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AR EEE K TEABSERNGN - SETHAEEEMER K TRFaEEENHETTRRESR
PEABAREE - BIFEEI TR T OERERFRARBHEERN - EFEBRBE F(shock factor)f& T » BRIFE
BRI £ M AR LIS SEIRATIRT - SRIREE - MIBHBBEZIRNEE  TERRCBRK
B SUEEXBEMEREE - ERAZSERTESITRIMET T - AREARETIERE K TRIFFED
TR P B R SR AR D BIRT S TR - B F D S AR T R R B AP - RIS R =M
LA%Y)E iR 81 ALE (Arbitary Lagrangian-Eulerian) #8418 5528 - 7t L) Ramajecyathilagam & Vendha(2004) (f&
BER&V 2004 RBHYBFENNE - REEERNEXE<E=0.55mx0.45mx0.002m » MFL4cmER
YA DA S TE A R Ze O ESIARGE - R EAR ISR S E R EHE S5 B 0.30mEL0.25 m - BRIFEEERAR
EETSEER TSR E A EHEGE  TEEERRNREEIMEERESVEE - AR
BEMERRTE  TERARERIHRNHIITERIEE -

KL BIEST T ERFLS/DYNA » (L8 T BB AR A MR IR T H M - ARREE T RR
FESARGIEIRIR « S ATAS SR EIR& V (2004) SR ERFE R ILE - METIRAB BB EERBAERIEERTES
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T EERE K T A a2 BB e W UK FEMIERIR S H I -

Al =

7K T 4@ ¥E(underwater explosion) ¥ 45 1 i @ 82 £il
WEEAXBEEWNRNERNRE - FH/KTRIER
2  BENERUREEZREHRRNEERES
R QAR E BAERIKTRIFER T EES
ETHEEROERIERER R - BENERSS
IR BEET R R T REEUS 249K E - [FIRF
ARSI BRI B F D R St BRI A
ERAHHES - BROK T RIEBESTHE - &
B A DARRR SR BRI KBRS - AR AR R RS K
TR ERIRAIEE ST - SEF R B SRR AR R R
BE > FEEESTEGIRAKRSZHER - WH
SHEAMEREG RN ARt A ERIEESE
RAER -

KT EEZ IR E N RYERES - ARBEREE
BTREEIT  FSEBERIENASOERE) 0 K
R ER AR HIE(RFE S (vield stress)fE fERE
(strain rate: & = de/ dt APB BN MR - TEEBHREME(KIE
77 = WAK T AERER B RE R 14 TR B 5 B A BT S S As
BRRRESWUE - EEI/K T B IR EEE R E RAET

T E 1% (hungef@ ntu.edu.tw )

RE R & E A AR RE (Huang 1969 &
1970) » JEFE MG IR A FEBERAY LB IR - PSR
FEHIE - R ARZZRTRNEE » A
MTIRR & » RS ETEB EEEE (Kwon 1993 &1997,
Rajendran & Narasimhan 2001a & 2001b, Hammond &
Grzebieta 2000) - EAIBIH /K T 1B EIFF IR R BERIR
BIR - EA(1983)FEHN/KEFIRENHS > A
F A QOO BIEHEE R IERIERET ¢ B A(2001)
DAR FESEEHRAT ARG SR R SRR T BRI IE © EFA
(2001)53 1 XERA R B A AT T IR 3B I B SR T I BT ) 1
B R R BRI S o SR Q002)HEITATE
W/ NENFEEIR I IR AR R R R S FE RIS BR B B
BT ISR R R ER E - B(2000)LA
FERIEERITRIZNABAQUSHE & S [ W 5 (UL i
(DAA) » HETT2000MEK FRBE < Bl 7 B AEERE Z BRI
BIRESFERA ST

HEERER (2003)IBEHE — S RIBIAK TR IE VI
R ST R AR M BT R SOETTER AMGET - GRS
fHEAES - DRI LAE R BT BAIRIR U 2 05
Mz BFSEEEITREBEREY  HLBES AT



