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Finite element analysis on mechanical responses of human torso
with body armor to non-penetrating ballistic impact
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Abstract: Objective To develop a finite element computational model of the torso for the numerical simulation of
mechanical responses of human torso to non-penetrating ballistic impact. Methods Based on the CT data of a
Chinese adult man, the finite element model of human torso was created by using the medical image processing
software Mimics and the finite element pre-processing software HyperMesh. The pressure and acceleration re-
sponse of the human torso outfitted with soft body armor to the ballistic impact from 9 mm ammunition at a velocity
of 360 m/s was calculated numerically by the explicit finite element code LS-DYNA. Results The finite element
model of human torso including thoracic skeletal structure, organs, mediastinum and muscle/skin was estab-
lished. The pressure response of heart, lung, liver and stomach, as well as the acceleration response of sternum
were obtained by numerical calculation. It was found that the peak pressure and its time phase were dependent
on the distance between the impact point and the measured point wherever in various organs or different position
of an organ. Conclusions The finite element computational model of human torso outfitted with soft body armor
is available for the simulation of human response to non-penetrating ballistic impact, and the simulated response
can be used as evidence for the investigation on mechanism and protection of behind armor blunt frauma.
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of the bullet, (d) Ballistic impact point
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Fig.5 Maximum pressure position and pressure curves of each
organ (a) The lung, (b) The heart, (c) The liver, (d) The
stomach, (e) The pressure curve
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Fig.6 Measuring point of pressure inside organs and correspond-
ing pressure curves (a) The measuring point, (b) Pressure
curves of the lung, (c¢) Pressure curves of the heart, liver and

stomach
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