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Underwater Shock Response Analysis

of Floating Structures considering Effects of Cavitation

Kweon, Jung-1I

Department of Ocean Systems Engineering

Graduate School, Korea Maritime University
Abstract

Surface ship structure and shipboard equipments must be designed to
withstand severe shock excitations induced by underwater explosion. The ship
shock test/trials identify the design and construction deficiencies giving a
serious negative effect on the survivability of ship, equipment and crew, and
also validate the shock hardening criteria and performance. Unfortunately, the
ship shock trials are very time consuming and expensive. With the advent and
ongoing advances in simulation capabilities and sophisticated simulation tools,
numerical modeling and simulation has become a viable, less costly alternative
as well as more reliable aids to ship shock test/trials.

Surface ship shock simulation under underwater explosion is generally
complicated by free surface effects, such as bulk cavitation, local cavitation and
cavitation closure pulses, in addition to the complex fluid-structure interaction
phenomena and the complicated dynamic behavior of the ship and shipboard
equipments. Shock response analysis of a floating surface ship could be
performed using a large scale finite element model of a coupled ship and
surrounding fluid using LS-DYNA/USA code considering the effects of
cavitation.

In this paper, the effects of bulk cavitation and fluid mesh size were
investigated on the shock response of floating structure wusing both
LS/DYNA3D and LS-DYNA/USA and on its reliable shock response under
underwater explosion, respectively at the first step. The shock responses of the
MIL-S-901D SFSP (Standard Floating Shock Platform) under underwater
explosion were analyzed using LS-DYNA/USA, where surrounding fluids as

well as the SFSP were included in 3-dimensional finite element model for the

- Viii -



consideration of bulk cavitation effects. Through the numerical simulations, the
nonlinear effects of the resilient mounts and flexibilities of the SFSP were also
investigated on the shock response characteristics of the equipments, whose
results were compared with NRL test results.

It might be confirmed that the simulation results could predict the shock
behaviors of the SFSP accurately, and that the shock responses of complex
structure—foundation—equipments interaction could be applied to the whole ship

analysis effectively.
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Fig. 2.4 Cruiser Ship Shock Trial (1982)

Fig. 2.6 USS MOBILE BAY Ship Shock Trial
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]D] =]

-User Contral Parameter —

Input Parameter

-Shack Wave

 smackWave [ Flowendeastr | Clew || Ext |
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Fig. 2.11 Bulk cavitation envelope using program
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(b) Shock Wave Reflecting

Fig. 2.12 Taylor plate subjected to plane wave
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m = mass per unit area of air backed plate

P = incident plane shock wave
P,(p = reflection wave of pressure

V(D)= velocity of plate
o] wl air backed plate =912 FA PR} YA} WEALTbo] o E A F 2ol ¢
o] SRS A4y B vy oleta Iud o] B £ giit 2ol
By 4 g

V() =Vt = V) (2.10)

QA5 poh WAL p B fA AMEze] d@ Aelel we e o] w)

AN P~
H &4 A

P,=pcV,, P,=pcV, (2.11)

%

P()=Pyme ° (2.12)

Bq. (21DE Eq (2109 4##AE olgad s deje] waew fra
W okt 2

t

P,=P,—P,= P,— ocV,= Poe ’—ocV, (2.13)

2y Eq 299 HAstel gesd e ge 1%
3]

ot
mﬂa +pcV,=2P e (2.14)
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2P 8 . —H 4
Vi= i gle " e 1, (0 (2.15)

A7NA B=pch/m

ol thA] Foll AEot= HA G or FEst Eq (216)3% o] At} o]}
2ol g gkol AAFE Dol AUA Fakol Ho| AU HAT F2H AL )
Anw 22 JAL sAdko] dietof= wjg- wE ARkl M A Skl 713} bRt
F W7 e ddHel AA AfuieEl o] do] IAsHA "ot olw fAS}F FRE
TR B HAAN FRES HY SR =gt "k

J*e_ﬁ _28 _ﬁi] (2.16)

PZ—I_PV:Pmax[l_B _1_B€
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T g% FAZTH WA FFIH el o ofr|H = AR Folg F 7t
A AT =, A% TtaTA dETe] o F48HE 5SS Vo
A2 st sl 400 og FA4EH ;e HAFxY T4
ot 2w Fa gAY XA FAGS A BAA FAEHT, TFaTA
gt o)d AAAY FF-gH 314 (whipping response analysis)S 4% ¢t
A 7F B olA Pt

T LA FEHE FASHE T AlEHo|Ad ®Wol AEEE W& codes
aA F A= gdsd A HAE  hydrocodeEs ol &3 ALE 7I1Wd

CLE(Coupled Lagrangian/Eulerian) 71, 18|31 F H|AE o|FH A WHE
AA S el Hybrid 71 ¥ oltl. &4}9] Hybrid 7] & AF&3 codex DAA HWH
[1]o] AT AA LA code?l USA codell6]e} 71&E9] HE #F3t2s FZREA

code ®=+= hydrocodeE A £+ 53 code 55 o2}

3.1 ALE 2 CLE 719

FTEE FASYE FA AlEdelAdd Yk oR hydrocode® Wol AHEH L
= i At wgE Fu FxE, A # FA-TE A4 T4,

AE AES siAstE 33 W explicit time integration codeE 24 ] %%
© % LS-DYNAS3DI3], MSC/DYTRANI17] Fe°] 90t we] &857] A%

Aok FrAl-TE dAdEACd = WEd s ALE 7IW¥ &3] General Coupling
Holgta BEl= CLE 7% ol ArHisl

CLE 71" Fig. 3.1 (a)¢t #Zo| Eulerian 247} &3F ol i 7 H
A RS I AR FES Euler WG9 dodl A o]E g
CLE &8£S AFE3t} o]+ Lagrangian® Eulerian mesh’} A& ¢
2 Eulerian meshe 314 3o A W3slslA] &3 Lagrangian 73 =°l Yl
AW (coupled surface)s F3 o8] dojdr) uwla] AdHAgA e 2
o Aol Egk Fdo] de Wkl AWl &3t Eulerian 8.47F &7 2 8
A &e A w9 22 Eulerian 845 i4187] 98 time stepe] ZrobAA a4
A zre]l o8 A= o] AtH18] ol¢t= &E ALE 7IW 2 Fig. 3.1 (b)olA <}
2ol fA F2EY HE BALA7E 3 (merge)= o] Eulerian £47F 14 &
3

