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Blast Hardened Bulkheads (BHB) are used to suppress damage propagation by internal explosions to reduce ships  vulnerability, However,

for this reason, the weight of the ship inevitably increased, and other functions such as the ships” mobility were bound to deteriorate,

Therefore, it is essential in the initial design of the ship to optimize the dimensions of the bulkhead to minimize the weight while decreasing

the vulnerability of the ship, Research on design optimization of BHB has been conducted, but it has not considered explosive load

in various hit scenarios, This study proposed an optimal design method for the curtain plate type blast hardened bulkhead, which is

currently frequently applied by the Korean Navy in consideration of various hit scenarios, Using genetic algorithms, multiobjective design

optimizations that minimize weight increase as well as minimize damage to ships were obtained, By optimizing the dimensions of the

BHB considering various hit scenarios, the ship's vulnerability was improved while maintaining its mobility due to weight reduction,
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T Aol tist A FAsket = Q=
ol ZEI5|1Z484(BHB: Blast Hardened Bulkhead)2l
Z &=t (Nho et al., 2018a).
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Blast Hardened Bulkhead(BHB, Z&f2s248) Optimization(E&S)). Genetic algorithm(SMXF Y02|15). Vulnerability(F|2F
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&Y T AL thst F|of ZAS ISt ZuiisiAY A& M g oy
w2t 2ol 518 SiES Altelks S HMAlBIE o] wHe oSS HAMH Jido| ofd XM ABS SslM Eelet &=
A o= sliatel 2 MA/ZAZE T1EM (Republic of Korean Ak
Navy, 2009)Q! Eztsz4sd M| X|[ZMof| &8=|1 Qlct =5t « 27| cHol| =X EMS Ta{sh &4 ¥ Hob= kst
Nho et al. (20180)2 BA AHI5=5 &Z510 MAHAIZ MA[SICE thots SsiiM MEM Iis) b8 Y S| £|AsE
MEME Te{sh 2[Ms| 7| 2HO=2 Jung et al. (2018)2 Sh2[A A 7|HE MES 4= U0 ZHA MAof |2lskct
MEM ot elolofzks TS Sall B UR St MEMS
HTAIA HiXIE ZMslsh= 7|HE MAISIXICE Boulougouris Qlo| oigsE g=g n2E o 7| MA oM = &
and Papanikolaou (2004)= &4 &==(damage function)& X Ao} 7|et T AMu|o| S| AE Tt &4 gY o5
8510 &4 HRIE MYt SATZ0IA Bl 4= 3 obY A I™ollM ZL3H st=0l2) & 4= Qlct ol2{sh w2 £
Moi| chst ot aiHs MEs101 ghyel 2 U 72 Sof of AWM A SAOflA erEl = Qs MEM "It A Aoz 2l
st Z|Ms| gfHS ApsIich =t ol2fst dite B TA Sk M7 HiZo| 27E= HS ol2| RCkslo] MA v 2 Y
Al Zedn) e ol vix| I SME gIESIK| o Foy oREl &A1 50| WMsk= AS ofdket 4= Qlof NS A MY
2 Ilslo] X HZol| w2 Jsk2 Hidst 4= gich Choi et 3l HZGHE M4 QRN S5o| g1iX MA| JHME X|&
al. (2015)= Z4t of=a} ZWZsiH Sajof w2 Fek 71 Moz AlTsk=t| Eest HZ wHolzt & %= ok
et el A= 22 S Hotsle Wig M8l 7=
ZT} 2[NS SAlol HIISIICE SRR Ewzsisg X 2.1 4 sf=0f thst 7= SEHEN
8kt Aof 282t LA Qfxlof Mg FREE ofF I=RD}
Che Wb 2AE Mot RUAL YI2|EE ARSSI0] 24 SIEjo| AAF odoi2 Mulol Ah| ol TLxof| et 27| FIIE
of M2 Al 1 E2 0|XE Al 02 dlEe Fols gz 75 oz Faet HAo=z ol MA| = s g Z|9
=olo] ZLUeiAHel Fet Zole| x5 HMslsks PRl aale AMsKE ofF &t SH=olct o2fE &4 HA ofE
