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In safety tests simulating accident impact insults to explosive charge in metal case, the inherent characteristic 

response behavior of explosive can be observed with help of carefully designed diagnostics. As for Susan test [1], 

full scenario of typical accident response shows non-prompt reaction behavior in following steps: 

1. large deformation and fracture of nose-cap with explosive damage which may last hundreds 

microseconds even beyond milliseconds before ignition event; 

2. non-shock initiation inside the damaged explosive; 

3. the propagation of combustion throng cracks in damaged explosive bulk and evolution of reaction 

violence inside damaged explosive without tightly case confinement.

Key words: accident response sequence; non-prompt ignition; reaction violence; transition into explosion/detonation; OPS 



2

Typical pre-ignition deformation of a Susan test projectile

Recovery fragments of projectile scattered nearby after violent explosion 

Challenge in simulating the  

inherent accident response

Accident response sequence of HMX-based explosive charge @≈100m/s:

─deformation & fracture, deeply delayed ignition, intensive blast wave but low debris velocity
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Intensive blast wave comparable to that of full detonation of explosive charge might be recorded at some 

distance away from the explosion locus, while the on-site reaction pressure goes up merely to hundreds MPa 

with a duration of hundreds microseconds to several milliseconds. The nose-cap fragments are scattered in 

nearby range showing no sign of high strain rate shear fracture and high velocity driven by detonation. 

Comparison of results for the Steven Impact Test 

(dashed lines) and the Susan Impact test comparing 

violence in the form of blast overpressure related to a 

TNT equivalent as a function of the projectile velocity.

Ref: 2005-LLNL-LX-04 VIOLENCE MEASURE-

MENTS STEVEN TESTS IMPACTED BY 

PROJECTILES SHOT FROM A HOWITZER GUN

Ref: 2000-LANL-HE MATERIAL 

MODELING AND VALIDATION

Reaction violence evolution: transition into explosion vs immune to DDT

─What about local pressure profile inside reaction zone: ≈100MPa@ms
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Such kind of high violence explosions do not necessarily correspond to real detonation event [2], it 

should be interpreted as multi-stage deflagration taking into account of the reaction of explosive particles 

dispersed inside the fire ball of the ongoing explosion. The blast wave intensity, e.g. equivalent energy 

release level does not present on-site reaction violence of explosive. Terms like transition into explosion, 

partial detonation or low order detonation should be redefined and used very carefully in this case.

2002-LANL-Nuclear Weapon Accidents

2004-LANL: In fact, no detonation of PBX 9404 has occurred in Broken Arrow accidents involving this explosive.



The multi-stage inherent behavior of accident response should be taken into account in physics models study 

and numerical codes validation on strict process aware logic base along with the real events sequence including 

pre-ignition deformation and confinement fracture, non-prompt ignition of combustion, reaction spreading 

through explosive cracks, violence evolution inside a partial fractured structure with mass confinement of 

damaged explosive and late stage massive combustion of explosive particles inside explosion fire ball [3,4].

Most, or all, of the explosive is consumed. Transition to detonation may or may not occur, but local effects are extremely severe either way.

An Explosion can be supersonic─a Detonation– or subsonic─a Deflagration

DOE-STD-1212-2019★

Absence of a detonation 

greatly reduces the 

likelihood of dispersal.

2014 LANL-Skid Testing Summary
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