8 fEshe ARsh #BaHel oY 4 i ALE GuelEFS Agstd o

T

el

=
o~
-
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+ Lagrangian® Eulerian mesh’} A2 ¥4 % o2& Eulerian mesht 314 34
o A Lagrangian Z=° we} 21t wheba Ao A nelldy ¢ 3§
ol BEXAEFE oy wde] = v mdd <] A] Eulerian 845 4
Fet A7IE2 AEAPOZA A Algto] CLE Wl Hla] 493 dastes &
Aol .
e ~
s -
< 4
5
| 7
Coupled surface (t = 0) Coupled surface (t = t)

(a) General Coupling (no change of Eulerian mesh)

Coupled surface (t = 0) Coupled surface (t = t)
(b) ALE Coupling (deformation of Eulerian mesh with Lagrangian mesh)
Fig. 3.1 Comparison of General Coupling and ALE Coupling methods

ALE % CLE 7|H& A&3lE= hydrocodes2 @A, 43 3, 78 H o]
A g 32 7k A9l A (bubble collapse, bubble jet) 5o EF 1d F
Atk WM E ©]E hydrocodeES F2 Aul - G T2E FEa4o AL
3l gkem FHtol FTEHL FASH A Wi 7IxAQ A7 AAEAT
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CFA codeE & F Ut} o] code 7NHlElo]d o] dojup= A G Hol disiA=
Q) el kol 7] 23 %'&‘ﬂ f4R olitsteta o]4kst | AAWMS DAA A
o= F& YA FA G FFE sk Wl s g A2l

Lo
0 FHHEH ?ﬂ*&ﬂ A &g L A explicit hydrocode?!
LS/DYNA3D[3]¢} <¢ellA] 953 CFA code ¥ DAA codeSl USA codeE <17
& LS-DYNA/USA[4]¢] /M-S Fa =33 S48 a4 A= A7IE vt
dAstAl F Ak w=rslate] ¢ NAVSEAS F3 sho] gt DDG534 AdE
A S LS-DYNA/USAS o] &3 4 Algdleold Aaele] Hlus §ato]
| AlEdelde] a4 F codedl FE&4S HETSATHSGL %lﬁoﬂ/ﬂli %7—3‘.%%
A awste] dstow HA Ax FolAY HA T FAHY FAHASH A
LS-DYNA/USAE #&8&3tal AtH6~8]. LS-DYNA/USA code ©]¢lol% USA
code?} 71E¢ W& F3824 FZMA codedt AA T EF3I codeEEZAE
¥ o2 EPSA-II21], FUSE/SRUE[21], USA/NASTRANI21,22] & o]t}
LS-DYNA/USA codeE ©|&3lo] lu|dHe] S st HF{A +2E9 53
T FA48H AAS f8 Fig. 329 32o] 37K A8A =, F+2A(S), AnjE el
o] doju= FAFGV)H FAPG] FAJ DAA ZAE gsta, 3719 o
A AujAA e e FE7] sl Az arst AW (staggered solution
scheme)& AF&-gHTH6].

_IE

(

displacements pressures
.LS-DYNA/USA Submerged Fluid (= DAA
Structure & Volume = Boundary
(S) v (D)
pressures displacements

Fig. 3.2 Staggered solution scheme of LS-DYNA/USA code
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M2+ Cx'+Kx'= —GAp;+ bs) (3.1)
A7NA M, C, B K= A4 FxRA A% A 9 AddEela, = x
Aol WGME, DT 4 R e 2 A QA A oI 4 % v
Ao sl ofF greelr. g FEAY F4EW AFES fAA 49
Adase) BAAFEZ Wase dLoln 4= FEA grEwHe] WA

Ho|th,

AHulEeldE adatr] 918 sjulH o] o] dojd FAFFLS AXNAHoE #Yd
s, AjulE o)A A Ale] Aot e] Oolgkx ZFASH FAIGIS vy 2
& PR BEe,

» :< 7+ s, if s>—17H/62)
0, otherwise (3.2)
s =—ovd=v’¥
A7NA p B il A7 g8 Al o B o A4 A

pie= A A A
FAANA Y] S gv

9 g Z+7Z densified relative condensation & W] L el AFojt}h, WO T EIARS
AWGEZ sle] §3exr HAsEH S gdd tst Aujag S

< PEPe = vl = vk

= %2 A

2w

Qs +HT=b
. ; (33)
U =p—>»

A714 @ ® H capacitance % reactance W EHEA FEA S AR 9 A

g qge @
A, pE 3 AAe) AAReIAS FEAES ehhE WEHRA e

2o] Fojzith,
b="b,+ b, (3.4)
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ANA 5 0 p= 27t T2A 2 DAA AAS sleiRoem et gol A4

b, =pAGx® (3.5)

ojt}. A Eq. (35)2] DAA ZAHANA L W ,o& oS3 #Zo] AixkdET)

71A xR xS Z47E QQabn E abekule] vjojiEo @A QIAlmrl FAFTEQ
A9 x9% Eq. 3N¥ o], aga xSE 13F ol FHIIA Wgel wEl Eq.

(3.8)3} o] Artet

Ix= Jp? Ipxl+ % R, prxet (3.7
]’CxCS: 71; xS+ M, 1AC pExS (3.8)

°1714 = DDA ZAMAM dArak dupdgdat FAE WA 2]
o AR qyH, pe FoFd DAA AAWS HAdAe d4, y R A< 44
DAA AN Frtadsd 2 WA fgola, ()& A &S dEbith

o] o] 37| AdA ] AupAA e dE Tty Al dEudt sAEE S AHE
sy, F2A 2 FAA9 sl LS-DYNA3DeIA, DAA ZAWe &l USA
codeoll A Eo]7tt}. USA code= Table 3.13 Zo] ZA 37019 R E(module)Z A
o]Fojx Ut FFA EH FAAY AFAEUHEE explicit methodE AM&3}aL,
DAA AWM 3= implicit methodE A&t} ¥ explicit method& ©] &3}
of FAAS & Fetr7] Wl FRA FERE FA8E A dolA A
e B feiAe 72 Headd vhue A4 feAF el At
- FRs8H, 20D/ ot <59 S WrEstojok gt o7|A pe A #3
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2o
o
-
rr
N
N

o

- 19 -



Table 3.1 Modules of USA code
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Zelt Ag Brhsay dAwtezt de 54 B4 Bokntt g%
NAel AP W HAEe SEAF ] o] £X ABelH Al N A
w7} o
&

