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IUC-Based Multiscale Fatigue Damage and Life Prediction Model for
Plain Woven CFRP Composites

Taeri Kim*, Gun Jin Yun™*f

ABSTRACT: This study proposes a multiscale fatigue damage and life prediction model for plain woven CFRP
composites. The model incorporates an idealized unit cell (IUC) of the woven architecture and a localization-
homogenization method into finite element analysis through a user-defined UMAT subroutine. The macroscopic
strain field is transferred to yarn and matrix subcells, where fatigue failure criteria and cycle-dependent material
degradation laws are applied. The degraded constituent properties are then homogenized and returned to the
macroscale analysis to predict fatigue life. The proposed model was applied to 0° and 45° woven CFRP specimens
under tension-tension fatigue loading. The predicted S-N curves showed good agreement with experimental results.
In addition, the model captured orientation-dependent fatigue mechanisms, including fiber-dominant failure in 0°
specimens and matrix-dominant shear failure in 45° specimens. These results demonstrate the reliability of the
proposed multiscale model for predicting progressive fatigue damage in woven CFRP composites.
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