18 C.F. Hung, B.J. Lin and K.H. Chan: The Damage Analysis of Plate Panel Subjected to Near Field Underwater Explosion

DB ERREEEILE - BLE[F(2005) B AR AEHE
SR T B E R E T RN EBES T &
B EE -

R E RMERBEITE ZIE X ERIRR
RamajeyathilagamZs A (2000) * RajendranfiiNarasimhan
(2001a) L Ko HESE(2005) ¥ VU & LASEAR S8 WO HRAR E T
—RIHK T RERB LR BES AT - SRR
ESHE RSN - FEABRABUERRER
(air-backed)f# iR * BZACRRLAE M EIER T -

Olson(1993)¥E5T 32 |22 R P BRI FE R AR © 15
BEEAE S BT =R
B ¢ B K2 (large deflection) ©
B2 ARAE ST AR B B T PO B {35 (tensile tearing) «
W3 IRAE S AR BE L ERAE A BT )R 5 (shear tearing) o

RamajeyathilagamZE A (200017 R AR ERE
HIZK TR AT AR - AERBHEE K ER R EE R
RIBFAFBWEE 209 - HSEMTE S RE
o - BRI ENE - FERREERAMTS
FERERIR « AT R AN B AR R s s IR -
SHUESEFRBX2EE - REEBTEE K (primary
shock wave) &8 » NHEEI-EIFAG - HAoRElTE
ERAR RS B RAE AR - TR R
EAMRBHERBEREE B ERERRT—% -
SHETILERIL » HEERTR(2003) PR A e B RUMIR AL » HAE
RET IR EARAETRER & (USRS  LIUSA/DYNA
SN BRITER S RS AR R Sl S B i B R B —
B oERERERE ARG RAEE - -

Ramajecyathilagam & Vendha(2004)(LL FfER& V
2004)ZEHE H2000F 5488 1T — RYIHSEIEREK T
BIFRRREERE  HEZHEEOSEA 1
HIMREIZARST » FIFCSA/GENSA (DYNA3D)#ETTAK
TREST  HOTEEY R R BAERCR INFEayES
5 SHIESEABTREE 0 RERITEEF (pri-
mary shock wave)i') A STEREN ST & X ETER IR » & R
-ERE - A E BRI AR R 2 S A EREE
HERAE B EIEAR FLR R RO BSOS TR - H AT
FERGEARER O LR E A RIEBEANER » 85
W& SRR P R B B BT - At RIEEARE
TRZ B - A HEABEEEITFE-S547 » HR
BIFEERE/ NS — RBE R PR BN TIERE
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BRTEAFE-EE - (EANRIEE LHYRB IR
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BB R REIRE - FTeER RS RE
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KTMRBREERE AN

KT B IFE AN Y BB R ER B LA LR
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th o {F—HEEI B0 R 7 FRRE (L P () ] R B ET R
Ealpdlindad il gy I B e AR ADE =t e Rl ke
B

P(t)y=P,e""? (M
Hoip, (REREIEHE » OSERTEE B (time decay
constant) » B T IREIMILIGEIE T H /e FrE iR -
EYFEETNTRS - ZEMKS &P, LUK 07T A5 55T
BT

173 1.13

P, =52.16-106[W—] )
R
/3 -0.22

e=92.5.W”3[WTJ 3)

HWEFEE 8 (Ke) - REBIEIHE(m) » FLLER
FIE53 BB us (10 sec) P, -

KB IEFTE £ E R B E KBS R
5% BAEI - WA BRI I S RE D R LU L 5
A (Keil 1961) - E S EEE BB BRIEEH
RS BB SRR - AR
0+ A ZHEHREIIEI 1 F (restoring forces) : Bt IS
% N BREEEKI0.1% » AR A2 R TRFR
I BEE - BRI E R » ok T8
BRI 2 TR EEAEE - RIS R TR A
R Bk FEE I E T HRAE R - B Y) B
RIS R S R I S ORBRRST - AT R RS
BH R JIAER] » B S IRBAIAE 4 EE AR A 2
B o TR EE S P, B ST R I P ERRRES

P,(t) = P,() = py co v, (1)/ cos ¢ )
Hohy, BTHREE  poBKERE  coBKPEE ¢
BERIEASE - HILFRERZ S B S A S 6
RETRERIFD » FRATF

