Lecture Note of Design Theory of Ships and Offshore Structures

ﬁID rydlab

Optimum
Design

Ch. 3 Design Model

02

Computational
Design

Fall 2026

Myung-Il Roh

Department of Naval Architecture and Ocean Engineering
Seoul National University
Republic of Korea

rydlab

Contents

Ch. 1 Introduction to Design of Ships and Offshore
Structures
Ch. 2 Design Equations
Ch. 3 Design Model
Ch. 4 Deadweight Carrier and Volume Carrier
Ch. 5 Freeboard Calculation
. Ch. 6 Resistance Prediction
smeer s Ch. 7 Propeller Design and Main Engine Selection
Ch. 8 Hull Form Design
Ch. 9 General Arrangement Design
Ch. 10 Structural Design
Ch. 11 Outfitting Design

2026-08-03 (Mon)



rydlab

| Ch. 3 Design Model

1. Determination of the Principal Dimensions by the Weight

Equation
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1. S0l gt =2 2|+ Y
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' Problem Statement for Ship Design

| ¢
i 1 Determination of Ship’s Principal Dimensions

deh 27 2419l g2

= Given: Shipowner’s requirements
FO{RI AR Mol 272
e Deadweight (DWT)
AetE e (DWT)
e Capacity of the cargo hold (V)
22 84 (VCH)
e Service speed (V)
FEE (Vs)
¢ Daily Fuel Oil Consumption (DFOC)
1Y AR [ 8|2 (DFOC)
e Endurance

toh
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= Find: Ship’s principal dimensions
T A el 22 2|4
e Length (L)
20| (L)
e Breadth (B)
= (B)
e Depth (D)
20| (D)
e Draft (7)
2+

¢ Block coefficient (C;)

LA+ (CB)

sydlad -
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-, Ship Design Process
1 Overview

et EA g e

=l
Shipowner | « Shipowner's Requirement
- DWT, Speed, DFOC

- Cost, Delivery

Basic Design
[ v

Contract Hull Form General Arrangement Hull
ontrac Design Design Structural Design

« Preliminary Hull Form « General Arrangement + Midship Section Plan
- Lines, Offset « Ship Calculation « Typical Bulkhead

Sales and
Marketing

« Propeller Design « Weight Estimation « Structural Analysis
Preliminary Design | + Shipowner’s Inquiry « Estimation of Engine Power .
princioal DI_'y - 9 - Outline Spec. and Hydrodynamic Performancey . A’\I/I‘aghm;ryvArran%ecmenl_t
rincipal Dimensions _ « Model Test — — « Major Equipment Capacity
— . ?;e;fh om Ou g Design Calculation & BOM
Preliminary Hull Form and Cost Estimation | - Cost Estimation
Preliminary Compartment| « Building Specifications
Preliminary Structure 3 « Key Plan
— — « Building Specifications
Preliminary Outfitting

Detail/Production Design

Hull Design Outfitting Design
e - « Lines for Construction Definition of System [+ System Diagram
e RN « Longi. Landing fcrH;r'(')g‘a'c’;‘m Diagram - P&ID, Wiring Diagram
/Production, p * BOM
. 1
l\\ (CO,\;‘SILUC;DH /' « Detailed Construction Plan Detail | | Detail « Outfitting Arrangement
. etho / . i ; t o
. ) v Local Analysis Design | /l Design Outfitting BOM
It - « Production Plans ¢ ¢ « Production Plans
- Cutting Plans | Production |‘ | Production - Working Plans
- Assembly Plans : : - Installation Plans
« Steel Material BOM Design Design  Quantity of Production

MZ . M2 QP2 DWT, 4%, DFOC 7|2 A2 B, 915 B9 U DS - M3 A% - 2ot o] A2 - 22 47 ofs 4 -
ALHHz| - ZU YCIHE ME, QIA . MuFAl . g2 T2mWe| M3 . Z2Y . DI SN MF 29 - I|B B 2
Ofls| 4124 712 82 T2 ALY U SHABH M5 T2 214 - 22 | ST U AA3| - DY 0Z 7] A4 U BOM ofl
ME-HIZ U HIS A - B8 A AZ AR Oflt] B Ofb| DR « 7| B A AR O] O/ AM/ASAL 2 M| A .+ o 47
AZE ME - ARG Ho| « AIAE =0 ZHF BIAIS - PAID, BHAE BOM AN 212 A& + o/F bi2] AN - AN 38) - 2 oA
- O[Z BOM A7) - AU AAF S - A 7S T A - 29 A S A A 22 AE - M| AZ A2 A2 2 213 BOM - A4t
2F

S

>
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|
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- Process of Principal Dimensions Design

200 O E F2

= T

2% 2%

| Analysis of shipowner's requirements |

| Determination of principal dimensions I

v
| Estimation of lightweight

| Prediction of resistance and power

| Propeller design

| Selection of main engine

|Estimation of capacity of the cargo hold|—

|—

| Rough design for hull form |

| Calculation of freeboard

| Rough design for general arrangementl

| Rough design for hull structure |

| Rough design for outfitting

|
| Estimation of shipbuilding cost |
|

| Preparation of technical documents

sydiab
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g 1. Determination of
=i the Principal Dimensions
ﬁ . by the Weight Equation

|

Requirements

2026-08-03 (Mon)

Determination of the Principal Dimensions by the Weight Equation

]

YA 2 22 2|4 2

=
= Weight equation
SYA
¢ Dimensions of a deadweight carrier whose design is weight critical are
determined by the following equation.

