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James M. Gere, “Mechanics of Materials 6th Edition”, Thomson, ch5. Stress in Beams

) MMl A 2
Part 1. Longitudinal Strength

———— .
= |' l 1 1
@ &St (Beam Theory) : we1%\llwt_V\\l/v(X) | po| () A0l 28 o | <Ho| tHH.
yt w(Xx) : ‘@ : ! o
1 1 1 AA,
P moees ! [ M M| _
Y — >t X | Qo= Jwea |1 |77 y  Z y e
TN B— i ' 11 | b
»x 1 |Bending Moment,M | | ,(1; :moment of inertia from y) : — : :
W E M (x) = [Q(x)dx E ,(z :section modulus) E yz('ji'lf:rt]g o eutral s

<Midship section>

(@ Longitudinal strength | MHLO| Midship section0fl Zt20H=
1 (=] 1
y S5, 0 swem  vwaM : %
: * ¢ 1 = 7 Upper Deck
X 1 | - 1
: LI T SR U & >
| O act . - | I T — _
g Aolweol w2 SHYl z | iy vy
2] Yl Section Beam2 & J}A! : I 4Yi /X
- Beam Theory I‘lQ E /(1o a imoment of ipertia from N.A. of Midship section ): E“' Lo B.L.
@Allowable stress (012 28), o, @ Midship section ZHI2] Moment of inertia, i va= HEH
! 7ol > o6, <0 B F.*’—‘.UI" ! sipn S = 70| #I0i FIHol
1 Mild steel9] yield stress: HHxI K422 ZMOI= I' Zolcin 1 X Aljel
O . < o, | o, =235 [N/mm”]
act . ! :
! Allowable stress by Rule: Part2. Local Scantlmg Part3. Oact <O = P_I'é GI‘EE
} o, =175 f [N/mm’] (®) =L H2UA K== SIHO)
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[ (RO M| X Al Longitudinals(®-2)

\ Part 2. Local scantling (®)

Plate(®-1)

v Assumption

Design Load, P

v Assumption Design Load, P

e Web frameZ ¥H0] 1A XIXIE Beam
(LS LSS M E A1)

e Beam(| L 22X OI=S 22

» Elastic HYNIXI AL S

Allowable
Stress, o

o Longi.& ¥S0] 1A XIXIE Beam
« Beam(| 2 g X OI=Z2 WS

o Plastic HDIX| ZHHOHM AT

Allowable
Stress, o

= =

g

v Required thickness

- 15 8k s/ P

+t, (mm)

v'Required section modulus of longitudinals
831°.s-P.w
Z= <

3
12 -o o )

\/ (o
A Al

v'Minimum thickness (XAl
0ll) Bottom plating

0.04L
t=5.0+ L+t (mm)

I

Required section modulus&
OEDH= Longi. B Table OlIA] &t
Of Longi.O] Xl MH

cm? cm® cm®
L -E
‘” 17 17 9.5 SL8°

7600 43
340 | 1130
70 31

‘pty

v'Minimum thickness of web and flange (=& Al)

0ll) Bottom longitudinals

k h
t1:5.0+F+tk (mm) t,=—+t, (mm)  max( t,,t,)
g
1




(220 Al 71X A
' Part 2. Local scantling(®) | pesign Load, P
e v" Liquid Cargo Tank

v’ Sea pressure o .
P 1—,- P,: Vertical Acceleration& 11¢{ P,t Rolling MotionZ 11§

| MA ] E :9?5' Air pipe

. L) _ —~/ i

| h > hsl })1 - ;)gohs +05mvhs M\%ﬁh 1

. 0 : i / \ “ ‘_2

I h ‘ N T g7 | Static Pressure  Dynamic Pressure ! ]

i Tt :E i h, Z i A n (&
DA (==] 14 104 100 ¢ —\¢ - [ . : '

AAAAAAAAAALRRA™ tt:’_ N 1

J i A, :virtical distance in m from load point to top of tank N b '

3
P, Tank overflowg 1ld{ Py = pg,[0.67(h, + ¢b)—0. 12\/H¢bz ]
P = 10 h() + pdp Air pipe
/ X [ P, :Tank Test@ 11
Static Dynamic h, Tank®| Leakage HSFE Test
Pressure Pressure h, - OtJ1 4ol over-pressureZE 1
y p:[)gohs_lohb+po
Py = P, +135 -1.2(T - 2)
B+ 75
XEMIBH 4-Al2 Pt.3 Ch.1 Sec.4 C200 & 1 b pO:;cgox25 |
0.67 pg . + AP - S102s
=(). + : ;
Overflow= 218t  Calculated Pressure drop by t virtieal distance in m from load point
Pressure drop Generally, 25kN/m? tominimum design draught




(900 M X M)

Allowable stress, o

]
' Part 2. Local scantling(®)

Deck

"""" | [
l Pt
=lr Ed

Bottam

v Longitudinally stiffened Plates

Strength deck | 120f,

! n 120f, Strength deck
| e 200 Strengt ek
| ] =
i 4 )
i ] e
i 1 %
L] (9]
i N.A. ] 160f,
I ]
i
Dl (=) MK 30 £ 0C 1S TN 120f, / ___ Bottom
|

140f, | Inner Bottom

130f,

120f, | Bottom

Longi. Girder

v’ Stress factor, be,d

57(M +M,)
= f__\
{Zoo!

f

2b,d

Midship section modulus at bottom or deck as built
> JIEMO| 7, 2 JHHI

IterationS SO0H, J1ASt DHHA|= il
HAHI at0] LXIOI=E MH =S
A}

v Longitudinal Stiffeners

o G girder, db Slocal S,
Max. 190 f,
Max. 2251,
Max. 245 f)

Decks (Pt3 ch1 Sec.8 C301)

N.A.

2251 -130f, 2%

A

~5,

Inner Bottom (Pt3 ch1 Sec.6 C801)

225£-100,, 0.7,
o,

Double Bottom Girder (Pt3 ch1 Sec.6 C901)

225, -110f,,. max 1607,

Double Bottom (Pt3 chi Sec.6 C701) =
L
225/, -130f,, 0.7,
Oy
: 3
! 1 i p—
! : \\‘za 225f —130 f, Z2—"a
! I -
I Zt’l AN T
i ] L. o,
I NA o:=0
! :. T Zn IT
DA (=206 MEMC P
!  Max. A s Side shell:
Max. A= Max 130f,
Max 225f, » Longitudinal Bulkhead:
Max. A= Max 160f,

NAO
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l(Qon MEl X A
* fﬂ(} 2. Local scantling(®)]

v IHESH(©-3) <20 23
o

AA,

Yi -

0] SHE(fl X20t= 23, ol s ]

y
M M T y.
O=—7T_—~=—" B.L. '
I y/yi VA y :neutral axis
y, . distance  from neutral axis

1) Neutral Axis, Y J0}7|

<Midship section>

/A

J, o H

v M8IO| Midship
Section (®-4)

MHYLO| Midship section
e E]

M. +M,
0' =

act . —

Iship ,N.A./yi

- —b>
l
N

¥

Upper Deck

N.A,(=Y)

B.L.

Midship section®| Z} 22Xl S0l tHoH XI+=& 28

1) M| Midship section©] Neutral Axis 710}7|

y= BL 8JIZOSR  OEHI M IWS Dy LA N.A y Z Yi AA' N.A.: Base line0il Al Neutral
SO Z EHEA > AA A=Y= S AA AxisTHX| | 0] (cm)
AA7ERAE) B
< > ~ —_—

2) Base line (y=0)8 J|=C=& o}, HHXN
O] Moment of inertia, | ,_,20}7|

2) Base line2 JI=2Z oF, Midship M|

Moment of inertia, | ;, . 07|

AR ;7 A e

y, 1 Base line &2 FE 7} §x)9

WA FAA A

2
ly_o = Z yi - AA Iship B.L. Z yi2 AA
<v7

3) Neutral Axis, Y& J|=C & o, HHO|
Moment of Inertia, Iy-_r'UUI

—>
y |y=0_yl ' !

>
>

I
™M

>
>

3) N.A. B J|ZEQZ 8t Midship MHIC] Moment

Inertia Iy, y o 1O

of

2
Iship N.A. Iship B.L. (N A ) Z AA
mouE HalE 0189 JIE X 0I5




(990 MH| X A3

Part3d. o <o,

2 gl=

= "

OI== FII™A K=

s /JH®)

) —

Class Rule0jl I} Local Scantling@
o MAI0 2E0l= S5

o)

<

O-act .

()8 7
M. +M, M
act. —_ =
Iship,N.A./yi z
o, 8 OHE OIS 138 STt Al

o, =175 f, [N /mm?*]

Z o SYTMHO| section modulus( z)

7I-° =
HAE =

Bottom_l L=

clJ| HAHAI= y 10l 2 deck®}

= Sdc

> Dcck@} Bottom9] Plates,
Longitudinals©] X|

A2 =
= E%I

OI §°I-IOI

ulr
o
N

Upper Deck

NS
e ',\4

/“‘%).(L'K
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1. General

1
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Ml SSEHE

ess transmission
e length and block coefficient
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Ship Design, Midship Rule Scantling, 2008.6
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. 1.1 Midship section for 3,700 TEU Containership

2006

19 AjHt

[y |

&l AHAE Xz

[A) (SFF PACE 17)
\\
\ _m—T"m""
SR P - .
g/E TOP Y
LONGITUDINALS
LOCATION| LONG . NO SCANTL ING
UPPER CECK| ¢ 2 |s00 X %0 7B AM
20 DECK 190 X 90 X 12 A
30 DECX 200 X 12 o (0OTH SNIP)
_15\ 1 2 |300X 80 X 11/18 1.4
% PR 300 X 90 X 13/17 1.A
RS P 200 X 12 F8 (BOTH SNIP)
r i c.L 280X15 AM + 20017(T) AH
" J_ eogpey) I 10X 99X 9AM
v - 3 - 13 |X0X 90X 1MI7 1A NGS
..\. ' 15 - 19|30 X 100 X 12/17 [.A MM
i m—§ x r 19 - 231|300 X_S0 X 13/17 LA M4
= . = 300 X 90 X 13/18 1A
= 1 : it 23 - 24
o ’ s 24 - 27 |250% 90 X 12/16 1.A
-~
K 5106 S |22 - 3 |20 X 90 x 1018 1A
1 2 300 X 90 X 11716 1.A
: | 39 - 34_|250 X 20 X 10413 1.A
" » - X 3
TR, ) 3 | 3 - 37 |320 )
n 520 XSO FB AW
C.L -1 |150% 90X 9AM
N BT | 3 .40 250X 90 X 12/18 1.A AH
12 - 13 [300 X 90 X 13716 1.4 A
20 - 21 [300 X 50 X 11716 1.A AM
23 - 25 |2% x 80 X 12/18 L.A MM
LNG© o |28 3 [250 X 90 X 10415 LA
38 - 37 [250%x 35 ¥
» 300 X35 FB AW
N, 2 5.01R 190 X 90X 9 A AM
N2.11 §.6iR 300 X S0 X 117 I.A MGS
ND.5.8.14 S.0IR 150 X 11 78 (80T SNIP)




Inner Bottom Plate ’

Side Girder '/I oL
7 AT YT T Center Girder
ik 5771,
e Z
Y/ /I X
Web frame | O O

— — [Web frame} —

Ship Design, Midship Rute Scantting, 20086

= : Stress Transmission




!

' 1.3 Rule length and block coefficient

1) Rule length (L)

: Rule ScantlingAl AI20l= M

14919] 20|

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.1 101
Ol7g, Hox Mutdy| ZOILE 12% MHl X 4Hl p.9

0.96 - LWL <L <0.97-LWL

= Distance on the summer load waterline (LWL) from the fore side of the

stem to the axis of the rudder stock

= Not to be taken less than 96%, and need not be taken greater

than 97%, of the extreme length on the summer load waterline (L)

ex) LBP LWL 0.96-LWL | 0.97 -LWL L
250 261 250.56 253.17 250.56
250 258 247.68 250.26 250.00
250 255 244.80 247.35 247.35
2) Block coefficient (Cg)
= To be calculated based on rule length @”l"’t”

/“‘-\)xL'K

NAOE/SNU

AdSDAL 13/110

dShpD ign Automation Lab.
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Al , Grouping of longitudinal stiffner
) 4 0177, AOIE MEIAH| LO|LE 125 MFl XA p.11
1) & S| MEH D=
> HIAHIM U2 a2 JUiE O] =HI=Z Al20tl= A0] OtL 2f 24 At
Tl V= IOl =HiE MASH
1) 0.5 mm 2tHO &
2) 0.25 mm 0]&} : 0.5 mm ex) 15.75 mm -2 16.0 mm
3)0.25 mm O]9t : 0.00 mm 15.74 mm = 15.5 mm

2) Grouping of longitudinal stiffner

= Average value but not to be taken less than 90% of the largest
individual requirement. (DNV)

ex) 100, 90, 80, 70, 60 X|+& 2= 5IH9] longi®] W= X|4== 80 x5 O|Ct.

iU XIH 100x90% = 90K L} 2B = 90 x5 & HYX| OL0{OF BtLC}.

O D
& )
Y

_ 14/110
1 SDAL

FlE Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



2. Materials

2.1 Material factor
2.2 Material classes
2.3 Corrosion Addition (tk , tc)

Eg@ SDAL 15/110

Ship Design, Midship Rule Scantling, 2008.6 Kol dalsmeachr



[ DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2
Olg, ¥o|x MUuAY| ZOLE 128 MMl 24N p.9,10

X 2-1 Material FaCtorS DSME,"‘Z‘—'.‘%EI_‘;HI"1;,200;.8
‘. :

= The material factor f; included in the various formulae for scantlings
and in expressions giving allowable stresses.

Material Yield Stress o Material o Db
Designation | (N/mm?2) T\ s Factor o e b o %
ield A c Fracture
NV-NS 235 235/235=1.00 1.00 monional/‘" A
NV-27 265 265/235=1.13 1.08 o .
WAER TR
NV-32 315 315/235 = 1.34 1.28 b i
NV-36 355 355/235 =1.51 1.39 “Yield Stress( *E%é*., 5) [N/mm21
NV-40 390 390/235=1.65 1.43 or [Mpa]: Hook’s é‘!%' ol=
J39E2 401 1 AFA AI’—‘.’
. fl= X
*NV-NS : Normal Strength Steel( Mild Steel)

V@L'—,\f” SDAL 16/110

/'»)XLK Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2
Olg, HojX MUMY| ZOILE 128 MMl 24N p.9,10

:22 Materlal Classes DSME, “J'E!-Tlx'é)il”z-wda%,* steel grade HImW ¥ , 2005.8

In order to distinguish between the material grade requirements for different hull parts,
various material classes are applied as defined in Table.

