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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 ] =

L
fo
(R
td
rln
+

>,

3) A @A A 9 &H 54 Table

# ol9le] A= % FAlo] AAHA e Hol dAAE 2R G glojof 3.

A 919 Az F MESHA &L A57} QoW NFF=AA 4 A,
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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]

- Stiffener®] spanZ7 Al, Bracketo] 23 span #4A&¥E 200mm 12H T A
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
L.W.L - + E [, I
(L0780 AE 2
JED OFC SP2 2 i i E I
(#51E AE) 1 -
iR 1 "l l
n - -
o ] l
STH IECE
(4308 AE) - T L L I
il -
n '
18 15 : L L] N = - : L] L] : - L] |_1 .|_'1] L) Ll
17 r r LI LI LI
PRSI B 14 13 17 11| w 2 3 Tli Jo¢ 3 3 I . Keel plate
I T I.= |
841x12 41 »?
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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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[9.Midship Section Rule Scantling 3% 1]

o)1) F4tdd ZL3= Total Bending MomentE 13}A] L.

7)) SWBM: Specification’}2]

Specification’s Allowable SWBM : Hogging + 310,000 T-M = 3,041,100 kN-m

Sagging

Rule’s Minimum SWBM:

M, =C,,L*B(0.1225-0.015C,) kNm in Hogging
=-0.065C,,, L’B(C, +0.7) kNm in Sagging

(Cy, =C, for unrestricted service)

L Cy
L<100 | 0.0792-L
100< L <300 | 10.75-[(300- L)/100f"*
300<L <350 |10.75
L>350 | 10.75-[(L —350)/150["

o] 714 Wave Coefficient, C,, & A49te] Aol we} B3| #]= parametero©]
TZ AA A, Adre]l do] L& Rule Length®M, 0.97«LWLo|t}, A Al A 2]
w2kA], Wave Coefficient, C,, & 100< L <3009 "o,

C, =10.75-[(300—-L)/100]*"
=10.75-[(300-246.07) /1001

=10.35

M

s0_hog = Cwu L'B(0.1225-0.015C,)
=10.35-246.07%-32.2-(0.1225-0.015- 0.6645)

=2,271,755 kN -m in Hogging

M

% sy = ~0.065C,, L?B(C, +0.7)
= -0.065-10.35-246.07 -32.2- (0.6645 +0.7)

=-1,790,573 kNm in Sagging

webA], 2 AA A, Design SWBM: Hogging 2,271,755 kN-m
Sagging -1,790,573 kN-m

1H) VWBM

M, =0.19aC,, L*BC,
=-0.11aC,, L*B(C, +0.7)

kKN -m in Hogging
kN-m in Sagging

.
7

[e)
T

Al SWBM & Rule®] Minimum SWBM#:E 12

-25,000 T-M = -245,250 kN-m

L=246.07 m o]t}



Muo hog = 0.19aC,, L’BC,
=0.19-1.0-10.35-246.07° -32.22-0.6645
=2,548,999 kN -m in Hogging

Mo w = ~0.11aC, L?B(C, +0.7)
=-0.11-1.0-10.35-246.07? - 32.22-(0.6645 +0.7)

=-3,030,201 kN-m in Sagging

web Ay, F2AA Al Design VWBM: Hogging 2,548,999 kN-m
Sagging -3,030,201 kN-m

t}H Total Moment

Total Moment = SWBM + VWBM= 2,271,755+ 2,548,999 = 4,820,775 kN-m in Hogging
=-1,790,573-3,030,201 = 4,820,775 kN-m in Sagging

w&}A |, Design Total moment = 4,820,775 kN-m ©| T},
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£9]2) Local Scantling

