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 Immediate incapacitation is part of the requirements for many small arms acquisition 
programs around the world.  The characterisation of the lethality of bullets and fragments against the 
protected human body can be performed using ballistic gelatine. A lethality criterion, based on the 
wound profile, is then applied to the wound track left by the penetrating projectile.  The criterion 
includes the size of the cavity as well as the depth at which different features of the cavity occur.  
Ballistic gelatine (e.g. 10% at 4ºC and 20% at 10ºC) is a homogenous material that is calibrated to 
simulate human skeletal muscle but the actual target, that is, a protected human being, is composed of 
a variety of tissues with different mechanical properties.  The questions then arise: How representative 
of the real target is ballistic gelatine and how does the observed depth of penetration in ballistic 
gelatine correspond to the actual depth of penetration in a real target?  Assuming that immediate 
incapacitation occurs if a projectile hits the spine with sufficient energy to affect the spinal cord, how 
deep should a projectile penetrates a block of gelatine to be representative of a spinal impact on a real 
target? 

To answer those questions, we compared ballistic gelatine (10% and 20%) and the actual target, i.e. a 
human torso, using the ComputerMan software.  Based on anthropometric data, the human torso model 
size was changed and the depth of penetration of a typical fragment at varying velocity was computed.  
The characteristics of different tissues composing the human torso and their resistance to penetration 
are discussed herein.  Based on our data, the probability of reaching the spinal cord with sufficient 
energy to cause immediate incapacitation is computed and discussed. The results of the simulation are 
compared to the injury criteria found in the literature regarding the distance of penetration (i.e. 30-45 
cm). 

Canada is currently revisiting his small arms fleet and through a combination of phased upgrades and 
acquisitions will modernize his fleet by 2025.  DRDC is engaged in a R&D program to support those 
upgrades and acquisitions.  One of the requirements states that the weapon system should be improved 
such that its performance increases the probability of immediate incapacitation.  In order to do that, 
disruption of the central nervous system (CNS) should occur.  For a torso impact, this means being 
able to hit the spinal cord.  There is currently no agreed upon criteria for assessing the probability of 
immediate incapacitation.  The FBI and other researchers [1, 2] are using the 30 to 45 cm (12 to 18 
inch) rule of thumb to specify if the projectile has penetrated deep enough to incapacitate a target.  
This rule of thumb is believed to be based on the observation that to hit critical organs (the CNS as 
well as the heart and large arteries), 30 to 45 cm of tissues (human or animal) has to be penetrated.   

Ammunition and armour tests done in laboratories are executed on ballistic gelatine (NATO or 
Fackler’s) or on ballistic soap, but not on actual animal or human tissues.  Therefore, it is believed that 
the 30 to 45 cm penetration rule might be true for actual human or animal tissues but not for tissue 
simulant.  Furthermore, it is believed that if applicable to tissue simulant, this rule is not valid for 
immediate incapacitation. 
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study, the DOP required to reach high probability of incapacitation would be reduced. However, 
incapacitation would be occurring within a much longer timeframe (7 to 10 seconds) since the 
incapacitation mechanism would change from CNS disruption to circulatory system collapse [4]. 

 
The main limitation of our study is that all calculations were done for shotlines aiming at the spinal 
cord.   Therefore, the probability of immediate incapacitation referred to in this paper should be 
understood as being the probability of immediate incapacitation given that the spinal cord is aimed at.  
The immediate incapacitation probability presented being a function of the shooter’s skills might 
therefore be overestimated.  Another limitation is that the projectiles used to execute the simulation are 
cylinders made of a single material. Because the drag coefficients of cylinders are different compared 
to actual bullets, this might result in a different equivalent thickness of gelatine value compared to 
those presented herein.  Finally, other depth of penetration factors like tumbling, fragmentation and 
bullet construction are not taken into account in the presented calculations. 
 

 
Numerical simulation was used to evaluate the DOP in ballistic gelatine that is equivalent to the 
penetration of a human torso such that immediate incapacitation is achieved.  The results show an 
increase in the probability of causing immediate incapacitation versus DOP.  They also show that 
much deeper penetration must occur in Fackler gelatine compared to NATO gelatine to reach similar 
immediate incapacitation probability.  Lastly, it appears that the rule of thumb for penetration in 
gelatine (30 to 45 cm) is not adequate for assessing immediate incapacitation. 
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