Class

Thickness

(mm) I I IV | v

Steel Grade® J14
08.05.3071=

t <15 | A/AH A/AH A/AH A/AH D/DH

15<t <20 | AIAH | A/JAH | A/AH | B/IAH | E/DH Grade >/ton
20<t <25 | AIAH | A/AH | B/AH | D/DH | E/EH A 51,340
25<+ <30 | AIAH | AIAH | D/IDH | EIDH | E/EH AH36 51,384
30<t<35| AJAH | B/AH | D/IDH | E/EH | E/EH

35<t<40 | AIAH | B/AH | D/IDH | E/EH | E/EH E $1,425
40<t<50 | BIAH | DIDH | E/JEH | E/EH | E/EH EH36 $1,502

v Steel Grade 0f] Ui2l, BIITl= oISt A AZ20] O=0.
v Steel Grade HJ|J1 A,B,D,E &OF ZL4+E EAH(Deoxidation) X X2 EE HEILL.

> S T Ay, HJ0l SO0K
=& JHH0] dia

*A: ‘A’ grade ‘No.rmal strgngth Steel’ ;E‘:‘f ;S” SDAL 17/110
AH: ‘A grade ‘High tensile steel’ A

;“.‘g)x‘u{ Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr



| 2.2 Material Classes

— Typical Example (1)
) g

Structural member

0.4L Outside 0.4 L

A1 Longitudinal bulkhead strakes.

A2 Deck plating exposed to weather. | |
A3 Side plating.

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2 Table B2

0.4L

A

A\ 4

A2 Deck planting
exposed to
weather

\

A3 Side
Plate

A1 Longitudinal
bulkhead strake

;\,_4" >\§

'
<<<

LLL((

/‘3»,(4&

NAOE/SNU

SDAL 18/110

Advanced Ship Design Automation Lab.
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| 2.2 Material Classes
' — Typical Example (2)

W

N Structural member

0.4L

Outside 0.4 L

B1 Bottom plating including keel plate.
B2 Strength deck plating.
* =%\l B3 Continuous longitudinal members above

strength deck
B4 Uppermost strake in longitudinal bulkhead.

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2 Table B2

B3 Continuous longitudinal
members above Strength
Deck

0.4L

A
\ 4

>

B2 Strength Deck
plating

L/

)

/
B1 Bottom plating

including Keel Plate

<
-!

N
I T E!\‘z’
A)XLL

NAOE/SNU

LLL((

B4 Uppper most
strake in LBHD

SDAL 19/110

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr




| 2.2 Material Classes
H P |1 C1 Sheer strake at strength deck. 11
= TVD'CaI ExamDI e [3] s © | €2 Stringer plate in strength deck
— IV | (1 outside
amidships)

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2 Table B2

E/EH <« When L>250m

I I Y I, 1l
' B T C2 Stringer Plate in | |C1 Shear Strake at
I_l—l Strength Deck Strength Deck
: 0.4L ‘
! 0.6L ‘
Container Carrier2| Z2< 0.6L0| I

Cargo Region2 Z HIH

J

;"LA)XLL Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr
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[ 2_ 2 M a t e ri a I C I a SS e S =— = Structural member 0.4L | Outside 0.41L

C3 Deck strake at longitudinal bulkhead.

Cé Bilge strake. I I I
- Typical Example (4] | == = IV | s
v amidships)

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2 Table B2

I I vV i1l

C3 Deck Strake at
I_I—l longitudinal bulkhead
.
L, L &
: 0.4L ‘
0.6L

A

v

Cé Bilge
Strake

0\)/7

21/110
rdy SDAL

,ﬂA)XAL Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr




’ DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2

2.3 Corrosion Addition (t, t] P TAMTEAAT 107 20058

= In tanks for cargo oil and or water ballast the scantlings of the steel structures shall
be increased by corrosion additions.

> 21 MElAM= &l 280l M90| M| AAISE Sill 2HA XI=S
HIE O = 2} LYW Corrosion Margin(0.5~-3mm)E 1St AHE 7 H
Sl (DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.2 Table D1, D2 &%)

ex) Bottom plate thickness

Corrosion Addition€ Q=

HAl(Corrosion): = 2 SUEDD
I20|2 £= HIZS S8=E0| 5101 55101 Jhe HA & l"’ SDAL 22/110

/“‘A».(L'K Advanced Shi pD ign Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



3. Longitudinal Strength
3.1 Still water shear forces, Q.
Wave Shear force, Q,

3.2 Still water bending moments, M,
Wave Bending moment, M,,

3.3 Total Shear force and bending moment
3.4 Section Modulus
3.0 Stress = Allowable Stress

TNy
b TR 23/110
v N
v M
) SDAL
‘4‘; N Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr
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}

3. Longitudinal Strength (SZ %]
W

eLongitudinal Strength :
Hi Z0] WO 2 WMPl= shear force?t bending momentlfl AClE MHIFPXOQ LT

o UHH - MHIE 42 FHICl £0] Yl section beam@ & J}A O, hull weight % cargo= OFaH
T, buoyancy -.-IE Z20l= loading@ & Y1l **5* beam theory(fl el MHIZEO0] Bi&to]
shear force & bending moment& H|AHSHCH.

: Hydrostatic, wave, wind, temperature &

e
A : Cargo Loading, Lightship weight, Tank/Hold Arrangement

- W
«FZT Ao =X
IHoll OISt QI X 01 Ol XAl 2t= X MMl XS0l 21t LHE X1 ot= A0 CJoH
S G| = 2 0] WekO| shear forceQ} bending moment H| 2t

-

- F0X dHIolsE 20| HS[AE = A= 22 EHUSE HH 201 SS0ll Ut S

GRS
bbL'—,r SDAL 2411°

/“‘AéxL{ Advance dShpD ign Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



[

L 3. Longltudlnal Strength (S4%)

| | Total shear force 2 Bending moment 710t7] I
Still water shear forces, Qs, + Wave Shear force, Qw,
Still water bending moments, Ms, Bending moment, Mw

1. Weight curve W (x) Hydrostatics

A{HIO| T
2. Buoyancy curve B(x) b TI_1 '1.*}0|1||2<"*

3. Load curve a(x) =W (x)+ B(x) 206l= M=ol
4. Shear force curve Q[E“&E] Hi&t Class rule I

Q= I qadx Direct Calculation |

0. Bending moment curve

Hydrodynamics
M2 AR OHOIA AEt0) XS

Ol= SX0l STHE] HA

1. O

M, = [ Q,dx
| Section Modulus 10}7] |<
Bering Stress < Allowable Bending Stress— OlUR | =2t 21
tress < Allowable Shear =X
0l

S
P e
iy

A X4
%

O
%?E

<&

25/110
T LEL @SQﬁ& e
NAOE/SNU http://asdal
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|

\

3. Longitudinal Strength <82 #2H

> Shear force@} Bending moment2] £
X
| 20| gy 29 W
Z

Shear forceQ} Bending moment®] 22 = ZHH =0 Wt Zo|XICt.
Shear force : OfeH wek0] &, Bending moment : HEA|H|BiSFO] 2

> XIS HIEOl 2t MM M2 T2 W] shear force ¥ bending momentJ} Z20l= 0|8

l Dl A 24 T lDI

O] HtskO| shear force@t bending momentJ} 23111

N

& 25

ba

39|0}

QO] YtstO 2 shear forceQ} bending momentE =L}

o —_
WO AR (2SI RHIE DL 0)0)] YOO Z D|AXY 10] QEE WA 0] WekO| shear force@t bending moment

g

0

)

> B b
f

fr m
o
N

2 HO
Ll
ol
——
S
re
i

,‘.'g_m:.\ % Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



1. Weight curve (W)

[ 3 LOﬂQItUdlna| Strength 2. Buoyancy curve (B)
) [0“1'"] [1] 2 :;ad le.lr\le(]=W—B
v 5: Bending moment curve

OIXl) S (still water) S0l BargeJt I A2MH 1 MAH X A2 UGSt EL.

eLxBxD=100m x 20m x 10m « XI= : 2,000 ton
=29| 27 holdljl BFE JIE MRS I TS SS0| &oloict.

100 m
25m | 25m | 25m | 25m

A\ 4

A

\ 4

A

20V

10 m

A 4

GRS 27/110
{88 (QSDPAL

‘B)xLL Adva dShPD ign Automation Lab.
NAOE/SNU http: /! sdal.snu.ac.kr




' 3. Longitudinal Strength

< 100 m R
- 25m | 25m | 25m | 25m
N
\ ;
10 m
A 4
W [kN/m]
2158 f-=-------
(1) Weight curve, w (x)
196 [mm— e e m e e mmm e e e - S —
0 % % 75 700 ™
B [kN/m] 4
(2) Buoyancy curve, B(x) 11770 25 50 75 0 ™
(3) Load curve, q(x) o
q(x) =W (x) + B(x) 0 % 50 76 oo ™
- 98] [emmm—— o o m oo S ———
Q [kN14
(4) Shear force curve 24,525
0
Qs - j qu - 24,525
(5) Bending moment curve 1
M, = [ Q,dx




1 H P 100 m %
[3- LO“gItUdlnaI Strength ; 25m =!: 25 m =!< 25m =!= 25 m ;
* (Ol (3) 007
' 10 m::
(6) Barge®] midship allowable X
stress,o, J} 175(N/mm?2) & [, W ki)
Bargelll Q&= XA Section 2158 [ --------
modulus&? S I R I
0 % % 75 o0 ™
B [kN/m] 4
M =613,125 (kN —m) 0 s = = > [l
— 613125 x10° (N - mm ) -
L [kN/m] 4
Blfp~——~—~—~"=--
M M 0 % 50 76 100 [m]
O'I = T |:> / = — - 98] [remm— - —mmm—mmm - - - —
Z 0, Q k14
0
, _ M _6183125x10°[N —mm]
o, 175 [N /mm *] " e
0
3
=3.5 [m ]/7 - 306,562

-613,125




1. Weight curve (W] Hydrostatics

I-3.1 Bending moment curve 2. Buoyancy curve B) | o mie A

0l &E0ot=

3 [OIII'“] )é'I'" A._1'=_|,*2| 02“ 3.Load curve =W - B %ﬁéo‘]'%i?

) A 4. Shear force curve
5. Bending moment curve 5. Bending moment curve

T
~+DnV rule®] Pt3 Ch.1 Sec.59] 1020l ¥ AI=! Design Cargo, Ballast loading condition S0l 2} still water
shear force(Qs), still water bending moment(Ms)Jt A&t &

5 Mtto] o)) IE &M: HSEMME

400000

300000

200000

100000

SWBM(ton-m)

-100000

-200000

x(m)

——[C2 —=—|C3 LCA LC5 —»—LC6 ——IC7 ——LC8 ——LC9 ——LCI0 LC11 LC12 LC13 LC14 LC15 LC16 LC17 ——LC18

—=—LC19 ——LC20 LC21 —4— LC22 —»—LC23 —*—LC24 ——|C25 —— LC26 —=— LC27 —=—1C28 —— L.C29 —8— | C30 —— LC31 ——LC32 ——LC33
—=—LC36 —— LC37 LC38 —=—LC39 LCA0 ——LCA1l —*— LCA2 —8— LCA3 —+— LC44 —— LCA5 —— LCA6 LCA7 —8—LCA9 —4— LC50 —»— LC51

LC34 ——LC35

30/136
L

Advanced Ship Design Automation Lab.
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' 3.1 Minimum Still water shear forces, Q.

Minimum Virtical wave shear force, Q,
W

- Still water shear forcee O a2 CF & X| S010F BHCE.

kg, =0 at A.P. and F.P.
=k kN = 1.0 between 0.15 Land 0.3 L from A.P.
Q S sq Q SO ( ) = 0.8 between 0.4 L and 0.6 L from A.P.
= 1.0 between 0.7 L and 0.85 L from A.P.
M B 2 . .
SO M, =-0.065C,, L’B(C, +0.7) (kNm) in sagging
Qe =9——(kN)

= C,y L'B(0.1225 - 0.015C;) (kNm) in hogging

(Pt 3 Ch1 Sec. 5 B107)

svertical wave shear forcesOfl {8t rule @k (Pt 3 Ch1 Sec. 5 B203)

QFO| shear force : QWP — 0_3IBqupCW LB (C 5 + 0.7) B : STIAIEHQ} T A
2 I'

29| shear force : QWN = -0.38k

c,LB(C, +0.7) "=

Cy : wave coefficient

wqn

X
| o =]
, F?JGF le I:II-gI:

— G148 é

IR 31/110
(B8} (Q)SDAL
Ship Design, Midship Rule Scantling, 2008.6
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DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.5

| Minimum Still water bending moments, M,

* MinimumVirtical wave bending moment, M,

—
- S SHH| A 9] still water bending moment= CH2 O] Y Tt ZHX| 22010k SHLL.

M, =M (kNm)

M, =-0.065C,, L°B(C, +0.7) (kNm) in sagging

2 . .
=C,, L'B(0.1225 - 0.015C ) (kNm) in hogging

wave coefficient, for unrestricted service.

« SATHHNQ| M O] vertical wave bending moment= CH29| ZtE Lk ZHX| Q40H0F SHCE.

M, =M, (kNm)
L C,
M,, =-0.11aC,L’B(C, +0.7) (kNm)in sagging L <100 | 0.0792 -L
100 <L <300 | 10.75 —[(300 — L)/100 [""*
_ 0.19aCW L2BC : (kNm) in hogging 300 <L <350 | 10.75
L>350 |10.75-[(L-350)/150['"?

a= 1.0 for seagoing condition

= 0.5 for harbour and sheltered water conditions (enclosed fjords, lakes, rivers)
Cy : wave coefficient

Cg : block coefficient, not be taken less than 0.6

L — — NAGE SN = e ]



3.4 Minimum Section Modulus

~—

Total shear force & Bending moment s20})|

Section Modulus 710171 K———

ord

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.5

Cwo : wave coefficient

L Cy
C 3/2
WO 2 L <300 10.75 —[(300 - L) /100 |
ZO o f L B(CB T 0'7) 300 <L <350 [10.75
1 L>350 | 10.75 - [(L —350)/150 [''?

f; = material factor

«Transverse neutral axis0f] ({3t ZAEH O] section modulus= CH290] ZECH ZHX| SE0L0F StCL.

C; is in this case not to be taken less than 0.60.

:‘MS+MW‘

Z

)

O,

10°(cm®)

o, =175 f,.N /mm 2 Within 0.4 L amidship

=125 le / mm 2 within 0.1 L from A.P. or F.P.

