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® Displacement = DWT + LWT
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e =2 QF(Displacement J}H)
o DWT(HIZXI])
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0.04B < GM < 472(0.4B)*/(gTr ?)
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o 210|Q SIS % X (CC; Cargo Capacity)
= 207t ZJI01H 2= 28X S|
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o 21019 SZL X (LS; Longitudinal Strength)
= 2017t ZII0IH SZE St
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1.8F 27 X2
2. SN AFE ZA

5. ZoIEE 2H(1)

-
x A0} %E‘(Lightweight)
e O|3E, A FESESE B X Al &5 T M0 A= QO Tl 53
o A17I- =H(W,; Hull Weight), O & ZZH(W,_; Outfitting Weight), 7|5
(W Machinery Weight)@ & 34

L: A& X2 20l
B B: A2 =
Wm = Cm . NMCR , Cm _ (Wm / NMCR )p D: &2l 20|
NMCR: J| &= | CHOt=

A0l S (Lightweight) = M2t S (Hull Weight)
+ O| &t S & (Outfitting Weight) + J|HE =& (Machinery Weight)
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M2t SZ =0
= DnVal
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C, =W, gL .8 .po°.To¥ .CBO'”})p/
= | RA!
w,=C,-L"".B"".D> JIEMO| 3
C, =W, {L"-B°". D°'4})p/
= Z84 JIEMO| 3
W, =C_-L"*(B+D), C, =W, {L"*®B+ D)})p//
20t =2 (Lightweight) = M2t = Z¥(Hull Weight) J
+ O| &t =2k (Outfitting Weight) + J| U5 S (Machinery Weight)
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(D EHP (Effective Horse Power)
EHP =R, (v)-v (In Calm Water)
2 DHP (Delivered Horse Power)

EHP
DHP = ——  (75,: FUQE)
Mo
@ BHP (Brake Horse Power)
EHP
BHP = —— (p,: SMY 88)
M+

@ NCR (Normal Continuous Rating)

Sea Margine
100
(5 DMCR (Derated Maximum
Continuous Rating)

NCR

NCR = BHP (1+

MCR =
t@Engine Margin
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A : Ui 4=Z¥(ton)

Cad = A2/3 -V 3 /| DHP V: &2 (Knots)

DHP : & &0+ (PS)

A in ton, V in kts, DHP in PS (Delivered Horse Power)
Jla 0 =8 1td
1. {99 =Q X|+8 EUZE Ot B+ 59 X (Resistance in calm water) F=J
-HIE 2 AME A5, &8 219 SHAH =32 (Holtrop & Mennen?| &

Mo - Propulsive Efficiency(F& &) =7, xn, X774 .
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o QL= JSE X (CC; Cargo Capacity) X

cC = f(L,B,D,C,,L

* Lpprt Mol 7EIOI, Leg: g d

APT !

L

ER !

0, Lepr:

L

e

FPT

DB

Height )

01, DByigre: OIS T 0|



cC = f(L,B,D,C,,L,, ,L..,L

APT ' “ER ! —FPT !

"Ly A0IE 0L, Lep: JIF 2O, L M E

tEF 0l L

T = S8 & X (CC; Cargo Capacity) X

DB

Height )

*Cor: AZ2E EH A=, Cyp 7”1UJIII2I 2888 A=

CC JIZEMO gk
C =
= (LH-B-D-CMD}/

01, DByeigne: O1ZH 0]
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i Deadweight Carrier2} Volume Carrier FTX|+ ZE =A

-

m Deadweight Carrier :
+55l= =8| Ri|BC= SFAH7E F2X|+ 2380 . HE
MHUIOZM FEM, MXGIEM, ZMIUHIM F0] 0] HZF0

e 0] ZA0l= HX MHulo| Hi+-2H(HSI=2 1} THel=Ee| eh)=
JIESE Mulo| 0|, &, C ;2 1XIM2 =2 MASIL,
e 1 LIS 2FE|= IS8 HE ES= Z0| S2 Zysi].

