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Response of Cylindrical Floating Structure Subjected to an Underwater Explosion

by Akihiko Imakita, Member

Akihiro Yasuda

Summary

This paper describes numerical simulations and experimental results of dynamic response of a cylindrical floating structure
subjected to an underwater explosion. An explosion was generated by wire explosion method under the center of bottom plate.
Responses of the cylinder were recorded in the experiments with three different offset conditions. Nonlinear explicit finite element
method and finite volume method were used for the structural analysis and the fluid analysis respectively. Compressibility of fluid
and fluid structure interaction were taken into account in the numerical simulation. Explosion bubble shape was observed with a
high speed camera and were compared with the numerical simulation results. Experimental results of time histories of bottom
surface pressures and displacement of the bottom plate were also compared with the numerical simulation results. Numerical
simulation results regarding to dynamic response of the cylinder corresponded well with experimental results. Discussions are given
to boundary effects on behavior of explosion bubble and offset distance effects on response of the cylinder.

1. #%

I BREWE W=7 afT 2R 38E L 1BROMKIEY

T BB LB E E 5> TE T B, KFIFECIZK ED
HEEYNT R LT OBEFE OB S | 2L E THRAERTE 2 H0 i
BFFEAFThN T& - V2 RIENCEIT 2878 L L THATIE
*ﬁ”@% L THEMT KRBT 21317 i
77

JRHEDKPTIRHET D L IENIE L IBE AT VR EEL
EEBTRAR A L CEND OFELZTINET D S
BT VTR FE R I I8 AT 2 BRI (P B B ) & N 7 L i
NI O IR T DRSS AET DT NSV ARG D, KT
JBIE % 5 PRBERTE L T BRIR S BRI IE 0D 3 DITRIINT D & |

it PRBEIR IS | IR FENL B DR IE W 0 3 < | FITE ST A

(252 D BN & 2 D TR T, B E SIS

VB < R TTIE S AR ST VIS G 2 DB R B
R DB D, AR IR RO E S EY RILOSE T
HY | ERFORIRGET A EIE, BEAT NV EEBET
LN D,

TIE CTOMIETIT BB AT VR & RE LT HAC
FHE SN DA 2 HHRBI(R A » B 20D, BT
¥V D KRETE 2 8 5 JRFEN TV SIEIC - 2 5

= s RSt
Ffa=r PRk 1949 A 6 H

WBEERLEMRIRER DD, S HICIETIEFHRERE
D[] _EAIZHE KA 22 BB AT IZ & > TIRIE & £ DWFHIT
HOLWEDIEE BT SND L5/ oTE TS, LL,
THAREFEZ O TR O PRI B R 9~ 2 N 2. T
NTVOREHE, IAERTE F TEBE L THEEOINEZRE L
TARRIEIE E A E R B,

T 2 CAGHR LTI, TR SIS G 2 D TR L
BARRENTIC X 0 R 2. i O3 < THRT VUGS 5
B2, WY & SOl D R TV F M A, = DM B NE
REENCER T2, T LT, DWITIEE R KIR(Y = > F)&
0 REEC Do TAT VRN EEET A, ZOBHST
YET—va rOSBETHEINTRY ik o7 m
REGEETHHREOFEDO oL EZ BN TN, O &
o T, RIS BT DE QIR A Et T D BICiE, N7
VSV R L NTIVOIHERFIZI AT DV = MR DET)

(RRSCTIE Z O 2 b E N & TV EREEE L T
R) EBETHZENEEL D,

AR KT 2B KR IC B W TR, AT VORE
SR BUHRIZ N2 2 IR A > B r TN GG 3.
IRELGDNE Z 0 WA ERRREICE D /RN H 5, — 5,
WIEEE Y & ST VRIS K o T BRI UT O IS 1
SNDAREMDN B D (2D L5 RBUENRFAET D L ftdh TR
B35, 20 & D I AIIESN I O ZE I AT 7200 T
72 < W2 LGS & OBMRNEIE L 25, Lo T, &
BNB Y=y METOKRIIERELL D AFKEICS 2 255



380 H AR A T

BAEFENTIC X > THUYRT 2720121, —#H O B4 & HEEFiL iR
OERMEE UCTHITT 22 XML R D, 22 TEED
VREERR & FUEMRAT A F2hE U ROSAE AR & LTk g
FEDREED T G- 2 D 5B A Mt U C & 7o, AN S0 TSRS
La RS 2 BB T EK TR &2 T 2 MR IR D% E)
WZOWTHRH E T o TR Ak~ %,

2. RBAEREERER

AR FEBR TIPS % J8 2 S8 D 7o D ISR R T S i %
Az, 3EE o BRI SRS % Fig.1 1SR, 2 OME T,
SRR A B0 AHT Fo B A KHPICIE D, 2 v T oI R b
BRI AR EEMICB N TREAMICKESED Z LI
K0 IBREAELC D, ALEE S RIE, FEREL A
JUTHE R RIS KB TEH 2 & EROE Y K
Ty TS HER R S T 1o A IR EBREE A ER S D
Z& ROBROBRAR G ICHETE 22 TH D,

Fig.2 (CARFEBR T 7 2GRN, Fig.3 (ZHI# g JE B AR
g, KO A XFES 3.0m, M 2.0m, HEX 2.0m T
5, KEOMEITIZT 7 UV ARENRY T 6N TEY .,
ZORAM L TIEROMRT % Bl SR A 7 % AV CRd
#%(1000 = v FY) L7z, EERPOKEIT 1.6m ThoTz,