Ship Design, Midship Rule Scantling, 2008.6

ML
NAOE/SNU

« Cargo and ballast conditionsI A1 @] neutral axisOfl (HS} section modulus requirements

P 3
http://asdal.snu.ac.kr




[ DSME, Dnv Rule OH& A1, 1991.8

- Stress factor, f, [ f,y, f,J) 8 . -20085C,, LB, +0)

M, =-0.11aC, L°B(C, +0.7)
K —
Z, : mild steel(f1 = 1.0) Ak Al Rule midship section modulus
Z C Pt.3 Sh.1 Sec5 C302
f2 - 2 Z, = ;VO L’B(C, +0.7) (cm %)

Z 1

A Z, : Actual midship section modulus (cm?3)
2 2

C,L’B(C,+0.7) ([ 1 )0.175jC,,L°B(C,+0.7)
, =
Z, 0.175 Z,

57) 0.065}C,,L°B(C, +0.7) +0.11{C,, L°B(C, +0.7)
Z

A

M.+ M
:5,7><( > w) [MS:O.O65-CWOLZB(Cb+O.7)

o

2

Z

A M, =0.11.CcLB(C, +0.7)

I
NAOE/SNU

vance 1p Design
http://asdal.snu.ac.kr



Total shear force & Bending moment s20})|

[3.4 Miminum midship moment of Section Modulus 701) ——

v [ E Stress < Allowable St E\—% Sax +H
Inertla, IShlp eSS = owapie >tress oI A X

[ — z2E 0y 32 J

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.5

otransverse neutral axisOjl 3t S AEHHO| moment of inertia= [}E9] aXEC} ZHX| 2010}

OtLt.

|, =3C,L'B(C,+0.7) (cm?)

ship

LEION

£ SDAL **"*°

%’(‘ Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr
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[3.5 Stress < Allowable Stress

. — Bending Stress and Allowable Bending
Stress

Total shear force % Bending moment 10171

Section Modulus 70171

Stress = Allowable Stress

- MR 2 s

girder bending stress 0,2 X 10|
04 OF StLt.

L -L-—

Oll "“‘“Ul" Bending stress= C}
Ol 2 7}

Z

HA
X

2 AMOZ O

= A2z XM,

longitudinal members9|

0] allowable hull
|+=8 ME?J| ZAOI

+ M

W 10° (kg /cm?)

Z

O

act .

<

O,

o, =175 f N /mm *
=125 f,N /mm *

within 0.4 L amidship

within 0.1 L from A.P. or F.P.

Ship Design, Midship Rule Scantling, 2008.6

SDAL 36/136
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4. Design Load
4.1 ship motion and acceleration
4.2 Combined Acceleration
4.3 Design Probability Level
4.4 Load point
4.5 Pressure & Force

a) Sea Pressure

b) Liquid Tank Pressure

c) Dry Cargo Pressure

d) Sloshing

e) Heavy Units

f] Flooding Pressure

g) Slamming & Bow Impact

Ship Design, Midship Rule Scantling, 2008.6 NAOESNU

SDAL >™*°
Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr



- IS

S OLC AlHIO] S5 HIXA] Al
HoIR MUty
I —
MX = I:Gravity + I:static + I:F.K + I:D + FR
. N F — _AX— BxX
Linearization Restoring exciting R = X
(= ~Cx)
MX = —CX + Fy iy — AX — BX
(M +A)X+Bx+Cx =F, .
6kl MU0 2F WX 4]
v Mulo| 25 WHA B0
Given : HMO] Added mass » - SWBM : Still Water
2 Damping Coefficient,
Wave exciting force
Strip Method
v Local Scantling
T T TN
Find : 6X}IS % :J}-’_-*,-_l.:_" 20 Ho ' - Pd: dynamic pressure

Ship Design, Midship Rule Scantling, 2008.6

Hl ZOIXI& “Ship Motion and Wave Load” &1l

v Muhf] Z201= SWBM 2! VWBM H| At

- VWBM : Vertical Water Bending Moment

Bending Moment

B/110

Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr



[ DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4

.4.1 Ship Motion and AccelerationOiLHSt ZE& A
) —

Common 3C
Acceleration a, = LW +C,C,

Parameter

Surge

Acceleration a, =0.29,3,4/C,

Combined

Sway/Yaw a, =0.3g,a,
Acceleration . oo

a e A common Acceleration arameter, ao
Heave a —0.7g, = =
Acceleration lc, = 3Cy
: 8 = 1 +CyCy
Tangential Roll o)
Acceleration a, =¢| — | R, :
Tr Cy =¥vmaximum 02 C, = Wave coefficien t
. . Cy,= minimum 0.8 L Cw
Tangentlal Pitch ) 2 ‘F L <100 | 0.0792 -L
1 7T 100 < L <300 | 10.75 -[(300 - L)/100 "
Acceleratlon aP = 9 - Rp 300 <L <350 10.75
Tp L>350 | 10.75 - [(L - 350)/150 *'*

g:'L_L? SDAL 39/110

;“-‘»)XAL Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr



I41 Ship MOtlons and ACCB|eratiOnS DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4
' - Roll angle & Roll Period

7 Roll angle

v’ Pitch angle

P = _20¢_ (rad) _ 4
B+ 75 0= 0.25 — (rad)
CB
= (1.25-0.025Tp) k _3Cy
li = 1.2 for ships wiﬁgout bilge keel 4o L *CvCyy
= 1.0 for ships with bilge keel
= 0.8 for ships with active roll damping facilities
Tr = as defined in 402, not to be taken greater than 30.
v" Roll Period v Pitch Period

T 2K, T, =18 | (s
= = 1.8 = (s
R GM (s) P J;)

kr= 0.39B for ships with even transverse distribution of mass
=0.35B for tankers in ballast

=0.25B for ships loaded with ore between longitudinal bulkheads
GM-= 0.07B in general

= 0.12B for tankers and bulk carriers

QUETD
A PR 40/110
Ship Design, Midship Rule Scantling, 2008.6 Wyl Mttt asdal muacir omation Lab-



DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 B600

| 4.2 Combined Acceleration
FHA S}

' — Vertical Acceleration, a,
v Heave, Pitch & Roll MotionQ] S=Z214tat Ji=G MBS0 (Hot A
_ 2 2 2 2
a _kvgoao av_max {\/_a_z +9£ ,\/az +apz }
C, Heave
acceleration
Vertical component of Vertical.com.ponent of
tangential pitch

tangential roll acceleration .
acceleration

K, = Accelerati on distributi on factor along the length of vessel

= 0.7 between 0.3L and 0.6L from AP.

