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Abstract

The ballistic performance of a mechanically-entangled nonwoven fabric
was studied by means of numerical simulations based on a physically-based
constitutive model, which was recently developed and validated for quasi-
static in-plane deformation [19]. The constitutive model included the main
deformation and failure mechanisms experimentally observed (fiber uncurl-
ing, re-orientation, non-affine deformation, anisotropic connectivity induced
by the entanglement points as well as fiber disentanglement and pull-out
from the knots). The numerical simulations captured the ballistic limit of
the as-received material as well as of samples which have been pre-deformed
along different orientations. Moreover, the anisotropy of the nonwoven as
well as the localization of damage around the impact point were adequately
predicted. The simulation results helped to understand the role played by
the different deformation and failure mechanisms during impact. Finally, the
model was used to explore the influence of non-affine deformation and of the
anisotropy in the fiber connectivity on the impact response. This informa-
tion is very useful to design novel nonwoven fabrics with improved ballistic
performance.

1. Introduction

Dry fabrics made up of high strength fibers are a lightweight solution
for ballistic protection. They can be used in the form of woven or nowoven
fabrics. In the former, fibers are bundled together in yarns weaved follow-
ing a regular pattern, while fibers form a disordered network consolidated
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