Fig. 3.3 Finite element mesh of KDX-Iland surrounding fluids

(a) t = 0 msec
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(c) t = 10 msec

(e) t =30 msec

Fig. 3.4 Propagation of bulk cavitation bounds at water and stress at ship
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4 ALE 71 & ol &8 29 Aueold @4 a4

ArER A e Al FERECl FEETel AdF A% A4S W=
B A AuEelAe EAR Qs FEollMets vE SHE Rl dd &
A Mgl e AR A AulElol A Gefo] wAs= AR Fbel Al
= nEstA] §e A9e aHd 445 weste] AnlEHelde] dFE THAA
SR AMEIA FH o7 E sEEE AEdelds s LS-DYNA3DE
o &AL frA-Txe AMEAE Aty AT fHPMeRE ALE VW&
ARESERITE EH R QIF 3 AvlHeld Ao A f1Rle] Y]xste] ALE
ZIMel A= A daelEs ol8stel A 20S 9 er AR &)
At FEEER A% 4 AWt AHES fFAGAs s dvd s
o Aole] oJste] fARNE WH FTANS WAMATIE TR A
o ol Al dtel - BAWe el A g7l A Aol Qlste] AW
o] FA=A sttt

4.1 Aol B9 Fu g ol

X
l".ﬁ‘:
o
:(I)(é
S

A7l = FRA FERES sk ¥ GA AFFddAe] Fo AnH el
s A AlEdoldS FdsAT Foke FHFS 10kg 20kg®] TNT
ARt ar, Zhzbell diste] AfFH o2 HE 10met 15m ZololA FEsh=
S AbgEth A AlEY oS §1F AluE]l e Table 413 23,
of W #o FnjgelAel =S ZF Ay oo wel =28 Fig. 413

e FY AuEelde] EA gl A Ae] & kel
Womz zlojo] nl#ste] A8 F& 20m= 1175t
o] ZE-AHoT WA By AvuI|E Ik

o
2
=
ol
QO
£
2
o

o nE mi PN RN M Lo

18 oz Ol A
>
I
= o
to
=

SN
= o
E)
°
i

Table 4.1 Scenarios of underwater explosion

Cases Charge (TNT) Fluid Size

Weight (kg) | Depth (m) | Length (m) | Breadth (m)| Depth (m)
Case 1 10 10 5 20 10
Case 2 10 15 5 20 15
Case 3 20 10 5 20 10
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T TT T TT

Depth (m)

Cavitation Zone

10kg TNT at 10 m

S 10kg TNT at 15 m

. Charge (TNT) 20kg TNT at 10 m

'15-&llllillll llll%llll%llll

0.0 50.0 100.0 150.0 200.0 250.0
Breadth (m)

Fig. 4.1 Bulk cavitation bounds

LS/DYNA3D® 78 hydrocodeZ ©]-83F ALE Wi oA+ Eulerian &4 % T
Aste Zoka fAel wet Zhzhe] 1 A4S 13

(EOS : Equation Of State)S AF&3cH3] 23 Z°FS Eulerian 242 FA SIS
71w Ao A= oy Foko] FRol wet WASE 7]E 9o t¥E Eq. (4.1)¥%
2& Jones-Wilkins-Lee 4] #-4 21(JWL EOS)S AFE3FTH13].

PN “
T U= AH wA

P=A(1— wv/Rl)eim-i-B(l — w77/R2)67W+ wne,E 4.1

AN p=o0/p, o, = F7] Bi(initial density), Ev @9 AZF T B ol
U #] (specific internal energy per mass), dt 7]1% % % (detonation velocity), 12|
i A, B, o, R, R, %3 (constants for the explosive) =4 thdg A4 =}
S5 vgor 3 Mo AFget=E 1 Fho] 2R Aot

gk 71F A S St MR AT gHe FAE ko] ke ZHelA
= W 559 3~0uE, o= AL 7 "oAA HH FHowm PAH
[12]. o] g SA9E dste Aoy dloc dd Aes 24 &= 4548 +

A

= 5
AZA Eq. (42)8 Eq. 43)3 e oz e AHiga s ol &3r18].

dlo

Compressed state :

P=a,p+ ayp* + asp® + (b + by pt* + byp®) o, E (1> 0) (4.2)

Expanded state :
P=ayp+(byp+ by p*) 0, E (1 <0) (4.3)
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AN p=(p—p,) /0, &I &FAF(acoustic condensation), g, a,, aj , by, b, by

= A9 (constants for the fluid) 2% FoF Ao} w7z theFst 2 x;
ol 278t FA Ao AjtstEs FH O FAZE A5 ol wed ezl
e ol &ttt F ok fFAC AREEHE AEEAg A AMEEHE AEES A
3l Table 4.29 2131,

Table 4.2 Parameters of EOS-JWL and linear polynomial of fresh water

TNT Fresh Water (1<0.8)

po (kg/m’) 1,630 po (kg/m’) 1,000
A (Pa) 3.712E11 al (Pa) 2.002E9
B (Pa) 3.231E9 a2 (Pa) 8.432E9
0 0.30 a3 (Pa) 8.014E9

Rl 4.15 b0 0.4934
R2 0.95 bl 1.3937

d (m/s) 6,930 b2 0.0000

Fig. 4291+ ALE 7oz Alvyg] 2ol ulg}l Eulerian 842 1A% 3 o
2 mdygor F9 AuHeIAS G477 st w71k e A S

th o] hydrocode AHAIA o.® 7HA= dags SAY # ARlHlA A4S
aHets Zlo] =rbedtng OA AWE uheh ol 7\l o] A
vl 274 S wEo] F Aot} o= B 7HH]E1]°Mi Tz Qlate] 7] YA
H7b 7HA= Bl gk are] glo] 2 2l Fkw QAF JAF FAITE
7z

=

%7

DER AT ARETeE AR WA, F B/ S AATORA FHT
PN

T

o] &7 9] _v,l-od

(a) Case 1

(b) Case 2
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(c) Case 3

Fig. 4.2 Finite element mesh configuration for bulk cavitation

Fig. 43914 TNT 10 kgol 4 10 mollA 23531 Case 19 4 5o ts}
of Alztol&e] uwhel fAeA LA oY BEE RF k. 10 msec F
LA A ALE FA T AR = S B A, olE A HiAbE FA 9T of S
' 2 gddo] w27 Fafko] tigh dAF FA e R nEe T4 0
of WA ot o 2~3 mell ZAA WA F9 AjulElo]do] A stE A
< 10 msecol A FH ¢ 50 msec7tA B G AUk #AE v Hol AL oF 55