=a, Ccospf

a, = Common Accelerati on Parameter

a, = ¢[2_E]ZR ! a x| 2
T, f:' r ‘LT a, =4, C0sx - ¢[i_”] R, f/ a, \Eiapz
1 o] p
.’ M\
', / '\‘ '/c
-=--_ l’ Rr —] Rp /
B Dbt i a |/ \ 5 .7\
~~~~~~ L \ N\l\
/m=-%--. / /

[
)
1
)
W Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr
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DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 B700

4.2 combined Acceleration
— Transverse Acceleration, a;

L, “—1
v’ Sway, Yaw & Roll Motion9] = 18k =& M

Transverse component of
~ the tangential roll acceleration

Combined Sway & yaw J
Transverse component of

acceleration
a, =0.3g,a, acceleration of gravity
by roll angle

- — =
-

%
»
P e
2
Ly

‘EL(((((A
&E'
h
&

SDAL 421110

dShpDegAtomt Lab.
c.kr

NAOEISNU hftP ” sdal.s
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| 4.2 Combined Acceleration

— Longitudinal Acceleration, a,

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 B800

v’ Surge & Pitch MotionQ] Z 0|9 IS

A
o

Off tHS A g2l

Hl
fuin

a, = \/axz +(g,sin@+a, )

a, =0.29,3,+/C,

Combined Sway & yaw j

|

L Longitudinal component of

acceleration Longitudinal component the Pitch acceleration

of acceleration of gravity
by Pitch angle

Ship Design, Midship Rule Scantling, 2008.6

\[\
/
% “‘“033 43/110
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|'>*

JCI:

?.

FA
x

4 H” 5-3

[ DSME,

.4.3 Design Probability Level

Extreme values

04 / Once 20 years
Qw and Mw

Once a day
0.590Qw and 0.59Mw

100 101 102 103 104 105 106 107 108 N
108 107 10° 10° 1%4 108 10 10t 10°
Local scantlings

Hull girder strength Fatigue strength

Buckling strength
Local strength of container supports

v 0] 28204 J1E)S o 2ol S0l BtU= O] JH==: 2F 1084

>20H JH0j| BHH X L0l= extreme IH10-3=HE )0 [H5|01 M0 AZE = UATE AHIE. (Extreme
condition)

(Ship motion, Acceleration Extreme valueZ F0 &)
v Design pressure9] AL, 104 =E=0O&F '-*"‘017‘I afE A2 ( Reduction Value = 0.5 X Extreme value)

_________________________________________________________

= 0.5a )h GBS 44/110
I ?___fi_<9s_+_ _____ ] 8 (D SDAL

/“‘AéxL'K Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



| 4.4 Load point
* — Horizontally stiffened plate

Y S—

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 A 202

v’ Load point9] Pressure af= Unit strip9|
Uniform load2 J}8 &t

v Load point ZXH
1. General
: Longi. spacing (s)©] Midpoint

2. Seam & butt
1) Longi. spacing (s)@] MidpointE E&0l= 82,
: Longi. span (s)©] Midpoint
2) Longi. spacing (s)@] Midpoint§ HEB0l= &

: MidpointOjl Al FDIIS @k (Seam & butt line)

[ X=) o
42 A2

)

‘I\\
AY
N\
N
N
N

\ s : longi. spacing /

v side plate(il & &0t= Sea pressurel| Load point

GR

e : Load point




| 4.4 Load point
I angitudinal stiffeners

I —

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 A 202

v' Load point9] Pressure @& Unit strip9|
Uniform load2 J}A &t

v Load point ZXH
1. General

: Longi. span (1)@] Midpoint

‘I\\
AY
N\

s : longi. spacing

\ | :longi. span /

v side Longi.0ll ZE3dt= Sea pressure2| Load point

AN

AN

e : Load point




DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 C 201

[4.5 Pressure and Force
* @) Sea Pressure

v’ sea pressures = static sea pressure + dynamic sea pressure

P=P +P,

 h,]

-- |

: | '
00 [ T |
JIJ I X ' :
= Nyl | % il : i

I
I
I
I
I
|
|
I
| 11
D (=) I N Z' %

1]

A A A A A A A A A a2 PS - pghO - 10 hO Pd - pdp
Static Sea Pressure Dynamic Sea Pressure
tttttrttrttt
GRS 47/11
8 (QDSDAL "
N
Ship Design, Midship Rule Scantling, 2008.6 N'jf;‘g;w hetpitasdatamuackr



DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4 C 300

[4.5 Pressure and Force DSME, “& e 2 & H” 5-3, 2005.8
' b) Liquid Tank Pressure (1)

> l—.!HIE JISE TankQ| ZH(kN/m2)2 O

flio

A|BHE.

ASHMANXI= SIS 2 A

gl

pl - IO (go + 05av)hs
: Vertical Acceleration 2 c4
— . -0.12 VH 1 )
p2 p go [O 67 (hs + ¢ b) O bt ¢ ] 2: RO”Ing Ea:l

P

P
p,=pg,[067(h+01)-012/H 1.6 | P, Pitching 1

P

P

p, = 0.67 (p g,h, +AP, ) 4. Overflow 1) 4
5. Tank Test 11 ¢4
P, =p 9,h,+ p,

Pressurel} OIS

rir

> ®X g )Y 2 3gs

—\|(=mr=) @ﬁ
@ @ 2%y @ (5)
5
(5) 1|/ (5) (5) ®
1
‘ I ) / (4)
i o ) Y [ *80

Wy R ANV 4 -
;"L;Tﬁ \ \ wAdvanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



Ill o Pressure and Force
\ b] Liquid Tank Pressure (2)

p.=p (g, +05a,)h,
p.=p g,[0.67 (h+¢b)-0.12 /H b ¢ |
p,=pg,[067(h+61)-012H 0]

p4:067 (p guhp+APd‘/n)
Ps =P 9h +p,

P,: Vertical Acceleration 1224
P,: Rolling 1 &4

P: Pitching 1124

P,: Overflow &4

P: Tank Test 10 &4

\I/ VertlcalAcceleratlonE 11243t Design Pressure, P, (General)

Ship Design, Midship Rule Scantling, 2008.6

= pg,h, +0.5pa h,
/ \

Static Pressure  Dynamic Pressure

,‘ Probility LevelOfl J0H 10-42¢ :
1 &I 22 Al I
|
|

. (reduction value=0.5 X extreme value)

o o o o o e e e e e e e e e e e e

p=p(g9,+0.5a,)h,

h, :virtical distance in m from load pointto top of tank

SDAL 49/110

Advance dShpDe ign Automation Lab.
http://asdal.snu.ac.kr



p.=p(g,+05a,)h ) .
! ° v P,: Vertical Acceleration 1224
| 4.5 Pressure and Force -roforsun TS| GRS
= = 067 (h,+61)-012 JH 1. 6 P4: Pitching 11 ¢
p.=p 0,007 (so1) 0 P,: Overflow 12

' D) Liquid Tank Pressure (3) =087 b .
| \I/ Vertical Acceleration= 11248} Design Pressure, P, (Side shell)

L Side shell®] BS, Sea pressure(il 0|8t Q0] =IH St

Il
r iy P =,Og0hS -|-O.5,OavhS _1Ohb
Ll /" \ \
N l I Static Pressure  Dynamic Pressure  sea
S /i T pressure
b/ I
-! L T e N
/|1 I‘ Pressure 114 Al, J12& SevierPt HRE 118t :
] i Side shell 0l &0}= Liquid cargo pressureJ} I} |
L, | 8 2 82 Sea pressurelf] /8t 30| X2 I,
s &, )1 222 (T, 0l K
Th h —10h
p=p(9,+0.5a,)h —10h,
-=7 'J\/Jz h, : virtical distance in m from load pointto minimum design draught
E— T, =2+0.02L for Tanker (IMO RULE)

= 0.35T for Dry cargo

T 50/110
88 (QDSPAL

Advance dShpDe gnA utomation Lab.
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p.=p(g,+05a,)h . .
! ° v P,: Vertical Acceleration 1124
| 4.5 Pressure and Force v oo | LSS
u - 067 (h,+01)-012 JH I.g | PsiPitching 11cd
P =0 0,087 (0.+01) 0 P,: Overflow 12

' D) Liquid Tank Pressure (4) =087 an ap)

-VerticvalAcceleration% 11248t Design Pressure, P, (Bottom Shell)

' L
: T P=pg,h, +0.5pah —10T,
| : / N\ X
| ': : Static Pressure Dynamic Pressure sea
I h, H pressure
A T A — L.
| I‘ Pressure 1¢d Al, J1& SevierPt AL E 11Tt !
i Bottom(jl 2 0}= Liquid cargo pressureJ} J}&
| | 2 B2E Sea pressure(f] 2Bt 0| A2 T, |
I &, &1 XA (T, 01T R
I
h, | - [COREERE p=p(g,+0.5a,)h, —10T,
| A A A A A A
|
T, =2+0.02L for Tanker (IMO RULE)
= 0.35T for Dry cargo S
) 51/110
) SDAL
Ship Design, Midship Rule Scantling, 2008.6 NaEs hetpitasdatamuackr



[4.5 Pressure and Force
' b) Liguid Tank Pressure (5)

L
Rolling MotionE 11248t Design Pressure, P,

e
9
™

Air pipe

A
v

p.=p (g, +05a,)h,
p.=p g,[0.67 (h+¢b)-0.12 /H b ¢ |
p,=pg,[067(h+61)-012H 0]

p4 :067 (p guhp +Aden)
p, =p g,h, +p,

P,: Vertical Acceleration 1224
P,: Rolling 1 &4

P: Pitching 1124

P,: Overflow &4

P: Tank Test 10 &4

DSME, &8 & H 5-3
DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4

RollingAl O 2 Static pressurel} Xt2%t
¢ << 10l2}t 1A
h, =h cos ¢ = h,
h,=Dbsin ¢ ~b¢
©hl=h +h,
=(h, +bg)

p, = pg,[0.67 (h, + gb) — 0.12 \[H gb, ]

T

MHEO] RollingAl CargoJt Overflow(il
O|8t Pressure drop2 1Ot & Hl =
£9] 2/3(=0.67)8 &t

AlHl TankJ} Full2 XHIXIX] &
98% 3t XU ZICE. OIS (¥ 2%) 114 &t

T

g,




|4.5 Pressure and Force
' b) Liguid Tank Pressure (6)

- 0.5a,)h
P.=p (g, +05a,)h, P,: Vertical Acceleration 114
p.=p 0. [067 (h+¢b)-012JH b4 | p.:Rolling 124
p,=pg,[067(h+61)-012H 1 6| PsPitchingled

P,: Overflow &4
P, =067 (o g,n, + 4P, ) Ps: Tank Test 024

P, = p g.h. + b,
e - - , DSME, &t 8t X 44 3| 5-3
Tank overflowS 11248t Design Pressure, P, DV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4
Air pipe Tank overflowA| Air pipel)tX| 20| XHA|
.{ - 8, static pressure JI&Al h E ALSE
h, = vertical distance in m from the load point
h P to the top of air pipe
hS

\ / @—Y Load point

A
v

p=0.67pg,h + AP,

Y

Ship Design, Midship Rule Scantling, 2008.6

Calculated Pressure drop

Generally, 25kN/m?

MHYHO| RollingAl CargoJt OverflowTl O
Pressure drop®AHE 1124010 &Ml =
59| 2/3(=0.67)8 F&t

4 -mv’b

N R 53/110
v N
gy
YL
,‘-‘g)x‘ \ Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr



p.=p(g,+05a,)h . .
! ° v P,: Vertical Acceleration 1124
| 4.5 Pressure and Force v oo | LSS
u - 067 (h,+01)-012 JH I.g | PsiPitching 11cd
P =0 0,087 (0.+01) 0 P,: Overflow 12

' D) Liquid Tank Pressure (7) =087 b4, 7.

D _ - . DSME, 418t X & 7] 5-3
Tank Test& 1124 %t Design Pressure, P DV Rules, Jan. 2004,Pt.3 Ch.1 Sec.4
]
: Tank Test (Tank®| Leakage {5 & Test8h) Al,
- - Tank height + 2.5m0ll I E0l= =58 THIE
[ ] & over-pressureg Jtet
hsl Pp=,9,h. —10h_+ p
P 0" s b "o
P, =pY,x2.5
. =10x2.5 |
| 2 |
- =25kN /m”
‘ h, :virtical distance in m from load pointto minimum design draught
GRS 54/110
QMSEV SDAL
Ship Design, Midship Rule Scantling, 2008.6 NaEs Witpiasdat.amuachr



0. Local Scantling

5.1 Stress Factor

.2 allowable stress

5.3 Plate®| required thickness 2! §&

5.4 Longitudianis®l required section modulus &! 8%

L5
(«Lﬁ’

s IR

il

SDAL 55/110-

ST

Ship Design, Midship Rule Scantling, 2008.6 oLSNU

>
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0. Local Scantling
W

> MMl X J} Hydrostatic,
Hydrodynamic force(jl O|St QIHE
A0EE 21 X+ 8-

SIS Mut0] MF Rule RESE
N Y0 BEOITE AH|oH= 1

MZ Local Scantling0| 2} &t.

Ship Design, Midship Rule Scantling, 2008.6

Ol 8295 &

—/

Main data, geometry

> and arrangement

> SO HB WA A

P &M =& A p.15

g
DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6,7,8,9,10

Experience
from Ship in Service

Rule ZAM

Longitudinal Strength I(

Xl S A+ AL

Required Section Modulus

No

<
Built Section Modulus

Yes

Rule Scantling End I

O LD,
TR

l Y
| Tas|meA |

P SV
NAOE/SNU

Yy

((fr

LLL((

— ‘—}I Local Scantling F

SDAL 56/110

Advanced Ship Design Automation Lab.

http://asdal.snu.ac.kr
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.0.1 Stress factor
W

v 2l XI5 ZA(Local scantling)Al Iteration

0l Q% 0l

Main data, geometry

and arrangement
> Z=QHCIN WAL AN

O L OO 2o

Experience
from Ship in Service

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6 c800

oM derd A 12&8 &H 24 A p. 26

ex) Inner bottom Longitudinals

831°spw
7 = 220 SPWy (cm?)
(o2
o =225 f, —100{t,, + 0.7

db

Rule Z2A

|
|
|
1
: | Longitudinal Strength l(
|
1

—I-’\-b Local Scantling
I ;
1
I
I

No |Required Section Modulus
<

Built Section Modulus

Yes

Rule Scantling End I

Ship Design, Midship Rule Scantling, 2008.6

the largest design SWBM (kN-m) rule VWBM in (kN-m)

......
. .
.,

.0

midship section modulus (cm3) at
bottom or deck as built

2o {deckldt MX(bottomlOiAICl MA
O H I QS| ST XI+-8 dHst
200 & = US. < 1A

lterationS S0lf, J1AT S|+ gt
HIAE SHA| 0] LXIOIES MMl =
o oM H=E HIAL




I

\

Local Strength & Allowable Stresses

Deck
z z z z z
=iy d -
Bottom
oL cSgirder Glocal Getc
. Max. 190 f;
Max. 225 f;
Max. 245 f;

] Al
=_=ao &0

L Ogider 1 T1ocat & BB F StressIt 225f, 2 HXl LOLOF

Ot

X HYME =Y S ST
op7|o = At & =

SICE EA 2 FEEH

8l O girger (Double Bottom Stressa}
2 = 749 StressE e8t0] 7| = 2t

Ship Design, Midship Rule Scantling, 2008.6

=]
=
=

ghe ot
=N E

Load -> Stress 13t JEHE)

1) MEFM M| 2] Hogging or Sagging

v

2) Cargo Load

v

cYgirder