Y2 7IE2R dYots M-S 2ol AeE tS Aoz 2t

S S T

oy

: Weight equation

p-L-B-T-C,-(1+a)=DWT +LWT| .

.......................................

£ Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3

v Find:
Flnd' L' B' T’ and CB : « Fraction of the shell appendage allowance, i.e.,
displacement of shell plating and appendages as
.............. . a fraction of the moulded displacement

FO A DWT(MFe 2712 H) &L, B, T2 CB

¢ Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an
appropriate assumption.
= 23} 7

AetS Y2 U LFRASR 202 B, ST F0I2 20| ofLTh. TH2tM HSEZ(WT)2 AHZ et 7Hyof

S

i How can you estimate the LIW1?

sydiab b




,  Weight Estimation: Method 1
| Assume that the Lightweight is the Same as that of the Basis Ship. (1/3)
ZotE0| 7|& M0t 2ot JHESITE (1/3)
= At the early design stage, there are few data available for the estimation
of the lightweight.
27| @A HAHOIM = FotEsEE 2Eoh= Ol 018 4 U= At=7F 7{2] giCf.
= The simplest possible way of estimating the lightweight is to assume that

the lightweight does not change in the variation of the principal
dimensions.

dstEgd s FYote 7ty UHet gEe 72 24| Helof te2t F5HS 0| ¥5h| et 7Hysks
71o|ct

Method 1: Assume that the lightweight is the same as that of
Y 1 FoISY0| L3 2T TRyttt
the basis ship.

71&4.

LWT = LWT,

Basis

L-B-T-C,-p-(1+a)=DWT +LWT

Basis

(4.1

= Finding a solution for this equation is a complex matter, because there are
4 unknown variables (L, B, 7, and C;) with one equation, which means this
equation is a kind of indeterminate equation.

0| BFAAIQ| 51 E Aote U B2SICH 02|47t 47(L, B, T, CB)OIC| Yt Al 174#0|22 0] YAl
ol

AZo| 2HLHA 07| ThZo|ct.
= Moreover, the unknown variables are multiplied by each other, which
means this equation is a kind of nonlinear equation.

ES D[RS0l M2 Sl A2B 2, 0 YYPAI2 Bl AP A0]7| = 5Tt

sydlab -k

-, Weight Estimation: Method 1
| Assume that the Lightweight is the Same as that of the Basis Ship. (2/3)

ZotE0| 7|& M0t Zotn TSIt (2/3)
= The equation (4.1) is called nonlinear indeterminate equation which has
infinitely many solutions.

WHA (4.1)2 DEH5| YL HE ZE HIME 2YYYAl0lRLD BTt

DWT + LWT,

Basis

~
o]
~
P
he)
=
K
Il

(4

= Therefore, we have to assume three unknown variables to solve this
indeterminate equation.

TtatM o] SHUHAS S8 0|24 37HE 714 sHioF St
= The principal dimensions must be obtained by successive iteration until
the displacement becomes equal to the total weight of ship. (.- nonlinear
equation)
Bil<=20| Mute] SZ &t ZoH W7tA| 2 2|&~E PrEH o2 FoH0f Sieh (- B|AE PEA)
= We can have many sets of solutions by assuming different initial values. (-
indeterminate equation)
MZ LHE 271342 7145 o] 6lle] 288 2 4 ATt (-~ FEYEA)
3

= Thus, we need certain criteria to select a proper solution.

w2t 2ot SiE eS| 2ot Yt 7|20] Basttth

roh

rydiab -k
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.. ' Weight Estimation: Method 1
{ Assume that the Lightweight is the Same as that of the Basis Ship. (3/3)

Zots0| 7|&/Mo| dotEdat Zti 71Estiet. (3/3)
= For example, this is the first set of solutions.
OlE 50|, Ol= & ¥i#j off ZFolct.
= The ratios of the principal dimensions L/B, B/T, and C, can be obtained
from the basis ship.
=2 2| L/B, B/T Y CBQ| Hlz 7|&MOA 78 4= ATt
= Substituting the ratios obtained from the basis ship into the equation (4.1),
the equation can be converted to a cubic equation in L.

J|ZH0IM 2 BIE A (4.1)00 CHYSHY, A2 Lofl et 33t YyA o2 et 4= AT,

L) =

L-B-T-Cp-p-(I+a)=W

LBTC(1)W
L.(L.Izj.@éj.;j.clg.p.(1+a):W
(B
L3~(fj2~(£j~CB~p~(l+a)=W
LC()wW :
[ (WL B)yy - (BIT) s |
- Cy-p-(1+a) |
sydlab - R

W(LB/)(BT/)LC(1)

.. ' Weight Estimation: Method 2
{ Assume that the Total Weight (W) is Proportional to the Deadweight.

SSZ(W)0| AetS ol Bl2etet 7-Eetet

Since the lightweight is assumed to be invariant in the ‘Method 1, even though the
principal dimensions are changed, the method might give too rough estimation.

?
i}How can you estimate the lightweight more accurately than the ‘Method 1'?

Method 2: Design ship and basis ship are assumed to have the
Y 2: A V|20 HetSE tf S IV 2T 7HY St

same ratio of deadweight to total weight.

AMetSE o SS9 L HIE.

D WTBaA‘ix —
/4

Basis

DWT
w

Therefore, the total weight of design ship can be estimated by
CHetM gl SSY2 thad 20| 28Y 4+ A
the ratio of deadweight to total weight of the basis ship.

