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Abstract. The increased incidence of blast-induced traumatic brain injury (bTBI), in part due to increased 
survivability resulting from improved personnel protection, has spurred research efforts to gain a better 
understanding of this injury. This laboratory has taken a multidisciplinary approach using models of increasing 
complexity, beginning with the development of an Advanced Blast Simulator (ABS), which enables high-fidelity 
simulation of free-field blast waves, including sharply defined static overpressure rise times, underpressure and 
secondary shock waves. These aspects of the ABS in themselves satisfy most goals of blast effects research, which 
generally seek to validate their exposures through comparison of the incident (static) pressures and durations to a 
free-field blast wave. However, it is critical to note that the dynamic pressure component of a blast wave can play 
a significant role in the loading of a given specimen yet is often neglected in measurements. Numerical 
simulations show that the dynamic component of blast can be highly variable within a shock tube particularly due 
to open-end effects. Testing near the open end location should particularly be avoided if the researcher is trying to 
replicate realistic primary blast scenarios from representative IEDs. A miniature probe has been developed and 
adapted from a catheter pressure transducer and is capable of measuring the shock tube blast conditions including 
the static and total dynamic pressure components to allow the researcher to comprehensively measure the 
simulated blast exposure conditions. Failure to adequately account for all aspects of a given blast exposure on a 
target, biological or otherwise, may lead to incorrect cause and effect conclusions as to the mechanism of damage. 
 
 
1. INTRODUCTION 
 

The incidence of blast-induced traumatic brain injury (bTBI) among military personnel in combat 
roles is on the rise, in part due to increased survivability resulting from improved personnel protection 
systems [1-3]. A number of research organizations are currently undertaking experimental and 
computational modelling efforts to gain a better understanding of the mechanisms of bTBI. 
Comparison of blast exposure in bTBI studies is difficult for several reasons. Most researchers do not 
fully define the exposure conditions (often stating only the peak overpressure, or overpressure and 
duration) making it difficult to define injury curves. However, other mechanisms such as the dynamic 
pressure may significantly affect the loading. There has been disagreement in experimental methods 
between testing specimens inside versus outside of shock/blast tubes, and direct comparison of results 
obtained using these two approaches which produce very different loading conditions [6]. To further 
complicate matters, often the maximum point on the pressure trace is reported, and in many cases such 
measured peaks are corrupted due to gauge artifacts and the actual value is usually much lower. 

The DRDC Suffield project differs from others in that models of increasing complexity are being 
studied, starting with simple fluid-filled shells, as opposed to beginning with detailed biologically 
complex computational models with a large number of unknowns. In support of this research, 
computational modelling of shock interaction with structures under high loading rates was needed to 
gain understanding into the complex dynamics of the bTBI process. 
 
1.1 Static and Dynamic Pressure in Blast Waves 
 
Investigations of bTBI injury must at a minimum consider loading conditions consistent with explosive 
detonations in the free field. The blast from a detonating explosive generates a region of high pressure 
that expands outwards. Unlike an acoustic compression wave, a blast wave can be idealized as an 
instantaneous rise in pressure followed by an exponential-like decay to ambient (positive phase), 
followed by a partial vacuum and then a return to ambient pressure (negative phase). The passage of 
the shock wave causes the surrounding air particles to be accelerated producing a net particle velocity 
in the direction of the wave. There have been a number of equations developed to express these 
characteristics in terms of a curve fit, the most popular being the Friedlander waveform equation which 
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