3) Ballasting Load

Glocal

20 A= 2 2

(Yield Stress gt 2352F X}0]?)
2451, : Maximum Yield Stress ied sress | B ;
; /v:- A
235f,: Proportional limit irozon'on .
mi
225f, : PlateQ| ¥& 12{35t04
Maximum Yield Stress ELC} o =sle —
o ZH AR ) Perfect
Linear
i plasticity
region o
23 etco] YHE HASHH o el
2251, £ Yield StressX| & o
S eI
Arg3IThe SR, 58/110
Wy SDAL
;"-'g)x‘ N Advanced Ship Design Automation Lab.

NAOE/SNU

http://asdal.snu.ac.kr
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.Local Strength & Allowable Stresses

Pl

Deck
z P z z z z

| | I I

1y

L L i

Bottom
GLongitudinaI cSgirder Glocal Oetc
. Max. 190 f;
Max. 225 f;

Max. 245 f;

J210| & [ o|0] tHAs

SUT0 HH= 2THOI Local Allowable Stress= Rule0lAl 70t

Double Bottom Longitudinal &!0] &<

831°%spw
(o

p = Local Pressure0|2

SUT0 0 E0l= 100 f,, QF Double Bottom Girder0fl 0HE0l= 0704,
£ HiQlst gt Algstt
(0] Ot HISTS0] LKIOIXI=E &%2)

o =225 f -100 f,, - 0.70,,
DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6 c800

4 SDAL 59/110

IQA)XLL Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr
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5.2 Allowable Stresses
— Longitudinally stiffened Plates

W

Strength deck

1201,

N.A.

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6,7,8,9
DSME, Dnv Rule OH&IM, 1991.8

|
|
|
|
|
|
|
|
|
~TE T
|

140f,

130f,

120f,

120f, _ Strengthdeck 120f,
( o
2 o
&2. >
> 2
3 =
140f,
. Bottom | 120f,

Inner Bottom

Longi. Girder

Bottom

v N.A. (Neutral Axis) Ol

M
31l, deck®t bottomZEZ = E”-.EE 022
ol Moo= 448t

4y

VLY
»“ao\’

SDAL 60/110

‘L)X4L ds”PD ign Automation Lab.
NAOE/SNU http /! sdal.snu.ac.kr
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DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6,7,8,9

[ 5.2 Allowa ble Stresses DSME, Dnv Rule 0H&IAM, 1991.8
- Longitudinal Stiffeners (1)

Decks (Pt3 ch1 Sec.8 C301)

I
i & 2, -2,
: F 225 f1—130 de
I - - Z
: ( . n
| Lo,
|
I h . L
I N.A. - Inner Bottom (Pt3 ch1 Sec.6 C801)
i — 225 fl—lOO f2b _0'7O-db
I 7 |—>0'L
]
Double Bottom Girder (Pt3 ch1 Sec.6 C901)
225 f, -110 f, , max 160 f,
Double Bottom (Pt3 ch1 Sec.6 C701) |—_> o,
225 f1 —130 be — 0.700Ib
o L
PGHE 61/110
&) (sPAL
Ship Design, Midship Rule Scantling, 2008.6 Kol b e S Automation Lab-



5.2 Allowable Stresses
- Longitudinal Stiffeners (1)

-~

| N.A (6. =0)

I
I
I
I
I
I
I
I
i .
D () I D N
I

Ship Design, Midship Rule Scantling, 2008.6

\
21
1
1
1
1
1
1
1
1
1

“Max 130f,

\ 4

&
<«

Max 225f,

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6,7,8,9
DSME, Dnv Rule OH&I A, 1991.8

Side shell (Pt3 ch1 Sec.7 C301)

Z Z
225 f, —130 f, "2

_>0

75

‘a

((((
LLL
((((L

?,\

NAOEISNU

SDAL 62/110

dShpDe ign Automation Lab.
http ﬂ sdal.s c.kr



5.2 Allowable Stresses

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6,7,8,9
DSME, Dnv Rule OH&I A, 1991.8

- Longitudinal Stiffeners (1)

-~

Longitudinal Bulkhead (Pt3 ch1 Sec.9 C201)

| N.A (6. =0)

| | Z — 17
\: 225 f, —130 f, "2
I Zn

Ship Design, Midship Rule Scantling, 2008.6

i ¢il NN ZI':I:.)/}

“Max 160f,

\ 4

A

Max 225f,

75

b

LL((((
EL
'j ;((<(4

‘E}‘“ SDAL 63/110

@ ds”PDE' ign Automation Lab.
NAOEISNU http /! sdal.snu.ac.kr
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5.3 Plate®] required thickness

W

Al OC
™ L

2.

JH3.

1.

Longitudinals or GirderZ& 2¥S0| XIXI= Unit Strip PlateE
E2HH O] Span ’s’ , Thickness ‘t’2l Beam2 & JIA
Beam(| ¥= 0152 72 EX OI52 & JIA

(Load pointOlA{@] PressureE SHOISCOE JIA)
Plate= Plastic HYIIX| 2IHOIH DT

( ElasticH{0ll HIOH 2 allowable stressat AI2)

Y \/
Y, .
7“3».(4&

NAOE/SNU

SDAL 64/110

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr



l

5.3 Plate €| required thickness 2!

~

O
T L

James M. Gere, Mechanics of Materials 6th Edition, Thomson, p. 440~449
Ol #8, oA detEH" 128 8 =& H p.17
DSME, “& 82X & A" 7 Local Scantling 7-3

Plastic moment(M,)

Cf) Eastic mor’gent(M)

2 M = &
L 12
" 16
Plastic section modulus(Z,) Lt
1.t2 2 7 - _
Z,=—=— °
| 4
M ps® 4 ps’ ps ®
o = > = 2 2 |:> t = :>
z 16 t 4t dNo

Considering different units t(mm), s(m), p(kN /m?), (N /mm?)

15.8K_s+/ p
= + 1
Jo

k, = correction factor for aspect ratio of plate field




ol
0
ju
0
02
12
=
>
02
rf
El
0x
HD
o
b

a
r
g
I
H
2
m

1 1 1

El -y =—§p-x4+—clx3+zc2x2+csx+c4 (1)
ik 1 1
El& :—Ep-x3+—c1x2+c2x+c3 (2)
d? 1
El : Z:—M(x) =—Ep-x2+clx+c2 (3) y
d’y
= dX3=—V(x) =—p-X+¢, (4)
it f(x) = 5
dx * i1 =P ( )

1 = L 1 .,
SM(X)=—p-X"——ps-X+—ps
2 2 12

2

1
M (0) = — ps
12

2] 27 2 12 8 4 12

s 1 (sY 1 s 1 , (1 1 1Y) , 1
M) =P ) P o —+—|ps®=—-—ps

1 , 1 1, 1
M(s)=—p-S"——ps-S+—ps” =— ps
2 2 12 12




5.3 Plate®] required thickness & 8%
' — Plastic Moment, M, (3]
W

=200l H& I 2= USi 201 St ALt l—»
y

1) 2] ML e S(p,)

2) ©9| 2 ZEOl AdIX| &l (p,+ap) 7 lllllllllllll
3] H9] S0 242X &

(2114, point of collapsellp,+4p) « - N
ps /2 ps /2

=X20I=0] 280l 2H18E




5.3 Plate®] required thickness & 8%
' — Plastic Moment, M, (4)
W

=200l H& I 2= USi 201 St ALt l—»
y

1) 2] ML e S(p,)
2) ©9| & SEHOl AdIX| &l (p,+ap) 7 lllllllllllll

3] HO| S50 AABIX| A

(21]F, point of collapsellp,+4p) « - Vi
ps /2 ps /2

=X20I=0] 280l 2H18E




5.3 Plate®| required thickness
'~ Plastic Section modulus, Z,

Al OC
= TT -1

M, =~ oydA = —Ll(—

o, )ydA - IAZ o, ydA

— GVIAI ydA + ayIA2 ydA

, A(Y,+Y,) tt/4+t/4) t°

: 2 2 4

,
"4

Ship Design, Midship Rule Scantling, 2008.6

Nutural”
Axis

<9

LE

y
ey

o TR 609/80
el SDAL
}".a.l?“k Adva dShpDe g n Automation Lab.

NAOE/SNU http: ” sdal.s
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\

b.4 Stiffener®] 2£IH Xl Z2HAl &%

W

J1A1. stiffener)} AX|E O 9| plate))X] Z2HHO
Span ’l’Ql Beam@E JIH

182, Beam0| 2= Ol52 72 X 0l52= A
(Load pointllM©] PressureE S2HOISCE JIA)

JIA3. stiffener= Elastic HYNIX| 128t
(OIS0l HIHEIAE Al, Al }IXIZE S013.)

4
P S
1 |
1 O
II_ :
,/
—I_/
d
1 g
1 H
1 i
1
1
1
1
| vy
[
I H
1 p
1
PR
Y
VB variox B
4y
- 3

NAOE/SNU

SDAL 70/110

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr



-IAI

lStlffener_l 2 X+ 23 A

~—

Eastic moment(M)
ps - 17
12

M =

Rearranging formula for thickness

p-s-17 1

Moy psl L
12 Z

= Pesl

120

Considering different units
p(kN /m?), s(m), I(m), o(N /mm?)

L= B3I P2 (Cmg)

12 o

Ship Design, Midship Rule Scantling, 2008.6

James M. Gere, Mechanics of Materials 6th Edition, Thomson, p. 440~449

Ol AZ & detEAH" 128 &X A& A p.17
DSME, “Aet2 X & H” 7 Local Scantling 7-3

S, +S
1 2
S =
| Sl S 2
DUED
R 71/110
(B SDAL
YLy
" P X7 Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



I

Midship Scantling I Xl

\ 4 v3700TEU ZHE|0]L4A19] Midship section
v MHINO ZQ MU 20061 MUMH| BHAE e P
4100TEUR HHIOIHAMO] =Q HIY Al e Iy,

20340 A/B. :/ \5
v . SUCM STl BHXI, Longi spacing, Seam line 2 R R S
20065 MuUtMH| BHIAE 3700TEU HHIOIHMJIEN) : SEM R e '
O] Midship sectionlll SLOIAI Al g F5 1 e T LT

0 DEcx - 200 X 12 o (oo™ SNIP)

I = 2 |300X S0 X 11716 1.A |
_i. 4TH DECK 3 300 X 90 X 13/17 1.A

4 200 X 12 ro (DOT™H SNIP)

- C.L 280X15 AM + 200X17(T) AH
i g ;-u ::::I:I:;‘:ANG |

15 - 10 |3T0 X 1C0 X 12/17 [.A A4

19 - 21 [300 X 50 X 117 LA M
23 - 24 |300X 90X 13718 1.A
« 27 |250X 90X 12/16 1.A
29 - 31 |25 X 90 X 10715 1.A
2 300 X 90 X 11/16 1.A
33 - 34 |250 X 30 X 10715 1.A
hL)
n

MMl F2 M
LOA(m) 259.64
LBP(m) 247.64

L_scant(m) 245.11318

B(m) 32.2

D(m) 19.3

1

BILGE

5100 SELL

- 37 |320X 35 F8

2600 x 11

S0 X SO FB AW |
CL -1 [190X 90X 0AAM

W' BTM 3 - 30 |250X 90 X 12/18 1.A AH
12 = 13 300 X SO0 X 11716 1. A AH3S
20 - 21 [300X 90X 11716 LA AN
23 - 25 |2%0 X 60 X 13/18 LA MM
26 - 34 |250 X 90 X 10/15 [.A
36 - 37 |3S0X 35 FO

30 300 X 35 FB MM

L

LONG” 8HD

NJ. 2 S.0IR 150 X 90X 9 AM |
NO.11 S.GIR 300 X SO X 1WMI7 I.A AOGS
ND.5,8,14 S.GIR 150 X 11 7B _(0OT™H SNIP) I

Td(m) 11 4\\l‘~L L 1 L/l,,lf v gT 3 B I

Ts(m) 12.6 t’%‘}”'?‘?"s"ﬁqi?l ~ I
'i:_wxl.xu_i_m.lzuu_‘_ 24X 22 M |

Vs(knt) 24.5 \on s o023z Lo xa)

Cop 0.6563

Z‘ﬁ%ﬂ' SDAL 72/110

Advanced Ship Design Automation Lab.

Ship Design, Midship Rule Scantling, 2008.6 NAOESNU hetp:t/asdal.snu.ac.kr



| Midship Scantling Cli
L = %)

\ ,\l [
N y
- .L

N
LA

Outer bottom & Bilge plate

Outer bottom Longitudinals

Inner bottom plate

Inner bottom Longitudinals

Side shell plate
Side shell Longitudinals

deck plate
deck Longitudinals

Longitudinal bulkhead plate
Longitudinal bulkhead Longitudinals

Zﬁﬁ%’\ SDAL 731110

Ship Design, Midship Rule Scantling, 2008.6 Kol hetpitasdatamuackr



.Outer Bottom & Bilge plate

SCANTLING

S00 X S0 FB AW

190 X 80 X 12 A

200 X 12 ro (00T SNIP)

00X 90 X 11716 1.A

300 X 90 X 13/17 1.A

200 X 12 ra (DOTH SNIP)

280X15 AM + 200X17(T) AH

150X 90X 9 AM

300 X 90 X 1317 1A NCS

3TO X 1C0 X 12747 [.A M4

300 X SO X L7 LA M

300 X 90 X 131716 1.A

250 X 90 X 12/16 1.A

250 X_ 90 X 10/15 1.A

300 X S0 X 11748 1.A

250 X 30 X 10715 1.A

320X 35 F8

500 X SO Fa A

150 X 90 X 0 A MM

250 X 90 X 12/18 1.A AH

300 X SO X 13716 1.A AHIS

300 X 90 X 11716 L.A AM

250 X 80 X L/16 [LA M

250 X 80 X 10/45 [.A

20 X 35 FO

300 X35 FB AM

150 X 90X O A MM

300 X SO X 1Wi7 1.A AGS

LOCATION| LONG . NO
UPPER ECK| ;- 2
26 DIcK
>0 oeox
s - 2
4TH DECX 3
‘
c.L
B sew
3 13
15 - 10
| 13- 10
19 - a1
Blge it
' 2 -
si0c sy |22 = 3
2
33 - 34
-3
»
cL -1
RN TS
12 - 13
20 - 21
23 - 28
Love’ s 3
36 - 37
»
N, 2 5.01R
N0.11 5.6IR
ND.5.8,14 S GIR

150 X 11 FB (00T SNIP)

KP : Keel plate, BPn: n-th Outer Bottom plate
Ship Design, Midship Rule Scantling, 2008.6

Seam line

NAOE/SNU

SDAL 74/110

Advanced Ship Design Automation Lab.
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|

.Keel Plate (KP) (1)

@ :Load point

“Fae w M I

v" Design Load

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6 Table B1

Structure Load Type p (kN /mZ)
Outer
bottom Sea pressure p, =10T + p,,

: Keel plate@] B Sea pressureBt0| Design Load = 228t

v Keel plate= 3JH9] Unit strip@ &

24

v/ Unit strip@] Load point:
1,2, : Midpoint
3: Midpoint@} J}&t

v 3)HQ] Unit stripOfl CHOH 242} Plate
SHE HAOLL, JHE 2 U S Keel

ulil

plate O] FHIZ AIETt

v KPO| Material2 JI%_‘—*JEI = 2ot

NV-328 A28t (f,=1

®

Keel Plate9] Unit strip 10§| LH®} Design Load, P

pdp
p1

pl

ks 2 0.2L~0.7L form A.P. ks=2

Cw 10.343 100 < L <300, 10.75 - [(300-L)/100]"(3/2)

y F ] 67 [ fewaterlineOl A &8t =01 apcio] & =12l
67 | (FTo0.8Cw)

28.33795639 p, = (k.C, +k,)(0.8+0.15V /L)

ZuHoRLH

8.05

StSXIE MK =& D1el, =2 B/4(m

)=8.05

0 | & X(Baseline)2

E 2H otSXEMNKI 2 =2 I1el,

Z O T(m

)

—1.2(T -z) (kN /m?)

y
=p, +135
23.355 Py =P B+75

149.355 | P, =10T + py

Unit strip2, Unit strip3 &

ST FlowZ 18

Unit strip2 : p1 = 149.355(kN/m?

EIND
Unit strip3 : p1 = 149.355(kN/m?) ;.'.«

/“‘A)xL'K
NAOE/SNU

SDAL 75/110

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr



Keel Plate (KP) (2] > ;
\ 3 n
w2
@ H e 3114 X 22 AH
v Required Thickness . v Allowable stress | -.. w~l  e:Load point
15.8k_s+/p t . for Bottom Plate ®
Lo / 1 (mm) : v" Minimum Thickness
o ! o =120 f1 0.05L
' t2:7.0+f+tk (mm)
Keel Plate®| Unit strip 10§l LH®} Required Thickness !
p 149.355 | Maximum Design Load L1 24511 | Min (L, 300) (m)
ka 1.0 k, = (1.1-0.255/1)* s/1= 0.4 0|5} ka= Z/CH 1.0 ¢ 1 1.28 | Material factor = 1.28 for NV-32
s 0.741 | stiffener spacing in m 2 tk 1.5 | Corrosion addition
0.05L
t f1 1.28 | Material factor = 1.28 for NV-32 19.33 |t=70+ \/STI' <t (0
o 153.6 | o =120 f
- ; ; (=g < k=35
