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Main Dimensions
LOA 257.4 m 261.2 m
LBP 245.24 m 246.2 m
B mld 32.2m 32.25 m
D mld 19.3 m 19.3 m
d(design) 10.1 m Abt. 11 m
d(scant.) 12.5 m Abt. 12.5 m
Deadweight 51,000mt

(design/scant.)

34,300/50,200 MT

at scant. draught

Capacity

Container on deck/in hold 2,174 TEU / 1,565 TEU Abt. 4,100TEU
Ballast water 13,800 m3 11,500 m®
Heavy fuel oil 6,200 m3 6,700 m’
Marine diesel oil 400 m3

Fresh water 360 m3

Main Engine & Speed

M/E type Sulzer 7TRTA84C

MCR (BHP * rpm) 38,570 = 102

NCR (BHP * rpm) 34,710 = 98.5

Service speed at NCR | 22.5 knots (11.5m) 23.0 knots
(design draught, 15% SM) 30,185 BHP (design draught, 15% SM)
Daily FOC at NCR 103.2 MT

Cruising range 20,000 N.M Abt. 20,000 N.M
Others

Complement 30 P. 30 P.

Crane - Crane S+ Crane $l&
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1) 3700TEU 71&4 A= F #d &8
a) Midship Section

2) DNV Rule A& & ¢ BE (% AA)
a) SWBM & VWBM 34 4]
b) A stress factor (fo, faq)

¢) Plate & Longitudinal stiffener X5+ ZA ] =
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9. Rule Scantling

Design Bending moment H| At

v

Main data, geometry
and arrangement )
> 3% U0 iix 2H Local scantling

I
I

. :

: a—

I

I | StressFactor HIAF  |€— XJ| S S0 A JHH |,
I

I

| | ;

! I

I I

I

I

I

I

" RuleOll OJ0H 22X |
I~ [ (ocalscanting  Je— RuleOl 2l =

(MM 2 Qx)

__________ S |
No i i . .
Required Sec<t|on Modulus Longitudinal
Actual Section Modulus strength check

| Yes

| RuleScantlingEnd |
Local scantlinge &3l FAE2 A57F AA S wetr addd Al57 A4 d
3} A9k Local scantling= 3}7] 984+ Stress factorE® Yolof dt=d|, Stress factorE ¢ 4
W AFE dolof st} mebA Ao e 7leAdY FSdEH AFE 7Hgske] Stress factorg 73 H

iterationg 3%ht}.

Given : 713/ Midship Section =9, DNV Rule 7+Z&A 7 &
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[EA4] 9.1]1 YA Z83l= Total Bending MomentE 13}A] L.,

Total Bending Moment = SWBM + VWBM
o| o, SWBM: Rule®] Minimum SWBM#t a1&
VWBM: Rule®] F424 o2 % VWBM

%Y= Mate] Loading condition BZ A4 SWBM#H Ruled] 3k FolA & & o] &3oF 1, A
Zt #7474 Rule®] minimum #E& °]&3ly 3= A2 .

[ZA 9.2] Local Scantling
A&%+= DNV Rules ©o]&3le], Bottom, Side, Deckel tija] Z7F gk 7§ Plate®t Longitudinal
Stiffenerel] Wsle] Local ScantlingS 3)3FA Q..

o Stress factor® 7|&A43 2o 71 sto] AAE & AL (AZF AAA iteration A E)
=4 9] Stress factor : f;=1.030, fu=1.140
-  Web Frame 7t2 : 4 frame % 0.79 = 3.16 m

7]
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L2 T
72y e ) DP1 |
i '
c i !
3= -
0 orex B * l
AT A g [P 'y .
3 [ T 'y i l
1 EL 'y ] i
1 "] i
I > Longi
i _1
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[EA] 9.3] 6. <o) (o) :allowable stress)S UWF 3I=F FA9 X5E 2A 3

2)H A A g FAlE F7Feke], A Midship Sectione]l tigk W4, 12k

LS )
2 RAEE Aatelal, RE BAle] Y] g.u<o

g WEFER RA A5E 20

HA (cm?) 1 XfMoment[cm?] 2 X Moment[cm?]

Total (¢, 291 A8 F-AE2 Al<])

19,331 18,976,694 32,534,474,040
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10. Beam Theory & Elasticity

[EA] 10.1] ©& 28 2& #AEA oA, Rel 3o A§sn Atk me AA PAYE
Ely"™ =—f(x) 2 Foid o, th& A% Fseel.

y4 f (X)

YVYVVY {V {V VVVVVYVY V¢

< >

A (1) Boundary conditionS 2 A Q..