17ke] Agol digh frAl-5&= o=l A= Fig. 4.5

F ool B stel QP FARL Afud] Buse 3 4

MNE &
o] A 4 oS E(kick-off velocity)”} WERU L, Folo] W AlslE 3
ANujele] oz Qste] Kt TAAHA HASHEA tA i gHute] #E
02 &t tA W HTrt Aests AL B U vk o9k BE AT #
o Ffulgo] o] WS = T4 F FAY 4EHE AR 22 AEFES 7HA
= s & 7 Arh FEH-AIRE ol"Hel = YA FATS AL o F7o ofF
4% 48 AsS Kol Frrt AnjE ol dAo R Qlste] 4Ee tirY of
Az "ojx o oAl H ey Fgog x thE FZATr HAs=d Fig
462 AFrHOENE oo R ojegt Fis HoFa Ut

Case 29} 39 77} A A A A sh= o= F3x, 39 A E

o
o,
i
2
=)

olfel WA W o

ool gfele] Azkeld Fo 43
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(g) t = 60 msec (h) t = 65 msec
Fig. 4.3 Propagation of bulk cavitation bounds in Case 1
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-------- Cavitation Closure Point
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Fig. 4.4 Bulk cavitation bounds and closure depth in Case 1

15-0 T TT LI T TT LI T TT
- L ]
S L i
g 10.0 C .
’8 - -
[} - -
@ = -
E 50 N
£ L ]
o - 1 1 -
% 0.0 Direction 7]
> : Vertical :
r Diagonal |
'5-0 1T LI LI B B | LI # LI B B |
0.0 20.0 40.0 60.0 80.0 100.0
Time (msec)

Fig. 4.5 Water particle velocity history at free surface in Case 1
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Fig. 4.6 Pressure history along the depth from free surface in Case 1
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(b) t = 15 msec

(c) t = 20 msec

(d) t = 40 msec
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(e) t = 50 msec
Fig. 4.7 Propagation of bulk cavitation bounds in Case 2

(f) t = 60 msec
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Fig. 4.9 Water particle velocity history at free surface in Case 2
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Fig. 4.10 Pressure history along the depth from free surface in Case 2
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(a) t = 5 msec (b) t = 10 msec
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Fig. 4.11 Propagation of bulk cavitation bounds in Case 3
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Fig. 4.12 Bulk cavitation bounds and closure depth in Case 3
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Fig. 4.13 Water particle velocity history at free surface in Case 3
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Fig. 4.14 Pressure history along the depth from free surface in Case 3
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Fig. 4.17 Configuration of arrangement of Box-Girder under UNDEX
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Fig. 4.18 Finite element mesh configuration of Box-Girder under UNDEX

(a) with cavitation

(b) without cavitation

Fig. 4.19 Finite element mesh configuration of Box-Girder

Table 4.3 Parameters of EOS-JWL of emulsion and linear polynomial of fresh water

Emulsion Fresh Water (1<0.8)

po (kg/m’) 1,100 po (kg/m’) 1,000
A (Pa) 2.26E11 al (Pa) 2.002E9
B (Pa) 6.461E9 a2 (Pa) 8.432E9
0 0.36 a3 (Pa) 8.014E9

R1 5.19 b0 0.4934
R2 1.46 bl 1.3937

d (m/s) 3390 b2 0.0000

- 35 -




Fig. 4.20% 4219 Fx AlEdelAd Az Alzto]He| upel fFAjoA HAs}=
FH oA Ztzh B AjulHolAd Y LA {FFE A HeR T AT F Q)
th 3 shulElo]do] Ak Hdxpe]l A9 55 msecFH = ©38]7] Al FbebHA of
60 msecol A= #HH ¢HEHIr HAsE AS w3 A FoeE B 4 9t} Fig.
42200 M ¢F o] HAAE FHA FxEY & (keel line) oflf ZHo|W3Fom ol f
Ak o Alzteld s A¥nd 3o sfnjHolds el Mo s P
Zlu o] d o] Aol AztolHe] gk o] A A =ejua FE Al A

A FETz A3 T4t Role AL & F AUk ol 22 H 9=y
2H-8-A]

Rol A e A7 thehdo 2 A

9]

o) are HE 27 FAGR AT FHel AvldE MAAE B

7k = =

T oE 4 oz AgstA "t kxR Fe JinjHold dAdS ad st
o] ]

(b) t = 10 ms () t =25 ms

(d) t= 35 ms () t = 40 ms () t = 50 ms

- 36 -



(g) t =55 ms (h) t = 60 ms (i) t = 65 ms
Fig. 4.20 Propagation of shock wave subjected to UNDEX with bulk cavitation

(a) t =15 ms (b) t = 20 ms

(¢) t = 30 ms (d) t = 40 ms
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() t = 60 ms
Fig. 4.21 Propagation of shock wave subjected to UNDEX without bulk cavitation

(e) t = 50 ms
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Fig. 4.22 Fluid pressure time history along the depth from free surface
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Aozt 94es & F Avh AYEE A7 ' b4 M2 AHE FA
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0.5' '
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Fig. 5.2 Dimensions of surface ship model
Table 5.1 Material properties
Density 7.350E-4 lbs-sec’/in’
Shell Modulus of Elasticity 3.00E+7 psi
Plate Poisson's ratio 0.3
Yield, Ultimate stress 34.545, 65.415 ksi
Sea Density 9.345E-5 Ibs-sec’/in’
Water Sound speed 5.916E+4 in/sec
Table 5.2 UNDEX parameters for charge
Charge under ship model Offset charge
Parameters
near arrangement|far arrangement|near arrangement|far arrangement
Stand-off distance 50.00 in 200.00 in 25.60 in 141.41 in
Prnax 1,952.49 psi 940.70 psi 3,000.16 psi 987.55 psi
2] 0.5359 msec 1.2946 msec 0.3692 msec 0.9466 msec
T 0.680 sec 0.618 sec 0.670 sec 0.559 sec
Amax 220.02 in 335.58 in 182.06 in 272.30 in
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Fig. 5.5 Fluid model boundary sizes in bulk cavitation zones - far arrangement
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Table 5.3 List of cylinder type fluid mesh model in near arrangement with charge