tk 1.5 | Corrosion addition Unit strip 1 ’2’30" ET 1oa
N | ST oTTTTTm T mmmmmmmmmmmmmmmmmm T
13.04 |v-— o) cf) Minimum Breadth
Unit strip2, Unit strip3 & S8 FlowE {8 b =800 + SL(mm)
Unit strip2 : t; = 13.04 (mm) p |ue | 2025566
) ) Arr. 3154 i x| Ate| Keel plate & - Ruleg OtEs
Unit strip3 : t, = 14.603(mm)
@ t=max(t,t,) [mm] ® unit strip] EH & 1 2 S Keel plate®] FHZ Mt
Unit strip 1 19.33
Unit strip 2 19.33 t=19.33 ~ 19.5 [mm]
Unit Strip 3 19.33

SDAL 76/110

/‘.dé)xih \ Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



!Longitudinals at Keel Plate (L1)(1)

v" Design Load

-
= DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6 Table B1
5 Structure Load Type p (kN /m?)
L1 = Outer Sea pressure p, =10T + p
P bottom ! dp

—
14 AH |
=

-

: Keel plate9] A< Sea pressuretQ| Design Load = 28!

—ae v o~ I @ :Load point @
L1 Ol CH®} Design Load P

v'Load point: Midpoint

ks 2 | 0.2L-0.7L form A.P. ks=2
| O == ol . X
/|_1 gl Material2 jl_l.__ﬂ_m- % EUI_I- Cw | 10.343 | 100 <L <300, 10.75 - [(300-L)/100]"(3/2)
= | f1 67| . = N
NV-32& A28t (f,=1.28) S fevaterinedi} st S yetel 42002
6.7 | (EITHO.
o pdp 28.33795639 p, = (k.C, +k,)0.8+0.15V /¥L)
1

y 8.05 | ZAMCRLH GFEXEMAIC 2B Hel, F 4 B/4(m)=8.05
z 0 | &X(Baseline)22 2& StEXENMXIL ==I{2l, = T(m)

y
=p, +135
23.355 Py =P B .75

—1.2(T -=z) (kN /m?)

149.355 | P, =10T +p,,

SUEDD

e 771110
V.p N

Ve X

T lE \ Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr
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Longitudinals at Keel Plate (L1)(2)

i —

@

i
n J
-l

R
L1
Ho ol 3usx2em
| mae v | ®[ 0ad point

T
. . )
v Requ1re(3 Section Modulus v Allowable stress
1
— 831 spw, (cm 3) ia =225 f, —130 f,, -0.70,
o |
1
le 2.96 Web frame 2t23(3.16m) - 0.2 m(braket)
s 0.741 | stiffener spacing in m
p 149.355 | Maximum Design Load
tkw 1.0 | Corrosion addition
wk tkf 1.0 | Corrosion addition
Z 1.15 |1 +0.05(t,, +t,,)for flanged section
f1 1.28 | Material factor = 1.28 for NV-32
f2b 1.04 | 3700TEUZ2| section ModulusZ & gt
d odb 25.6 | 20f; in general
134.88 |0 =225 f, -130 f,, - 0.70,
744.91 |z - 83';‘”” (em*)

®

v" Minimum Thickness of Web and Flange

t1:5.0+L+tk (mm), t, =—+t (mm)
Jh
k 4.9022 0.02 L4
f1 1.28 | Material factor = 1.28 for NV-32
t1 tk 1.0 | Corrosion addition
10.83 tl:5.0+%+tk (mm)
.
h 400 | Profile height in m
g 70 | 70 for flanged profile webs
t2 tk 1.0 | Corrosion addition
7 .21 t2=%+tk (mm )

t=max(t,t,)=t

@ Required section modulus& IH=E0l= Longi. B

Table Ol M &0} Longi.Q| K| MA

“EMAAEE”, T 4T (Z20), HEHMZMAY, 1996

0l3g, “HOoIX MUMA”, MMl AZ AN, p22-25
1 a b t 1 r Mo A I Z
I mm cm? cm? cm?
400 100 11.5 24 12 61.09 34,200 1,120

T lE \ Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



.Inner Bottom plate

LONGITUDI 8 1
LOCATION| LONG.NO. SCANTLING |
UPPER DECK| | - 2 SO0 X S0 FB AM
2 DECK - 190 X_ 90 X 12 A
D DECX - 200 X 12 ro (0oTH sNiP)

1 - 2 |300X 90 X 11/16 I.A |
e B 300 X 90 X 13/17 1.4

a 200 X 12 ro (DOTH SNIP)

c.L 280X15 AM + 200X17(T) AH

1 ISOX DX 9 AM

3 - 33 |300X 90X 1317 LA NOS |
15 - 10390 X 100 X 12/17 [.A A4
19 - 21 300 X SO X LI/ LA A
23 - 24 |300X 90X 13718 1A
25 - 27 |250 X 90 X 12/16 1.A
29 - 31 |250 X 90 X 10/15 1.4
» 300 X SO X 11748 1.A
33 - 34 |250 x 30 X 10415 1.A
3 -3 |320% 35 r8
» 560 XS0 FO A |
cL -1 [150% 90x 0AM
IN BT | 3 .30 [250X 90 X 12/18 1.A AH
12 = 13 |300 X S0 X 13716 1. A AHIS
2 -2 300X 90 X 11716 L.A AN
23 - 25 |29 X S0 X LA/18 [.A M l
26 - 34|25 X 80 X 10/15 [.A
36 -3 |250% 35 FO

5100 SELL

LONG® 8HD

30 300 X35 FB AK
NI, 2 S.0IR 190 X 90X 9 A MM 1 ()
ND.11 S.GIR 300 X SO X 117 1A AGS -_E,
ND.5.8,14 S.GIR_ |150 x , 1} 7B (00T SNIP) I =
1BP4 ;%‘IBPB IBP2 IBP1 | §
13 3400 X 12 A 2314 X 13 v
| 5.3 .
u,,! e P a2
| —
AL emp 5
+——FF=— =L

e

R SDAL 79/110

VERI[L
TAS 1
%@ Advanced Ship Design Automation Lab.
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[

Inner Bottom Plate (IBP4) (1]

v" Design Load

Structure Load Type

Inner bottom Dry cargo in cargo holds p,=p(g,+0.5a,)H_

TG o Pressure on tank P, = 0.67(10 h_ + Ap,,.)
T DT Inner Bottom, boundary in double ) Y
floors and girders | Pottom P, =10h, + p,
Minimum pressure p,s =10T
® LBP49] Unit strip 10ll LHS} Design Load, P
v Dry cargo in cargo holds
HHI0IY O B2 Platelfl Ul BXIH0 ES0Is2= A28 (EX0ISX)
:Load point ZHI0IU= 7H:t|° SI=E0ll £0I2E, Local scantlingAl
() p
1ld| OHXl B0t F28 (Zdx FX HS2IHAAH)
v . o) ] inO=2 M
IBP4= 4IH9] Unit strip@ & M v Tank] overflow T
v Unit strip9] Load point: Bpayn 25 | 25in general
1,2,3,4 : M]de]nt Air pipedll M Load point7bX| 2| 7HZ|
2’ P13 hp 14.648 | (air pipe2l ¢I%xl= second deckdllM 0.76m =2 X2 &)
< 47091 Unit stripOll LHOH 242} Plate 114.89 | P~ 067 (payn, + 8P,.)
SHE HIAOHL, JHE 2 24 1BP4 O] T
SHZ Ar2etll.
v'IBPO] Material2 J|Z=M JJ -
S 2B NV-328 A2 B (f,=1.28) ‘“'%L'_T SDAL o1
/“‘A)XLK Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr



[

Inner Bottom Plate (IBP4] (2)

W

.....

@ Load point

D LBP49] Unit strip 10]l LH®t Design Load, P

v’ Tank 9| Static pressure1ldd

pl14

hs 0 | Tank topOll M Unit strip 12tXI2] H2l= 0
00 15 | 15 in ballast hold of dry cargo vessels
15 p,, =10h  + p,

Unit strip2,3,4 = S8 FlowE A%

Unit strip2 : p,,= 153.88(kN/m?

Unit strip3 : py4 = 153.88(kN/m2)l hy=13.88m o
Unit strip4 : p,, = 153.88(kN/m2 | »(TanktopOl Unit striptilt L}S)

p15

v'Bottom plate £&AOZ OISt X4~ 1174
T

Unit strip2,3,4,5% 9 &

p = max( Pi3s Py p]S)
[KN /m?]

Unit strip1 : p = py5 = 126
Unit strip2 : p = p,, =153.88
Unit strip3 : p = p,4, =153.88

Unit strip4 :

p = p14 = 153.88

Ship Design, Midship Rule Scantling, 2008.6

SDAL 81/110

Advanced Ship Design Automation Lab.
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Inner Bottom Plate (IBP4) (1]

T ——

@

v Required Thickness

Jp

15.8k,s

t, 7
O

+t, (mm)

v" Allowable stress
for Bottom Plate

o =140 f,

@ Load point

Keel Plate®| Unit strip 10§l LH®} Required Thickness

©) v Minimum Thickness

t 0.03L, (nm)
y =t —F/—+1

V f1
t, 5.0 | 5.0in general

L1 24511 | Min (L, 300) (m)

1 1.28 | Material factor = 1.28 for NV-32
tk 1 Corrosion addition
t, 12.50

Unit strip 1,2,3,40l 25 HM2E

0 126 | Maximum Design Load
ka 1.0 k,=(1.1-0.25s/1)%,s/1= 0.4 0|5} ka= =4 1.0
] 0.841 | stiffener spacing in m
t f1 1.28 | Material factor = 1.28 for NV-32
o 179.2 | o =140 f,
tk 1 | Corrosion addition
12.14 |« -2 )

Unit strip2,3,4E S 23t FlowE 78
Unit strip2 : t; = 13.31 (mm)
Unit strip3 : t, = 13.31(mm)
Unit strip4 : t; = 13.31(mm)

O] t=max( t,t,) [mm]
Unit strip 1 12.50
Unit strip 2 13.31
Unit Strip 3 13.31

® unit stripQ] M = JHE 2 U Keel plate®] EHZ Xt

t=13.31 =13.5[mm]




[

_Longitudinals at Inner Bottom (L12])(1)

q .
= @ :Load point

v" Design Load

Structure

Load Type

Inner bottom

Dry cargo in cargo holds

p,=p(9, +0.5a,)H_

Inner Bottom,
floors and girders

Pressure on tank

boundary in double
bottom

P, = 0.67(10 h, + Ap,,.)

P =10 h, + p,

Minimum pressure

pP,s =10T

v'Load point: Midpoint
v'Liy,L3 O Material2 J|EMilt

[ B

ST NV-328 AI2BtLE.(f,=1.28)

® L140]l tH®t Design Load, P

Longitudinals at Inner Bottom©| Design Load=
Inner Bottom plate9] gtill STt

L14 . p = p14 =153.88

=4

~
AH [~ . /b1§
[~ T~ ¢ :Load point

WSS
E i
<«

f;v SDAL 83/110

T lE \ Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr
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Longitudinals at Inner bottom (L12)(2]

B SS—

@

£

BEE,

870,
—
{_
Y
-
N

~
AH L,

~.~ L1
~

= .
b~ @ :Load point

T
v Required Section Modulus \ v Allowable stress
2 |
7 — 831 spw, (cm®) o =225 f, - 100 f,, - 0.75,,
o |
1
le 2.96 Web frame 2t23(3.16m) - 0.2 m (braket)
s 0.841 | stiffener spacing in m
p 153.88 | Maximum Design Load
tkw 1.0 | Corrosion addition
wk tkf 1.0 | Corrosion addition
yA 1.1 |L+0.05(t,, +t,)for flanged section
f1 1.28 | Material factor = 1.28 for NV-32
f2b 1.04 | 3700TEUZ2| section ModulusZ & gt
d odb 25.6 | 20f; in general
166.08 |0 =225 f -100 f,, —0.70,,
623.33 |2 - 25 (o)

®

v" Minimum Thickness of Web and Flange

k h
t1:5.0+T+tk (mm), t, =—+t (mm)
f 9

1

k 4.9022 0.02 L4
f1 1.28 | Material factor = 1.28 for NV-32
t1 tk 1.0 | Corrosion addition
10.33 tl:5.0+%+tk (mm)
h 300 | Profile heightin m
g 70 | 70 for flanged profile webs
t2 tk 1.0 | Corrosion addition
5.29 t2=£+'[k (mm )
g

t=max(t,t,)=t

e

@ Required section modulus& IZEOl= Longi. & Table 0l M &0} Longi.O] K| MA
CEMMATE”, 4T (L20]), USHUMZMEY], 1996

OIS, “HOI Meta”, MM BEAM, p22-25
a b t 1 r Mo A I Z
mm cm? cm? cm?
300 90 11 19 9.5 | 46.22| 16,400 681

/*"r'é ».&LK' ( E E
NAOE/SNU

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr
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Side shell plate

SCANTLING

S00 X S0 FB AW

190 X 80 X 12 A

200 X 12 ro (00T SNIP)

- SP3

300 X 90 X 11716 1.A

300 X 90 X 13/17 1.4

200 X 12 ra (00TH SNIP)

280X15 AM + 200X17(T) AH

1ISOX 90X 9 AM

300 X 90 X 1317 1A NOS

o~ SP2

H-

' SP1
o

3O X 1C0 X 12/47 1.A A4

300 X SO X LIE7 LA A

300 X 90 X 11716 1.A

250 X 90 X 12/16 1.A

250 X 90 X 10/15 1.A
300 X SO X 11/16 1.A

250 X 30 X 10718 1.A

320X 35 8

SC0 X SO FB M

130 X 90 X 0 A AH

250 X 90 X 12/16 1.A AH

300 X 90 X 11716 1.A AH3S

JOO X 90 X 11716 L.A AN

250 X 80 X LA/16 [.A M

250 X 80 X 10/45 [.A

/0 X 35 F

300 X 35 FB MM

» SP : Side shell Plate
Ship Design, Midship Rule Scantling, 2008.6

10 X 90X O A MM

LOCATION A
UPPER CECK| 1 - 2
26 0EcK
>0 oeex
1 - 2
4TH DECX 3
4
oL
s sew f—t
3 -1
is - 10
ETETN
|19 - 21
T
2 - 27
13
sior e |23 |
2
39 - 34
3 - 3
»
cL 1
INN® BTM 3 =10
12 - 13
20 - 21
23 - 28
Lo’ D [
3 - 37
| 36 -
w
W, 2 5.0iR
%.11 5.6
\0.5.8,14 5.0IR

300 X SO X 1M/17 I.A NGS

150 X 11 FB (00T SNIP)

-

85/110

N AO>E'(ISNU http://asdal.snu.ac.kr



| Side shell plate (1)

' (Design Load & Load Point)

® :Load point

v SP5(Shear strake at strength
deck)= 209 stripRE M

v/ Unit strip@] Load point:
1,2, : Midpoint

v 2JHQ] Unit stripOfl CHOH 242} Plate
SHE AL, JHE 2 #E sPs 9
SHE AI28t.

v'SP59] Material2 J|=Mi}

SUTENV-328 AFSTILL. (f,=1.28)

v SP5& side plateQ| MM, strength deck@| shear
strakeQ|B &, side platingll} strength deck platingS
SHHI 1124. (pnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.7 €202)

t1+t2
2

t (mm)

v't1 : required side plating in mm
v't2 : strength deck plating in mm

v't2 shall not be taken less than t1.

v

S

r
e

TR 86/110
i SDAL

T lE \ Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr
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[Side shell plate (2)
' (SPOS - Side plating)

1 Y & 1, i 1, T
SO TSy Fy Fpry Py P P

® :Load point

v SP5(Shear strake at strength
deck)= 2JH9| strip@ & A

v/ Unit strip@] Load point:
1,2, : Midpoint

v 2JHQ] Unit stripOfl CHOH 242} Plate
SHE AL, JHE 2 #E sPs 9
SHE AI28t.

v'SP59] Material2 J|=Mi}
ST NV-328 A0t (f,=1.28)

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.7 Table B1

Structure Load Type p (kN /m?)
Sea pressure above _
External summer load waterline P2 = Pgp = (4+0.2k ),
: SP59] AL Sea pressure 30| Design Load = X238t
@

SP59] Unit strip 10l LH®} Design Load P

ks 2 0.2L~0.7L form A.P. ks=2
Cw 10.343 100 < L <300, 10.75 - [(300-L)/100]"(3/2)
ol f 6.7 H} X0 AMCHO| AX|
Kf f = waterline(fl Af M8} ZM AHO| =XH{|
(XIH 0.8*Cw)
6.7
pdp
28.33795639 p, = (k,C, +k, )0.8+0.15V /L)
2
b y 16.1 | ZNMOZLE OISKIZNKIC 2TWHa, 24 B/4(m) = 8.05
z 12.6 | MX(Baseline)CZ S E OI=XIANXIC| =2 Hal, X T(m)