AE(2) Bl A3 ¥A23 Boundary conditions ©]83}9], Deflection, Shear force, Bending moment
A

g o, asE dehlAle,

1 _

AFE(3) x==L< AHNH AFEAEE F33}3, Shear force®} Bending momentE T34 2.

1 N
AFM4) x==L< AHNH AFEAEE F383}3, Shear force®} Bending momentE T34 2.

i

i

w(5). @)% W] A3E (29 @t Blustr Q. oluf, A4z F7]of o] dia ovE M=dt
o

>,

23 (6). Bending moment7} Hdl7} &= WS 2w of Huvl =X 7]ekEA ouE dYy FAQ.
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[£A4 10.2]1 9=

2

elastic body®ll

Fo)3

displacement& F8tnA} s}, th&o AT galoda)

Displacement, strain, Stress Alo]d&= &34

“Displacement”

u,v,w

6 Relations between

Strain and Displacement

_au
X
ov
& =—
oy
ow
g, =—
oz
_u v
Py =y Tax
_ov ow
ooz oy
oW ou
You=7t
oxX 0z

Z

Ay

AAZA

SEREE TS

\4

i —»TYX
tey T
Ty

i T Ty
o)

S S E—

“Strain”

gx’gy’gz’yxy’?/yz'yzx

® Generalized Hooke's Law

< A7 U

stress components

XX

“Force (Stress)

s Tyx 1 Tix 1 Ty s Oys T

® Newton-Euler Equations

"

T, T

zy ' ixz 1 by

28 o, Stressy

(e}

z

6 Relations between
Strain and Stress

&= glo, Vo, + )]

1
& = E[O'y -v(o,+0,)]

6 Equations of force and moment equilibrium

£, :E[O'z -v(o,+0,)]

_2Av+))
Xy 7T Xy
2v+1)
7y :Tryz
= Av+l) T
E

0
ZFX=6JX L
OX oy oz
0 0 0
DR = Dy 9% Ty iy _g
Yooox oy oz
0
ZFZ=%+ L
OX oy oz

ZMX:TyZ_TZy=O
ZMy:rxzfrzx:O
ZMZ=er—ryx=O
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(1) Y99 187] ®A A (Force Equilibrium, Strain—Displacement A 2], Strain—Stress A4S 9]
=

bol, th&ol Displacement #AME f= s A4S MY SHAe. (43 f% shi= Aol opet 3

Given : Body force XY 6/
Find : Displacement U, V, W

(l+G)?+GV2u+X =0

X

(/1+G)%+GVZV+Y =0

(/1+G)?+GV2W+Z =0
z

3 Variables
3 Equations

X,Y,Z:bodyforce in X,y, and z direction repectively
o 0U 0V 0w|G:Shear Moldulus|

X oy oz
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ZE(2) 2xtel EXd=z Ji™siH, 2lo 187 etdAlg i3t Zo| HIRY £ At 2Xp2lollM Stress
o HAME F= 37| Al Compatibility equationg T=l&HoF St= O|FE MMt Strain ZHA

Al
Al
AlZ 0|&7510{ compatibility equation® FX SHAIL

<3-D problem>

ﬁ Equations of force equilibrium

~

l 1
1 1
1 1
: :
oo, O0t, 0t i i
F =99 Tl 9% y_q - I oo Ot I
Zx 6x+6y+az+ ZMX 0 i 6_)()(+sz0 i
ZFy=aT”+—aay+—aT”+Y=0 DMy =7, -7, =0 i 0 0 i
ox oy oz ZMZ: -0 I z'xy+ O'y_0 i

or, Otr, oo i — 4+ —2 =
F = Xz yz z47=0 1 aX 1
\ "oy a J v E
1 1
1 1
6 Relations btw. Strain and Displacement ) i au EY i
g =M o N M : gxza_’ y = A i
oax Y eyt a i X oy i
u, v v aw _ow au | _ou v :
IR T a ! T & : 7w = oy o ;
/o |
1 1
1 1
1 1
1 1
ﬂ Relations btw. 6 Strain and 6 Stress £ \ : ( . :
___VE E Ty =V . —V[(l Mo, -vo,] | |
T a2 ) bo2v+) Y i i
vE E E : l+v 1- :
R P S o =31 E [-v)o, -vo,] E
vE E E d T i

o, = e+ & 1 Xy

! - : 1Ty = x ! Xy — !
\ @+v)@-2v) (@+v) 2(V+1)7/ ) : Vxy G ) E
\ ]
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%38 Compatibility equation® stress-strain A4, 2831 L& w3}

Bihamonic function® f%= 3IAL

w(3) 91e] AR (2)°lA

&l
+ Stress functionS =¢3}4,

2 2 2
zeﬁw :81//’ TX__M/
oty vV oix ! OXOy

Vi =0

Biharmonic Equation
v4 _ (VZ)Z

Z-(4) Bihamonic functios Fo1A w & F8t¥, 9dA 738 AAAES o] 8&ate] th&3 o] W9

2 78 & gk U&e] 1,230 Eold AN AAS.