7P Keel Plate (KP)

v Design Load

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

Keel Plate®] Unit strip 10il LHS} Design Load, P

14 AH
Structure Load Type p (kN /m?)
Outer
Sea pressure p, =10T + p,
bottom p
KP I
: Keel plate®] B Sea pressure 2t0] Design Load Z 228t
H 3114 X 22 AH plate®] 3 Seap | Desig ==
| ®
| vae v~ I @ :Load point

v Keel plate= 3JH9| Unit strip2 &2
A

v Unit strip9] Load point:
1,2, : Midpoint
3: Midpoint?} JH& I XI™

v 3JH9] Unit strip0fl LHOH 2+t Plate

p1

FHE AIMOIL, JFE 2 @S Keel

ks 2 | 0.2L~0.7LformA.P. ks=2
Cw 10343 100<L <300, 10.75-[(300-L)/100]*(3/2)
PUl e L 87 | ewaterlineOi A &2 ser arcrol 2x342)
67 | (Z0ho.8cw) :
pdp 2833795639 p, = (k.Cy +k;)(0.8+0.15V /4/L)
y 805 | BEAMOZE SIENEINKIC ~BH2, 2 A B/4(m)=8.05
2 0 | “Xi(Baseline)2 2 S E 51 XIE MKl 42 2], 2 T(m)
y 2
=p +135——-1.2(T-z) (kN/m
23355 | Pup =P B+75 (T-12) ( )
149.355 | Py=10T +py,

plate &l FHIZ AtE St

vKPO| Material2 J|EMil} STt
NV-32& AL (f,=1.28)

Unit strip2, Unit strip3
Unit strip2 : p1 = 149.355(kN/m?

T SUBHFIowE 71

Unit strip3 : p1 = 149.355(kN/m?

@

v Required Thickness v Allowable stress

Unit strip3 : t; = 12.99(mm)

¢ _15.8K,5¢/p +t, (mm) i for Bottom Plate ||[®
e « | v/ Minimum Thickness
o ! o =120 fl 0 05L1
: t,=7.0+ \/T +t, (mm)
Keel Plate@] Unit strip 10l LH¥t Required Thickness 1
D 147.48 | Maximum Design Load L1 246.22 | Min (L, 300) (m)
ka 1.0 | K, =(L1-0.25s/1)%,5/I= 0.4 0I5} ka ZCH 1.0 ¢ f 1.28 | Material factor = 1.28 for NV-32
s 0.741 | stiffener spacing in m 2 t 1.0 Corrosi;gsaddition
t fl 1.28 | Material factor = 1.28 for NV-32 18.88 |[t=70+ "/{’“k (mm)
o 153.6 | o =120f;
i i ac M5l
tk 1.0 | Corrosion addition Unit strip 1’2’30" 4T oo
N ] | T TTTTTTTTTTTTTTTTTTTTTTTTTT T
12.49 |n = om cf) Minimum Breadth
Unit strip2, Unit strip3 & S 2%t Flows A b =800 + 5L(mm)
. ot ) Rule | 2025566
Unit str|p2 ’ tl 12.49 (mm ° Arr. 3154 8l x| &t2| Keel plate & > Rule2 OHEE

® t =max(t,t,) [mm]

Unitstrip 1 18.88
Unitstrip 2 18.88
UnitStrip 3 18.88

® uUnitstrip®] FH 3 J1& 2 &S Keel plate®] FHZ Xt

t=18.88 ~19.0 [mm]
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1}) Longitudinals at Keel plate

J“ v" Design Load

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

: P - 4_m_ n__d Structure Load Type p (kKN/m?)
75

L1 J ~ outer Sea pressure p, =10T + py,
P

bottom

: Keel plate®] AL Sea pressure M0] Design Load = X238t

—as u oA I @ :Load point @
L1 Ofl L8} Design Load P

v'Load point: Midpoint

ks 2 | 0.2L~0.7LformA.P. ks=2
\/ngl Materia|g j|_’.,_=_Al_'|_|1|- %%GI_I' Ow | 10343 | 100<L<300, 10.75- [(300-L)/100]7(3/2)
202 126} = pl f] 67 | waterline Ol M &5 =01 AtEto] X2
NV-32& AH2SHC}. (f,=1.28) ki o7 | Eho.scw) :
o1 pdp 2833795639 P = (k.G +k; )(0.8+0.15V /4L)
y 805 | ZEMEORTE SHEXIENAC 4B H2l, 5 4 B/4(m)=8.05
z 0 | & X(Baseline)22 £EI GHSXE MK =242, = T T(m)

y
23355 | Po =P +135ﬁ—l.2(T —2) (kN/m?)