48.613 | P =P +135 Yoo —12(T —2) (N /)
ho 5.163 | Waterline0f| A{ load pointItX|©] 2! Ha|
25.896 p2= pdp_(4+0'2ks)h0

Unit strip2= S 2%t FlowE 718

Unit strip2 : p2 = 21.558(kN/m?) -:L:g"*

3\
N R 87/110
frid) SDAL
R Ths
g
P SN Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr



[Slde shell plate (3) |~

T
i B 2
*[SPO - Side platingl .. | |«
N | »
@ I ]—@ Bottom = ’ ;
. . ! 0Load pomt
v Required Thickness . v Allowable stress
t ~15.8Kk,54/p Lt (mm) . for Side shell Plate © v Minimum Thickness
=+t !
\/ | — kL
ioshall be reduced linearly. Naf
SP59] Unit strip 10§l LHS} Required Thickness K 0.03 | Min (L, 300) (m)
L1 24511 | Min (L, 300) (m)
p 25.896 | Maximum Design Load -
t 2 f1 1.28 | Material factor = 1.28 for NV-32
ka 1.0 |k, = (1.1-0.255/1)*, s/l= 0.4 0|0} kai= X|LH 1.0 - - —
tk 3 | Corrosion addition
S 0.87 | stiffener spacing in m i
t=5.0+—=+t, (mm
t 1 f1 1.28 | Material factor = 1.28 for NV-32 14.5 Ji o)
sigma | 157.431 | N.A(140f1)- deck(140f1), MM OZ ZA Unit strip 1,20 25 M &
tk 3 | Corrosion addition |} |7 " °°°° T T TTTTTTTTTTTTTTTTTTT T TTT oo
8.575 | L =0 cf) Minimum Breadth
: o b =800 + 5L(mm)
Unit strip2 &= S8t FlowE 8 [ rue_ ] 2025568
. . Arr. 3154 b x| Ar2| Keel plate & > RuleE M=
Unit strip2 : t, = 9.993 (mm) - Free e
@ t,=max(t, ,,t ,) [mm] ® Unit stripQ Hl 3 J1& 2 #4S P52 FHIZ M8
Unit strip 1 14.5
Unit strip 2 14.5 tl =14.5

SDAL 88/110

T lE \ Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



| Side shell plate (4)
' (SPO - Strength deck plating)

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.7 Table B1
Structure Load Type p (kN /m?)
sz’(c:tller Sea pressure p, =a(py, —(4+0.2k )h,)
: SP59| AL Sea pressure 30| Design Load E X238t
@®
SP59] Unit strip 10l LH®} Design Load P
® :Load pomt ks 2 | 0.2L-0.7L form A.P. ks=2
Cw 10.343 | 100 <L <300, 10.75 - [(300-L)/100]"(3/2)
v SP5(Shear strake at strength P L8 | ¢ = watertinediiAf st e b0l 231421
deck)= 2JH9] stripC & A o o7 | HHOFCW
28.33795639 p, = (k,C, +k,)(0.8+0.15V /L)
v Unit strinI Load point: D1 y 16.1 | B SE| OFSXIMIIXIl 2B Hz, £l A B/4(m) = 8.05
1 ,2’ . M]de]nt z 12.6 | 41X (Baseline)2Z 2 E| OIS XIANIXIC =ZHel, W T(m)
48.613 Py = P, +185 ———1.2(T —z) (KN /m?)
a 0.8 | FP, deckhouse f:or:t":%,'iég_% 0.15L: 1.0, 11 9] : 0.8
174 2)“2' Unit Stl’]pO'" I:HUH 7_I|,7_I|. Plate ho 6.7 | Waterline at TO{IM deckjl)}llglz’:" ;'IEI
5”'“% J:"ﬂ.ol'ﬂ, )I'g é’ ﬂ% SP5 QI 15.743 P, = a(pdp —(4+0. s) o)
SHZ AH2%tL
‘a| ©
VSP52| Material2 J|E -l Unit strip2 = S8t FlowE A&
= - a
S 2B NV-328 AL (f,=1.28)
Unit strip2 : p1 =15.743(kN/m?2) @,t{:;""‘i‘o SDAL 89/110
‘\4'
\;l"-‘aLT*—él:K Advanced Ship Design Automation Lab.
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Strength deck | 120f, . 120f u"'— 11
i £ % s §
Side shell plate (5) ; i : u
i ! ] 3 L |
' (SPS - Strength deck platingl | .. 41 |. Vv | |- |
pro i ]
@ e mﬂ/ = i
! Bottom = ’ ;
. . ! 0Load pomt
v Required Thickness . v Allowable stress
15.8k,s+/p | for Side shell Plate ||| © v Minimum Thickness KL,
t=—F+—+t,_ (mm) | t=t, + +t, (mm)
Vo 1o =140 f, atN.A \/Tl
'oshall be reduced linearly' t0 5.5 | 5.5 for unsheathed weather and cargo deck
SP52I Unit Strip 10-" [Hbl_l- ReqUired ThiCkneSS k 0.02 | 0.02 in vessels with single continuous deck
L1 245.11 Min (L, 300) (m)
P 15.743 | Maximum Design Load tz_z f1 1.28 | Material factor = 1.28 for NV-32
ka 1.0 [k, = (1.1-0.255/1)7, s/l= 0.4 0|0} ka= Z|LH 1.0 " 5 | Corrosion addition
S 0.87 | stiffener spacing in m kL
t=t, + —+1t, (mm)
to 1 f1 1.28 | Material factor = 1.28 for NV-32 12.883 Jf
sigma 153.6 | 120f1 Unit strip 1,20" E-'.z- 5‘.'%%
tk 3 | Corrosion additon |} |T°"°°°~ T T TTTTTTTTTTTTTTTTTTT T TTT oo
2401 | 2 ) cf) Minimum Breadth
. e b =800 + 5L(mm)
Unit strip2 &= S8t FlowE 8 [ rue_ ] 2025568
. . Arr. 3154 b x| Ar2| Keel plate & > RuleE M=
Unit strip2 : t, ; =8.574 (mm) - = e
@ t,=max(t, ,t, ,) [mm] ® Unit strip@| FHl S J1E 2 42 SP52 FHIZ e
Unit strip 1 12.883
Unit strip 2 12.883 12 883 ~ 13-0

025 eIz waE DA 90/110

Pl &Z ‘ WA pdvanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



| Side shell plate [6)
' [SPS - Shear strake at strength deck]
v" Shear strake at strength deck
t+1,
(mm )

I =
2
v't1 : required side plating in mm t1 —14.5
v't2 : strength deck plating in mm t. =13.0
5 .
v't2 shall not be taken less than t1 ’ t2 =145
t,+t, 14.5+14.5
2 2

Ship Design, Midship Rule Scantling, 2008.6

@®| oad point

14.5 (mm)

SDAL °*"*

dShpDegAtmt Lab.
c.kr

y
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| Longitudinals at Side shell plate (1]

' (L38 — Side structure]

@ :Load point

v'Load point: Midpoint

VL350l Material2 J|EMI S
NV-328 ATt (f,=1.28)

v Ly side structure(fl A19]
longitudinals@} deck

ol
=

structure(fl MOl longitudinals&

11 BHLL

St

e

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.7 Table B1

Structure Load Type p (kN /m?)
Sea pressure above _
External summer load waterline P2 = Pgp = (4+0.2k ),

: L339l B Sea pressure3H0| Design LoadE &2t

®
SP59| L0l LS} Design Load P
ks 2 | 0.2L-0.7L form A.P. ks=2
Cw 10.343 | 100 <L <300, 10.75 - [(300-L)/100]"(3/2)
ol f 6.7 H} X0 AMCHO| AX|
K f = waterline(f ] M8} ZM AEHO| =X}
(Xt 0.8*Cw)
6.7
pdp
28.33795639 p, = (k,C, +k, )0.8+0.15V /L)
2
P , 16.1 | SAMOZSIE SIEXIENKIO 2THa, A4 B/4(m) = 8.05
z 12.6 | MX(Baseline)CZ S E OI=XIANXIC| =2 Hal, X T(m)
48.613 | P =P +135 Yoo —12(T —2) (N /)
hO 5.598 | Waterline0| A{ load pointItX|©] 2! Ha|
23.982 p2= pdp_(4+0'2ks)h0

[NWZi22
v‘g—\
‘_

Y
N R 92/110
‘v‘ | m Y ‘
V\‘l'. Tasiies V2
/‘.dé)xih Advanced Ship Design Automation Lab.
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[L0ngitudinals at Side shell plate (2)
' (L38 — Side structure]

b 4

n VS S—
(2 . . ! 0Load point
v 1
Required Section Modulus | v Allowable stress
2 1
8317 spw ' z,-1
_ PW 3 \c =225 f 130 f, - 2=
= cm ! 1 2 ®
o2 X . . .
: v" Minimum Thickness of Web and Flange
le 2.96 | Web frame ZF4(3.16m) - 0.2 m(braket) k
s 0.986 | =(0.87+1.102 )/2, stiffener spacing in m t 1= 5.0+ \/T + tk (mm ) , L=—+ tk (mm )
p 23.95194 | Maximum Design Load !
tkw 3 | Corrosion addition k 4.9022 | 0.02 L
wk tkf 3 | Corrosion addition f1 1.28 | Material factor = 1.28 for NV-32
Z 1.3 1+0.05(t,, +t,)for flanged section L 3 | Corrosion addition
1 f1 1.28 | Material factor = 1.28 for NV-32 1 2 . 33 t=5.0+ %Jr t, (mm)
f2 1.19 | f2=f2d, 3700TEUQ| section ModulusZ 7%t & - ——
h 200 Profile height in m
o zn 10.272 | =19.3 - 9.028, neutral axis§*E{ deckJItXIe| Hal . 20 | 20 for plat bar profile
1.102 | deck5H load pointJEXIQ Hal
= = 2acpom — t1.2 tk 3 | Corrosion addition
150.383 o =225f-130 f, - ——* m
831%spw " 13 t,=—+1t, (mm)
148.651 |z - =2 @) :
t=max(t,t,)=t,

Z, =148

Ship Design, Midship Rule Scantling, 2008.6

651 c¢cm*®

t, =13 mm

QULEIND
L —
L»“-‘-:EiN
Y ey
R R rasjoes 2
b

P SV
NAOE/SNU

7
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' Longitudinals at Side shell plate (3}
'(L38 — Deck structure)

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.7 Table B1
Structure Load Type p (kN /m?)
Weather
deck Sea pressure p, =a(py, —(4+0.2k )h,)
: L389] AL Sea pressure3H0| Design Load = 228t
. . Vim i P s o 1 .-,,_L'f._:“. @
@ :Load point SP52| L380" [HU._I' Design Load P
ks 2 | 0.2L-0.7L form A.P. ks=2
Cw 10.343 | 100 <L <300, 10.75 - [(300-L)/100]*(3/2)
v'Load point: Midpoint pl (] 67 | = watertineOllAf 15t 201 MEH0] £X/ 2]
! 6.7 | (HUO0.8Cw)
| ©O == ol
‘/L382I Material2 JlE& 4t % 2 ot Poe 28.33795639 p, = (k.C, +k, )(0.840.15V7/L)
NV-328 ATt (f,=1.28) o1 Y 16.1 | SAMOZSE OHEXIZIKIOl £WHa, A B/4(m) - 8.05
z 12.6 | 41X (Baseline)2Z 2 E| OIS XIANIXIC =ZHel, W T(m)
48.613 Py = P, +185 ———1.2(T —z) (KN /m?)
O o a 0.8 | FP, deckhouse front 2¢ZO & 0.15L: 1.0, 1 Q] : 0.8
¥ L38'— ?lde StrUCtureOI"A.I _I ho 6.7 | Waterline at THIA decktX|Q] =& Ha
longitudinals@} deck o 5 307 b= a(py —(4+ 02k )N
structureQfl A1©l longitudinals&
ﬂ a E}Uo
PG 94/110
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| Longitudinals at Side shell plate (4]

(L38 — Deck structure)
b

v Required Section Modulus

v" Allowable stress

0Load pomt

1
1
1
1
831° |
spw !
k 3 ! = —
— (Cm ) 1 O 225 fl 130 de
! Z
o |
1
le 2.96 | Web frame 2F24(3.16m) - 0.2 m(braket)
S 0.986 | =(0.87+1.102 )/2, stiffener spacing in m
p 15.307 | Maximum Design Load
tkw 3 Corrosion addition
wk tkf 3 Corrosion addition
y 4 1.3 1+0.05(t,, +t,)for flanged section
2_ f1 1.28 | Material factor = 1.28 for NV-32
f2d 1.19 | 3700TEU9| section ModulusE 78 ZA
o zn 10.272 | =19.3 - 9.028, neutral axis52E{ decktXIC| Hel
za 1.102 | deck5H load point)ItX|Q] Hel
150.383 | o =225, 130 f,, -2t
= 2
94,877 |z-2"" (@
o

®

v" Minimum Thickness of Web and Flange

k
t=50+——+t, (Mmm), t,=—+t, (mm)
V fl
k 4.9022 0.02 L4
1 1.28 Material factor = 1.28 for NV-32
t2_1 tk 3 | Corrosion addition
k
t=5.0+——+t (Mm
12.33 1 + \/Tl+ « (mm)
h 200 Profile height in m
g 20 20 for plat bar profile
t2_2 tk 3 | Corrosion addition
h
13 tZ:E+tk(mm)
t=max(t,t,)=t,

. Z,

Ship Design, Midship Rule Scantling, 2008.6

—94.877 cm?

=13 mm
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[Longitudinals at Side shell plate (5] | 17t
' (L38 — Side structure & Deck structure) > 7t3e -

v Side structure : z, =148.651 cm”, t, =13 mm

@®:| oad point

v’ Deck structure : Z, =94.877 cm’, t, =13 mm
v’ Side structure & Deck structure
3
Z=max( Z,,Z,)=2,=148.651 cm
t=max( t,,t,) =13 mm
@ Required section modulus& BtZE 0= Longi. & Table 0IA &0} Longi.O| X|= MA
ohg Totoh A WATYO| SHOIHS | " I
d tw 6 9 11 12.7 14 |
9 13.5 16.5 19.1 21
S, d
150 44.7 65.2 78.3 89.1 97.2
614 856 1000 1120 1200
Tg RO 1Y TWANO| SoHS
d tw 16 19 22 25.4 28 32 35 38
32 38 44 50.8 56 64 70 76
200 215 259 305 359 401 469 521 576
3900 4730 5600 6640 7460 8790 9830 | 10900

/*‘"'A ».&LK' ( E E
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.Deck plate

JPPER DECK
19300 A/8

A% LOCATION| LONG. NO SCANTLING |
= Il - WUPPER DECK| | - 2 |SO0 X SO FB AM
o Eed 190 X 90 X 12 A
S >0 DEcx 200 X 12 r8 (00T SNIP)
1 2 300X 90 X 11/18 1.A |
e I 300 X 90 X 13/17 1.A
4 200 X 12 ra (00TH SNIP)
c.L 280X15 AM + 200X17(T) AH
ey M ISOX 90X 9 A M
3 - 33 |XOX 90X 1317 1A NCS I
§5 - 10 [3TO X 100 X 12/17 [.A A4
19 - 2t [300 X S0 X 117 LA MM
st 23 - 24 |300X 90X 13718 1A
: 25 - 27 |250 X 90 X 12/16 1.A |
si0r sE |29 - 3 [250 X 90 X 10415 1.4
» 300 X SO X 11748 1.A
39 - 34 |250x 30 X 10/15 1.A
3 -3 |320% 35 8
£ 560 XS0 FO A4 |
CL -1 [150X% 90X 9AM
INC BT | 3 .30 [250 X% 90 X 12/16 1.A AH
12 - 13 300 X 90 X 13716 1.A AKIS
20 - 21 [300 X 90 X 11716 L.A AN
23 + 25 |2%0 X 890 X L/18 [.A M '
g LG’ e |—28= 34290 X0 X 10/1S [.A
& 36 - 37 |250% 35 FB
g 30 300 X35 FB AM
NJ. 2 S.GIR IS0 X 90X O AAM |
%—- NO.11 $.61R 300 X SO X 1W17 LA MGS
ND.5.8, 14 5.GIR 150 X 11 7B (00T SNIP) |

* DP : Deck Plate
Ship Design, Midship Rule Scantling, 2008.6
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[

.Deck plate (1)

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.7 Table B1

Structure Load Type p (kN /m?)
Weather
deck Sea pressure p, =a(py, —(4+0.2k )h,)

: DP19] AL Sea pressure3H0] Design Load & X2 8t

®
DP19] Unit strip;0fl LHSt Design Load P

®: Load pomt ks 2 | 0.2L-0.7L form A.P. ks=2

Cw 10.343 | 100 <L <300, 10.75 -[(300-L)/100]"(3/2)

v DP12 3)9] stripe & 1M p (] 67 | ¢ - watertineOl A 215 S a0l +5342)

o 6.7 | (HUO0.8Cw)

Pep 28.33795639 p, = (k,C, +k,)(0.8+0.15V//L)
