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Accurately predicting the shock response of reactive solids (pyrotechnics, propellants, and explosives) 

remains elusive despite a century-long research history due to the influence of microstructure on 

ignition and burn. Continuum theories routinely used to model shock-induced combustion of reactive 

solids only describe homogenized behavior and do not resolve the formation, growth, and interaction 

of reactive hot-spots at the particle-scale which establishes their shock sensitivity. This talk will briefly 

address computational characterization of stress and temperature fields within shocked porous 

explosives (60-90% TMD) and their dependence on shock strength and microstructure.  The 

computational technique is based on a finite and discrete element method that combines conservation 

principles with a hyperelastic-viscoplastic and friction constitutive theory to account for particle 

motion and deformation within shock loaded ensembles containing 2000-4000 particles.  This 

information is used to formulate a microstructure-dependent multiphase continuum theory that 

describes transition to detonation. The model is conceptually similar to conventional ignition and burn 

models but accounts for ignition in terms of parameters that are explicitly based on computed hot-spot 

fields. The thermodynamically consistent model, which accounts for non-equilibrium interactions 

between the solid reactant and gas product, reasonably predicts both the time and distance to 

detonation over a range of input shock strengths and the corresponding transition mechanisms. 
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