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3D woven composites are made of woven
orthogonal layers of yarns (warps/weft) with third
direction yarns (binder) woven through thickness.
This construction gives 3D composites enhanced
mechanical characteristics in the form of high
impact  resistance, higher  toughness and
delamination resistance when compared to their 2D
counterparts. 3D composites are manufactured
from as woven preforms which are then drapped
and infused to form the final structure’s geometry.
During manufacturing the different layers forming
the composite preform are constrained from sliding
by the binder yarns. Consequently, the internal
architecture of 3D woven composites has to deform
to conform to the structure geometry. This results in
a nonperiodic internal architecture where each
location in the structure would experience different

Figure 1. A) CT-Scan of woven composites showing the
initiation of damage from local artifacts such as resin
pockets. B) High-Fidelity modelling of Woven composites
shown the effect of the internal architecture.

levels of shearing, bending and compaction[1].

This nonperidocity poses a considerable challenge for conventional modeling and experimental testing
techniques. Internal architecture deformations in the form of shearing and compaction are not constant
across the structure and consequently each location will have different material articture. Mutliscale
modeling techniques which rely on the presence of a repeating unit cell do not provide accurate results
due to the absence of an RVE that can be used to predict homogeneous material properties. Similarly,
mechanical testing techniques which often rely on testing flat specimens provide results that do not
relate to the structures in service. This is due to the fact that the material architecture is different between
the materials being tested and the deformed material in an actual structure. Additionaly, specimens
following testing standards, such as tension/compression, do not take into account the presence of the
woven unit cell and its size compared to the specimen. As a result, the interaction between the woven
unit cell edges and the specimen edge leads to high variability in mechanical testing results.

In the this work, by using modeling and mechanical testing of woven composite specimens these
nonperiodic challenges are demonstrated, for example, as shown in Figure 1. Additionally, interrupted
CT scans are used to demonstrate the progressive nature of damage initiation in 3D composites and how
it relates to the internal architecture. Modeling strategies will be disscussed to reduce or eliminate the
variability in results originating from the material nonperiodicity. Multiscale modeling strategies based
on Vornoi tesslation and domain decompoostion will be disscused [2]. As well, mechnical testing
approaches which take the presence of a woven unit cell into account.
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