explored. Secondly, the VUSDFLD
program based on the cyclic void growth model was written, and the finite element analysis was carried out
based on the results of test to calibrate the void growth index and damage degradation parameters. Finally,

the ultra—low cycle fatigue fracture of notched samples was studied, the crack initiation and crack propaga-
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tion rates were analyzed, and the ultra-low cycle fatigue fracture life of the samples was predicted. The re-
sults show that the fracture process of ultra~low cycle fatigue matches well with the experimental results,
which is suitable for the prediction of ultra~low cycle fatigue fracture life.

Key words: ultra—low cycle fatigue fracture; CVGM; parameter calibration; crack initiation;

crack propagation
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Fig.2 Geometry of smooth round bar
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Fig.10 Load—deformation curves from fatigue loading test and finite element analysis of smooth notch round bar
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Fig.14 Surface strain distribution of notched specimen
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Fig.17 Equivalent plastic strain and Mises stress distribution at the crack initiation
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