149.355 | Py =10T +p,,

)
v Required Section Modulus

v Allowable stress

v Minimum Thickness of Web and Flange

2 |
7 _ 83I"spw (cm®)  lo=225,-130f, ~0.7c, @

t1=5.0+\/kT+tk (mm), t, =;+tk (mm)

le 296 | Webframe 2t2(3.16m)-0.2 m(braket) 1
s 0741 | stiffener spacing in m k 49022 | 0.02L1
P 149355 Maximum Design Load 1 128 Material factor=1.28 for NV-32
thw 10 | Corrosion addition t1 tk 10 | Corrosion addition
wk tKf 10 | Corrosion addition 10.83 tl:5‘0+Lf+tk (mm)
Z 115 [L+0.05(t,, +t, ) for flanged section - 200 [ Prome h;/ghtin -
f1 128 | Material factor = 1.28 for NV-32 5 70 | 70or flanged profile webs
- 2b 104 | 3700TEUS! section ModulusZ 78 8t t2 ® 70 | Corrosion addition
odb 256 | 20fiin general ]
13488 |0 =225 —130f, —0.70, 7.21 gt i
2
744.91 [z - ) t=max(t, t,) =t

® Required section modulus& PZE0l= Longi. & Table 0fIA &0} Longi. Q| X|= MA
SEMAHBE, B 4B (Q20), LEBNEMHL], 1006

a | b | t | to | r1 | ro A | Z
mm cm2 CI'T]4 CI'T'I3
400 | 100 115 | 16 | 24 | 12|  61.00| 34200 1,120
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t}) Deck plate

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

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

: DP19] B L Sea pressure 30| Design Load = =28t

®
DP19] Unit strip,0fl LBt Design Load P

@ :Load point

ks 2 | 0.2L~0.7LformA.P.ks=2

Cw 10343 | 100<L <300, 10.75- [(300-L)/100]7(3/2)

v' DP12 39| strip2E Hd U L 82 | f= wateriineOlM Ale 21 MEt0l £31342)
105 | (ZItH0.8*Cw) :

pdp

2833795639 p, = (k.C, +k,)(0.8+0.15V /L)
v Unit strinI Load point: p1 y 15.825 | ZEAMOZHE OEEXIMMXIC] =L H, X4 B/4(m)=8.05
1,2’3 - Midpoint z 126 | MX(Baseline)2Z FE OIS XIANXIQ =2 Hel, X T(m)
48267 | p,=p +135-__—12(T -z) (kN/m’)
a 0.8 | FP,deckhousefront @ZOZ0.15:1.0,19]: 0.8
ho 6.7 | Waterline at TO{IAl deck X[l +=Z! Hel

v 312 Unit strip0fl CHOH 242} Plate
SHE HIAOH, JHE 2 242 DP19] 16.853 P1 = a(Py, — (4+0.2k )hy)

HA
FHZE AHZetl

vDP19] Material2 J|EMilt
ST NV-328 AIEBHLE.(f=1.28)