7|EMO| HEEY of 22 HIZ 0|83

e

W — WBa.s-is . DWT
D

Basis

2026-08-03 (Mon)

L-B-T-Cy-p-(1+a)=W .42

p-L-B-T-Cp-(I+a)=W
=DWT +LWT --(3)
Given: DWT, Find: L, B, T, Cy

W,
Method @: W =—f=is_.pyr 12
sydlab etho DI,
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.. ' Weight Estimation: Method 3
4 Assume that the Lightweight Could Vary as the Volume of the Ship.

FoIS 0| Heto] EHof wat Fatd 4 ATt JHY et

(e b

The lightweight estimated in the ‘Method 2’ still has nothing to do with the variation of
the principal dimensions.

-
i}How can you estimate the lightweight more accurately than the ‘Method 2'?

Method 3: Assume that the lightweight is dependent on the
Y 3: JSS YO

principal dimensions such as L, B, and D.

L, B, Dt &2 F2 X|40i| Q| Z 3Lt JHY BT}

LWT = f(L,B,D)

LIWTfLBD(,,)
To estimate the lightweight, we will introduce the volume variable
L-B-D and assume that LWT is proportional to L-B-D.

dolsgs 25| flall 4 ¥4 1-B-DE =QSta, LWTZt L-B-DOf BIettt 2t stet,

[=)

LWT=C,,,-L-B-D

where the coefficient C,,, can be obtained from the basis ship.
07| M A4 CLWT= 7|2H0IM 71 4= QLT

L-B-T4€)-p-(\+a)=DWT+C,,,-L-B-D _(43)

Weight equation

p-L-B-T-Cy-(I+a)=W
=DWT +LWT ()
Given: DWT, Find: L, B, T, Cy

Method @: LWT=C,,,L-B-D 13

7ydlab
LBTC..(42) (1)DWTCLBDBLWT...(4.3)

Weight Estimation: Method 4

9
{ Estimate the Lightweight in Three Components.

-
iHow can you estimate lightweight more accurately?

BolEYS O Yot 2YsteA™ ofE A oiof sh=71?
We assume that a ship is composed of hull structure, outfit, and machinery.
Me2 M 22, o U I o= Y EICI 7P s,
Based on this assumption, the lightweight estimation would be more accurate,
if we could estimate the weight of each components.
Of 7Hyof =t 2t 14 40| S 24 £+ AS U Jo3YS O desiH 282 = AU
Method 4: Estimate the structural weight (/7,), outfit weight (/7), and
PY 4 2 S(Ws), 2o/ S (Wo) X
machinery weight (/7,) in components.

ek,

T4 249 7|2 FH(Wm)S 24 otct
LWT =W +W, +W,
¥
How can you estimate W, W, and W, ?
Assume that 7, W, W, are dependent on the principal dimensions.
Weight equation
p-L-B-T-Cyp-(1+a)=W
= DWT +LWT ~(3)
Given: DWT, Find: L, B, T, Cy
sydlab "

o
n

Ws, Wo, WmO| 2 2|40 2|ZtCtn 7+



&y Weight Estimation: Method 4

Estimation of the Structural Weight (#,): Method 4-1
T SHWs) 2 &Y 4-1

T2 S (Ws)0| tt52t 20| L, B Y D g2t 7hgsthe),

W=/(L B,D)

ey SAE YO TYLOR, OfE Ry U
TS 22 4 B HOR oyt

Assume that the structural weight (W,) is a function of L, B, and D as follows:

Since the structural weight of a ship is actually composed of stiffened plate
surfaces, some type of ‘area variables’ would be expected to provide a better
correlation.

HI4'S ARSI O Lk

estimate the structural weight, we will introduce an ‘area variables’ such
as L-B or B-D.

W,: Structural weight
W,: Outfit weight
W,,: Machinery weight

435t7| 2lelf L'B = B-DRF &2 ‘HHA

A= =
Sy S YR

W,=f(L-B,B-D)

For example, assume that structural weight is proportional to L and (B+D)~.

Ol 01, 2 20| La L (B+D)BOI| Bl2i|Stctl ZH4 BT}

Method 4-1:

W.=C, -L*(B+D)’

ri dlo b* Regression analysis is a numerical method which can be used to develop equations or models from data when there is no or limited
gmu.wmm physical or theoretical basis for a specific model. It is very useful in developing parametric models for use at the early design stage.

A [ = HMO = SF A
o7 (Cs, a, B)= &M CIOIE{0] &7 242 85t 7+ 4= AT

Parameters (C,, a, ) can be obtained from as-built ship data by regression analysis.

\
'i{ 15

&y Weight Estimation: Method 4

Estimation of the Structural Weight (#,): Method 4-1

T W) 2 g 41

W, =C.*(B+ D)’

(a) To perform the regression analysis, we transform the above

nonlinear equation into a linear form by applying a logarithmic
operation on both sides, resulting in a logarithmic equation.

the variables Y, X, and X,
Y YA gl 2O Y LS HE

Regression analysis plane for data on

Y=4,+aX +pX

A

St 20 gYHo2 Hetglo 2N

(b) If sets of as-built ship data (X}, X, ¥, are available, then the parameters can be obtained
(b) &4 HIOJEf &g} (X1, X2i; Yi)O| F+O{2|H, CflO[E] Hat = &L
‘2aASE S FL22H OPfEHSE A 4 AT

Atole] ztolel A& 22fo| ghg 2| 43t5t
by finding a function that minimizes the sum of the squared errors,

