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ABSTRACT

This paper presents the results of coupled ConipatdtFluid Dynamics (CFD)/Coupled Structural
Dynamics (CSD) simulations of internal detonatiofi€ased munitions against reinforced concrete
walls. These simulations are part of a test, amglgad modeling effort studying air blast propagat
through breached walls. The coupled CFD/CSD sirariatare providing additional insight and details
not measured in the tests, as well as developsygthetic database to supplement the test matiiex. T
simulations are performed to calibrate the CFD/@%®lel and to determine the physic impacting the
internal environments, wall breach, and blast pgagian through the breach. Here we modeled the
response of two reinforced concrete walls to |daoih a cased charge, placed in close proximity to
the center of wall 1.

In the test, the detonation room (composed of twheerts) incurred a large amount of plastic damage
due to the fragments and blast load, and both dslvailed. Test wall 1 initially breached over the
middle third, with the wing walls removed by theelatime blast loads. Debris from test wall 1
impacted test wall 2, which failed under the corebirblast and debris. Initial coupled CFD/CSD
simulations modeled the culverts as rigid, non-osesing surfaces. These simulations reproduced the
damage to the test walls, but the pressure histonetched the experimental data only out to 10 ms.
Subsequent airblast reflections were significantiguced, as if a large amount of energy has been
evacuated from the facility. Post-test damage amalghowed significant fragment damage to the
culverts, with the concrete stripped to the fiegtdr of rebars. We estimate that the fragment itspac
produced several hundred kilograms of dust thatejeted into the room. Repeat simulations, where
the culvert response was modeled and the dustlieaged to absorb both kinetic and thermal energy,
matched the experimental data significantly better.

Initially, the simulations were performed with siand Finite Element methods (hourglass stabilized
Belytschko-Flanagan hexahedral elements). Howd#verelatively recent developments of stabilized
linear tetrahedral elements for non-linear CSDiapfibns (See [1] and references therein) have show
a great improvement on capturing plastic localaratzones and, therefore, fracture prediction in
benchmarks problems. Hence, this work addresses thewimplementation of such techniques
improves the accuracy and the computer time savorgsal life applications. Finally, comparisons
with experimental data are presented to validatenthmerical schemes (See [2] for details of the
CSD/CFD coupling and fracture/fragmentation schgmes

Keywords. | CFD, CSD, airblast, breach, blast propagationt,dased munitions impact; Impulsive;
Shock; Protective design; Stabilized FE for pléistiand localization.

REFERENCES

[1] Cervera, M., Chiumenti, M., Benedetti, L., Codj R. "Mixed stabilized finite element methods
in nonlinear solid mechanics. Part Ill: Compressiahd incompressible plasticityComputer
Methods in Applied Mechanics and Engineering, 285, 752-775 (2015).

[2] Soto, O.A., Baum, J.D., Léhner, R. "An effictefhuid-solid coupled finite element scheme for
weapon fragmentation simulationg€ng. Fracture Mech., 77, 549-564 (2010).