Case |Radius (ft)| No. of nodes | No. of elements| No. of DAA boundary segments
11 5.0 16,621 13,920 2,040
12 6.0 18,856 16,012 2,144
13 7.0 21,199 18,208 2,248
14 8.0 23,650 20,508 2,352
15 9.0 26,209 22912 2,456
16 10.0 28,876 25,420 2,560
17 12.5 34,534 30,748 2,768
18 15.0 50,569 45,888 3,288

- 46 -



Table 5.4 List of cylinder type fluid mesh model in far arrangement with charge

Case |Radius (ft)| No. of nodes | No. of elements| No. of DAA boundary segments
21 10.0 28,876 25,420 2,560
22 12.0 34,534 30,748 2,768
23 14.0 40,624 36,492 2,976
2 4 16.0 47,146 42,652 3,184
25 18.0 54,100 49,228 3,392
2 6 20.0 61,486 56,220 3,600
27 30.0 104,896 97,420 4,640

(a) Case 1 1 (radius 5.0 ft) (b) Case 1 2 (radius 6.0 ft) (c) Case 1 3 (radius 7.0 ft)

(d) Case 1_4 (radius 8.0 ft) (e) Case 1 5 (radius 9.0 ft) (f) Case 1 _6 (radius 10.0 ft)

(g) Case 1 _7 (radius 12.5 ft) (h) Case 1_8 (radius 15.0 ft)

Fig. 5.6 Configuration of finite element meshes in near arrangement with charge
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(a) Case 2 1 (radius 10.0 ft) (b) Case 2 2 (radius 12.0 ft) (c) Case 2 3 (radius 14.0 ft)

o &

(d) Case 2 4 (radius 16.0 ft) (e) Case 2 5 (radius 18.0 ft)

=z

(f) Case 2 6 (radius 20.0 ft) (g) Case 2 7 (radius 30.0 ft)

Fig. 5.7 Configuration of finite element meshes in far arrangement with charge

FAEES) FEas A7) WM Ay o] obd fAlgge] 2w, a9a
FADGNA Folrp Ho] Wake] Wste] mME IS ¥R By Hgstu
e Al Rl I ARE Fetaa ok kA AR o5 Wl o
sk 7} fFAE P Table 5501 89Fx o] 9lal Fig. 58& 7} Case ¥ F384 &
95 wolFau . o7|A e FARde] fF3ar VFE 2l Case 3_1EM

Fig. 5.6(f)¢] Case 1_63 Fig. 5.7(a)¢] Case 2_13} #t}. Fig. 5.8(a)= Case 3 2%
M 71% ARG (Case 3_.1) Bt} f3texr aA7S 1/4 w3 2 & mdo]l,
Fig. 58(b)¢t (c)&= Zt7} Case 333 3424 HHA F+xE9 Zold 71% A
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wd (Case 3_1)¢ AEmo el Zol(L) 10.0 ft= ztz Awk (5.0 fH)eF 29 (20.0
ft)= 3 mdo|tt 18]l Fig. 5.8(d)E Case 3.5 #o] FAFe] ndo] A
Hgo] ofye}l Ayl

Table 5.5 List of fluid mesh model with extra variables

No. of | No. of No. of DAA
Type Case
nodes | elements | boundary segments
3 1| radius 10.0 (rough) 28,876 | 25,420 2,560
. 3 2| radius 10.0 (fine) 88,017 | 80,512 5,528
Cylinder = -
3 3| radius 10.0 (L : 5.0)] 24,856 | 21,720 2,300
3 4| radius 10.0 (L : 20.0)| 32,896 | 29,120 2,820
Block
o 13 5(10.0%20.0x10.0 36,017 | 32,096 4,020
(LxBxD ft) | —

(a) Case 3 2 (radius 10.0 ft, length 10.0 ft) (b) Case 3 3 (radius 10.0 ft, length 5.0 ft)

(c) Case 3 4 (radius 10.0 ft, length 20.0 ft) (d) Case 3 5 (10.0%20.0x10.0 ft )

Fig. 5.8 Configuration of finite element meshes with extra variables

Tables 53~5500% fARR WA =70 g FEas mde 449 2 &
& &, 23 fARY AAdAe DAA AARL AGEe] fokel Utk @
ofv] Eepsl Fist EwA we APl dF x7 A4 T sHpeak
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pressure)®] =79t AFFHoA Y FREY %7] ol¥9£%E(initial  kick—off
velocity)E T8 4 dE 232 (empirical formulation)[26]2 Al-&3}e] A& o]
A Adete] HlawEs Foto] A Aol S FoliAt sk ZF Aol o
& AR CRRE 3 7] YAF dE I A7e AfaHelA Y FxREY %
7] o|g<& =& Table 5601 45t

Table 5.6 Kick off velocity and peak pressure from empirical formulation

Charge under ship model Offset charge
Items near far near far
arrangement | arrangement | arrangement | arrangement
Initial kick-off velocity (in/s) 475.49 285.1 512.64 211.7
Peak pressure (psi) 1,952.49 940.70 3,000.16 987.55

5.2 Russell®] 3449

=
e Hoope

o

2 |

< Russell& #=8&H s Zd3e] Fodn HFS 98 F Ad=SH oy
) 2 Aol (phase difference)eol] ™3k 2 2}l &} (error

factor)®}, o] F 7IAE EF 1283 FF 2 %2 A} (comprehensive error factor)&
Frieeta due] FAALNE Tl ASRE BHAsy] A & Ve FgoE
02 (B354 *19 2 3ot Hlﬂ%— A= 025744 88)E AT Table
= AstAh A7IA 2 BlaEaAt sk F

HEEH HolH 7)), A0 (=1, NS dHZ7olH, pe fdAtel=A ¢

&3 zro]  AxtETH Table 579149 u=(A-B)/VAB, P=C/VAB,

) = 7] (relative magnitude

d

N N N
A= zzlfl(i)z,B: lzlfz(z')Z, C= ,Zlfl(i)fz(i) o]t}

Table 5.7 Error measure factors of Russell

Magnitude error factor &= sign(m)log (1 + |ml)
Phase error factor €,= Cos WP/
Comprehensive error factor 5C=\/ jl( et € pz)
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Table 5.8 List of CPU, initial kick-off velocity and peak pressure - near arrangement

