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' Chapman-Jougnet (C-J)
¥ Shock wave
¥ Bubble pulsation
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' Combustion
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" Bulk modulus
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' Undisturbed phase
¥ Friedlander
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' Reflected wave
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Shock wave

Shock wave
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' Buoyancy effect
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' Whipping effect
¥ Jet impact
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' Multi-material eulrian
¥ Arbitrary lagrangian eulrian (ALE)
¥ Element distortion
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' Hydrocodes

¥ Los alamos national laboratory

¥ Lawrence livermore national laboratory
¥ Expilicit

® Impilicit

* Artificial viscosity

¥ Godunov method
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' Functional
¥ Finite differences
¥ Finite elements



YA Sl gl Jow ¥ Jab

yt 3’2=f(x2)Fg/
y1 = f(x) >,
T
X4 h Xy 2h ;(
A B

=1 = & . B . . )
SO 6)..5J|)L.>‘ LS‘):’ Lg)l.ww )| ooLa.'J_m‘Lng f(x) @ LS‘):’ =y \-Y Ji.u

Comloads ;';)..éaiLg).:fJbi‘u‘ b@whwlé)oésm)b)oyi C;)‘S).oﬁoté.n 65))‘.’6“’.’&"’?‘:’

Dl oo Cawda V- adaly e JI K0! 0,85 >

[ GO dx = % f(x)h ¥
Sy ol Loy nlio)ls 392g oS> DYoles S g (giluatnnS sl ) Sl oS 0 i o
ool s T jlgen old Sl ngann by, g dgame lall gy M gaoe pam by, cdgame NS
ol Sl GoanJge 8 98 4 dty il oo Al Aliee S S sl (Saliie slapi s s ks
S8 g oo B4 Wlgioe plad giluatins 5l Lol a2l g0 gy L Sleiew sl
AS oo ISy 00l dule S s Lo sdbaie sloo 5 ] jo a5 slasiis 4 T sole Sl
siile S i 5 o0le oS 1 g 800 ge 455 ol Lisd 3 1) Lo 3 T ol leaiis S0 (g 5 ol oo
Pl jo gobj 00,5 gilwanns Lol gy 90 ol oS 5 058 0 oanlive asis lwe 5l (Lo )08

18 03l - Jlow (S0 siile S (o0

' Finite volume method (FVM)

¥ Smooth particle hydrodynamic (SPH)
" Material coordinates

¥ Spatial coordinates
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' Lagrangian

' Distortion

¥ Jacobian matrix
¥ Gaussian point

® Remapping

* Element deletion
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' Finite difference
¥ Finite volume



fY Sl gl Jow ¥ Jab

Sgazxe lodl (g, @
J> 8L wgaze plall g, 50 ol Bas ool (goae (giludinnS g, (5 steie Sgaoe Lol s,
Syge 4 Jo 4l gy ool o el ool Jae SO L ol iRl Bkl eazey e S
dalol )3 098 oo 485 Jai 10 sguzme izl b Lol g 4 g 40 Jate S5 Slaaab 5 5l slacgans
Jolss Lyl (38,5 15 55 5 iz al 93md Jlpe b 5ism 28 conlin ont )85 U S olall o ol
5 6ol dgazma lall (SlaaS 05910l T oo Sy (plml) S5 0550 S (Gl ()BT s S
s Ansys [LS-DYNA Nastran « g oo s,lx sbaS e jo .cul 35290 (g00nie ()l
S5 0, Abaqus

(SPH) lgon 50 Solydg,dud (g, ©
ool g gonaSeed losliiul g &5 Sl (SiludtunnS” (hoy S Jlgen DS Selusg aee 4l
o2 Dygle )d Slewlxe Job plad o s gluad 0o b g S 2 j0 a5 bl oS pogie (5]
ol LI s o255 5 g 3L5Y Camlo b glo)d by, 53 SPH aslazbly axwss cdiile oo 3L
bl 5 JUl dslone (ISl 5,000 51 05T Casony | Slse S 51 Sloj azsu,b Gl o G 0l 5
AU 5 dgaome Lol wile sla by, sodgaze SPH g, axwgs Judo 2] s)ls ssg PLIW
sla)l8le 5 aiile ala g, 5l oolitul b Blus ais5 cnl (g az ST.Cawlodizmn jlown Blus )5 5050
Olirabl Sl ol 4y poeie Jlawe (Faazey Clo (0l 0 Ll o (S0 yed a2dly danagi dguzma o]
Slr e 05l 93 ((Solas wilp o iluand 3 Gl il ey Jdo 4 09l e g cnl
23500 0929 byl b oS 5 50 b Lol b slaig) sl 4 yledl g (o, 51 eolicil

2O O AS34S g A5 S5 amlp Jle gl olse (Sl o 5l g 4o laanlp giluand -

S L b dala B s Jold laail B izren 9 S Wi

' Galileo relativity
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' Load-blast (LB)

' Load-blast-enhanced (LBE)

¥ Randera-Pehrson and Bannister
' Brode

® Fluid-structure Interaction (FSI)
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Abstract

Reinforcement of composite structures affected by the explosive shock has a significant
importance in the design of armors. In this research, a numerical finite element analysis has been
carried out by using the LS-DYNA hydrocode for modeling the explosion phenomenon and its
effect on the structure in the medium of the water and the air. The composite structure in this study
consists of three layers: an alumina ceramic plate (SiC), an intermediate plate of hot rolled steel
(RHA) and a lower layer of polymethyl methacrylate (PMMA), which was used as a target layer.
The shock wave was created by blasting of a spherical explosive charge that located at different
distances from the center of the structure surface, and in an intermediate medium hits to the
structure. A three-dimensional simulation was carried out in the air medium by Load Blast
Enhanced (LBE) method, and in the water medium by an Arbitrary Lagrangian-Eulerian (ALE)
method. For the verification of the model as well as the analysis of the accuracy in both
intermediate environments, the numerical results were compared to the other empirical studies. In
the air blasting, the impact of a uniform and nonuniform shock wave on the perpendicular stress
and displacement of the target layer were investigated. The response surface method (RSM) was
used to achieve the optimal structure, which transmitted the least stress and displacement to the
target layer along with the light weight. By using the second order regression model, the stress and
deformation function in the target layer was created and the optimal thickness of layers was
predicted. Similarly, in the water media, the effect of the collision shock created from different
stand-off distances on the displacement and the amount of stress of the target layer as a response
was investigated. Finally, in the same structure at both air and water media, results were compared
together. This comparison showed that the exerted deflection and stress on the target layer in
underwater explosion was significantly higher than those of air medium. The reason for this
phenomenon was the higher shock wave velocity due to higher density of water versus the air, and

also higher amount of water contribing in the deformation process.

Keywords: Air blast, Underwater explosion, Shock wave, Impulse, Composite structure,
Optimization, Response surface method
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