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Underwater Explosion Shock Wave Propagation by Finite
Element Method

Abstract

Underwater explosion is a common phenomenon to be considered for marine and coastal
structures .Although it is not wise to design such structures based on explosion loads, but having
studied the explosion wave and its demotic effects, location and geometries of these structures
can be improved. In this study after introducing underwater explosion mechanism a summary of
the numerical methods used for propagation of explosion waves in water is introduced and
finally a preferable method is proposed for modeling the phenomenon. Based on such
considerations numerical results using multipurpose commercial codes are successfully
compared with empirical relations.
Keywords: Shock wave, Underwater explosion, Finite element

doddo —)

VI SO Ry ST S 1] - R CVSNE S g O
e s T 5l osle alols g opmiie oole e
Slays b onl Cesdly 4 Seop L &8s ke
3 (Gdxe (533 g L;‘blii‘e.uﬂ Slidss geoge
S 2Byl Clidss o el oog Lis il
9 poes o (5998 (Sloedyy e g O ans I L3
9 YU jLid sl K> a5l 2Bislesl Sl b

slaojl (b olb>de (nfege 51 (S

Sl 5 4y gl sl 15 sl i 5l il
6 $lpe ol plp 5o laojle cnl Cuoglie (b5
ol Slakie 5l (S wbbee o sl
20k Slie o8 wilbie O oog laye 5L
SS a5 00,5 o Gl wasy 2l ley Do
w0550 oo 151 5 Sy persSLe

VFAD lasli /F o)l [oges JLu


www.SID.ir

L0 wd—ipo dypuis

ooy Jolss glad Jo> oud LSi5 ol e
Olog ol &8> sl (23 (ol oS wled o
el Vb o a4y JUE 28 > g0 g Sl Bos 5o
ol w2l s )bl odady oy 5> rizpen
SYolre 4 0ged iy, Al (2le S s
ol Wgbio o oot SO 4 4l e oS>
VIS o GBS Sldlas ol gilae s

Sl oo ooy lis

il 5| 56 ol g o mite oobe t \ 4l

b L3, 5 00 S5 b glmlr 1 ¥ 4l
JOM RSN

Jls ol Jg 009y S5 Jlow plmlr ¥ 4l
)1 (SetgST b s 5 s 0 53,

Sl aio Bl ybl uud iy p2i Slei — ) IS

Sl o Zlgol HLaS! Y oleo -Y
2 s glsel JLal pw) p Sl Gz (nl o
cdle S¥olae 5 bl c¥oles 3l S0 oloj e3gime
J= sy ogd oo oolaiul jlxail OVsame g O
Shler 3z )i slaghy, ) RSl oYalas
T 5539955 sleds, 4 Olgiee 45 Cewl o ool
Glasdad ais dw 4 095 a5 o g, cpl 050 o,L)]

Wi o s _pogasglialad o as glankad oot
o dahad SO L Slej ojl SO jo ) st by
b oS simlpgl SVoba ¥ o ) >l o k) e
Syl SVslee & has cad og 2l o)

% Gudunov

VFAD (Lol /F 6, Las /oges Lo

Sl py bl eay Cejuy ol lagme
odds zohae AL lel slage st [1] wdoo (o)
b Sk 5l bl wlindos Gl Jol> a) cnl o
5 g Ghley eir as YL A 4 ey
3 edumm dwaie b glolase (o jlud s
Sl goae gildae Cym oL B0 ams
gy il Vol Jo b a5 28,5 & 5 ol
Sl plie 5 (Alb Cux GFe 5 Glaye
& ry slure slal pln e obye sleesls
Goue slady, owyp 4 dlie ol jo ol ail
bl anglio g O 55 )il (g5ladota 5o 00l ke
O dgdee £y (Ll g alRale] @b
ToesSUT 5 Lty dl sgame (sl (sl 5l jslaie
) ALE" 5 35 woibsl gaidsap colls o8
2Rkl o b soue bl awslie cg> &)ls

el 00 oolazwl

S 5 loxdil oss g (a0 =Y
edgaze 35 0 lgiee |y ol nj il ennay
Sedp oley 53 D9 (owyp s Gley 5 SudF e
riiie Ol s g ead S gl s ol
gyl oSl 3l g Sl Glosgs 90 Loy 5o 9 99550
Gl osioe ol ST a5 clo lajye
oymiin oole (49,0 ahadi Wiz b Sl 0 miie oole
Sy pliy (6 L g 03 9,5 T s Ll ely
Medyy 5 4 oo | epmiie osle St
N g oyzina osle JolS o 5l e lei e
ALl e g a8 o blusil 4 g9,5 658
@d) Al S asl ey e 10505 e
ki 5 sl o (o wsdice JuSas (Gl
3 e S il zge Sulse )0 5 050 g0
S 0g bluail b el fsas 55 Gl O e
Oloj o0gazme o L.eL:...o 5 Mlai oo ol slay 15 e

! Ls-Dyna

2 Abaqus

3 Arbitrary Lagrangian Eulerian
* Detonation Point

> Detonation Velocity

V¥


www.SID.ir

L9 wd—ipo Ay s

J}WQLJ\ Uzjﬁ‘.)-"ﬂj)\’-dﬁ‘ LS‘ pr C‘}A\)U&S‘ML&A

[3] &f 5!, Gruneisen dsleo gl ol )b —Y Jgun

symbol Properties of water Values
Lo Density 1000Kgm™
c Speed of sound 1484ms™
s, Material constant 1.979
s, Material constant 0.0
S5 Material constant 0.0
7o Material constant 0.11
a Material constant 3.0
E, Initial Internal Energy 0
Vo Initial relative volume 1
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symbol Properties of TNT Values

Po Density 1610kgm™
;i Detonation velocity 7437 ms™"

P, Chapman-Joucet 0.255%10° Pa

A Material constant 5.409%10" Pa

B Material constant 9.372x10° Pa

R, Material constant 4.5

R, Material constant 1.1

@ Material constant 0.35

E, Initial Internal Energy 04x1 0‘°Jkg’1

v Initial relative volume 1
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