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INTRODUCTION 
Behind Armour Blunt Trauma (BABT) may occur when 
personal protective armour is impacted and deforms 
dynamically to stop a projectile. This dynamic deformation 
can lead to localized high-rate loading of the thorax and 
subsequent trauma to the thoracic cage and internal organs. 
Although detailed numerical modeling [1] can provide 
injury predictions [2], there is a need to evaluate protective 
systems using existing injury criteria and correlations. 
Previous research has shown that the Viscous Criterion (VC) 
provides some insight into injury, but is limited in 
applicability since it does not account for the size of the 
impact area behind the armour. The goal of this study is to 
investigate applicability of the Blunt Criterion (BC) [3] to 
BABT-type impacts. 
 
Armour deformation due to impact is complex, but can be 
characterized based on the initial velocity and time to peak 
deformation. This has been measured experimentally and 
integrated with a detailed numerical model of the human 
body [2] to predict blunt trauma. 
 

 
Figure 1: Typical BABT velocity, displacement history [L], 
detailed thorax numerical model [R] 
 
BABT injury mechanisms depend on the impact location 
and severity. For anterior impacts, fracture of the sternum, 
pulmonary contusion, cardiac contusion, cardiac rupture and 
rib fracture may occur. These injuries are commonly 
evaluated using thoracic injury criteria such as the Viscous 
Criterion and related to the Abbreviated Injury Scale (AIS). 
Previous studies [2] have highlighted that VC does provide a 
reasonable measure of blunt trauma, but does not consider 
the impact area. 
 
METHODS 
A detailed thoracic model (Figure 1) has been used to 
evaluate BABT loading conditions for different impact 
conditions, and comparison to injury predictions using BC.  
The Blunt Criterion was developed to evaluate the potential 
for blunt injury based on the initial energy of a free-flight 
projectile, the size of the projectile and the dimensions of the 
subject, as shown in Equation 1. One of the challenges with 
this approach for BABT loading is the definition of the 
impact energy and impactor diameter. For this study, BC 
was applied to the detailed thoracic model using the 
effective diameter of the impact area from the deforming 
armour. The BABT impact energy (EBABT) was determined 
by evaluating the contact force between the armour and 
torso, and the torso displacement as noted in Equation 1. The 

predicted impact energy achieved a constant value, as 
expected, within the duration of the calculation. 

 
 
RESULTS AND DISCUSSION 
Several different BABT impact conditions [2] have been 
applied to the detailed torso model to investigate the 
applicability of the Blunt Criterion. In general, VC and BC 
were consistent in that increasing impact severity led to 
higher values of the respective injury criteria. When plotted 
in terms of probability of injury (Figure 2), the region above 
and to the right of the solid lines indicates AIS 3+ injuries 
based on VC, in agreement with the probability of AIS 3+ 
injury using the Blunt Criterion. 
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Figure 2: BC Probability of AIS 3+ injury versus VCmax 
 
One of the noted limitations for VCmax is the lack of 
consideration of the impact area. A previous study showed 
that, for a constant VCmax, increasing intracardiac pressures 
and levels of injury were predicted for larger impact areas. 
In contrast, BC predicted reduced levels of injury for larger 
impact areas. 
 
CONCLUSIONS 
BABT impacts have been evaluated using a detailed thoracic 
numerical model. This unique form of blunt thoracic trauma 
is not readily addressed using existing injury criteria 
including VC and BC. In both cases, the predicted injury 
increases with increasing impact severity, but neither 
method adequately captures the effect of the impact area as 
measured by intracardiac pressure.  
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W = mass [kg]
T = thoracic wall thickness [cm]
D = Impactor Diameter [cm]

E =

xF [J]

F = Impact force [N]
x = chest compression [m]
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(Equation 1) 


