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Hull Structural Design for 300K Double Hull VLCC
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Hyon-Soo Bong*, Man-Soo Kim* and Jong-Koo Lee**
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Abstract

Since the years of oil tanker production in the 70's, the concern of marine enviromental
protection is worldwidely increased, at last it is compulsorily ruled to product the double hull
tanker by International Maritime Organization(IMO). Throughout these informative years
Daewoo Shipyard has developed the double hull VLCC for a future vessel. This paper pres-
ents hull design for 300K double hull VLCC which was carried out to satisfy with statutory
requirernent of it, focused the structural arrangement and direct calculation in cargo hold area.
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Length(Overall) : 322.0 M

Length(B.P): 3200 M

Length(Scantling) : 315.832 M

Breadth(Mid) : 58.0 M

Depth(Design) : 31.0 M

Draft(Scantling) : 22.0 M

Draft(Design) : 20.8 M

Ch 10.817

Speed(Service) : 15.5 Knot

Class : DNV+1A1 “TANKER FOR OIL”

S.W.B.M(Rule Req.): Hogging 6,856,581 KN-M
Sagging 6,132,643 KN-M

Steel Grade : Mild steel, HT32, HT36

Specific Gravity of cargo oil(Scantling) : 1.025
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Fig.1 General arrangement
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Fig.2 Typical midship section
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Meygic) 3] Full Load “dejoll A Sagging Mo-
ment& Z£o]7] 93] No.3 Cargo Tanko] Recessed
Ballast Tank& ujx|3}d o™ Web Frame Space
9} Longitudinal Stiffener?] Spacex= HA TZufX|
System$& o} &3t} WA P} FTHE FAAA
AF aFART 9 119 o]3e AFAE Z=F
A Ao Partial Loadings] ¢]§ Sloshing
Damage & W=A71 93] Center Tankel] Swash
Bhd& wjx)&t3, Full Load 333 3}A] Ballastgl+
AARZAE AESFYTY. 2o x Double Hull #+&
2 A% 2% Frd g divjBoez = A4
o} golzto} ol e HEE YPstA AL
Zvdw A4S Fig2 Typical Midship Section 3}
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oA o] Fig.2 “Typical Midship Section™ &/}-2
Nzx2 AFg 73 87AE ¢Fte F2 AA
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s PRINCIPAL DIMENSION
e GENERAL ARRANGEMENT]
e LOODING MANUAL

A
BENDING [ 1

MT & : | GLOBAL INFORM LOCAL INFORM LOCAL
SHEAR : PRE-
FORCE WATER G AvE | |sTATIC+DYNAMIC}  SSURE

L__j___l

RULE CALCULATION

+ FATIGUE
] ANALYSIS
+ SLOSHING
ANALYSIS
+SAFETY &
s | ¢ RELIABILITY
ANALYSIS

DIRECT CALCULATION

REQUIRED SCANTLING

Fig.3 Scantling procedure for ship
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4.1 2-D Beam Grillage

A7) A AF3 b9} o] Cargo Hold% HAE
Beam 242 X 8§35t Grillage Modellings} % t}.
Z2A4 2+ Longitudinal Bulkhead, Double Side<}
Bottom Girder7} ¢lonj, HE £ Trans. Water
Tight Bulkhead, Web Frame, Swash Bulkhead &

LL
ATRE L. 99D

20,28 LIV

[Brm L o

,
CLOBAL AXES POBITION * m’l_l':——_‘

“faja]afefsTs

fouer A RAEERERE PEES

. T SR BN N R W

A SO Mo R 3 B SN N B
’ | forer & lad3alalad fa]
‘di}- Lag LugiCIN BN IO LN I O

(] yrooer r P rtidsl 2

em xS LT s

AL POINTS s 13

WOTt 1, rIZED

Fig.4 2-D Beam grillage model

Model -B
(Strut-Less Trans.)

—

Model—A
(Ord. Trans.)

.

sl |+ L & —
j—‘ m 4 +—F Lm
F' Model—C F
(Swash Bhd.)