LA =
=84, 5

“least square method”,
which is the difference between the sets of the data and the estimated function values.
ClOJEf ARt 2 &= 240l 210|9] HSere z|Adtohe= BH4E ote W 2 AHZY 22 6Tt

e.g., for 302K VLCC, C, = 0.0414

The above equation indicates that length (L) has a significantly greater exponential effect on the
structural weight (W,) compared to variables B and D.

sydlab

‘34 16
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.. ' Weight Estimation: Method 4
{ Estimation of the Outfit Weight (#,): Method 4-2

..... W,: Structural weight

LWT =W, + w + w, W, Outfit weight

....... W,,: Machinery weight

Assume that the outfit weight (W,) is a function of L and B: W = f(L,B)
ol 2 (Wo)2 Lt BO| &2t JHY stk W_o=f(L, B)

o

To estimate the outfit weight, we will use the area variable L-B.
o|Y S= FYskV| floh BA ¥ L-BS AFET,

W,=f(L-B)

For example, assume that outfit weight () is proportional to L-B.

OIE S0, 2| S (Wo)O0l L-BOf| BI2{gttt 7t She

Method 4-2: W =C -L-B

where the coefficient C, can be obtained from the basis ship.

07| M A5 Com 7IZH0IM e 4= T

Weight equation
p-L-B-T-Cy-(I+a)=W
7DWT+LWT -3)

Given: DWT, Find: L, B, T, Cy

sydlab Method @: LWT =W, W,

.. ' Weight Estimation: Method 4
4 Estimation of the Machinery Weight (%,,): Method 4-3
712 SF¥Wm) 2 4Y 4-3

..... W,: Structural weight

LWT =W +W, —i—-W W, Outfit weight

....... W,,: Machinery weight

To estimate the machinery weight, assume that the machinery weight (W,)

is a function of NMCR:
7|12 SFS 285t7| 25l 712 STH(Ws)0| NMCRL| g=2t1 7+ stict:

- = f(NMCR)
W_m=f(NMCR)

For example, assume that machinery weight is proportional to NMCR:

0| =01, 7|2 SY0| NMCRO] Bl2i[gttt 714 5te):

Method 4-3: W =C, -NMCR

where the coefficient C, can be obtained from the basis ship.

07| Al5= Cme 7|20 M 71k 4= QU

* NMCR (Nominal Maximum Continuous Rating) is the maximum power/speed
combination available for the engine and is a criterion for the size, weight, fuel oil
consumption, and cost of the main engine.

NMCR(S3 zlof & 230)2 7|20 AF8E 4= U= 2|0 25| 4 2F0|0], 7122 37|, Y, d2f a8 L
Hl2S ZAsts 7|Z0|Ct.

T Weight equation
€,

. p-L-B-T-Cy-(I+a)=W
% Then, how can you predict the NVICR? DT+ LT ()

Given: DWT, Find: L, B, T, Cy

sydlab Method @: LWT =W, +W,+]

Z2(L19] %) ANCR(EH ¢4 £3)



.‘1 Prediction of the NMCR (Nominal Maximum Continuous Rating)

- Ship speed (V) @ EHP (Effective Horse Power)

« Total calm water EHP =R, (v)-V, (in calm water)
resistance (R/(v)) @ DHP (Delivered Horse Power)
Y e i | pypo EHP (svonsie e
H DHP H : - Mp =Mo" My * g
L E H 770 no: Propeller efficiency in open water

ny. Hull efficiency
n;: Relative rotative efficiency

(® BHP (Brake Horse Power)

DHP
BHP =—— (T - -
ny: Transmission efficiency)
T
Power (% of L,) @ NCR (Normal Continuous Rating)
Z3(L1 ChH| %) ANCR(ZH ¢4 28)
10% T : .
r NMCR =~ NMCR » MCR : Sea Margin
1% 1 L (Derated MCR: DMcR) i NCR=BHP(1+ T )
90% T Derated :
80% T | MCR i (® DMCR (Derated Maximum Continuous Rating)
rLs NCR [ Engi - :
70% + ngine margin 90% : NCR
r BHP i :
0% | > Sea margin 15% : DMCR = . :
| ‘ : Engine Margin
50% T : ® NMCR (Nominal Maximum Continuous Rating)
L [ H
: DMCR
40% Engine speed (% of L;) NMCR = e
70% 75% 80% 85% 90% 95%100% 105%110% : Derating rate
’ X 19
’gg.l ..!? * SFOC: Specific Fuel Oil Consumption [g/kW-h] ii

50% 6NMCR(33 Z|th &4 22)

Prediction of the NMCR by the Admiralty Formula

NMCR can be determined based on the prediction of resistance and propulsion
power. However, there is little data available for the prediction of the NMCR at
the early design stage. NMCR can be approximately predicted by an empirical
formula, such as the ‘Admiralty formula’.

NMCRE 43 2 221 S2(0] 0|22 7|32 2 4 QICh. J2iLt 27| A2 S0l NMCRS &5t
o 01 4 = BOIElE 7ol Ich NMCRE ‘SH24 41D 22 FHAIOZ 2AHOZ 2T 4 9Uct.

Admiralty formula:
sl d SA:

DHPCa[mwmer = f(A, VS) C,,: Admiralty coefficient

DHP f(, V) Cad: sil=d A4
V,: Ship speed [knot]
Calmwater s Vs: Mgt &% [knot]
$ A: Displacement [ton]

“ B2 [ton]

DHE yater = Cpmp AR Vs3 ; 1
3 _ Define C,, EE
DHP., - AZZJ/S3  C,, is called “Admiralty coefficient”.
ad i
\
rydlab q =
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ty

sz

Admiralty formula:

s2a B4

Cad: 3l g Al

B el

Since 4*3-¥3 is proportional to EHP, the Admiralty coefficient can be regarded as a
kind of propulsive efficiency (7,).