Pronat (1) = 2P,(8) = py co v, (1) cos ¢ (5)
AR FISE TR e B MR 18
FEEE SRR > E(S) - TS AR IR

m,v (1) =2P(t) - py co v, (£)/ cos ¢ (6)
Hefm,BEREMEEE R - B P He
R, 718

2P,c08¢ 1 [ 9 -
V,,(t)=_—____¢__[e 1/ B_e ,/9] (7)
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Pmla[ (t) =ii"l [ze"/9 _e—//zg] (8)
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R FARSHEE T REIINREERNEE  BEX
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1 IJWLRRE P2 BE

A(Pa) B(Pa) R, R, o EQJmY Vv

3.712x10" 3.231x10'° 415 095 0.3 7x10° 1

R2 [FEMEIZE

#Ep. (kg/m’) 1630
BIFERLD, (m/s) 6930
P, (Pa) Chapman-JougetBE ) 2.1x10'°

]3I KEIMEZH

VIR po (kg/m’) 1000
RLIE{RBL(Pass) 8.9x10™

4 KHGREEGIEA 2 #E

C.(m/s) S; Ay S3 Yo v
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Ao v
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AR R HEB BRG] -
HNBRRERI R (> 0) AT KA ©

PG = poCou+(ry +ap)E (15)
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INFEETE  MISENFEFENSYEBEEA -
SRR R N ERRUT R 0 PRI K/ NVRRC
BB ENTAR - H B F SR AR 7K I T R A
BEINLEE > BRBIFERIRERIRERASE
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BESREFAEEEMEANGHEERWER  EEHE
FRBERIF I ATHE RS AU L — B AR



20 C.F. Hung, B.J. Lin and K.H. Chan: The Damage Analysis of Plate Panel Subjected to Near Field Underwater Explosion

R E

() FRERBUKISHIFERRALE

(b) YEEEWST @I B HEEE >
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8 SR LABERR & 5 ATE - NS TR BRI 1108
(B > MAEIRBEALERENFLE - ERBR1043g > FLh
1BEAINEBR1.304g » FHFEEFLAERES - [E1(a)
=T AT OHEESFEYIGIRERIAIE - BIREER
TEXFBER IR T LIBRE O RE I S8 8, - FEERTEAE
SEIRIFRY » TED BN R B E B S0 - (HEREER
fif > BB RO BRI, FEERIBGL T EE - i
BB E B N IF SRR E - B
TMERR SRR - PP ZEEE RS - IR
PR = B R - (ERETEBIERTERH - HrFLE
KIS S B 3 SR PR W AR AR 2 ) L0 1 (D)
e BREBEFEEEOITERE - BT HEEESATH
REEREMERIAESE - 2T T/ -
AR ZRESFEE X - (DR FRITRIEE i
SLIEAAFEEILRGTTR - (QFEE LI AFEERTEAR -
TEARSRE B E I 2 E ALERERS > (3) $EERRTEHE
ZERJ AR ~ R EETRFAEN S B ALERE - =
ARG ATAER - BUEFERYFRERE0. 16m ~ 0.32m
0.48mE20.64 m{i & & JBE J7 [FE ik LE B2 401 (812 B3R S
o RPFRREFEH(OEE - AEREUREL
FEEETL RIS EMFEEFAE 2 MR Z MRS %
BRBIEEE.16m(Zo 2 —REFR)BEE

F5 A [EMRIUELREEE ARG AR I (B (Mpa) ELE

) Bl .. WFETE  ERSEGE
el e HET , >
prmeq) CEW T B A

Rinax %1 %
0.16m 0.5 74.5 80.7 85.4 86.5
0.32m 1.0 34.0 30.0 31.4 31.3
0.48m 1.5 21.5 18.7 18.7 18.6
0.64m 2.0 15.6 14.4 143 14.2

