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d World WideAte} Al A dso] dxF 39
19 169 °]F34A 2dE FRHoZE AA
Az 3 x30A 23(5071/728 1)0] FA| A5
g ub Qi

=

2 dANRE fig 71Y JlE % AH

2.1 MAKK|gEE M Al(Design for Production)
Hd

Aduto] AA HGA A dutel & HxvE oF
= ARk #Fe] v gL “AAATH dA
(Design for Production)” 73 ol 4] &3k}, A4k
ANFgHR AA MFL A7 19729 =9
Caldwell 4ol ol&] ZX4Fd A UG
B 4= A o] 7gdL ISSCell el&f structural
design philosophy¢] 3 #H oz AHEH] T,
oo ol Ao A

“Design to reduce the production costs to a
minimum compatible with the requirements of
the structure to fulfil its operational functions
with acceptable reliability and efficiency”

1960 ol = A FERAA &3 A7 Eo)
AA g Higste 3oz AFEHFLU,
a1 F Ad7Ise wedy wEol F dAZzyE
Ha2 e A7 olFoiAA HUA. EE
Z719 & A4t A8 fPE0] FE3I) LHHA
ol o HnEo] HA wrdE o= ofz ol
woto vl 1 & AIAe] work contentE A&
AA RS z+E cost datag AMEEA HE2H
I A3 EZ AAF AxY Y HAE) VMFE
g I %Egg AN & 5 dA HAD olF
AN GFH AA BE AFEANA e G 2HE
G722 ok BHA *HAAFFE @FAaAIH
(&, AAvZ Z2=9) av|(Labour Cost)i=
Z715)0, o]l&& FAlY 25 1Edd F U
HE Haz de i Al gda 28
AR

1988\ v 2 8kslo A BAEF nuk gl
Azre] A(FREHZ] FR)AA Lol A
% 27N E AAEE g3 o

A e 150,000 TDW Bulk Carrier 2 A

fr

B e
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LBP 262.00 M
B(MLD) 43.20 M
D(MLD) 24.00 M
T(Design) 16.50 M
(Scantling) 17.50 M
Cb 0.853

oley, FEEFolu} FERALGY 71 AEL
A =8 7ied"Ho] o o8& FaFo F&
Aol
(1) #2¥7% sl g 9%
og7tA Fded Fae W3 shed
top side®} hopper side tank 2] &4} H3}oll
e ZAE AHEYE, F IRHE o
3} inclined bulkhead?] ZAlz}& W&
top tankell 4] 17% hopper side tankef A
V=2 eyt
(2) ¥ % 3KStandardisation) Y % o] xjo]e) w&
T
F&3e Axe Vet 2400 o2
. 72 A EF 174, block
division¥} block®] 784, block %709 %
=20 pzAA yard standardE EHFH L
2 Fgde=d o] F23 Axpr) drh
o]E & block divisione] WH3lol ¥t &7}
& @) BH, 249 &E R A
8], crane §9 AlM &#o] &t &
7}& e 7h4=9] block divisiono] 7}%
fFaEgs & F AU
(3) Transverse Frame Spacinge] @#3lo] wt&
F&:
A FHL ¥ 22 frame spacing
oA HAzh =9 spacinge] HWARAFE
rule scantlinge] AR EZ A= F7F3F
o} W] 91714] 9} overhead costy ¥R
9] AL HAr}k 1 o]+ intersection
jointe] 7} BAd7] W&ot °lES
% gete o AxHoz F AzWyH
H47F ¥]& frame spacingo] Jepbdth
(4) Unit Cost®} Labour Rate2] wgle] n}&
I
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AR 7 34 b S el wel & Az
H = 55~65% Z7H 2w, 33 web frame
spacing& o] AU Mz dE 9§
(wage rate)] et FFE 4ond, JF
°f ®olAFE F HxME HAh=2 e
frame spacinge] HAX= AL 4 4 A
o} ox2to. 2 labour rate(Z, manhours
per ton)7t EE4E 4§ spacingd| A AZ
vle] H2A7F vebd

a3Ez Aol L INUFE
frame spacing$ Z°l& dA7F AAHY
Aol

22 XN J1=

Rule scantling #l4t3} preliminary midship
section ¥ typical web frame section T H-& =4
g delol A cargo hold area:= t}e o] sgAE
o] FRANS F3Yslny, S5 A 2
ATz daMe 7z F3stg o
A#E T wtgdgo 2z MAAFxo) oI
tFEE =R -