h

1
rot
n

= Volume Carrier :
+=&5le 2182 RAIELCH=E 82| Bul|7t F
O|X|l= MEte 2 A AHHO[LH{M, XISX SUHM
0l =siCt.
e 0| AR0I= MY HMifs=e =2=E 2 + U
ZOo|E 1x&E2= MASI,

e 1 C}I= &= AESl= C, 5= Z2ddl

M
|
.-I|_||
L
=)
e
1=
R
oin
o
o

O D
“ﬁi @
e
Ve
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AHHI0IY SAS I3 SHE A W HHI0IY HRX]

.- 400TEU & MOl ZHI0lH A off
| —

= S Xl
o SIEF Ul = TS (Row)2E HIlikl= AHIOIH IH=

o I WO =T I, 4Ol center girderQ| Xl o AT T L Jr
o 3=F U2 HHIO0IH %58 FXl(lashing equipment) 3 ‘Jr‘ﬂi" 1]
twist locking &&= portable cell guide E,x"""_“““‘”"“*i““‘ R

W= ()| QtSEO] Hi K| e __a_ﬁr._f_
o PISHE WOl =0] WK (Tier)2Z HMIIElI= HHIOIY =+
o HMXA hatch coaming =0|
e 0OI3H =0l
201 2| HH X
o PA=T WO E0| B2 ‘(Bay)_l AHI0Id Il =
o OIHEXl AIAHIO SF R HHXI(center or side)
o ZHIOIY block 2t2] Z0IHE2| 24 o
o JITA YO = !
e deck house Z0| ffh‘ ; — Lll
o Mz AMOjRtO] 2O u’& _________ jrlr _____ !| AL
e hatch cover9] AY&A .“:Lwr.ﬁ | ¥ :lr:m-j. I M?ﬁ :




| 400TEU 2 MIO| ZEI014 A1)

. JHEF HHX] Ol
= OISA O] HHIOIH MINS(TEU J &)= = WSO 6 Row, =0]
HISEO 2 3 Tier, Z0| WSO Z 12 BayE I XIOl= HE JIABIL.
) . =5
[ Far 1y wweves B i S
=3 & = A N e = w[r S A
B : ‘ id b g g A n 5 _U a 9
T Sl _LJ J . L JL IJHJ_

= FEUEIZSFA 30t)I1E)8E MIHE = U= Ol9E2E 36t9] crane 2 IS
THH0fl HH XISt

= OHXI HH
hold 2, 39] & SHZ2 folding typeLZ Otld, SUHEE X hold 12
pontoon type2 E BtC}. ?_"EﬂOlL'l H%ﬂ& AL pontoon coverg SAH|
HMIHotL s 2lSMO AL 11X 2T A2 = folding type
cover(jl HEOIM MO Z 0|F0IAI Ol WE HAYOIX| =

. MH SSFA MFFO0 242 EIE & d(deep tank) Etﬂﬂilb Ex o
deep tank:= heeling tank@ 5 Q HIZ AL SICE. (T S EL .
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[ 400TEU

\

2424 Ol

: HHI0IY =,
: Z1HI014 =01, 8'6" (=2,590.8 mm)
:0IZXH 2
. = 0]uksto] HH|0lY Z+O] 2+ (13 mm)

: portable cell guide®| = (100 mm)

: side tank 11} 5"||:.i|0||_'|9}_| 2H (116 mm)

: side tank & (1,920 mm)

: hatch coaming £0] (1,400 mm)

AT AHI0lH et GHXI HHQAC| ZHH (688 mm)

HHIOIY S2EX 30100 Tt S =

=
] ; l ! : j
|
adi.a l, ol
f o e C (=3

f
400TEU & MIO| ZHIOIHMO| =& YT

8’(=2438 mm)

A0} I 1 S HE0]L OFS ALOIO] 242

(13 mm)

j:ddiolgye S5 X 31,

ol
AR

0lo

= MOl Ad01H-42] JHS di Xl Off
-ZHI0I4 74 X

E(B) OI 7=|I'2l
tgootgg 6 Rowe| TEUS Xxjjgt &

= 6x2,438(a) + 5x100(e) +
x116(f) + 2%x1,920(g) = 19.2 (m)