Fx Lm
o Aw= Gx ¢
F  :Unit foce

Lm: Length of member
G : Shear modulus
1 ¢ :Vertical displacement

Fig.5 Shear factor & equation
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T43=lo] oz} Fig.4 2-D Beam Grillage Model=}
%51 Web Frame®] w3 Shear a3 7193
A&7 ol S22 ol 9} #o| s Web Frame
2] 2-D Finite Element Model$ o] &3t Shear
Area® TF3tod Grillage Modelol g3t om 2
A& Figh Shear Factor & Equations} 7t}

4.2 3-D Coarse Mesh Analysis

4.2.1 Model Extent

Model ¥ ¥+ No2, 3, 4 Hold® €393, No.
3 Holdg & #A14F Hold2 4Fskt}. Lateral Pressure
€ ¥+ Skin Platexs 2% ® 9 8 AElastic Qua-
drilateral Shell), In-Plane Pressure2 ®= Plate:
w8 & (Membrane Shel)2 sl@ ®o)as n7
A& 3-D Elastic Beam 84, "84 E744E
Truss(2D && 3D Spar) 248 3¥gon Model
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&4 Program : Ansys. 4.4A(Produced by “Sasi”)

Element No.: Plate Element(Elastic Quadrilateral shell)

3236 EA

Membrane Element : 2027 EA
3D Beam Element :2490 EA
Truss Element : 984|EA
Total Element No :8737 EA

Fig.6 Mode! extent & element numbers
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9 A 93td 2~370 2] Stiffenerg Lumpsls
71 & E8319 ) 3-D Coarse Mesh Model & Are
Fig.63 #t}

4.2.2 Boundary Condition
Hegh vbo) o] RRRiH)SFYU Mdute] drEe

ModelZ #&le] FAZNE H Y3 3 Lsles P
) deistne Aol desl @ LolE s
Bottom Grillage 3|48 +agior} 1 Axnxe
3-D Modeld] & Z%& HEs A st gARE
FRE RASG YAE RAE FER3Q AA) 2AL
HFostozx dAA duelN 2dste A s

Model 1. For longi member:

Note : Shear force is applied into model 1, but the effect
of hull girder bending moment shall be controlled
separately.

Model 2. For trans. member :

Fig.7 Boundary condition
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4.2.3 Loading Condition

2 3o A48 Loadingd DNV Mg 73 PT3

CH.1 SEC.13& #£3iy ojuisl #e fYPo=
A A A ek

(1) Minimun Draft Condition(L.C-1,2)

(2) Tank Test Condition(LC-3,4)

(3) Full Abreast Conditon(LC-5)

(4) (Full Load+Dynamic) Condition(LC-6,7)

(5) (Ballast+Dynarmic) Condition(LC-8)

A7l (e A e HE5L 4% dF £33
olv} (4)8-< Full Load Atefoll A Max. Hull Girder
Bending MT$} Shear ForceE 3 -431H A Center
Tank & Wing Cargo Tank& %o g £ A4t
3l o (5)8-2 Ballast Conditionol A s o] &5
(Crest)& &3 stxzzoltt. 44 HBUWE
Fig.8 Loading condition tableol Weht itk A4t
o] #Heole ¢l Hull Girder Shear Force Y&
Modelol] & &3z 2zt st% zd¥ Hull Girder

Load Case Plan (1) Section (2) Section
LC-1 PRI FRY%
J d=3.6M d=5.6M
Mindrafti 1t ,ﬁ{{y Z Yy
LC-2 FR77 FR36
Z d=3.95M U jeseM 4
T
Mindraftz % 3] l';' 2} l..
LC-3 FR7 FR%
Tank Test v/ l d=11.0M dee11.05M N
Y
Cendition] e e
LC~-4 BRI FR#
Tank Test ///‘/A d=100M v lawrom
. ZzA__ i Yoz
Conditionz  [¥ P} PR My
LC-5 PRI PR
Full Abreast ld=15.9M ld=159M !
Condition e ol
LC—6 FR3T FRE
(Full Load+ m jd=220M s [e=n0M
N
Dynamuc)l b o
Lc-7 FRT FRA
Dynamic)2 e @
LC—-8 FR7T FR 35
Ballast+ d=14.67M v [amresTM H
1
A L
Dynamic _|* il