—Step 1:2-D Cargo Space Grillage(Beam

Model)

—Step 2:3-D Coarse Mesh FEM(2 Hold)

—Step 3:2-D Fine Mesh FEM

—Step 4: Buckling Strength Analysis

—Step 5: Fatigue Analysis

# < hardware?] F43 gz F g SR
o] dslA+= fine meshE W8 A5l 2~370
holdel] th %t 3-D semi-fine mesh& £33} 7|9
< ol &3t dou}, FA} hardwareo] £F ¥}
YhE 51 = computer run time2] loss ¥ model <)
EZAY 58 DA3e E40A e 2.D fine
mesh3l= 719 & AMS-3lATE 53], ZAA]
B {3l 9= ANSYS programe] 7-$ coarse
mesh modele] 7 Al &7 -& automatic transferring
sl 7150l 7] Wil ofol st FHE ol &
31 9ot

—Step 1:2-D Cargo Space Grillage

(Beam Model)

3-D coarse mesh FEM & Aloll 93 AAZA

(Moment/Force)g& T+3l7] 93t E/R front

W30E W29

bulkhead ] 4 collision bulkhead 7} 2] ¢] cargo hold
T3t g F8 HAE beamo 2 X3l
grillageg 33ttt

—Step 2:3-D Coarse Mesh FEM

Cargo hold £%%(2 Hold) +x9 tha) 3-D
coarse mesh 345 33} o1, model F 34
Ade g3 A4 AAGACA AgsHh

—Step 3:2-D Fine Mesh FEM

Step 29] 3-D coarse mesh sjAojx Qojz
AAZE o] &3} typical web frame, adjacent
web frame, stringer, buttress T+ % secondary
members(typical longitudinals) %ol W3t 2-D
fine mesh 34L& FP3tP o, 2179 model
2 Aae O3 44 dAGANA A3
}.

—Step 4 : Buckling Strength Analysis

3-D coarse mesh &4 2 2-D fine mesh &j4]
o] AH}XE o]&3la] bottom, inner bottom,
deck, bulkhead, web frame 2 stringer 5ol o gt
buckling strength& A ¥ 35} ).

—Step 5: Fatigue Analysis

H2gye] 44 7tEAel At dAdHE
side shell longitudinal, web bracket toe = hopper
TFZo| thaiA fatigue analysisE TR,
A#fe 539 A4 dADANA AFsH

2.3 CAD &2/ J§&(SBH System)

89 129 HAAAHA AL dHA2HY
Steerbear-Hull System€ 24l ] KCSAIE 2 ¥
x=9] - Ax| 3}, workstation 10th ¢} 20 ¢} TFT
2 z2A39 159 OBOAI(H.NO.5501-5505)¢]
FYR ARH LS AFez, dAQ7A W/S
60l &} actual user 1104 o2 HAML 54F 9]
data base x99} Aut g I3 FH2 HFRE
FAbel et 16%(H 99 H8)& AFF
nem, o599 AFHA HES St =
Ay FAAMES

1) 38 HdAAIHAE/FR/ZHE/EADER)

Ay ngo g AA4A o 71esl 79

(2) T BAIEF givlEte thr)e d#

zH 3 st 14 471 o2 HA(Table 1
F=x)
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Table 1 =xZ2| ¢}

ARAEA

il 7 A H 7 E
MR 6 — 2
VAXSTATION 9dj —7AR
DECSTATION 4 — b
z9% 4 AR Sl ~FEE
—2¢ %
VAXSTATION 60cf | || VAXSTATION I | _5 g ¢
DECSTATION 4
DISK 12.6GB
que 44 PLOTTER 21} A 29 P2 E
(N/O) PRINTER 5t £ ¥k
VAXSTATION 179} | -3 9=
PRIME CRT 350
PLOTTER 1t}
DISK 6GB A 39 —FE
PRINTER It} 2R E
VAXSTATION 179} | -H &=