# o BRBIFRES B RW= 032m

7 0.16m Time History of Pressure
o 10
----- with explosive element{cuboid)
8t ——volume fraction geometry(cuboid)
-- - -volume fraction geometry(sphere)
7
6
g
=5
g
=
& 4ar
<
o
3L
2 9
1
0
0 4
Time (sec) x 10
(a) BIFEEEEO.16m
7 0.32m Time History of Pressure
35% 10
----- with explosive element(cuboid)
3 — volume fraction geometry(cuboid)
i - - - -volume fraction geometry(sphere) ||
2.5;
w
L 2
<
2
» 1.5
<
o
1 |-
0.5+
o N
1 2 3 4 5 6 7
Time (sec) x 10”
(b) BRIFIERE0.32m
6 0.64m Time History of Pressure
20% 10
T

~~~~~ with explosive element{cuboid)
138 — volume fraction geometry(cuboid)
----volume fraction geometry(sphere)

Pressure (Pa)
5

Time (sec) x 10%
(c) KEKFEEREC.64m
B2 A EMEATE B BB R R I BE J1 43 R ]



Journal of Taiwan Society of Naval Architects and Marine Engineers, Vol .28, No.1, 2009 21

FHESMEE
AR FEIEME

R EEEENERAA  BEFREEE
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BIZELK -

E288 o BIEIEREROARS - A RSy
{CHEZEAR/) - FEEIRIFRERERIIE I - FEREIEER
0.5ms LA BE 153415 22 52 AR B - SR R BE S R =X
Q) HERBREEFRAERERIE > HFEDITRER
EFE16%  BIFIEME - QGRS S - ARSER
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ZBRBRE G E BN REFEENSYEE
fil.Z FESMATTASE R 2 73 L8 - (B =0 BR D RS 54
HifR » AR BUES TR B IR ERR MG TE -

80

——eq.2)

80, --=--With explosive element(cuboid)
AN —e— volume fraction geometry(cuboid)
v -+ yvolume fraction geometry(sphere)

Peak Pressure (MPa)
o0
=

18.5 1 1:5
The multiple of the maximum radius of 1st bubble
B3 TEYFERESAETFERVIGRERESN
IEEEL#L

x 10 standoff distance=0.16m
9 r
----- eq.(1)
13 —— volume fraction geometry(sphere)
7 L
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g
o at
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0 L .
0.5 1 1.5 2 25
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BREREEREEEARTAT
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Hrp8 c 3 RIR B EEEE - A(14)FrITHE
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R BB it BEs A BRIS0E16.70- Hﬁk%
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ERRRIE BT 2. 12552 REREERERE AL
W' RIS - (W Y/R)EFEERKME - B ELRE
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Y AU A [E] IR B Rl F(shock factor) » FEFEANT °
SF = 0.45xW'"*/R (16)
HEPWEﬁiRE’JEﬁﬁU\EUﬁ’\H‘Eﬁ’\R Z(16)FRELA]
CEH TR - BRIFEMBER - BERFER
1’5%7J<—F§EE’J{§J§3TE$?% EITIERRSE - BT
E BRI REERRE T F] - E—RERTFIAEA -
MEHER S SR ET s » HRAE N -FERHIRIR
GFEFEE R/ N 2 FEARERVEML, - BRAFEZRY]
MR E R EEREF S TR ITE
= (constitutive equations) » ¥ % B LM £ FEH-FE
SRR RIEEE R TR A ER ) BESHSR
EMZ2E  BERRINGE  BRERERFE
BT 0 KRB E - AR A Cowper K Symonds
(1957) 12 A AR AE /1-FE B SRR (R

, n
é:D(ﬂ—lJ, oy 20y (17)
o}
O" & 1/n
0
—~ =1+ = 18
0y (D) (19

Hb ¢ BE#E . o) BIEMESEMIURNENRERRIE
1 o, BEFREEARRATAFIE (R FE I (static yield stress) -
DEEnZFRRERIZH -

UG FERE » DU E FE# (equivalent strain){EBEF
hEEHE » Bl FERERRGRANT

~_\2
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®6 RIRMEIZEER

15 FCE #(Elastic modulus) £ (MPa)
I FRLL(Poisson’s ratio) y

5% (Mass density) p, (kg/m?)

YR i% & (Tangent modulus) E, (MPa)
[ (R FE JJ(Static yield stress) o, (MPa)
FR[R 58 (Ultimate stress) a,,;, (MPa)
B FESE(Rupture strain) &,

2.1x10°
0.3
7860
250
300
380
0.36

7T R&V(2004)FEEAR I

. / SF R_.(m)
wR fﬁ? 06 mﬂm;ﬁrmmﬁm%
TSI 10 0.15 0.300 0.303 53.091
TS2 20 0.15 0.424 0.382 66.890
TS3 30 0.15 0.520 0.437 76.570
TS4 40 0.15 0.600 0.481 84.277
TSS 50 0.15 0.671 0.518 90.784
TS6 60 0.15 0.735 0.550 96.473
TS7 70 0.15 0.794 0.580 101.559