CPU time (h. m. s) |Initial kick-off velocity (in/s)| Peak pressure (psi)
Case Charge location Charge location Charge location

under offset under offset under offset
11 ]1.08. 35| 1.08. 25 443.93 510.78 2,012.4 2,792.4
12 ]1.15 47| 1. 15. 39 449.28 525.02 2,025.7 2,886.3
13 ]11.24.26]1.24. 04 453.97 530.15 2,039.8 2,968.7
14 ]1.32.06] 1. 31. 46 455.12 534.65 2,052.4 3,044.7
15 ]1.40.26 | 1. 40. 02 459.35 536.29 2,066.3 3,116.6
16 |1.52.22]1.52. 11 462.34 539.67 2,078.3 3,186.1
17 12 17.2612.17. 30 466.10 549.31 2,106.7 3,092.2
1 8 |3.18.21 3. 15. 55 468.26 561.93 2,133.6 3,259.4

Table 5.9 List of CPU, initial kick-off velocity and peak pressure - far arrangement

CPU time (h. m. s) |Initial kick-off velocity (in/s)| Peak pressure (psi)
Case Charge location Charge location Charge location

under offset under offset under offset
21 ]12.02.36|1.22. 30 293.15 223.92 989.63 998.23
22 [2.27. 12| 1. 34. 20 291.17 229.18 992.26 1,005.57
23 |2 13.23]1.29.03 295.91 227.69 995.41 1,009.20
24 12.10.00] 1. 54. 56 293.33 229.17 997.03 1,012.95
25 225 32]2. 21.35 295.43 232.05 998.89 1,016.31
2 6 |2.55 26| 2. 23. 38 293.19 232.33 1,001.50 | 1,019.64
2 7 | 4. 34. 04 | 4. 26. 03 297.04 236.34 1,015.10 | 1,022.45

Table 5.10 List of CPU, initial kick-off velocity and peak pressure - extra variables

Type Case CPU time | Initial kick-off |Peak pressure
yp (h. m. s) | velocity (in/s) (psi)
3 1| radius 10.0 (rough) 1. 52. 22 462.34 2,078.3
) 3 2| radius 10.0 (fine) 7. 30. 11 471.33 2,146.1

Cylinder = -

3 3| radius 10.0 (L : 5.0)| 1. 08. 03 462.11 1,967.7
3 4|radius 10.0 (L : 20.0)] 1. 33. 52 462.45 1,967.6
Block 3 5] 10.0%20.0x10.0 2. 49. 04 439.38 1,944.5

=78 B A 27k v A mEe] tigk FASH A Ads kv oA
Z=HH ol HE7]5o] ¥ Case 1.8 (radius 15.0 ft)Z} Case 2.7 (radius 30.0
ft)e] Akl 455 Akl W@ FA¥ du AAHE 244 Fig. 5109 Fig. 51191
A YERQr vl x] 2734 wek g bR " Ao xpolzp wWulEl A ek

- 52 -



.‘E'“D,.EM T Ly !P_‘T '“D,GME b Lben
ETatm e o P * Lsntmiry ot Freamry |
i - -
i | BRI i e 1ETIR (LR W o o o
PR B o sk R ,“"ql SR B —— TR o
T -
Py b
LN i
1rse® A I
et B | m——
LAra ¢ ——
- M T AL 2}
(a) Charge under ship model
15FT-S0EGREE e 15FT-000EQREE ——
T T ] PV m-anh Oty of Py © —
P —rs l presipery I
i1 1SS el P — i — i
-, B e—— o e T 50, wd e |10 M
e i
i i
g e
it I
1 il A —————
-, # i
» —— ¥
P i

’L\:_-:
(b) Offset charge
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Fig. 5.11 Pressure propagation in bulk cavitation bounds of Case 2 7
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Fig. 5.12 Time history of vertical velocity - near arrangement with charge
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Error Measure

| 90 Degree Velocity : 15 ft Base

Relative Size

(a) node 22 w/charge under ship model

Error Measure

1 90 Degree Velocity : 15 ft Base
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(c) node 599 w/charge under ship model

Error Measure

. 90 Degree Velocity : 15 ft Base

! Node 316
o

Relative Size

(e) node 316 w/charge under ship model
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Fig. 6.1 MIL-S-901D Standard Floating Shock Platform
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(a) Plan view (b) Transverse section

*Note : 1. Some floating shock platforms are 22 feet long rather than 28 feet
2. See buships drawing 645-1973904 for construction details.
Fig. 6.2 MIL-S-901D Standard Floating Shock Platform
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Fig. 6.3 MIL-S-901D Standard Floating Shock Platform
(Hi-Test Laboratories, USA)
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Table 6.1 Test schedule for MIL-S-901D heavy weight shock testing

Test condition SFSP LFSP
Depth of explosive
charge below water 24 ft 20 ft
surface (for all shots)
Explosive charge HBX-1
weight/ composition 60 1bs 300 1bs
Shot direction :
Shot 1 Fore-and-aft
Shots 2, 3, and 4 Athwartship
Standoff :
Shot 1 40 ft 110 ft
Shot 2 30 ft 80 ft
Shot 3 25 ft 65 ft
Shot 4 20 ft 50 ft
Top View

P-4

Depth Charge
60 / 300 lbs HBX-1

Floating shock platform

110 80 65 50
60 40 30 25 20
] ] 1 1
Standoff(ft)

Transverse View

Depth
(24 / 20 ft)

P p——

Depth Charge
60 / 300 lbs HBX-1

Fig. 6.4 MIL-S-901D Standard Floating Shock Platform
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Fig. 6.5 Shot geometry for heavy weight shock testing at NRL
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Table 6.2 Conditions for shock response analysis

Charge Stand off Load weight (Ib)
Depth distance 9,000 18,400 | 35,800
20 ft @)
30 ft ©)
10 ft 40 ft ©
60 ft ©
20 ft O © ©
30 ft O © ©
20 ft 40 ft O O ©
60 ft O © O
80 ft ©)
20 ft ©
30 ft ©)
30 ft 40 ft O @)
60 ft O O ©
80 ft O O
SFSPe} 22 HfiA Fx229 5@ SASHNA o= 27 YA &
o AfEd JaegRade] o8] Aste ANk g R Qs

A7t Adug x
F9 AulHeld 2 Az Al E el d e @3S arelstolof shH, o]
T = Fig. 6.69] E %

A fFtesr mdws
84 & SFSP RHlo shell 84 10,78470
93] Acoustic Element &4 57844715, 18] a1 A
AFdFel s adatr] A JAF BAL

. Wk SFSPel AXd F7]32 543 T

f

o8

Fig. 6.6 Finite element mesh configuration of SFSP
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Fig. 6.7°1+= NRLO FAA A2z}t Blusty] s thd F71do] AR5 A