Table 2 Apx|7He MAMEE A|AE|(Developed System Flow)

SYSTEMS INFORMATION FLOW MAIN FUNCTIONS
« HULL FORM «SPLIT MARK « INTERACTIVE « HULL MODELING
STEER BEAR | ¢ SBHM «DATA EXTRACTION  NESTING
HULL « NESTING(PLATES)
SYSTEM 3-DIMENSIONAL | —» | PRODUCTION | — | PLATE PARTS
PRODUCT MODEL | =— | UTILITY «~—— | NEST'G & DWG «BASIC PRODUCTION
INFORMATION
« CONVERTING PART
PARTS NUMBER-| | PROFILE | | MEASURING FABRICATION NAME INTO SBH-D/B
ING HIERARCHY NESTING | | INFORMATION « CURVED
- I
PRODUCTION «PLATES & [ +W/T&COG [| BLOCK ¢ MATERIAL
INFORMATION « PROFILES DRAWING| | #PAINTG AREA || QUALITY INFORMATION
SYSTEM LEVEL
I T « AUTO-GENERATING
| ] DRAWING(PROFILES)
ENDI A
MATERIAL BILL OF SENDING DAT .,
CONTROL MATERIAL TO OTHER SYSTEM(IBM) ¢ QUALITY CONTROL
« BLOCK ASS'Y DWG. »BILL OF MATERIAL » WORK ORDER
OUTPUT «CUTTING DWG. «PIN JIG & CURVED PANEL DWG| «PRODUCTION

| eNIC DATA(EIA, ESSI FORMAT)  *ETC

| CONTROL. ETC
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(3) AA Apgo] rMEsleE W/SE %8l
W/S 103 23 9 user vjx]

4) A FEE g47e A2 A g
(Table 2 %)
—BOM #g) Al &
—EANS "RHE F7] Al2d
—Profile x4} nesting A] 2®
—HAFHHBW/T & COG, Painting Area

) AEH

ol A HAJHEY grig Fas), =3
o] d#s), Zuje nx3} Yeg 847)E
24 g §& 3t design speed-up#
flexibility 2 8tRslQon, A nAGE
dAet A iyl 2L st ARG
Aol Fo] &tk

2.4 CHAMATEx X0 FEM(Single Hull
vice)el Ml - AE A
FAtE 1986 World WideAlZHE 32
single hull VLCCE AJ&to.2 1993 2¥ ¢ &
232 2] VLCCE d=Rod 782 dx3ol o
=2

=

Aigel o] dute] Aot 24t 5 typelo 2
EREH A ZHE 71Foz X4 MHE
Fal My E2E Eole =& Al=sidch
Z} N E E3td cargo tank AF ZA 2 Aul
%], A F8 PAe HAFI}E HAF FAQF
%A, wide frame 2L wide longitudinal spaceo
g Aeyd B4, 23870 gd AT A
Z 94 B9 3 fatigue A 12, ship
depth %3, cross tie9} stringer 23 ®jz], £¢
7 &2 EEof sl AFEF dPFAY S
g g RS EHG ARTA N2 depdz
FH AE =Ye B3] FF Hu A=zRE
F73a gen, olad =" HEo| A
At g Bl = o344 201 frad 44

of %85 Art

3. o]ZMEFE i R=HMQ00K
Double Side VLCC) 47l

31 7 3 PxuiR| 53
Z 6.0m2] side tankE ballast & tank®

Table 3 Single Hull VLCC X 30|

GENERATION i i
TYPE NUMBER 17| 31 33 39 56
NO. OF SHIPS 3 SHIPS 2 SHIPS 4 SHIPS | 2 SHIPS | 13 SHIPS
DELIVERY DATE 88.12.12. 89.10.31. 90.3.6. 90.12.20. 92.1.3.
DEADWEIGHT, TONNES | 250K 280 K
LOA M 322.00 327.50 327.50
LBP M 31000 315.00 315.00
BREADTH, M 56.00 57.20 57.20
DEPTH , M 29.50 31.20 30.40
DRAFT , M 21.00 22.00 20.80
SPEED _, KNOTS 14.25 14.50 1400 | 1490
TANK ARRANGEMENT - 2122 06 S ) GRS P P D A