SHAIZE Qlct w2t 2 =RolMe Clgh IfA ALRIE B 2 Qs Eut 510 thsh LxSEe| S2|M TS mjoksks
A5lo] F|HMS F[AslSIHAM SAlO| I x| EAMS 17 Zo| Zesict
5101 ZULSIAHO| YT ZASEITE ZURISIAHO| x| Yol F 9y olez M= g o|Ajo|ut ZEH Sof
£ Z|Mslele WS Hokldion], ol s Al Y iy olst mZ F ZEdf SIA2 ZEok| Zo| sfEfMoz Zordst &
3 dZ|E M2k 52 EE F s IEE |FNAF Ym2lE ZHo| 9F XS0l ofsl oFYE M2 HslsiHEA 1@ 1oto)
(Jin, 2000)2 ARSI JIAE BESke 22 AFolz} & = Aok o 1fte| E2
X HA0| OFF B2 AlZlol| 2H5t0 MAlofl S5 2 HIME S
2. SN F=x -ir|9.'=é3| 7| if}% Tt 2A0] olofl Sh= SiA Y AMAH wHES MEs
(R
X slEg e X80 71X SH2 siEe XEAR 7
A HoE Holsls EHH2 ZEoF S0l E Ay 2 A =20 1eZ=7|o| Hlof ma} HE EM0| ZEIX|o{ NORSOK
A1S HI3CR sk ZIo| sl (Shin et. al, 2013)2F T £ N_0049F DNVGL RP C-2040lA1 OS2 Hlof w2} cient 2
X|%= AtHscantling) MEE ZF HIds10{ o= = 51F 0| 27yl =X ZF MX goioz SEEMS AEsiC)
of CHSH 7= £Ae| 2AS AlMSI0], 24 AN Al g
20| QUct 0|t Sl MAHE &Y fallsty =of w2} A — Impulsive domain: ty/Ty < 0.3
A HAE ofz] H ATk AXL] EoME 2F AA H — Dynamic domain: 0.3 < ty/Ty < 3
Zol w2, &4 HE 2 FodS MAES A Lo Zolsto] T — Quasi-static domain: 3 < ty/Ty
Clot= 2ol ZRsind, o|2{st die| £ oM ofzfiet ZLt.
07|M, ty = 3F XIHARE Ty & #=2 IRF7Ioch
« TXREMT XS5 D2 24 H "ot UHE XT| A
CHAllAM 2 72l x| S| Z=2of EEPEF e g TNT Zgbn} Zk2 sialolM £7| 4= meec O[LHe| ofF e
ket = o] EA HEo| HlwA ARRE 27| EARIM Ajzlol| wske E24ajol tist Pxo| SES Fale BHe 9
Cierer & 2ok 2E X M8 + 2tk ollM o1ZE &7 dojol siY=nd, B o|F Tof B0
- S| FobdE Bolc Wz AlAHo st Rl F Zy| S1t sl SAR IV| S| vls SE X%
2ok HiX|2} O|FSHE M &8sk AE 13 5 U2, O Alzlo| Atixoz 71 ez 1HE 4= Uk 2 oM
of thst 7| MA HESHIM & 8 2o =22 218 F7\of Chst Zhte| Hskg 1Tl SZmof tist =
F7} HiX|(Shield & ZLsIAH)E Dais L], &4 B EfT} 2CAlo] Zdf Qo] Chst 7= SEHeZ FEsl] 1xH
of Za=X| oh= 7ol T FHIES viRIE = U= & 542 D2sh 24 Qg oflSskhs RS AESIICE
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Fig. 1 General structural model
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0, Aol gnlE Ho| AA=ZCZ HIHs5I0] 2F siE0
[t T2 Helof W2 FxE0| MEHS TFEozN g
& olliX|(Fig. 22| M& IM stRe| HAM)E F& 4= Uck

o7IM R,2 ==l ofst &M 32 NMEskE(plastic
collapse resistance in bending), w,, 2t w, £ 212+ EHY B H
2|(elastic limit deflection)2F HE{Ql Hze| AR (plastic
membrane commencing deflection), &, 2 EFY =l ZA(elastic

rc lo o

bending stiffness), k= M =ZE ZM(plastic bending
stiffness), k,= 2 HE2)|2l ZHA(plastic membrane stiffness),
ot g, £ 22} 5282 (alowable deflection)2t Xekst

Wallow allow
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= Wallow @
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AL (Nel 1 = =2 UF By ofX|efe] TAIE LIERY
= AMEaMe| HAZLE Hslelo] 4 (impulse)ol| CHEE 7=
of A ool r(w)= MEHD Helefe] A, m, = &
7F 2 (BRI M HY), o, = 20 3E Hflolct a2
1A (29 e FES0| Y JUe StE(force)S LIERM,
Al (3)z} Zo| Zt 5150| MBE HES Safl Y=(p) 22 ANt
2 2= 2lof ol & MA Holof|A ZFat Qtdof| chsh #=x=2of L
w2 LIEliC) oluf ot 12 ZH2t Ho| 7FA(sapcing)= 20|

(length)2 7I2I1ZIC}.