T

Vi =0 V| w6y (o o o Y [0 o 7] | 0 v @

Biharmonic Equation
VA= (V2)2
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[EA] 10.3] &A1 10.2014 AE3 HHS o EAd ZHELsd x93 displacement ust y¥3F
displacement v& T& & It L EAd Uity Ro|E2E FHELsY TAE F3, 429 2} ¥
A1 Q. T AUl 2o I ol fE AW AL

Bending of a Narrow Cantilever of Rectangular Cross Section under an End Load

> Kh L v A cantilever beam of narrow rectangular cross section under an end load P .
x /I/ With its width h small compared with the depth ( , the loaded beam may
d v 7—> X  beregarded with as an example in plane stress
P v Boundary condition : shearing force at X =0 is equalto P
Yy If P is large compared with £, the gravitational force can be neglected

Pxy | 2 1.,
=—— O :0, =—P ==
o , Oy T > (y 7 j

Pxy vPxy Pl+v), , d?
g =— , €, = v Vx = —_——
TR Y TTE T T m YY)
U=—XYy+—@A+)y" +—[L'-1+v)—
2El y 3El ( Z)y 2El [ d+v) 2 Iy
vP , P 4 P _ P
Ve— Xy — X —— X+ —
2El 6El 2El 3El

Boundary Condition
No bending moment at x=0 — E| V"(O) =0
Shear force P at x=0 —>EIV"(0)=P
No displacementat x=0 %V(L) =0

No slope at x=0 %V'(L)ZO,
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11. Integral Equation

[EA111. 1] g2 mEA42 2] Exact solution®

2

y
dx?
y(0 =0, y@®=1

T8 2.

Mathematical Point of View

Nonlinearity of the nature

Nonlinear Mathematical Model
Linearization

Linear Mathematical Model

——> Approximation Method

Rayleigh-Ritz

assume: Y(X) = ¢y (X) + b (X) +-+- + €, (X)

——> Approximation Method*

365,00 ~ F(¥)

,where s, (x) = ¢, (x) - if: K(x,&)y(£)ds

assume: y(X) ~ ickﬂ( (X)

Collocation
function as the

use a simple ‘hat’

é E "/ Work and Energy Principal \\‘.
i : Variational :
o . . 5 Rig Formulation? :
' Differential Equation “ |
G i QYT S 1Y
w0 1Y) utyanoo | |
E Ex) dx(dej+pw y+p=0 . ,
: . : > i ions? '
5 Integratlon! i » integral Equations i
! L e by =FO0+ 2] K HY(EE |
:\\ /," . K(x,&) :Kernel (Green Function) //l

—> Solution of D.E.D

1)-Kreyszig E., Advanced Engmeermg Malhematlts 9t edition, Willey, 2006,
-Zill,D.G., Cullen MR d ing Math ics, 39 Edition, Jones and Bartlett, 2006

n
C, S, (X)=F(x
kZ:; * k( I) ( ') basis function

f—{ FEM9 |

e [, 008 = [ v (O F ) o

I Galerkin

V0= a4

mmI [ch s (X } dx

2)-Hildet dFB, thods of Applied th ics”, 2nd edition, Dover, 1965, Chapter Two
-Lanczos, C., The Variational Principles of Mechanics, 4% Edition, 1970, Dover Chapter II.

3) -Hildebrand,F.B., "Methods of Applied Mathematics”, 2nd edition, Dover, 1965, Chapter Three

4) - Becker, E.B,, Finite Elements An Introduction, Volume I, Prentice-Hall, 1981, Chapter 1

* some books refer as ‘Method of Weighted Residue’ from the Finite Element Equation
point of view and they have different type depending on how to choose the weight
functions. See also Fletcher,CAJ, “Computational Galerkin Methods", Springer, 1984
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An integral equation is an equation in which a function to be
determined appears under an /ntegral sign
[ ‘Fredholm equation’ a(X)y(x) = F(x)+if:K(x,§)y(§)d§]

Differential Equation | = | integral Equations
'!':

€. How can you transform a D.E.
into an integral equation?