7Y - AV

111 0

MIDSHIP SECTION - i = Q e

CONFIGURATION SIS &(:/ | O

N T EE (3t
() i) O
' OFF CL " OFF CL
| —
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AHBro 2N FEA] Y ] EdHEEE WY 9

&4E

S} -39 £4A vacuum ¥ S

AHgste] F71HQ) 5HE

J=E Hol Uth

31242 centerline 2AYo 2 Yy ojxe
7742l cargo oil tank, 4% ¢] side ballast tank

2

single bottom o 2
LBP
BMLD)
D(MLD)
T(Design)
(Scantling)

FEE AT F

2 19 slop tank2 FAH Utk F8 8 E
A, g 2 ASAF L oL 2o

320.00 M
58.00 M
31.00 M
20.80 M
22.00 M

28100201

s

?]ﬂ al; o

PP L 3}5':!1*:“& R =

N B P
P S ST I
d <2 9 ~ ~|2 = meds

Fig. 1 General arrangement

Table 4 T & /PX HIXA| HE &S

7% | NO kS = il £ H] i
1 Cargo Volume C/HE 95% Loadinge 2 200% Barrel SPEC.
-+ ' (F 318,000 M* HA) 350,000 M?
SPEC.
k| 2 Ballast Volume Ballast Draft #%] 7ps3 &8 95,000 M?
(INCL'G Peak Tank)
ul) 3 Trim condition Au] Trim {4
Hypothetic Oil MAX. 30,000 M?
) 4 Outflow = Actual 25,458 M?® (Bottom Damage)
29,485 M® (Side Damage)
@® C/H #Hel 2 74 35X 7+410=255 M
@ L.BHD 714 2 9x] 3 EA
S5 |w=rens | oDs= 6 M
o) @ Primary 72 8% 3 STR. g% Hijx
3 ® Fatigue 13 n}d “T" Bar 3§38, Back BKT F*
6 PRI ® Double Side =l i3t H=F
@ FA5, £84%, =8 95 5’4-’1\5}
@ Ship Operation &)
@ Maintenance §o) Three(3)
Z1Er | 7 | A Ae ® Passage/Access 8] Segregation
@ Ventilation &o] Loading Type

® Safety 118
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Cb 0.817

Speed 15.50 KTS
I Gotaas-Larsen
AHF DNV

2 A 91. 7.15.
Keel Laying 91. 11. 4.

T 92. 4. 25.

= 92. 7. 7.
4719 FHujRE FQ FRuG EA
FAEHY, FY/FR AN F2 HEAGS
o5 table® o)

L)

32 7= &3

Centerlineo] $2 o] YXgPog siX YJ52
ol # .98 ¥y FxE sHo] ow, hull
girder shear force9] centerline & 2ol o} 7% 3t
3& 2 = plate F7 & local rule requirement K.t}
30% A= S7HAATh cross tie | Ax]2 Q1%
Ade EAle FRAL £33l vertical web
frameEzte] Ad WY E Q8o secondary
member (longitudinal stiffeners)e] T& <3 o]
A3l 22 web frameo] A - 3¢ bracket
€ #i X34k

Fatigue strength 2@ oz walg AL slit
type slot 2 & side shell longitudinalel] “T" type
o A&, longitudinalel] A=) & web stiffener
o] key hole type?] scallop 2 & 2 back bracket
A& Fo] Ut

Cargo oil tank®] bottom damageA] vacuum
Ao & AME-3e oile] &8 AT o WY st
F7tEol s AY F UAEE EFEH QU
3174 service AHRol M e Adute] B FAE 99
side ballast tankif ¢] A+X o] inspection platform
< dAEAoH, FEFY A R @A
R & F¥H 3 drain holeg A F3IH )

3.3 7= Al

3.3.1 Rule Scantling A4+

ZA A principal dimension® midship section
BAS 7|22 local rule scantling A 4Hg 43 5}
g, hull girderel] tdt Aule olafie} #o)

W30% H2H

m

I}

i

_‘l
I
|

T

=

=operd

3100

TTHIT,

e

Fig. 2 Midship section

Key Hole Det.