Fig.8 Loading condition table

2E5, ges olFT
SWBMTE dx& 73 Aol A L&sisch

424 Y A7

) 3=

Z+ AA R sF5Fde s HdE A} LC-
5 Full Abreast Conditionoi] ] Inner Longi. Bhdej] 4]
A-g3o], LC-6,7 Full Load Condition ® LC-8
Ballast Draft Condition®}4] Bottom shell®] ¢}3
S8l AA e 1o i3] A3 BAs A
o A A9 dd = obfl Fig.9 Deformation
and stress$} gt}

A=34968
B=69721
C=104473
D=139226
E=173979
F=208732
G==243485
H=278238
[=312991

Global model: Typ. longi. elevation:

A=12081
B=38943
C=64904
D=90866
E=116828
F==142789
G=168751
H=194713
1==220675

Fig.9 Deformation and stress

Double Bottom &l 7A¢ HE 4w ZHol
g =28 BY¥E= Fig.10 Deformation and
Longitudinal Axial Stress¢} o0} 1o ti +X
By e ofaf 2t el Combination® Normal
Stress¢} Buckling Strength& F3t1 4.2.539]
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Fig.10 Deformation and longitudinal axial stress

Allowable Stress Criteriacl] 2Ja) 1183 5o i3t
HHe BAs At
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AAA I LC-1,2,6,791 4 Web Frameol| LC-3.4
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Wehts =3 Stringere) JdAHH & Longitudinal
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Truss axial stress
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A=14459
B=42479
C=70498
D=98517
E=126537
F=154556
G=182575
H=210595
1 =238614

Web equivalent stress

A==22429
B=60540
C=98650
L D=136761
E=174872

F=212983
NN G=251094

1 IRy AN
N R T
AT 18

H=289204
I =327315

11
LA

Stringer equivalent stress

Fig.11 Deformation and stress
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and Stress®} #rch
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Table 1 Allowable stress criteria
Value
Member Stress Remarks
N/mm?
(Local Bending+
Normal 190 f1
Main o Hull Girder) Stress
Plate ) (Normal+In-Plane)
Equivalent 225 f1
Stress
(Local Bending+
rmal fl
No 190 £1 111 Girder) Stress
Longi. 90 f1 or |90 f1:Single Flange
. Mean Shear
Girder 100 f1  }100 f1:Double Flange
rmal+In-Plane
Equivalent | 2561 | ° K
Stress
60f1 SR
‘U Normal | O K,/ T=(PTPC)
%,
Tran. f
ran Mean Shear %011 or -
Member 100 f1
2 (Normal+In-Plane)
. 180 f1
Equivalent Stress

*1 Bracket Toe 9l AFAM 74 3le ABF3§ Factor
= goed dgwrt
*2 Hencky-Von Mises :

= ox*+oy’—axey+37*

f1: Material factor

2) Buckling Stress Criteria(3]
—Uni-Axial Compression

>
>
>
>

AN AT ATEEAS

Ideal Elastic Buckling Stress :

ael=0. QKE(

1ooos ) (Njmm?)

Critical Buckiing Stress:
o.=~0cel When sel<of/2

of
=of(1— TJoal ) When oel >af[2

—Shear

}

N

Ideal Elastic Buckling Stress:

t—tk

7el=0.9KtE(——— 10005 )

Critical Buckling Stress:

7.=T1el When rel<of/s

7f
Trel ) When rel>of/2

—Bi-Axial Compression

o, Oax O, g
ax K ax Oay ay m<1

NXOcx TxsMys%cxs%cy My9cy

—Bi-Axial Compression and Shear

i v v

Gax _ Oax Oay Gay <1

7x>9¢cx,d M%7y s%cxsOcy,q NysCcy,q

237) N A} Panelo] AHEIN7F AS A

5=
A3l v o 2 “K” FactorE: 24 sl I AAE

o i H—
HE g
58 E

ool A AFE ute} ol N2 & Typed =W
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