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Abstract 

This research aims to investigate the ballistic impact behaviors of woven 

fabric and its energy absorption using finite element analysis. The 

representative volume element (RVE) model was employed to observe the 

inter-fiber friction effect on the effective shear modulus. With the increment of 

the compressive stress through thickness direction, the effective shear modulus 

gradually enhanced.  Increasing the coefficient of inter-fiber friction enhanced 

the equivalent shear modulus with the same compressive stress.  According to 

the simulation of the ballistic impact of a single-ply woven fabric, the effects 

of the equivalent shear modulus, friction between yarns, geometry and 

boundary conditions of woven fabric are studied by observing the projectile 

velocity and energy transformation histories. Modeling results show that the 

lower equivalent shear modulus of the woven fabric contributed to delaying 

fabric failure, and caused the anti-bullet capability enhanced. In the conditions 

such as no inter-fiber friction or double span woven fabrics, yarns are sliding 
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easily and causing poor resistance against bullets. In different boundary 

conditions of woven fabrics during ballistic impact, the strain wave propagated 

faster at the constrained boundaries than at the free boundaries. Thus the fabric 

can effectively reduce the projectile residual velocity when four edges were 

clamped. 

In order to analyze multilayer woven fabric during ballistic impact 

effectively, this research presents a single-scale hybrid element model to 

simulate the 1-ply and 3-ply woven fabrics. This technique involves modeling 

the central-patch model and center-cross model. The projectile velocity 

histories, internal energy, kinetic energy and sliding energy of the woven fabrics 

with impact velocities of 40m/s, 100m/s and 300m/s were investigated. It was 

found that there is a good agreement between the central-patch model and the 

full woven model in the impact velocity of 300m/s. The center-cross model 

shows very good agreement with the full woven case in three kinds of impact 

velocity. Moreover, the effective models can reduce much computing time than 

the full woven model. 
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