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This work presents insights into the flight characteristics of a blast-driven steel ball bearing 
(SBB) embedded in rear detonated spherical explosive using the Background Oriented 
Schlieren (BOS) visualization technique and a Fragment Tracking Software (FTS). Two loading 
scenarios, namely, an SBB attached to a spherical charge detonated in Free Air Blast (FAB) 
and an SBB half buried into the front surface of a spherical charge detonated at the entrance 
of an Explosive Driven Shock Tube (EDST), were investigated. Experimental and numerical 
findings were used to elucidate details about the blast and fragments arrival times to the 
target, the pressure profiles, the shock wave-projectile interaction and the different phases 
of the ball bearing flight inside the EDST. The findings were used also for the conception of a 
new standardized test for testing structures under the combined effect of blast and fragts.

Abstract
On one hand, the BOS visualization technique was able to successfully capture the main 
characteristics of the flying projectiles flow fields. On the other hand, Finite Elements (FE) 
simulations using the commercial software LS-DYNA were able to reproduce the 
experimental data reasonably well.

Introduction
In today’s society, the threat of terrorism is ever present. The number of terrorist attacks 
have increased during these last years, targeting civilians in many places but especially in 
high density public areas like airports, concert arenas, security check-points and public 
transport stations. These attacks are causing damage to both persons and infrastructures. 
Nail bombs, containing nails, screws, bolts and steel ball bearings SBB are very destructive.
Given the evolution of the type of threat such as urban combat, use of IED (nail bombs), 
unconfined or cased charges in terrorist attacks and the need to develop protective 
structures able to reduce or prevent the powerful damage caused to targets, renewed 
interest has been given in this work to better understand several complex phenomena 
related to the combined effect of blast and fragments on protective structures.

Results and conclusions

REPLACE THIS BOX WITH 
YOUR ORGANIZATION’S
HIGH RESOLUTION LOGO

1) the establishment of reliable experimental set-ups with the aim to investigate the flight 
trajectory of SBB attached to a spherical explosive and detonated either in Free Air Blast 
or at the entrance of an Explosive driven shock tube using the Background Oriented 
Schlieren visualization technique and a projectile tracking software.

2) The establishment of reliable Finite Elements models using LSDYNA software to predict 
parameters such as muzzle, flying projectile flow fields, blast arrival time, pressures, 
fragment velocities and dispersion of impacts.
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(a) SBB embedded in rear detonated C4 explosive charge at entrance of EDST, (b) Al witness plate at 

exit of EDST, (c) view of camera’s lenses to both the EDST exit and the background where the 

speckle patterns are back illuminated with two metal halogen lamps. 

3D representation and geometrical dimensioning of the optical path of a light ray bending due to the presence

of a flow in-between a high speed camera and a back illuminated background in a BOS set-up

Schematic representation of the 2D axi-symmetric model in LSDYNA: 

geometrical dimensions, material models and boundary conditions.

Conception of a new setup to test structures 

under combined effect of blast and fragments
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