A 5ol Aol HloE F

i

X

ol

o et
o
>,

ol

R

v

IF{-N Al Al
- N Normal
695 4 Plane
3 < >
Atlwwartship
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Fig. 6.8 Pressure Propagation at test load 35,800 1b
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0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.1q
Time (sec) Time (sec)

(a) For shot at 20 ft depth, test load 9,000 1b (b) For shot at 20 ft depth, test load 18,400 1b
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(c) For shot at 10 ft depth, test load 35,800 Ib

Fig. 6.9 Time history of average vertical velocity
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Fig. 6.13 Shock analysis model of a double-resiliently mounted air compressor
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Table 6.3 Mass properties of the shock analysis model

Body m (kg) Ix (kg - m2) Jy (kg - m2) Jz (kg - m2)
1 81 4.322 3.305 7.634
2 162 10.125 4.199 9.409

Table 6.4 Positions of the shock analysis model

Body X (m) y (m) z (m) ¢ 0 ¢
1 0.000 0.000 0.115 0 0 0
2 0.000 0.000 0.460 0 0 0
Mount X (m) y (m) z (m) @ 9 ¢
1 0.255 0.350 0.045 0 0 0
2 0.255 0.000 0.045 0 0 0
3 0.255 0.350 0.045 0 0 0
4 0.255 0.350 0.045 0 0 0
5 0.255 0.000 0.045 0 0 0
6 0.255 0.350 0.045 0 0 0
7 0.255 0.271 0.187 0 0 0
8 0.255 0.272 0.187 0 0 0
9 0.255 0.271 0.187 0 0 0
10 0.255 0.272 0.187 0 0 0
600 3.0p

513
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Fig. 6.14 Time history of base shock motions and Force-deflection curve of 2K
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Fig. 6.16 Comparison of absolute acceleration of Body 2's center of gravity in vertical
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Table 6.5 Mass properties of the main engine module

m (kg) Jx (kg - m2) Jy (kg + m2) Jz (kg - m2)
21,680 4,1413 9,783 38,871
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Fig. 6.19 Finite element mesh of SFSP and surrounding fluids
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Table 6.6 UNDEX condition for the numerical calculation
Test condition SFSP
Depth of ch bel
epth of charge below 4 i
water surface

Explosive charge HBX-1
weight/composition 60 Ibs

Shot direction Athwartship
Stand off 20 ft

g utE ol vl SFSPO Aol i Avlel 48w 544 A=
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Table 6.7 Conditions for the case study

SFSP Mount
Case 1 Elastic Nonlinear
Case 2 Elastic Linear
Case 3 Rigid Nonlinear

Fig. 6209 Fig. 6.21°+= ZAlcbe i guje] #2aF we 9 7k 0] Aj7ko]
HE EASATH B ES HAYAdS e A9 a#shA] @ A5
TASH 54 H2 A7t gles & & Jduh olE nyd FAs S b
o el SASH W7 AL AP W9 el A7] Wi nAEAgd Ay
doll digh Apol7t FElekAl i E A okt deE T 18lal SFSPE AR
NATowR =Aow oF A He S HjA I A= SFSPY Fxo 7
4 nEe Aot wg GeESs & Ao
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Fig. 6.20 Comparison of relative displacement of the main engine module's center of

gravity in vertical direction
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Fig. 6.21 Comparison of absolute acceleration of the main engine module's center of

gravity in vertical direction
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= Aol ARE3 USA/LS-DYNA  codef]
FLUMAS, AUGMAT, TIMINT®] 3 7}# RE7 LS-DYNA3D®| AF§-3¢ Input
DecksS A7) 3kt

2

USA INPUT DECKS
FLUMAS DATA FOR BOX

flunam geonam strnam daanam $ FLUNAM GEONAM GRDNAM
FEFT $ PRTGMT PRTTRN PRTAMF
FEFF $ EIGMAF TWODIM HAFMOD
FFTF $ PCHCDS NASTAM STOMAS
FEFT $ FRWTFL FRWTGE FRWTGR
FTFF $ RENUMB STOGMT ROTGEO
FFFF $ PRTCOE STRMAS SPHERE
FFFF $ OCTMOD CAVFLU FRWTFV
FTF $ BOTREF MASREF

0 78396 0 5994 $ NSTRC NSTRF NGEN NGENF
000 $ NBRA NCYL NCAV

0.935E-4 59428.8 $ RHO CEE

48.0 0. 0. 1. $ DEPTH CXFS CYFS CZFS
14.7 386.4 $ PATM GRAVAC

1 $ NSRADI

0. 0. 1 5994 1 $ RAD1 RAD2 JBEG JEND JINC
0 $ NSO

AUGMAT DATA FOR BOX

strnam flunam geonam prenam $ STRNAM FLUNAM GEONAM
FFFF $ FRWTGE FRWTST FRWTFL
FFFT $ FLUSKY DAAFRM SYMCON
FFFF $ PRTGMT PRTTRN PRTSTF
FFFF $ MODTRN STRLCL INTWAT

11 $ NTYPDA

78396 235188 3 3 $ NSTR NSFR NFRE NFTR1

1 $ NSETLC

015994 1 $ NDICOS JSTART JSTOP JINC
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TIMINT DATA FOR BOX
prenam posnam
resnam
FTFF

FFF

1

0.0 0.784E-05
TFFF
FTFF
FFFF

1

0.
336.0,0.0,-240.0
192.0,0.0,-96.0
201

1. 0.

5.650E-6

1
60.0,28.284,24.0
99999 99999
0000
FFFF
102.0,0.0,-6.0
288. 0. 0. 1.
14.7 386.4

F

$ PRENAM POSNAM
$ RESNAM WRTNAM
$ REFSEC FLUMEM XXXXXX

$ NTINT

$ STRTIM DELTIM

$ EXPWAV SPLINE VARLIN
$ HYPERB EXPLOS DOUBDC
$ BUBPUL SHKBUB XXXXXX
$ NCHARG

$ HYDPRE

$ XC YC ZC

$ SX SY Sz

$ JPHIST

$ PNORM DETIM

$ DTHIST

$ CHGTYP

$ WEIGHT SLANT CHGDEP
$ NSAVER NRESET

$ LOCBEG LOCRES LOCWRT
$ FORWRT STBDA2 ASCWRT
$ XV YV zV

$ DEPTH CXFS CYFS CZFS
$ PATM GRAVAC

$ DISPLA

_A3_



200049 & tistz=dste] FH st=U g

LS-DYNA INPUT DECK

*KEYWORD
*TITLE
Engine module on FSP
*CONTROL_TERMINATION
0.1,0,0,0,0
*CONTROL_TIMESTEP
0.784E-05,0.9,0,0.0,0.0,1,0
*DEFINE_CURVE
1
0.,0.784E-05
0.1,0.784E-05
*DATABASE_BINARY_D3PLOT
0.001
*DATABASE_BINARY_D3THDT
0.001
*DATABASE_EXTENT_BINARY
0,0,3,1,1,1,1,1
0,0,0,0,0,0
*BOUNDARY_USA_SURFACE
1,1,0
*PART
PART PID
100,90,90
*PART
PART PID
1,1,1,0,1
*PART
PART PID
2,1,1,0,1
*PART
PART PID
3,1,1,0,1
*PART
PART PID
4,3,3,0,3
*PART
PART PID
5,4,4,0,4