‘ [ ‘Volterra equation’  a(x)y(x) = F(x)+ ], K(x.£&)y(£)d¢, ]

o 1,() = e ol AelEt

1,09 = [ (x=&)" £ (£)de

obels} e m¥ wAe] gk,

F(x e = [ FE e Fix B - FIX AW ()

d A(X)

g9t 2e FAW)

L[: j:_[: j::[f(‘_rl)%irldr: ---d-‘cn_ldffn (n— 1)' l

¥
1) if you have a function f / \

2) and integrate it n times 3) you have this

o

olgshm, B4 1 (X)) ndl ML g ge Ao Reld 5 Al
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Example : Boundary Value Problem

d’y
W+ly 0, .. (18)
y(0 90, y(I)=0

We obtain after a first integration over (0,x) the relation

gy ﬂ,j y(x)dx, +C

A second integration over (0,x) then leads to the relation

Y() = =4, (x=E)Y(E)dE +Cx

By using boundary condition y(I)=0
ij(: (1-8)y(&)d& =Cl ~.C =ij; (1-&)y(&)dé

Y0 =-2[ (x=&)y(&)dg + 2 j(l £)y(&)dé

or y(x)=zjo%l—x)y(é)deT(l—g)y@)df +(22)

With abbreviation

é(I—x) when & < x
K& =1 (23)
T(I—g) when & > x

Equation becomes
|
y(x) = /1J.0 K(x,8)y(&)d¢ ...(24)  “Fredholm equation of the second kind’

Fx,dé = [0 T8 g Fix BT - FIX AL (9

dx A(X) )

To recover (18) from (24), we differentiate the equal members of (22),
making use of (5), as follows:

[LEy@de+x1-x)y(+ [ (1-&)y(E)ds - x(l—x)y(x)}

|
%[ [ ev@de+ [ -8y |

d’y %[—x y()— (1= %) y(x)] =4 y(¥)

———————————————————————————————— EA 11.2 AW Bommmmmmmm oo oo
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(ged vox ¥We & 9u BA 11204 78 A% wANe 813 Fotod, TA1e) Ave um )

BIA) 2.,

[Z£A411.3] Collocation ¥H& A&t HE WA )& T} 2.
[ZA11.4] Galerkin W& AHEste] A2 WAA S )& AL

Approximation Methods of Undetermined Coefficients

Numerical methods for obtaining approximate solutions of integral equations also generally
consist of reducing the problem to the consideration of a finite set of algebraic equations.

Y(x)=F(x)+ 2] K(x&)y(&)de

The solution of the equation may be approximated by linear
combination of n swtably chosen functions ¢1( ) (X),“-,(ﬁn (x)
< of the form
ch¢k

ick;ék(x) ~F(x)+ zzj“ K (x,&)c,dh ()dE

chqﬁk(x) F( +ch] K (X, &)¢, (x)dé

%
zck¢k(x) F( +/‘LZCkCD (x) . where (Dk(x):-[:K(xyg)%(éﬁ)dg
i g
ch [¢k(X) - /Ich(x)] ~ F(X) Assume: @, (X)
k=1 Given : A, K,F(X)

approximaﬁed solution

Find : C, © y(x)zZka(x)
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Approximation Methods of Undetermined Coefficients

Numerical methods for obtaining approximate solutions of integral equations also generally
consist of reducing the problem to the consideration of a finite set of algebraic equations.

Y(x)=F (x)+ 4], K(x&)y(&)de : Pepmmes 00
. b y(x)zéckqﬁk(x) Given : 4, K,F(x)
N ~F wher X) = b X approxirpated solution
éck[%(X) AR (0] * F() where 0,00= [ KD A@as | o 5 Y9~ 3.6k 0)

1

'!‘:

n
ZCkSk (X)  F(X) | ,where s,(x)=¢,(x)-1®,(x) i How to find Cy 2
k=1

A4 11.3 9o 4

RN N N N NN NN NN N NN N NN N NN NN NN R N N R N AR N AR AN AN AN AN NN NN NN AR NN REENEAEEENEAAEENEEEEEEEEEEEEEEEEEREEEE,

n .
[ Collocation Method J ZCk Sy (Xi) =F (Xi) ) (I =12,---, n) requiring an equality at n distinct points§
: k=1 :

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

(weighting function method) = the weighted members be equal

[Galerkin Method ] Zn:CkaV/i ()5, () dx = Ib‘//i () F)dx,(i=12,--,n) requiring that the integrals of
- K a a

itis often convenient to identify the weighting functions ¥;(X) with the approximating functionsg (x)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

2
b| & - . .
L h i _ requiring that the integral of the square of the difference
[ east Square method } min L |:; Ci S« (X) F (X):| dx between the two members be as small as possible

[ Finite Element Method J Galerkin Method with /(X) = Zakqjl (x)
P

——————————————————————————— EA 113, 114 AW Bommmmmmmmmmm oo
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