v Unit stripgl Load point: p1 y 15.825 | ZAMOZLE OIEXIENXIC $WHE, XA B/4(m) = 8.05
1 ,2,3 ’ Midpoint z 12.6 | MX(Baseline) 22 SE OIS XIANXICl =& Hal, X T(m)
48.267 Py = P, +185 ———1.2(T —z) (KN /m?)
a 0.8 | FP, deckhouse f:or:t":%,'iég_% 0.15L: 1.0, 11 9] : 0.8
ho 6.7 | Waterline at TOIIM decktX|O] £=Z! Ha|

v 3)HQ] Unit stripOfl CHOH 242} Plate
SHE A0, JH& 2 4 DP19| 16.853
SHE AI28t.

vDP19] Material2 J|ZEMil}
S 2B NV-328 A1 SHLL. (f,=1.28)

p, =a(py, —(4+0.2k )h,)

GRS 98/110
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[ D k I 2 DP1
.Deck plate (2]
i —— '
@ ) :L&;'é-a'..p—)01nt
t _15.8kas\/3 Lt (mm) . for Side shell Plate © v Minimum Thickness
N k ! kL
Vo 1o =140 f, atN.A t=t, + —+t,_ (mm)
ioshall be reduced linearly. \/Tl
DP‘]QI Unit Str]’p 30-" [Htls_} Required Thickness t0 5.5 | 5.5 for unsheathed weather and cargo deck
k 0.02 | 0.02 in vessels with single continuous deck
p 16.853 | Maximum Design Load g 24511 | Min (L, 300) (m)
ka 1.0 [k, = (1.1-025s/1)", /1= 0.4 OI0} ka= ZILH 1.0 tz f1 1.28 | Material factor = 1.28 for NV-32
S 0.765 | =(0.69 + 0.84)/2, stiffener spacing in m K 3 | Corrosion addition
t 1 1.28 | Material factor = 1.28 for NV-32 ot +&+t (mm)
sigma 153.6 | 120f1 12.883 N L
tk 3 | Corrosion addition Unit strip 1,20“ EI_-'|=- ’—".'%E.J
sksdp e e e e e e e o
6.611 | v~ m "
1 Yo cf) Minimum Breadth
Unit strip1, 2= S &%t FlowE 18 b =800 + 5L(mm)
Unit strip1 : t, = 6.45 (mm) rue | 2025566
Unit Stl’ipz . t1 =6.535 (mm) ° Arr., 3154 i x| Abe| Keel plate = - RuleE DIEE
@ t,=max(t, ,,t, ,) [mm] ® Unit strip® Hl S JHd 2 a4S DP12| FHIE 38
Unit strip 1 12.883
Unit strip 2 12.883 t2 =12.883~13.0
L 99/110
0‘25 EI.Q-IE E‘%E ﬁShr'pDesfgnAutomationLab.
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Longitudinals at Deck plate (1)

DP1

v'Load point: Midpoint

v'Ly, LLOl Material2 JI=Mil}
ST NV-328 AI2BtLE.(f,=1.28)

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.7 Table B1

Structure Load Type p (kN /m?)
Weather
deck Sea pressure p, =a(py, —(4+0.2k )h,)

: Ly, L,Ol B Sea pressure 30| Design LoadE 228t

@®
SP59] L,0il tH®t Design Load P
ks 2 0.2L~0.7L form A.P. ks=2
Ccw 10.343 | 100 <L <300, 10.75 - [(300-L)/100]"(3/2)
PLL o Ll 87 | £ = watertineOll A At =81 yEto] 251342
X * .
6.7 | (HUO0.8Cw)
pdp
28.33795639 p, = (k,C, +k,)(0.8+0.15V//L)
p1 y 15.55 | SHMOZLH OISXIANKXIQ =" Hel, A B/4(m) = 8.05
z 12.6 | 41X (Baseline)2Z 2 E| OIS XIANIXIC =ZHel, W T(m)
47.921 Py = P, +185 ———1.2(T —z) (KN /m?)
a 0.8 | FP, deckhouse f:or:t":%,'ég_% 0.15L: 1.0, 1 @] : 0.8
ho 6.7 | Waterline at TO{IM deckDtX|Q] £=&! He]
16.576 p, =a(py, —(4+0.2k )h,)
SLER®
Y 100/110
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Longitudinals at Deck plate (2)

DP1

—anle.
v Required Section Modulus | v Allowable stress
2 ! _
, _ 831 spw, (cm?) 1o =2251-130 deZ”Z—Za
o ! n
1
le 2.96 | Web frame ZFH(3.16m) - 0.2 m(braket)
s 0.695 | =(0.550 + 0.840 )/2, stiffener spacing in m
p 16.576 | Maximum Design Load
tkw 3 | Corrosion addition
wk tkf 3 | Corrosion addition
1.3
Z f1 1.28 | Material factor = 1.28 for NV-32
fod 1.19 | 3700TEUQ] section Modulus= 78t 4
o zn 10.272 | =19.3 - 9.028, neutral axisS2E{ deckItX|C| Hel
za 0 | deck5H load pointDItX|Q] Hel
150.383
72.422 1+0.05(t,, +t, ) for flanged section

®

v" Minimum Thickness of Web and Flange

k h
t1=5.0+T+tk (mm), t,=—+t, (mm)
f 9

1

k 4.9022 | 0.02 L4
f1 1.28 Material factor = 1.28 for NV-32
t1 tk 3 | Corrosion addition
k
1233 t,=5.0+——+t (mm)
1 \/T‘ k
h 150 Profile height in m
g 20 | 20 for plat bar profile
t2_2 tk 3 | Corrosion addition
h
10 5 t,=—+t, (mm)
) g
t=max(t,t,)=t

b,

|t

@ Required section modulus& BtZE0l= Longi. & Table MIA &0} Longi.O| X|= MA
o

S oot 2% ST S+

d tw 6 9 11 12.7 14
9 13.5 16.5 19.1 21

150 44.7 65.2 78.3 89.1 97.2
614 856 1000 1120 1200




1

Ship Design, Midship Rule Scantling, 2008.6

.Longitudinal Bulkhead plate

LBP : Longitudinal Bulkhead Plate

LOCATION

SCANTLING

UPPER DECK

S0 FB AN

2 DECK 190 X 90 X 12 A
>0 DECX 200 X 12 o (00TH SNIP)
2 |300 X 90 X 11/16 1.A
== 300 X 90 X 13/17 1.A
200 X 12 ra (DOTH SNIP)

A

280XIS AW + 200X17(T) AH

150 x

MX 9AM

300 x

90 X 1317 1A NOS

slalv|=|o|> ||~
e | .
s @

3TO X 1C0 X 12747 [.A M4

L

300 X

SO X LI/E7 LA A

23 - 24 |300X 90 X 13/16 1A
BILGE
: 25 - 27 |250 X 90 X 12/16 1.A
sior ses |29 - 3 [250 X 90 X 10415 1.4
» 300 X 90 X 11716 1.A
39 - 34 |250 % 20 X 10415 1.A
3% -3 |320% 35 F8
-_x3
» 560 XS0 FO A
cL -1 [150% 90x 0AM
NS BT™M | 3 .30 [280 X 90 X 12/18 1.A AH
12 - 13 [300 X 90 X 13716 1.A AN
20 - 21 [300 X 90 X 11/16 A MM
23 - 25 |2%0 X 60 X 12/18 A MM
L @D |28 =34 [290 X 90 X 10/15 LA
36 - 37 |350% 35 F0
» 300 X35 FB AK
N). 2 S.0IR 150X 90X O A MM
N2.11 $.01R 300 X S0 X 1W/17 LA A5

ND.5,8,14 5.GIR

150 x

11 7B (0OT™H SNIP)
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Longitudinal Bulkhead plate (LBP4) (1)

LBP4

w Hh U

N

I @ :Load point

vLBP42 5J19] Unit strip@ & M

v/ Unit strip@] Load point:
1: Midpoint@t JHE DI XI™
2,3,4,5 : Midpoint

v 5J19] Unit strip0fl CHOH 2t} Plate
SHE AHl&t0t4, 18 2 A4S LBP4 9
SH=Z AI2st0.

v'LBP49] Material J|=AM i}
S 2B NV-NSE A2t (f,=1.00)

o= -

v" Design Load

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6 Table B1

Structure Load Type p (kN /m?)
Sea pressure when
Watertight bulkheads flooded or general dry p, =10h,

cargo minimum

Tank bulkheads
in general

P, = p(g9, +0.5a,) - h,
P, =0.67(pg,h, + AP, )
P = P9,

hs+ pO

® LBP49] Unit strip 10§| tH®} Design Load, P

MUt 2AFA| Sea pressure(f] ©]8F 23 11¢, P1
hp 3.725 | Muk&AF Al Second Deck 74X &=zZIct 71y
Pi 1 3725 |[p =10h

Unit strip2,3,4,5
Unit strip2
Unit strip3
Unit strip4
Unit strip5

T SUBHFlowZ 71

: p1 =30.31(kN/m?
:p1=21.63(kN/m?
:p1=12.93(kN/m?
:pl= 4.29(kN/m?

103/110

HE 00 AL..
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| Longitudinal Bulkhead plate

* (LBP4) (2)

Tank Overflow £ 11d, P,

— ol

(® LBP49] Unit strip 101l
[HB} Design Load, P

5

4
83 ¥ BP4

2

1

I
’ :Load point

Apdyn 25 25 in general
Air pipedll M Load pointZ7hx| 2| 7HE|
P4 hp 4.485 | (air pipe2l €%l second deckoll M 0.76m &2 g &2)
46.97 |P, = 0.67(pg,h, + AP, )

virtical accelation 11d, P,

Unit strip2,3,4,5 St

Unit strip2
Unit strip3
Unit strip4
Unit strip5

FlowE &t
: p4 =42.29(kN/m?)

: p4 = 36.44(kN/m?2)

: p4 = 30.58(kN/m?
:pd4= 24.76(kN/m?)

Tank Test & 11¢, P,

Po 25 25 in general
Air pipedll M Load point7tX| 2| 7Hz2|
Ps Hs 3.725 | (air pipe2l 2Ixl= second deckollA 0.76m =2 22 &)
52.46 P, = pg,h, + p,

Cw 10.34 | 100 <L <300, 10.75 - [(300-L)/100]*(3/2)
Cv 0.2 |C, =+/L/50, max 0.2
a0

Cv1 1.56 CVI:V/\/I, max 0.8

* 0.4396 | a, =3C,-/L+C,C,,

Ps kv 0.7 | 0.7 between 0.3L and 0.6L from A.P.
4599 | a, =k,9,a,/C,
hb 3.725 | HEr&E4 Al Second Deck NtAl E21CHD JHE
46.24 | p; = p(9,+0.5a,)h, —10h,

Unit strip2,3,4,5 S&UBt FlowE A8

Unit strip2 : p2 = 30.31(kN/m?2)

Unit strip3 : p2 = 21.63(kN/m?

Unit strip4 : p2 = 12.93(kN/m?

Unit strip5: p2 = 4.29(kN/m?2

Unit strip2,3,4,5¢ S8t

Unit strip2 : p5 = 45.48(kN/m?2)
Unit strip3 : p5 = 36.75(kN/m?2)
Unit strip4 : p5 = 28.00(kN/m?)
Unit strip5: p5= 19.31(kN/m?

Flow® F8t

Pi~ps= JHE

Pressure & ¥ B[}

p=max( p,,

[KN /m?]

4 X=1
= WS

HA Unit strip1 : p = p5; = 52.46
Unit strip2 : p = p; =45.48
Unit strip3 : p = p5 =36.74
Unit strip4 : p = p, = 30.58

Unit strip5 : p=p, 24.76

Py Py Py) !




[ _ 3 o 120f,
Longitudinal Bulkhead plate . 5
4
* (LBP4) (2] ¥ 1BP4
T —— 2
@ 7
v Required Thickness ! i 4 :Load point
qui 1 v Allowable stress
t 15.8k_s+/p ¢ (mm) for Bottom Plate ®
L= +t, (mm) | v Mini ;
[ : mEEITS Minimum Thlcknekss
| L
' t, =5.0 + -+ 1, (mm)
Keel Plate®| Unit strip 10§l LH®} Required Thickness \/fT
- - L1 24511 | Min (L, 300) (m)
P 0246 | Maximum Design Load 1 1.00 | Material factor = 1.00 for NV-NS
ka 1.0 | k,=(1.1-0.25s/1)*,s/l=0.4 0|5} ka= =4 1.0 - —
I t2 Tk 3 Corrosion addition
° 0.87 | stiffener spacing k 0.01 | 0.01 for other bulkheads
t; f1 1 | Material factor = 1.00 for NV-NS L
t,=5.0+ L+ t, (mm
o 134.48 8" Lo
tk 3 | Corrosion addition Unit strip 1’2,3’4’50" EI__IIZ_ &Ilgg
11.59 [« -2k m)
e @ t=max(t,t,) [mm]
Unit strip2,3,4,5& S8t FlowE A8
Unit strip 1 11.59
Unit strip2 : t1 = 10.99 (mm) Unit strip 2 0.9
Unit strip3 : t1 = 10.26 (mm) Unit Strip 3 10.26
Unit strip4 : t1 = 9.67 (mm) Unit Strip 4 9.67
Unit strip5 : t1 = 8.96 (mm) Unit Strip 5 8.96
® Unit stripQl M = J1& 2 242 LBP4 O] EHIE Mgt
t=11.59=11.5 [mm]

I
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| Longitudinals at Longitudinal
* Bulkhead plate (LBP4) (1]
| —

v" Design Load

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6 Table B1

Structure Load Type p (kN /m?)
L34 ) Sea pressure when
Watertight bulkheads flooded or general dry p, =10h,
cargo minimum
l L33JLBP4 ' P, = p(g, +0.5a,)h,
L32 Tank bulkheads P, =0.67(pg,h, + AP, )
in general P. = pg.h+ p
L31
I ®:Load point ® L31 O}l LSt Design Load, P E
A
]
v'Load point: Midpoint ‘.L LBP4
v'LBP49] Material2 J|E=Mi1l} St I .
NV-NSE AH2TtLE. (f,=1.00) |
®:Load point

MUt AL Sea pressure(f] ©]8F 23t 118, P1
hp 3.464 A ekd AL Al Second Deck 7HX| ZHzicta 71

34.64 p, =10h,

P

SHZE 0l0jM.. |06/110
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| Longitudinal Bulkhead plate
. (LBP4) (2}

— _1
1040

=

LBP4

3600 X 11

@ 31 0fl (4Bt Design Load, P

]
i'_

vj 1314
, @:Load point

virtical accelation 11d, P,

Tank Overflow & 11¢4, P,

Cw 10.34 100 < L <300, 10.75 - [(300-L)/100]1"(3/2) Apdyn 25 25 in general
Cv 0.2 |C, = \/I/SO, max 0.2 Air pipedll A Load point7tX| 2| Hz|
a0 o 156 |C, —v 7L max 0.8 P4 hp 4.224 | (air pipe2l #xl= second deckollM 0.76m =2 RS &)
" 0.43% | a,=3C,/L+C,C,, 45.21 |P, = 0.67(pg,h, + AP,)
Ps kv 0.7 | 0.7 between 0.3L and 0.6L from A.P.
4599 | a, =k,g9,a,/C,
hb 3.464 | HErEA Al Second Deck NHAl #2101 JHE
43.00 | P; = p(9, +0.5a,)h, —10h,

Tank Test & 11di, Ps

Po 25 25 in general

Air pipeoll M Load pointZ7bX| 2| 72|
Ps Hs 3.464 | (air pipe2l 2Ixl= second deckolA 0.76m =2 22 &3)

49.83 | P, = pg,h, + p,

p;~ps= JI& 2 US Pressure E F o
p=max( p,, Ps, P, Ps) [KN /m7]
P =ps=49.83

b

e

(AR
S

oy SDAmem

T lE Advanced Ship Design Automation Lab.
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| Longitudinal Bulkhead plate

* (LBP4) (3]
W

NA (=0

Y

= =
Max 160f,

Max 225f,

| Jp2sy,-

— Za

—a;

LBP4

L31

o BN

)

@®:Load point

v Required Section Modulus

v" Allowable stress

1
1
1
1
831° |
Spw _
k 3 ! _ B a
Z = (cm®) 1o =225, -130 f,
c ! Zn
1
le 2.96 Web frame 2t23(3.16m) - 0.2 m(braket)
s 0.87 | stiffener spacing in m
p 49.83 | Maximum Design Load
tkw 1.5 | Corrosion addition
Z wk tkf 1.5 | Corrosion addition
1.15 |l +0.05(t,, +t,)for flanged section
o 160
226.08 [ - =P @)

®

v" Minimum Thickness of Web and Flange

h:504~Ji—+q(mm),t =—+t, (mm)
Jh
k 4.9022 | 0.01L
f1 1.00 | Material factor = 1.00 for NV-NS
t tk 1.5 | Corrosion addition
8.95 t1:5'0+%+tk (mm)
h 340 | Profile height in m
g 70 | 70 for flanged profile webs
t2 tk 1.5 | Corrosion addition
436 t2=£+tk (mm)

t=max(t,t,)=t

e

@ Required section modulusE I=E0H= Longi. & Table 0IA] 30} Longi.O X|&+ MA
CEMUAHTE”, Ml 4T (LE0]), YSHMEIMAI], 19%
017, “RO|= Musy, MH| AEMN, p22-25
a b t4 ts I o A | Z
mm cm? cm? cm?
200 90 9 14 7 29.66 5,870 340

T lE \ Advanced Ship Design Automation Lab.
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