NJItI-I

2l0](D)o] A%

Zo| dtsko 2 3 TierE Mgt AR :
210] = 1500(0|3x.| =0|:HX 7:Ix1) +
3x13(d) + 3x2590.8(b) + 688(j) -
1400(h) = 8.6 (m)

E

= H

Ry (L) >VAL
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[4OOTEU = MO YN =X+ BF- 2012 &3

N
: FEU #HElo]L] 20| (12,190 mm)
: FEU #E|0|L £2i7te| Z+d (600 mm)
: HE0|L 2t SIEE 4 Al0]2] 2+ (265 mm)
: deep tank Z0| (4,200 mm), deep tanke= ballast water tank 2
A2 R EiT (fuel oil tank) 2 AIZ.
! hold 1LH2] TEU #AE|0|L{2} At Al0|2] 2+ (450 mm),
hold 1LiQ] #HEH|0|L{= twist lockingZ x| =2 =4,
: deep tank Z!0]| (2,400 mm), bow thrusterMX|E ¢|st SZUCEE AI2.
: M=%k (fore peak tank) Z0] (5,900 mm)
1 7|2HA! Z210] (16,100 mm), MCR 4500PS %{= diesel engine 7|&
: MO|ZH(aft peak tank) Z0] (5,400 mm)

b~i : HHOI{HM2] 7 X 371, HE0|L FHZX] I710] W2t F2pd &= AS.
|

AE_'.| i
I
|'I.s| |4

" nlii I || ——— -
T T T
1 ||

Q0T

(1]

->Q "

1

S S M I e e e e ANV

N . . > ,_]E_u___'__.a_k_._:< 3 Jdaal® jiel 9

| ee0

e o B - edileess R oo JIMITIL AR
.':Dnn Tank

20| WO TEU 12 BayE XIS EL,
HHo] Z0]= SIS A 20| + J|UA Z0|] + deep tank Z0] + fore & aft peak tank Z0| + OIS

- (‘Hold3’)12,190(a) X 3 + 600(b) X 2 + 265(c) X2 + (‘Hold2’)12,190(a) X 2 + 6,100(a/2) +
600(b) X 2 + 2% 265(c) + (‘Hold1’) 6,100 + 450(e) X 2 + (‘ER’)16,100(h) + (‘Deep TK’)4,200(d) +
(‘Deep TK’) 2,400(f) + (‘FPT")5,900(g) + (‘APT*)5,400(i) + 190 (mm) = 11170 (m)

v‘& R

e

Y, [ ¥

AR (1A "4

/“‘“A)xi& Advanced Ship Design Automation Lab.
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400TEU & MIO| Z1HI01H MOl =X+ 3N O

) S—

= HI2 22 (Design Draft)Q} Block Coefficient?] A
A0I=8 TH2 FXI+E 0I20101 fAIMOZ=2H HiddI ™0l o <F 3,050
ton OF = * Oil:} E—

e 0[]0l W} A=l E+E 6.45mE & H=2,

e Block coefficient
= (3,050 +
7.400)/(111.7x19.2%x6.45%x1.025x1.003)
= 0.7352 E=HE..

» 018 FF, J1E0IF =3, 48 iU

10|20 ™2
o Deadwelght Carrier} S2st IES 7{X HX=HS=E E|= 9|

I|SE 1A, "
FRIETE l. @SDAL“ -
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‘Deadweight Carrier TXI

F

—_—

CCreq

)

L)
B)

Al
=
21
=
=
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B4 (buoyancy)-S & (displacement) W& X Hss me xa)

L-B-T-C,-p,,-C,_=DWT __ +LWT (L,B,D,C,)

a given

- DWT ., +C,-L"*(B+D)+C,-L-B+C_ -NMCR

given

=DWT . +C_-L'°(B+D)+C,-L-B

given

+C (L-B-T-C,)"?.v?