Prediction of the NMCR by the Admiralty Formula
Admiralty Coefficient: A Kind of Propulsive Efficiency (77,)

SA0f| 2/8F NMCR 0% sl Ala=: 22

289 2Z (D)

A3 .3

DHPCalm water = C

ad

§ C,; Admiralty coefficient

A3

= up
Calmwater

2/3:Vs 32 EHPO Bl2{|St2.2 Sliztd A

However, this should be used only for a rough prediction. After the principal
o2k AtE

dimensions are determined, DHP needs to be predicted more accurately based on the
prediction of resistance and power (see Ch. 6 Resistance Prediction).

J2iLt ol FH2EEel oS

b i

sydlab

AsE Y30l 22 B8(D)2 2FY 4 YUC,

SHOF STt

oy 2

F2 271 2

Y& 2ol M S22 oS0 250 DHPE H H=5t| o SohoF etth(Hled M o= 2=).

ty

7B 2 YA

—

Equation for the Machinery Weight

Representation with Principal Dimensions

W =C, -NMCR

0

NMCR=-1.q S Mg, 1L ___pyp,

Iy 100 Engine Margin Derating ratio

_C DHPCalmuater

4 A3 .3

DHE, . uer =, (Admiralty formula)

ad

v c A=p-L-B-T-Cy-(1+a)
W,=C,—(p-L-B-T-Cy-(1+a)** -V _
Cu L"i:( Define
<:—/,'// C =C i
W, =Cpp(p-L-B-T-Cy-(1+a))* 7} T G

1oHe R 1 1NMRC(1)DHP B

If the machinery weight is changed due to the updated NMCR; the principal dimension
must be adjusted accordingly. ]

HE 100 A1 ORI 24| B2 H4 HEY

sydlab . B
O*H\OIEEI NMCRZ QI5fi 7|2t 20| BIZAE|H F2 2|4-& 0|0f UH| ZH3HO} it 0] YHAQ| FHE Fots Y2
0|22k 57H(L, B, D, T, CB) It ¥ A2 174E0|22 Esict. 5, 0] HEA2 YZol FHEYHA0|C

11



- - Weight equation
.‘1 Welght Equatlon p-LB-T-C,y-(I+a)=W

=DWT +LWT -3)

Representation with Principal Dimensions Given: DI/, Find: L, B, 7, C,
Method @: LWT =W +W,
L-B-T-Cy-p-(14+a)=DWT +LWT| .@3) Womc.i

LWT =W +W +W W,: Structural weight
S o m W, Outfit weight

6 W, Machinery weight

( VV\ :C.\' L (B+D) V,: Speed of ship

A: Displacement

p: Density of seawater

‘ Wo = Co -L-B - [ton/m?3]

_Cl’ower (L'B'T'CB'(1+0!))2/3~Vs3

N
L-B-T-CB-p-(l+a)=DWT+C L' (B+D)+C,-L-B
“(p-L-B-T-Cy-(1+a))” -V’

+ Finding a solution to this equation is a complex matter because there are 5 unknown variables (L, B, D, 7, and
Cp) with one equation, which means this equation is a kind of indeterminate equation.

O] HYAQ| shE Fots A2 ST SA|0ITt. StLel WyAlo) 5712] D|2|4~(L, B, D, T, CB)7t 7| ti20]l 0] YHAI2 LZ2| 0]
urzwuo‘q
S

oo™

(4.4)

power

* Moreover, the unknown variables are multiplied by each other, which means this equation is a kind of
nonlinear equation. Therefore, we have to assume four unknown variables to solve this indeterminate equation.
FOjR|S0] M2 SotiH A2 0] YPA2 LFo| BIHE YYAOICH W2tM 0] 01y YPAS 7] flal 4719] 0|25 JHysHiof

L5t
C|

ok %”

+ The principal dimensions must be obtained by successive iteration until the displacement becomes equal to
F2 2|5 HiTO0| 2ot T7tz| ALl Bhg Atk Sl FLoliof SHet

the total weight of the ship (" nonlinear equation). We can have many sets of solutions by assuming different
initial values (' indeterminate equation). Thus, we need certain criteria to select a proper solution. ‘

rydiab g9 =

Criteria to Select a Proper Solution

™
1 Objective Function
MG S Meysts 7|2

= What kind of criteria are available to select a proper solution?

245t oS MEdSt7| sl ol 7|& S A8 S 4= A=71?
= Possible criteria (Objective Function)

K58t 7IR(2H B4

¢ For a shipbuilding company: Shipbuilding cost
MEF 4R B|AIO| AL M HZH|

¢ For a shipping company:
il 2lAe] %

+ Less power ®» Less energy consumption
O A2 23, o A2 oHz| 24|
% Minimum OPerational EXpenditure (OPEX)

+ Minimum CAPital EXpenditure (CAPEX)
2|4 2H2 2|12 (CAPEX)
+ Minimum main engine power/DWT

2|4 72 2E/OWT

= For example, shipping company will adopt an objective function as RFR,
then the design ship should have the least RFR expressed as:

OlE S0 32 SIA7} RFRE =4 gf-2 A=HetCHE, A2 Heh2 g1t 20| BoElE 2|4 RFRS 714 OF
ck:

o 2

-

- n -
RFR — Capital cost+Annual operating cost

Annual transported cargo quantity

*Capital cost=Building cost x Capital recovery factor.

i(1+6)"

1+ —1 J
rydlab =

*CRF(Capital Recovery Factor) =
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Determination of the Principal Dimensions by the Volume Equation

19
= Volume equation

¢ Principal dimensions have to satisfy the required capacity of the cargo hold
F2 e syl 27 828 UEHlof St
V-
¢ Dimensions of a volume carrier whose design is volume critical can be
determined by the following equation.