S11t Type Slot

Fig- 3 Key Hole % slit type slot detail

Table 5 Bending moment ¥ section modulus

(Unit : KN - M)
SW.BM WBM
2 Total
* (Rule Req.) (Rule Req) °
Hogging 7.359E6 5.378E6 1.274E7
Sagging 6.793E6 5.944E6 1.274E7
(Unit : M?)
oy Min,Section Actual Sec. Excess
* Modulus Req. Modulus (%)
Deck 67.877 68.878 1015
Bottom 73.710 76.561 1039
¥q :
a: M
- ’ -
r_.. s ] gy !
— ' vt ”
__::: L ‘s
mmi x f

Fig. 4 3-D Coarse mesh FEM
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m Fig. 7 Structural analysis for FR. 108 section

332 CH 29 7284
22014 AFE Aol A AR FEHH
g s9or, model T AN ARE Tk Bk

333 C/H FWD Area 7% &4

" Cargo hold FWDX-+ A& 42 side longitudinal
bulkhead ¢] knuckle @] &ol side tanke] Zoj
Wolx 4o 13 o o] Aotk wat
A, ol 9 2 AFAE HAS7] fla NO.1

SENYY VDN HISES STLES cegsomD)

Fig. 6 Fatigue analysis for side shell longitudinal

24 KERPNE



hold®} typical web frameo} w3t 7=z &<
33t H )

3.3.4 Engine Room 2 Fore Peak Tank Area
TZ M

Transverse web, girder 2 stringerol] thaf = &

TZANEE Y FRAFAH L AT

ANSYS 4 aa

1 2 80 N e
;ﬁd—g_‘_ P ,_u_r_n_: 73:'?’,.@‘1“2.
Y e - d B n'“L‘iv':nvs

A
Woids
M‘ éfsvignigaz
b -1 a

R

LT

it

BIE L MK
to Sp)

GUTAAS -LARSEN JOUX TDW JWUUE OIL Tamk (mxl ND  5060/631 !

Fig. 8 Structural analysis for E/ R area

! §
JHure-@ouy STry_ Bnaisis carc1ed out vy K.§.LEE N No 5060 G/l |
Lure-dooy

Fig. 9 Structural analysis for F/ P tank area

34 4= 2

B Mulo] block divisione % Axu] #HA43}
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—AAd JAEF HL3)

-2 o A3t

— oA, i ) His

W3I0H W24

—ebd Tele Ad A
o e Fel gsted RO, YA
WgE FALS 7rers] Sokatl mw g

N
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#

e

0] 2 AR5 F7HE ¢4, D/S
ink tank(Z 6M) blockg % uhu
7bEg Eol(25M) 2 Ho FApdE
g mBdtg Mz oz 28F 5y

B 5o
?l w

%29
E:

&

og

(2) Cargo hold deck block2 413} stageol A
deck’de] 3712¢] 2 3 2H & $8 3]
18] P.E Stagedlr] HZ PEE 1|54
t}.

(3) F.P tankwjeo] 71z WA ¢ 29 74
& 9l&l, 8 stageollA] BHD ¥-9jof w3t
leak test7} 7}H5 3t & 414 BHDOA Alv)
Zow 28M AHNA blockg H&3A
=3

@ =99 FH3E 93 ER 2 59 deck
block& HE P.E3td HdsigdANA DG,
windlassg& H3 Hx$ ¥ GAEE block
S E@3dd.

280K Single Hull tj¥] block4 2 A4t E-&

T3 g5 Zoh

& = % 7
Block 4= Cargo Hold Ao #E
Total 9.3% #&

A4 Al (M/H) A9l 2§
A2 M 37% B2
A5 (EA) 54% &

=% w3 (M) 10% 57t

Z % (TON) 6.4% &7t

[}
o
e

Fig. 10 C/H blocke| 74
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4 O|SHAMTE =Y |FEM(300K
Double Hull VLCC) M#|

4.1 & Y PXUiR| SN
IMO<¢] MARPOL 73/78, AN\N\EX I REG, 1
3F #Ae wet F - dE gzl A o34
A AYE Al e 2.0M o] o] sojo} gt} &
e 15709 C.O.T9 1449 slop tank = 5% 2]
ballast tank®Z FAIE o] ¢ith 2z} #9] ballast
tankes AA FHARANA - S22 FE vl H
A3 BYE L"FE o|F i vk 3EFe
TYuh X A] F o nFALEL o et ot
— 2F 2009 barrel(318,000M3) o1 A=A 7%
3+ cargo volume &1
— Ballast Draft %] 7}%3}74 253 ballast
&% gr