Al (H)5E (97K DNVGL RP C-2042F NORSOK
Standard N-0040i] S1Z= Heo| Lj2dgt Alrlol| Hest HeES
Top| gt AES LIERHD RUCh

8 Z
R,= cl_z/ (4)
307FI
=) 2 (5)
R,
wel kl (6)
ky =0 )
ky = 80UA/ L (8)
Wy = Raz/ ky 9)
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Sy mA ALzl oiEh F|ok ZAE st 2SS A& M Ui o
¢ 22| AAHIZA (1:pinned, 2: clamped) 2.4 ZHZIs1zds M7 7l
Z » 2N ElHAIE (plastic section modulus)
E : EXS7AIselastic modulous) SHHO| LYEZLE A| 2ALS NSl Eeis|He Zdt 5}
I, - B2 E(moment of inertia) Fol| olslf 7=0f ME== 54 Mz walnt oS 27 YA
o, + SELE(jeld stress) S92 FRECH (Kim, 2015). 8 siZe T2 z% B2
A 1 29| tiHA (section area) Alo| ZHIZISIAHS MZs|01 QICt HZF 2 WAl T 24—
2 o2 Ro|| AEE= stE0l| LSsto] Ze| A/sict T &
2.3 1= 2P| HE 2ZAIZI gejel FE Z2101E(curtain plate) &0l U2
o{ 2 ATFOIM = ololl CHeh A YHE HiEoZ Zdt 510
= ofmoll TxEo| Sx SLEMS Tzsle Ascpfe Vet TESE BV IS MEICk ofl Fig. 4= 7IE 2
Mo ol Mol £ AEmrls xst o = ojzz OIS EEleh 3o X5E LeiiD oict,
= Z75IZ0|| CsiA] EESC| 24 05| EMS £ HES ] AE S20|E %EHQJ it'e%‘ifﬂ.iﬂ% :r"—jnc-—‘-’—_| mjeiglo] 7|?
Suspiont A8 o) HuEOl AN ez 20 LS TR Efi:ﬁ;t = ffji‘_':{ji?‘j’fj
She #em Busigict weld Bw simol AdkEci ol & L S e ey Mo o
S5t Zhm0| amel 2] Wl O|LIE Ausie zio ang S B4 vshl w2t e Sete 33 dgucks Aol
ot oo osre o L (stiffness)oll S5t Ale7} EIct. ufei Bwus
TrESHE A= LSk of sl JlEEo = o Aais Blsael 2ME T Ho)
= olzol tj=pl @ S5 WE el A B BUE WY oD n S
X|&ol| &M IX|(plastic hinge)7t MM=11 &= XXM Aol &
Phe| BRE EAfsI 1 T2loll HBEl= F7} 550 et B wangee T e soton
& 20l ARIN O olale] siES 7T 4 gl miEol ol B o e
If(collapse) 2 O|0{X|= H2Z ZHFsict J2{Lt QFEE XX|1H i T
OllAM FHIek B2y} FEE A0fl= 4 SIX|F LS o 20| £,
T 5150| 715101 CHEHE0] J|olks 7I518IR| HIME SAof . Stifner _ g
w2t 23 BHE Boks Y oalelmembrane) IS0l olgt 515 | T | |
ek H|E0| 8™ sofuict 2= olzo] Mxt Sutsto] £EH . A t, 7
o ClHAo| ZE HHo| oA = 2o TLksio] AASH ! ? | B, | Beam médeling range &
EIE|» Ol[[H K|X| ol O_I E% g{ |571| E|D=| Flg 37 |_7E% idealized beam model
A2 2RI Hoh ME(x,)S HLE % ek Fig. 4 The curtain plate

