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Having reached this stage of development, a more detailed study of composite damage
mechanisms was conducted in terms of size and direction of cracking, induced by both (i)
the conventional fatigue crack growth, and (ii) the localized plastic deformations induced
by the impact energy. FE models were used to study the impact of the parameters, such
as the size, location, and direction of the cracks, on the resulting damage modes. With

this first study, the crack propagation model was further verified and optimized for the V-
notch loading conditions. It was observed that cracks may propagate in four

directions—left, right, top, and bottom—depending on the location and size of the notch.
The size of the crack was shown to be the dominating factor in determining the crack

propagation direction. Cracks were observed to grow from the notch, following the stress
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Laminae are a special case in which the impact deformation is coupled with the internal deformation

of the laminates [ 4 ]. In this case, the flaw geometry is determined by the impact path of the
projectile, which will be the loading path for the subsequent deformation. The determination of the
flaw and the shape of the deformation crack are the key steps in the dynamic analysis of impact

laminates. Crack formation is usually attributed to the interplay between the impact damage and the
residual crack of the matrix [ 5 ]. When matrix residual cracks are not present, impact-induced

damage, including matrix cracking and delamination, will develop into long, irregular residual crack
structures [ 4 ]. These residual cracks play a very important role in the deformation of the laminates.

The stress is first received at the front and rear faces of the specimen, respectively, when the
projectile hits the specimen. The stress-bearing layer at the front and rear faces of the specimen will
fail and split up. In this case, the failure is observed only at the front and rear faces of the specimen.

However, the crack can grow into the middle layer, as shown in Figure 8A. In this experiment, the
porosity is still in the initial stage, so the failure is caused by the local damage to the specimen.
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