TS8 80 0.15 0.849 0.606 106.182
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HIEEE » R T TS LIS Hera 8 SRR A 41
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3780(20&E 7(a)) » TTERTHSmmxmm ; FRESE A (L0
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B1.5mmx 1.5mm(Z0E7(d)) ; R FALS/DYNA
FEHRISPOTWELD » 43 #TBEF R FHHANSI/ASME HYM12
MBS R SRR » FARIR AL )58 B5800MPa ~ 51 ]
S8 F5603MPa ° R&V(2004) 3 BhRERBATRIEARFLR ~F
SEIRRRAL o TR REYIERFLEER T 2 S » 1
PRBY R RET o AR SR E AR 2 R Y 2 B T e IR
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{,explosive
b '

(a) YEZEEIRRAR B IR R

BOLT(M1L2)

(d) YFZEHT A E D
B7 #RiRZ Vs  —FE-fERY

JEf R EE - BN AR R SR ERZ E
HERIRRAIE - FE-AT@ES - iR I med
B2 FEIRE TR o AR RIS 3 BT e
Rrik At e A AR R o (EAREVEE) -
AN Z ARAERE B R I BB [ Bl AR - AR
SEAIFR6FT » WAKIRZN(17)E ZEME S FREL B RE[E (R
FEFIRA{R - ELFE B R 2 % B D=40s" » n=5(Symonds
1967) -
Fiva - DESLIES AN NART Y i
2o DETEERTIEIREEIRIES - MRS HER -
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HRET » EEME I IEREE —2 > A HE
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A DFEBR R B EFEFER RN - ERER
BN SRR EREIERERRRERIRIE S - HIfE
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THE DAMAGE ANALYSIS OF PLATE PANEL
SUBJECTED TO NEAR FIELD UNDERWATER EXPLOSION
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ABSTRACT

In this paper, the elasto-plastic transient dynamic responses and the damage states of an air-backed plate panel
subjected to near field underwater explosion (UNDEX) has been examined. Various shock factors with standoff
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distance smaller than half of the radius of the first explosive bubble were investigated, and the damaged states covered
three damage stages: the permanent deformation of plate panel, the tensile tearing damage at support edges or plate
center, and the shearing damage at support edges. The distribution of shock pressure on the plate surface predicated by
conventional empirical formula is not available for near field of UNDEX. In this paper, a full FE-analysis to predicate
the pressure distribution was performed first, to examine effects of the explosive model and the mesh distribution on
the calculated results for near field UNDEX. And then the analysis of impact response of plate panel under different
weight of charges was carried out by the LS/DYNA code. The multi-material space combined ALE (Arbitary
Lagrangian-Eulerian) mesh technology was used to simulate the water, air and explosive field for analysis of shock
pressure.

The experimental model of Ramajecyathilagam & Vendha (2004) was adopted as study case. The target plate has
the dimension of lengthxwidthxthickness=0.55m x0.45m x0.002m, whose four edges are supported by thick plates
and mounted on a strong steel casting with bolt, the unsupported area of the target plate is 0.30mx0.25m. The
dynamic responses of the target plate reached to plastic range at extremely high speed under high speed impact of
UNDEX, the non-linear material model with stain rate effect should be taken into consideration. The effects of bolted
connection on the analyzed results were also investigated. The FE-analyzed results were compared with the
experiment accomplished by Ramajecyathilagam & Vendha (2004). The shock loading predicated by approximate
method and by full model of finite element analysis were compared and discussed.
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