0|2 IFYMAES (UFC, 2008)0lM= XIXICH 18 ZH=(
=12)E 7|gtez & ot 7|FES MASHE d=d & ==
Mz OIF M&3l0f Ztf &{& MEGLE Felsict matA o

25t Z212 0183o] A (103 20| Bl 518 WIS 7 +

D

e

ALk,

(10)

=a Xtanl2”

Waltow

07|M, o= & Zolo| BH

! | X, : deflection
i a : half of beam length
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tan(—) =40
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Fig. 3 Allowable rotation angle
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Fig. 5 Concept of Membrane stiffness for curtain plate

Fig. 20l 20|, 7| 2of By =gl 241t & sk52=z
2lel op|=Ele &M HE(Y Tl ZY), 32 & dek tHele|
TEOR Clot o4 M=ol ZeiK|el S48 Bldsl] 1=
=22| ol w2t M 522 7 & flok o 7HEE FHE =
OE0] X35k =H, BTtFel Fl(Fig. 42 ta2t ta)7+ ST
2hg, ChHXol Sfstal 0|2 ¢l ez ele| Zdg S7IAA
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xat THg 4Hsi HE S2iolsel Hurol HES KU
o2 fFE 4= UCh Fig. 5= fAollM HHsH HE Zzf|olEQ
2oz okl ol Zds ZTMYIE WS LIERL Qo
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2 olfet TSt F M Melel 22 BB Defsiof
MH TE SHENS VEs0 £y HTE YYNOR oS3t
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3.1 345t

Zolo| Zutz ol3t 515 AEE 1) TNT RS AE5P| 9
218 2710l S7HTNT 212 M8ste Z9o+ Bt o
oy et YEUt SRS 22 YT BZYS Al
SkD ZElol 7|EE QRioR &y $ES iR WRPIE e
| TE20| HE TNT Boi52 52| 212 KlGAR!

o] Pxge| DR FS5ol ulsh i WE Yot iRop| of
Sof, QRINCHs F2YoR Wisls 20| M It Bck
204710]| ZSHS0 Chet A WO of2iix| o )

S:o;k< Quasistatic Vent Root
Prossure Pressure Moves Upward
Venting ?
R Quasistatic
Pressure 17 .
Pressure T
on viat ShockWave | A =7 ./
Ray Paths ——% Ao S

Path A: Incident Wave
Path B: Reflection Off Floor
Path C: Reflection Off Sidewall

2 shock Impulse ~ P, t /2
&8 Quasistatic Impulse ~ P_(t,)2

Fig. 6 Blast load in confined space (Stark, 2016)
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Fig. 7 Comparison of Kingery model and EU JRC model
for free—air burst (Karlos, 2016)

2=iien, oI TNT &7t B2 W)k L Hzl(Rr)oll w2
ZA3E A 2ol 19840l Kingery—Bulmash7t 2= 2
2(0l5t Kingery 22)2t 1985 Kinney7t BHE 2HI0| AR
2 7 de| AR Qe A2 UM Uct (Driels, 2004).
X2 |2 EU JRC E1IM (Karlos, 2016)0ll 2™ Kingery
DU} Kinney 22 = Cf Z2ETe| H2|7t o 2 Aol
= AN ECt =g DAEUiskE FEo| Qe Aoz Totsin
?10{, O|E EFsP| 25t ME22 22 S MAISINCH, Fig. 72
0| BHSS t|woto] LiefH TJ2f=o(ct. ofzf J2i=oilA =l
g 4= QIX0|, 2 ZEe| A EU JRCoIA HA|SH ZHIo| QF
H0| 7MFR HElolM & O =2 442 M3shs A= LiEt
LIX|2E A7l A Ho| RAIS ZTE 2o|1 QUct cigt 2
ATolM= Z2 A7 Z2IQl EU JRC AT Li8e| 4t ndlg
ME3Iqct okl Jei=ollM YE2 EY skES 2fnlstd, XF
2 INT 37t SZH{ )zt Z2HE|(R) 2 T6liXls 122 E
olo|gict.

1>

32& 4
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7 IO=|4/\|_-I

| o
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7h e 2| E BAUE FUSil O SHuE2 Aol og
A HE HFollA Bhifelnd obdst == FEE AR Eot
ofeh SAlof Z/Z= oA Al ZEH 4 FLAES(C, CO, H2,
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Table 1 Model Information
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