power

LAL= VS H X (cargo capacity) ZH sz M x2)

T 1.6
Building Cost =C,,-C.-L"(B+D)+C,,-C,-L-B+C,, -C__-NMCR

» OiXI= 4H, S22 M2 =2 11, F32 M2 =2 212 X X2t 2 M|
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| Deadweight Carrier =X|
- Mg A

M(Buoyancy)-§%‘(Displacement) dyd x4
L-B-T-Cy-p-(L+a)=DWT . +
0| 2Ot SZ(LWT, lightweight)2 M2t S, O3 F, J|UE SJOE M2 4
M2t o A2 Ot 20| HYE + AS
L-B-T-C,-p-(1+a)=DWT

alo

+ LWT

given

=C_-L"°(B+D)+C,-L-B+C_, -NMCR + DWT
OHH, NMCR2 M X O1F =Z & Sill FI18E 430t ZZ0H0F otLt
I BAHM= JIEMO| admiralty HIF(C,o)EFH NFHLE FHE = AS

A2/3><V3 A2/3><V3
C= 22H DHP = Ol, Watn
DHP C..
A2/3><V3
NMCR =C,-DHP =C,- =C, A"’ xV°O0ll, XIZHo=Z
Cad

;L-B-T-CB-p-(l+a):DWT + LWT (L,B,D,C,)

given

given

~DWT,,, +C, -**(B+D)+C,-L-B+C,_-C,-A*.V* |

=DWT,_,  +C. -L°(B+D)+C_ -L-B

given
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s MHHO] H X H|(Building Cost) X|A
e

x Q7 22 (RFR; Required Freight Rate, 29| +&£ 38 § £+
S #@Jh &
e

n AT AP E (Fuel Consumption) X2
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IHQI' SO 150, — EEJ( L 1) s
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IHQI' SO 160, — EEJ T = (1)
i —
IH2t =3 150,000 &=MIEM)Q =2 F
o= XM aAHM Hl1
Loa abt. 274.00 m max. 284.00 m O|LH
=
T Lgp 264.00 m
4 B, 45.00 m 45.00 m
H D, 23.20m
o T 16.90 m 17.20 m
Toant 16.90 m 17.20 m
Deadweight 150,960 ton 160,000 ton at17.20 m
90 % MCR
Speed 13.5 kts 13.5 kts (with 20 % SM)
TYPE B&W 5570MC
" NMCR 17,450 HP % 88.0 RPM Derating Ratio
E DMCR 15,450 HP X 77.9 RPM E.M=0.9
NCR 13,910 HP X 75.2 RPM
F SFOC 126.0 g/HP. H
0
C TON/DAY 41.6 NCR J|&
Cruising Range 28,000 N/M 26,000 N/M
Single Hull Single Hull
= o A Double Bottom/Hopper Double Bottom/Hopper
/Top Side Wing Tank /Top Side Wing Tank
Cargo abt. 169,380 m3 abt. 179,000 m?3 Hatch Coaming g}
Fuel Oil abt. 3,960 m3 Total
Capacity
Fuel Oil abt. 3,850 m3 Bunker Tank Only
Ballast abt. 48,360 m3 F.P 3 A.P Tank B8t




IHQI S8
MRt SE 1

| et =& 150 000= ASMIJIEM)9 It Xig & JIE Xz

bl at

Aot SS(LwWT) 18,269 ton
M2t SE(Ws) 15,289 ton
O| e =& (Wo) 1,694 ton
U2 =2 (Wm) 1,281 ton

HE (Fb) 6.996 m

2 Hl==(Cb) 0.8214
Admiralty Hl==(Cad) 644.4139

M2 ZTHH] HE Hl=(Cp) 972.80

O| &S HI2 A H=(Cpp) 20,256

U afe 7,760

STE |4 HIE Hd H=(Chp)
1. FILHIY ZHOEM “XFH LA HICH A= Q7 TAH” b “Watson & Gilfillan0fl 23t Cb =H g S
g A
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MRt S& 160,000E &S MO
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XH FR X+ 83 SHI0 tHet X3} Sl