— Rz/FEN 7E +EF

Haz)l 3 wF

—MARPOL 4 9=(Double Hull Z>2.0M)

B7) 7NRARES AU BYA, Trim
ZAF A LAyt wixE SgsAT. F8

85, AF, Ad 2 YL 930 2o

LBP 320.00 M
B(MLD) 58.00 M
D(MLD) 31.00 M
T(Design) 20.80 M

(Scantling)  22.00 M
Ch 0.826
Speed 15.70 KTS
A World Wide
N DNV
A A 92. 6. 14.
Keel Laying 92. 9. 21.
A F 93. 1. 16.
Jd = 93. 5. 6.

719 FHuiAE Fo TR FAl
FHHNLH, T8/FE WA F8 HEAS
ol AF & dA B2 ez HEINAY

Aute] £ 9 Aol
ng, ggel ot Ae
% 2 887 €% WA 2 A
= 7*x

4 SHE AN =23t

— Double Bottom ] % Double Side &
A z-& IMO REG.9} 23 D/B &o] % D/S
Z2o 20M)ol4 Holof gvla FAE Uk

BN E 5 2 B2 Y BE Fwol

E C e
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wit

y el "
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Fig. 11 General arrangement
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A D/B =] 3.0(M), D/S & 352(M)E HA3}
At 53, 2Vde =% #E F 29 Ad S
15t D/B o] & D/S £& 25M) W=
& Ag 17 Qo FF £ D/B il dx
%+ main ballast pipeE 7¢Fg} passage & A,
D/S W®o) inclined ladder AXEAZ A7]<]
dimension< ¥4 5} t}.

— Longitudinal Bulkhead 7} 4=

Three(3) longitudinal bulkhead Type2] 73$-
=% Z7} 2 hull girder shear force9] centerline
longitudinal bulkheadoll©] # %3 =&, cross
tieo] wdx]o uwtE AFE FHo oL, Y5
Z9 #5949 vl FERFY EAR Four
(4) longitudinal bulkhead typeo.2 Z A3t}

— Side Longitudinal Bulkhead Type

Slanted longitudinal bulkhead type<} 72§ 7%
AR Frpshy ARG e Mol #ol,
straight longitudinal bulkhead type-& =33
=

— Cross tie B X]

Cross tieZ centerdl] WX o 24 cross tied]
A5 75 2 A2} o], side tankol] X A] FAY
& + A& cross tie®} wing water ballast tank
o}o] AAY-o) crack A WAE =3

— Hopper #+z A€

Cargo hold forward$} aft 5912 o] F A
Fzo] 9444 2 double side &9 7% BB
o fastez AFAL B thh YA
hopper #+Z& =3t

— Fatigue &3 319

Slit type slot # &, side shell longitudinalei]
“T” type &1} HL& 49 transverse bulkheaddi
back bracketE -8}« fatigue strength& =
=

~ 4% ey 20l

C.O.T9 inspection platform4d ], wing tank

W% W2

!
:

VER FR.3P=5120 i-'

B N S

]
=
)

Fig. 12 Midship section

Table 6 Bending moment % section modulus

(Unit: KN - M)
SW.BM WBM
B Total
v (Rule Req.) (Rule Req.) L
Hogging 6.848E6 9.761E6 1.6609E7
Sagging 6.169E6 1.04E7 1.6609E7
(Unit : M)
2w Min.Section Actual Sec. Excess
* | Modulus Req. Modulus (%)
Deck 74.147 78.290 106
Bottom 74.147 102.368 138

GLOBAL 3-D FEM MODEL FOR WORLD-WIDE DOUBLE HULL vLCC

Fig. 13 3-D Coarse mesh FEM
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ol inclined ladderd #], hopper tankwiel] cat-
walk 3], curved shell plateo) anti-skid bar
A=) 9 transverse bulkhead 4% plateo)] 3 4] o]
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