Aloz 72211016}- $ OI[L

== =

ofo

=)

rr
oo

20| dAof A|bA 2400 824 otEMo 2|4

AN

= f(L,B,D)|: Volume equation

v’ Given: Capacity of the cargo hold (V) [m3] (shipowner's requirement)
ZF0{2 28 3182 84(VCH) [m3](MFE 232)

v Find: L, B, and D

-4
!

2t LB, D

~

e, How can you represent the capacity of the cargo hold in terms of
the principal dimensions?

N

S22 8HS 2 242 YA LIEtEH £~ JA=012
rydlab e
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Estimation of the Capacity of the Cargo Hold
Method 1

How can you estimate the capacity of cargo hold>

s=% 84 &4

Method 1: Assume that the capacity of cargo hold is proportional to (L-B-D).

of

Y 1: 2= 0] (L'B-D)ol| Bl2fettti 7HYStet.

=]

tol

Vey=Cpp-L-B-D

where, the coefficient C; can be obtained from the basis ship.

07| M A4 CCHE 7|&Mo2HE| 28 2 i},

It will be noted that finding a solution to this equation is a complex matter,
because there are 3 unknown variables (L, B, and D) with one equation, which
means this equation is also a kind of indeterminate equation.
O] Yol s E Fote A2 S@st 2A2k= dofl Felsior Sttt 37H9] O]2|(L, B, D)7+ 17H2] & Alof|
S0 Qo8 2, 0] YHA2 01y HHAS YF0|7|% SiLt.
Moreover, the unknown variables are multiplied by each other, which means
this equation is a kind of nonlinear equation.

EIS0| DJA4S0| M2 SoiA AL 2, 0] YA 2 Bl YYA ol 2F0lch

This kind of equation is called a nonlinear indeterminate equation, which
has infinitely many solutions.

Volume equation
Vew = f(L,B,D)
dl b Given: V, Find: L, B, D
ryeras Method @: /(L B,D)=Coy - L-B-D

0l213t WHAIZ HIME 01 WHA0l2tD 3101,

o o om

ty Estimation of the Capacity of the Cargo Hold
| Method 2

t Hold capacity can be estimated more accurately by using the length of
(}fy cargo hold (L,) instead of the ship's length (L)

32 84 2 2t2¥ 822 U139 20| AESHH O Y&si 24 4 Ut

Method 2: Assume that the cargo hold capacity is proportional to (L, B-D).
Vey =Cey Ly -B-D

Ly, : Length of the cargo hold
The Length of cargo hold (L,) is defined as being L, subtracted by L ,;, Ly, and Lz
e 2: 522 8240| (LH-B-D)of B[ Bt 71 BHCE

Ll[ = LBP - LAPT - LER - LF

PT

Lgp: Length between perpendicular
L,pr: Length between aft perpendicular
to aft bulkhead

| | Lgpr: Length between forward

] perpendicular
H to collision bulkhead
i : Lgg: Length of engine room

|
Lpr ! Ly Ly

LFPT
AP FP
where, the coefficient (C;) and partial lengths, L,,;, Ly, and L, can be obtained
from the basis ship. Volume equation
Vew = f(L,B,D)
Given: Vy, Find: L, B, D
sydlab Method @ /(L.B.D)=Cy L, B-D-Cy

2026-08-03 (Mon)
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Determination of the Principal Dimensions by the Volume Equation

|
Summary

82A0f oJ5t 22 2|4 Y

Method 1: Assume that the capacity of cargo hold is proportional to
L-BD.
EH

LY 1: 3k= 8YO0[ L-B-DOf Bl2sttt 7t tet.

Vey=Cpy-L-B-D

Method 2: Assume that the capacity of cargo hold is proportional
to L, B-D.
Y 2: 3= 80| LH-B-DO|| H||BtCt 7Y plCt,

Vey =Coy Ly -B-D

Since the Methods 1 and 2 are used for a rough estimation,
the capacity of cargo hold should be estimated more accurately after
Ll the compartment arrangement has been made.

YY1 LY 2= HEHQ YO AMEL DR, 72 HIRE (T T ol2d 8YE U Y YKok
oot

sydlab - B
rydlab
1
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&y What is Freeboard?
= International Convention on Load Lines (ICLL) 1966
=A| SAESM HA(CLL 1966)
¢ Ships need safety margin to maintain buoyancy and stability while
operating at sea.
M s eollM 2 ote S FHN S/LE FAISH| A & 4RI ERSICE

¢ This safety margin is provided by the reserve of buoyancy of
OHM Ol R = Ch32 ofH| 222 AlS =0t
the hull located above the water surface.

Thickness of
deck plate (74,0
BL J

« Freeboard (Fb) means the distance between the water surface and the top of the deck at the
side (at the deck line). It includes the thickness (z,,.,) of freeboard deck plating.

UE(Fb)2 4= M= 22 JTHYT)2| 2] H2|E Q|0|Sit. 0f7[0ll= AT 22 TAjo| S (tdeck) 7t ZEHEICE

* The freeboard is closely related to the draft.

U2 S4of LA 20| ACH

+ A 'freeboard calculation’ in accordance with the regulation determines whether the desired
depth is permissible. |

sydiab E K

ol2{3t

D, =D, +t

deck

|
Freeboard (Fb)

Draft (7)
Depth (D,,.)