100 PART NAME :water_aco

1 PART NAME :fsp_1

2 PART NAME :fsp_2

3 PART NAME :fsp_3

4 PART NAME :fsp_4

5 PART NAME :fsp_5



20009 & UstxaMsts] =H <

*PART
PART PID
6,2,2,0,2
*PART
PART PID
7,2,2,0,2
*PART
PART PID
8,4,4,0,4
*PART
PART PID
9,4,4,0,4
*PART
PART PID
10,4,4,0,4
*PART
PART PID
11,4,4,0,4
*PART_INERTIA

PART PID = 200 PART NAME
200,200,200

0.0,0.0,72.614,123.696,
366238.63,0,0,86516.6,0,343758.28
0,0,0,0,0,0

*MAT_RIGID
200,7.320E-04,3.00E+07,0.3

8 PART NAME

9 PART NAME

10 PART NAME

11 PART NAME

*PART
PART PID
50,50,50
*PART
PART PID
51,51,51
*PART
PART PID
52,52,52
*PART
PART PID
60,60,60
*MAT_ELASTIC
1,7.320E-04,3.00E+07,0.3,

4 PART NAME

3 PART NAME

3 PART NAME

3 PART NAME

6 PART NAME :

7 PART NAME :

:fsp_8

fsp_9

:fsp_10

fsp_11

:engine_m

:SP4_ver

:SP4_long

:SP4_tran

:SP5_sh_bu
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*MAT_ELASTIC
2,7.320E-04,3.00E+07,0.3,
*MAT_ELASTIC
3,8.200E-04,3.00E+07,0.3,
*MAT_ELASTIC
4,8.800E-04,3.00E+07,0.3,
*MAT_ACOUSTIC
90,9.35E-05,59428.8,0.5,1.0,14.7,386.4
0.,0.,48.,0.,0.,1.00
*MAT_SPRING_GENERAL_NONLINEAR
50,50,50,1
*MAT_SPRING_GENERAL_NONLINEAR
51,51,51,1
*MAT_SPRING_GENERAL_NONLINEAR
52,52,52,1
*MAT_SPRING_GENERAL_NONLINEAR
60,60,60,1

*DEFINE_CURVE

50

-1.26,-312355.56

-1.18,-234751.70

0.80,56262.80
1.19,77603.87
*DEFINE_CURVE
51
-0.80,-71783.58
-0.67,-61113.04

0.62,53352.66
0.79,66933.34
*DEFINE_CURVE
52
-0.99,-17460.87
-0.83,-14550.73

0.76,10670.53
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0.99,13580.68
*DEFINE_CURVE
60
-0.71,-383176.92
-0.63,-172429.62

0.55,167359.31
0.63,381423.55
*HOURGLASS

1,5

*HOURGLASS

2,5

*HOURGLASS

3,5

*HOURGLASS

4,5
*INITIAL_DETONATION
-1,336,0.0,-240,0.0
4172.16,0.3149E-3,192,0.0,-96,63872
*DATABASE_TRHIST
0.00001
*DATABASE_TRACER
0,1,102,0,-6
*DATABASE_TRACER
0,1,108,0,-12
*DATABASE_TRACER
0,1,114,0,-18
*SECTION_SOLID
90,8
*SECTION_SHELL
1,2,1.0,3

1,1,11
*SECTION_SHELL
221.03

1,1,11
*SECTION_SHELL
3,2,1.0,3
0.5,0.5,0.5,0.5
*SECTION_SHELL
4,2,1.0,3
0.5,0.5,0.5,0.5
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*SECTION_SOLID
200,1
*SECTION_DISCRETE
50
*SECTION_DISCRETE
51

*SECTION_DISCRETE
52

*SECTION_DISCRETE
60

*DATABASE_NODOUT

0.00001

*DATABASE_HISTORY_NODE
6104,6108,6138,6157,6371,3889,3893,3923

73935,74573
*DAMPING_PART_STIFFNESS
1,0.5E-05

2,0.5E-05

10,0.5E-05

11,0.5E-05

*NODE
1,-96.0000000,-168.000000,0.000000000E+00,0,0
2,-96.0000000,-168.000000,6.00000000,0,0

78394,-23.0708008,-10.3148994,51.7480011,0,0
78395,-23.0708008,44.0156994,51.7480011,0,0
78396,0,0,72.6140976,0,0

*ELEMENT_SOLID
1,100,10053,10143,10152,10062,10054,10144,10153,10063
2,100,10143,10233,10242,10152,10144,10234,10243,10153
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64621,200,78003,78344,78355,78014,78004,78345,78356,78015
64622,200,78014,78355,78366,78025,78015,78356,78367,78026
*ELEMENT_SHELL_THICKNESS

1,1,8,1,2,9

0,0,0,0

2,1,15,8,9,16

0,0,0,0

11333,1,10042,10052,9561,9545
0,0,0,0
11334,1,10052,9582,9562,956 1
0,0,0,0

*SET_SEGMENT

$ Face Set DAA boundary

1
10053,10054,10144,10143,0,0,0,0
10054,10055,10145,10144,0,0,0,0

73932,73924,73925,73933,0,0,0,0
73933,73925,73926,73934,0,0,0,0
*ELEMENT_DISCRETE
1,50,78027,6104,0,1,0,0
2,50,78060,6108,0,1,0,0

57,51,78394,74144,0,1,0,0
58,51,78395,74408,0,1,0,0
*CONSTRAINED_EXTRA_NODES_NODE
200,78396

*BOUNDARY_SPC_NODE
78368,0,1,1,1,1,1,1

78369,0,1,1,1,1,1,1

78394,0,1,1,1,1,1,1
78395,0,1,1,1,1,1,1
*END
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