I —
Minimize ship building cost
Unic T Wi hs B | eose || b
G DWT ton 160,000
\'/ Cargo Capacity | m? 179,000
E 2 i m 17.2
N \% knots 13.5
L m 265.54 265.18 264.71 264.01 263.69
m 45.00 45.00 45.00 45.00 45.00
D m 24.39 24.54 24.68 24.71 24.84
Cs - 0.8476 0.8469 0.8463 0.8427 0.8420
Dp m 8.3260 8.3928 8.4305 8.4075 8.3999
P m 5.8129 5.8221 5.7448 5.7491 5.7365
A:/A, - 0.3890 0.3724 0.3606 0.3618 0.3690
Building Cost S 59,889,135 59,888,510 59,863,587 59,837,336 59,831,834
Iteration No - 10 483 96 63 67
CPU Time sec 4.39 209.58 198.60 184.08 187.22

* MFD: Method of feasible directions, MS: Multi-start local optimization method, GA: Genetic algorithm, HYBRID: Global-local hybrid optimization method
* HIAE AIAE: Pentium 3 866MHz, 512MB RAM
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' Ship Class@] 72& 0fl(1)

class*

{
public:

Ship();
virtual ~Ship();

/1 MFE Q7 XA (Given)
double m_fDWT;

double m_fCCrequirement;
double m_fTmax;

double m_fVs;

/1 88 =Q X|5=(Find)
double m_fL;

double m_fB;

double m_fD;

double m_fCb;

double m_fCC;

double m_fFB;

double m_fDisplacement;
double m_fLWT;

/1 IIEM BEZREH HME=E ¥
double m_fAppendageFactor;
double m_fCs;

double m_fCo;

double m_fCma;

double m_fCch;

double m_fCfb;

double m_fCps;

double m_fCpo;

double m_fCpm;

/1 W&
b

/1 THRt B8
/1 M= in Knots

/1 =82t Z0l(LBP)

/1 @ Z(Bmld)

/7 '@ Z0l(Dmld)

/1 W HI%=(Block Coefficient)

-

/1 =2 88X

kal-!

/1 W+

/1 B0t ZE(Light Weight)

// Appendage Factor(1 + alpha)
/1842 33 A=

/1 ST 5 A=

/1 IIHSE 5 A=

/1 2IEE X N+

/1 A H=

/1 AZXH FZE Aet M2 5T 8 I
/1 AZXH FEE AS AYT 5 T A=+
/1 AZXH FZE ASH LT 3T TE A=+
N\
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_Ship ClassQ] /1™ 0§l (2)

{

public:
/1449 FQ K0l S doletat
double m_fLlower, m_fLupper;
double m_fBlower, m_fLupper;
double m_fDlower, m_fDupper;
double m_fCblower, m_fCbupper;

void CalculateParentShipData();
double CalculateBuildingCost();
double CalculateWsS();
double CalculateWO();
double CalculateWM();

double CalculateCC();
double CalculateFB();

double BuoyancyDisplacementCondition();

double CCRequirementCondition();

double FBRequirementCondition();

double ObesityCoefficientCBCondition();

double WGCBCondition();

void DVUpperLowerCondition(int DVNo, double* CF);

5

// ¢ﬂ?_* Z 0|0l LHSH Of/ ArOHgA
0" [H6|- GI./AHS}JI-
&' Z010]l CH® O/ A¥otak
“*&' Hi==0ll {3t OF/ A SHEL

/1IIEN HHSLE B HSE HAOHS e
// AZHIE HAOIS 8%

/1 N2t ZYE AL st

/1 NS EZHS HMOK= B

/171US ZES HIMOH= 2

/1 otEE XS HILOl= B

// E’éél I'._*@.OIIM_I HIOF Hl= 7 XA
// Watson & GilfillanOj] O]t Cb =M gk
/1 &H| H=0| A0totat0l et ZHE H Aol S
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