Freeboard depth D)

TYOf WE U AlLh S Sl HSh= HOt 5185 =] 2 ST

Regulatory Constraint by ICLL 1966

!1 Freeboard Inequality
ICLL 19660 & 8 A<k

v" Actual freeboard (D - T) of a ship should not be less than the
required freeboard (Fb,.,;,;) required by the ICLL 1966 regulation.
Mefo] HA| 2454 (DFB - T)2 ICLL 1966 FE0IM 275t= 27 218 (FbICLL) 0]4f0|0f0F StCt,

Thickness of

deck plate (74,

=
oy —~
~ Q\
A AVARES Ry =i
= = Ak
— Q| o
3 S |o
Elgl &£z
= | = ©
g |8
al @ 3
o e

BL \_

DF — T\Z Fb]CLL (L, B,D, CB) : Freeboard inequality

DTFb(,,LBDC,): 45 854

This draft should be the maximum operating draft of the ship,
.. thatis, scantling draft ().

$ How can you determine the required freeboard (Fb)? |
rydlab q v

O] &£ 99| 2|tf ¢ £+0/0{0f BtCt 2 AT (Fb)2 {2 2

S

oX
]

& UA=7H?
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- - olume equation
Estimation of Freeboard Dy 2T Py (L-B.D, )

-
!1 Given: L, B, D (= D,,,), T, C Check: satisfaction of the freeboard

Fby,, (L,B,D,Cy)=Cpy-D

17
i How can you determine the required freeboard (£b) ?

At the early design stage, there are few data available to calculate required
freeboard. Thus, the required freeboard can be roughly estimated from the basis
A 27| HAM= Bt HHS Alltshs Ol AFEE 4= U= CI0IE{7F 72| SiTt.

ship.

CetM 2ot A2 7|2 He 2R ti2fAoz 23T 4+ QUoh

Assume that the freeboard is proportional to the depth.

1340] Z10joj| Bl STt FHyBet.

Fb,,,(L,B,D,C;)=C,,-D
D, 2T +C,,-D

where the coefficient Cy, can be obtained from the basis ship.
O17|M A4 CFbe 7|EM 228 78 4 Qlot.

In progress of the design, however, the required freeboard has to be calculated
in accordance with ICLL 1966.

Fby,, (L,B,D,Cy) = f(L;,D,Cy,Superstructure,,,,, ,Superstructure,,,, ,Sheer)

) If ICLL 1966 regulation is not satisfied, the depth should be
changed. W

2026-08-03 (Mon)
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Recommendation on Block Coefficient

B
{ Empirical Formulas
Sl 1D

= Recommended value for the ollgg_glltx_gggfﬂ_t_:.lgn.t_ considering
maneuverability

(slender)

/(L/B) <0.15 L/BT » Coefﬁaentl » Maneuverabllltyt
....................... :L/Bl » CoefﬁCI?fnt)T » Maneuverabllltyl
H at,

= Recommended value for C; proposed by Watson and Gilfillan
Watson2t GilfillanO| 2| 2t8 CB gt
¢ This formula seems to confirm its continuing validity, and many naval
architects are using this equation up to now.

O] SA2 AT = REEE &els F& A2 2|0, g2 e DA AIS7H2] 0 YHA S ALE5t QT

C, <0.70+0.125tan (23 -~ 100F7n)/4)
Fn: Z2E &
|
rydlab q s
rydlab
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., Estimation of Shipbuilding Cost (1/2)

Objective Function (Criteria to Select a Proper Principal Dimensions)

Assume that the shipbuilding cost is proportional to the weight of the ship.
Shipbuilding Cost =C,g - W +C,, - W, +C,,, W,

m

If the weight of the ship is represented by the main dimensions of the ship,
the shipbuilding cost can be represented by them as follows:

Shipbuilding Cost = Cpg - C, - L'*(B+D)+Cpy-C,-L-B+C,, -C,, - NMCR
=C,s-C,-L'(B+D)+C,,-C,-L-B
+CPM . Cpower . (L .B-T- CB)2/3 . V3

where

Cpg: Coefficient related to the cost of the structure (steel)
Cpo: Coefficient related to the cost of the outfit

Cpy.. Coefficient related to the cost of the machinery

The above coefficients can be obtained from the as-built ship data.
e.g., The value of the coefficients obtained from the 302K VLCC.

Cps =2,223,C,, = 4,834, C,,, = 17,177

sydlab - B

» Estimation of Shipbuilding Cost (2/2)

Method to Obtain the Coefficients Related to the Cost

The shipbuilding cost is composed as follows:
Shipbuilding Cost = (Man-hour for the steel structure + Material cost for the steel structure)
+ (Man-hour for the outfit +Material cost for the outfit)
+ (Man-hour for the machinery +Material cost for the machinery)
+ Additional cost
X The shipbuilding cost of the VLCC was about $95,000,000 in 2020.

If we assume that the shipbuilding cost is proportional to the weight of the
ship and the weight of the ship is composed of the steel structure weight,
outfit weight and machinery weight, the shipbuilding cost can be represented
as follows.