FEBRIRIT Fig.d 1R &K D ICFARIEIR & U7z, AEH TR
SHEIESME 0.4064m, X 0.35m, RS 18mm, R
8mm TdH 5, MFREEE FIZIEEFHEER PS-300KSA32)
AREL, EKEPROEME L —FREMGF(F—o R
LB-300) CHHMl L7z, L — N FHI3/KE OBEIZE E L7 3
CERE Lo, IR O RS ENR ZOREOIKIL
0.285m T %, M OMIT R 0 & [Fl— K ERALE I
BWT, BEREPLE 0.3m BENZMLEIZ ML~ ) =
(PCB138A10) & &k & Lty & 3+l L7, FHIH 7Y
U VEEDIGEE Lusec . ZNEEHT 900Hz & L7z,

Table 1 (Z 5B — A %7~ 3, CASE 11X M IFHAD E vk
PO SE, BN ENTVEEEBIZ LT, CASE 2 (XH
fRZmEIC KV EE L, ERE 2§ L7z, CASE3 b
CASE 5 Tl ARITHFE, @30 & MR AR
MO OHREA 7 =~ b))% 0.1m, 0.12m, 0.14m & 2k &4,
F 7%y NAMBEERARDOISEIC G 2 DB U, 1277
L. fISMBER OB RLFIZETOr—AITE T 25K]
L7,

Fig.5 (& CASE 1 O£ /MR 2IER (7 HE A FEAE 0.3m) % 7”9,
F7o. Fig.6 (I NTNVEBO ST A R, XA
BR. A2 3 B AR TEAEMATIEC K D MRHTRE R T D,
2B AREDRITR S D BAEMATR RISV IR 5,
Fig.7 (AT NV DOERORLIREEZ R, O PRITEmETE
MEFARST-ETH D, Fig5 28T 18.7msec i H12 &

FRmmE H6 S 2007 4= 12 A
Switch 1 Switch 2
O
‘ Resistance
Charging Pole
equipment - Wire
Condenser

Fig.1 Wire explosion circuit

Free /
Surface

L
~Test Structure Amp

v

. “Pressure Gage

Tourmarine

Gage Explosive Point

Video
Camera

Fig.2 Schematic view of test apparatus

Fig. 4 Test structure

LIENE =V EATNVREEO Y —27 Th b, ZILH ORI
B NI IVOREED BIHEIC N2 B 37V 1 R, 4185
TEPER I ANE 3 U 7= H54(0.22msec) &2 /X 7 /L R EE I B — 7 3|
P L72FEZ0(18.7msec) b 7= L5 &, 18.5msec &£ 72 %, Z 2
T AHE R DR AN DR DN T IVHEIE Y — 7 £TO
Ref] 22 ST VER 1A B O T IVEREEIE Y — 7 v BIRD



ITHIK TR R 252 T DI TR DIRE 381

INT VBT Y — 7 £ TORZ ST OVE 2 JE ] & MRS, 7
B, WEGEZEE URR, N7 VIRKREEL 0.115m &
ol

CASE 2 |Z3\) DR H LIESIRFZIE % Fig.8 IR, &+
7o, TOREONT VEERN & Fig.9 12 R, HIHIET G B R
AN/ A RDIKE < LS REZIEE I = 2 5 1Al
THZ LI TERD ST, KPP EFENSTDHE, 0.07msec
IR ENE L TWD LB X L, NI VAREE D)

Table 1 Test condition

cond. offset distance cylinder |
No. (m) :
n I | =
CASE 1 depth 0.3 none - | Cylinder
CASE 2 0.1 fix ]}
CASE 3 0.1 free ;:,Ig | Offset
CASE 4 0.12 free
CASE 5 0.14 free
6
&
z4
=3
23
z
£ 2
1
0 =2 _'J s chiih
0 5 10 15 20 25 30
Time (msec)

Fig.5 Experimental result of pressure time history
(0.3m from explosion center, CASE 1)

Fig.6 Bubble shape (CASE 1)
(Left side : experiment, Right side : numerical simulation)
(i):1msec, (ii):5msec, (iii):10msec,(iv): 15msec,(v):20msec
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Fig.7 Time history of bubble radius (CASE 1)
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Fig.8 Experimental result of pressure time history at the bottom
plate center (CASE 2)

Fig.9 Bubble shape (CASE 2)
(Left side : experiment, Right side : numerical simulation)
(i):1msec, (ii):5msec, (iii):10msec,(iv): 15msec,(v):21msec
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Fig. 10 Experimental result of displacement time history
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Fig. 11 Experimental result of displacement time history
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Fig. 12 Experimental result of displacement time history
(CASE 5)
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Fig.18 Numerical result of displacement time History
(offset 0.1m, CASE 3)

0.010

0.008

2N

E
£ 0.006
g /] N\
£ 0.004 VA
f N AT
£ 0.002
® oo I I/

0.000 o

-0.002

0 5 10 15 20 25 30
Time (msec)

Fig.19 Numerical result of displacement time History
(offset 0.12m, CASE 4)
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Fig.20 Numerical result of displacement time history
(offset 0.14m, CASE 5)
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Fig.21 Offset effect on displacement (numerical result)
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Fig.22 Offset effect on distribution of impulse due to incident
shockwave (numerical result)
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Fig.23 Offset effect on distribution of impulse due to bubble
collapse (numerical result)
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