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There are several sources of variability in the microstructure of
fiber
microstructural

of these
fiber
misalignment, variability in fiber diameter, resin rich regions,

reinforces polymer composites. Some

fluctuations are the result of
microcracks, porous, and residual stresses. The analysis of

composite laminates is in general performed using
homogenized lamina moduli but the onset and evolution of
damage is controlled by microstructural defects. Therefore, the
use of deterministic approaches with average properties to
study failure in these structures results in higher safety factors.
The mesoscale behavior of fiber reinforced polymer composite
materials is studied with a fracture mechanics approach using a
phase-field damage model. The effect of porous and
microcracks on failure by shear yielding and crazing in the
polymer resin is analyzed and the damage model is calibrated
against experiments. Simulations of crack propagation in
particle-toughened fiber reinforced composite materials are
demonstrated as a valuable tool that can be used to design
these structures. The simulations show that the crack path is
affected by i) particle/resin and fiber/resin bonding properties
ii) particle distribution and iii) particle stiffness. In particular, in

systems with high and low stiffness particles, the crack

advances towards the ply causing debonding.
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