Shipbuilding Cost =C,g-W. +C,, - W, +C,,, W,
where
Cpg. Coefficient related to the cost of the structure (steel)
Cpo: Coefficient related to the cost of the outfit
Cp) Coefficient related to the cost of the machinery

_ (Man-hour for the steel structure + Material cost for the steel structure)

(‘PS - VV\
(Man-hour for the outfit +Material cost for the outfit)
Cro = W,
. (Man-hour for the machinery +Material cost for the machinery) -
sydlab Cou = W W 38
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[Reference] Shipbuilding Cost by Ship Type

(R MSE e 2|
E|2 5'AZF MEMTIIX|4 U Mt 7HA (©9: 92)
MEWIRR  INGRMM  gysxy M
(Index) (174K) (315~320K) ~24000TEU)
20194 48 13080 12485000t 93002t 12447002t
202045 4% 12842 12486000t 91000 19445000t
20213 4¥ 133.76 19488002t 93002F 156002t
38 166.17 29422008t 19415000  129900¢t
20224
48 157.78 22424002t 1216008t 2943002t
18 162.51 29448002t 1920002t 29415002t
28 163.69  2245000¢! 12420008 2915008t
2023
38 1656.56 29454002t 19420002t 29415002t
48 167.32 29456008 19422000t  291700%t
* MZEMIE X4 (Index): 19889 18 7|F M4t 4% H|82 10022 F3l1, 0T 712 H|m&| 0§7]= $=X|. 0| X|4=7} 100 3 ﬁ7r7f.2,a.u:|>§ o|o|
?yﬂgﬁlarkson Research B 39

L‘? [Reference] International Competitive Power of the Domestic Shipbuilding

= Comparison of the Shipbuilding Cost [unit: %]

AeF AR | [EH]: %]
Korea Japan China
. Steel 17 17 18
Mggesilal Equipment 42 43 47
Sub sum 59 60 65
Labor Cost 27 29 19
General Cost 14 13 16
Total sum 100 100 100
(T
sydiab 5 o
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[Reference] Recent Ship Orders

22 5L} 5447

e 5] B ou 7t

& QCGT N WUGT % Yy AGT % Y BT % 4 OICGT %
20184 1478 3575 296 1353 38 589 1116 31 378 700 20 225 406 11
20194 1441 3124 231 1007 32 630 1131 36 318 52 17 262 464 15
2203 1276 2595 200 891 34 66 1127 43 222 341 13 18 2% 10
0214 2270 B429 408 1778 33 1208 2704 50 351 669 12 213 258 6
20224 1523 4553 301 1672 37 789 2224 49 225 416 9 28 24 5

TP n2 =2 e 7t

% ®CGT M BCGT % A SOGT % M BCGT % A 9CGT %
20104 615 1185 & 257 22 515 43 120 203 17 13 210 18
2000 512 742 0 87 12 296 439 59 9 143 19 90 73 10
20219 862 2165 181 730 34 487 1082 50 120 260 12 74 93 4
20220 674 1797 131 637 36 344 004 50 109 173 10 90 & 4
20234 360 1011 79 354 3 220 501 50 34 98 10 36 48 4

i e B e 7IEt

& QIOGT %N OGT % N OWGT % Y WCGT % Yy 0CGT %

20199 48 95 207
20002 48 109 191
20019 48 194 470
20224 48 153 48
20234 48 80 185
sydlab

* Reference: Clarkson Research

3

6. Design Model for the
Principal Dimensions
Design

Determination of the Optimal Principal Dimensions
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.. Design Model for the Principal Dimensions Design

Simplified Model for the Determination of the Optimal Principal Dimensions

Shi
speepd
LB D.C T, [Gwn | DWT, V. V. LT
Length Breadth Depth Block  Design (Shipowner’s requirement) | peaqyeight Required capacity Scantling
coefficient draft of the cargo hold draft

| Physical constraint |
=» Hydrostatic equilibrium (Weight equation) - Equality constraint

L-B-T,-Cy-p,,-C, = DWT,, +LWT(L,B.D,C,)

1.6
=DWT,,,, +C, -L*(B+D)+C,-L-B
23 173
+Cpower (LBTd CB) v

| Economical constraints |
» Required capacity of the cargo hold (Volume equation) - Equality constraint

Vey=Cy-L-B-D
| Regulatory constraint |
» Freeboard regulation by ICLL 1966 (Freeboard inequality) - Inequality constraint

D>T. +C,,-D
| Objective function (Criteria to select proper principal dimensions) |

Shipbuilding Cost=C,,-C,-L'°(B+D)+C,,-C,-L-B ‘

213 173 1

rydlab +Cpy 'Cpawer “(L-B-T;-Cy)™ -V i* 43

Iteration for the Principal Dimensions Design

5 . .
| For Deadweight Carrier
Resistance prediction Propeller design
EHP SR O3y = prp=EHP __EHP o pup ner
RreRenae Mo Moty 1k
Shipowner’s requirements l
4 i 4= DMCR
Repeat M l ."S.election of
for obtamlng Weight equation (Find: L, B, 7, and Cp) — engine

mtetmotves P L-B-T-C,-p-(1+a)=DWT + LWT

(L, B, T, D, and Cp)
v Volume equation (Find: D) . Q
Find

VCH = CCH -L-B-D a design alternative
that minimizes shipbuilding cost

|

2026-08-03 (Mon)

v Freeboard inequality
i e s : Optimal principal dimensions
Dpy =T 2Dy, (L, B, D, Cp )i ofhe desion ship
l Freeboard calculation l
Shivbuildine . oW AC W AC Hull form design, ... .
— Shipbuilding Cost =Cpg-W +Cpy-W, +Cpy, W, -
'gg!‘ﬂk PS PO PM i* 44
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I Thank you.

Prof. Myung-Il Roh
miroh@snu.ac.kr
http://sydlab.snu.ac.kr
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