@
v ReqUIred Thickness E v  Allowable stress
¢ 158k, s/ p +t, (mm) i for Side shell Plate © v Minimum Thickness
- k : k
Vo 10 =1401, atna. t=t, +—|‘1+tk (mm)
ioshall be reduced linearly. \/Tl
Dplm Unit Stl’ip 30" [HGI_I' Required Thickness t0 55 | 5.5forunsheathed weatherand cargo deck
k 0.02 | 0.02in vesselswith single continuous deck
p 16.853 | Maximum Design Load L1 24511 | Min (L, 300) (m)
ka 10 Jk, =(@-1-025s/1)°, s/1= 0.4 010t ka= 2 1.0 L 128 | Material factor = 1.28 for NV-32
s 0.765 | =(0.69 + 0.84)/2, stiffener spacingin m K 3 | Corrosion addition
t1 fl 1.28 | Material factor = 1.28 for NV-32 12.883 it +k—|‘1+t (mm)
sigma 153.6 | 1201 : O
tk 3 | Corrosion addition Unit strip 1,20“ E'llz' E‘lgg
611 | & :LBk“Sﬁnk (1) R B T
I HY U= cf) Minimum Breadth
Unit stripl, 2% S 2%t Flows A& b =800 + 5L(mm)
Unit stripl : t; =6.45 (mm) Rule | 2025566
Unit strip2 ity = 6.535 (mm) ° Arr. 3154 8 x| &fe| Keel plate = > Ruleg XS
@ t, =max(t, ,,t, ;) [mm] ® Unitstrip®] SH 5 JH& 2 2t pP10] EHIE M

Unitstrip 1 12.883
Unitstrip 2 12.883 t2 = 12883 ~ 130
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#}) Longitudinals at Deck Stiffeners

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

Structure Load Type p (kN /m?)
Weather
0P deck Sea pressure p, = a(py, — (4+0.2k )hy)
= : Ly, L,O] L sea pressure 0] Design Load=E X2 8t
@
SP59] L0l LHBt Design Load P
@ :Load point ks 2 | 0.2L~0.7L formA.P. ks=2
Cw | 10343 | 100<L<300, 10.75- [(300-L)/100]"(3/2)
v'Load point: Midpoint UL L 87 | f= watertine Ol A1t S8 &m0l £X{H2)
67 | (At o.8cw) :
a1 JI= d
v'Ly, L9 Material J|E Mt P 2833795639 P = (k,Cy +k; )(0.8+0.15V7+/L)
S 2B NV-328 A28 (f,=1.28) o1 Y 1555 | SMMOSSE OIEXIANKIY 2BHa), 214 6/4(m)=8.05
z 126 | MX(Baseline) @2 S E OIEXIANIXIC] £=EHal, X T(m)
47921 | p,=p+135_Y_ 12T -z) (kN/m’)
a 0.8 FP,deckhousef;JHtlglg.QEOJSL: 1.0,719:0.8
ho 6.7 | Waterline at THIAl deckDIXIC] =& Hel
16.576 P =a(pg, —(4+0.2k,)hy)

a
) . . 1
v Required Section Modulus | v Allowable stress
2 :
i 2. —17
7 _ 831"spw (cm?®)  |o=225f-130f, L%
| & |||®
: v Minimum Thickness of Web and Flange
le 296 | webframe 2V2(3.16m)-0.2 m(braket) t, =50+ I +t, (mm), t,=—+t, (mm)
s 0695 | =(0.550+0.840)/2, stiffenerspacingin m V1 9
p 16576 | Maximum Design Load k 49022 | 0.02L1
thw 3 | Corrosionaddition 1 128 | Material factor=1.28 for NV-32
wk tkf 3 | Corrosionaddition t1 tk 3 | Corrosion addition
13 k
12.33 t,=5.0+——+t, (mm)
z 1 128 | Materialfactor=1.28 for NV-32 ‘/T‘ '
fod 119 | 3700TEUQ section ModulusZ 8t &t " 190 | Profile heightin m
o zn 10.272 | =19.3-9.028, neutral axis5*El deck XISl Hal 2.2 o 20 Zomrp_'atbarp_r?ﬁle
a 0 | deck®El load pointXIZ Azl * S C°”°S'°’r‘] addition
150383 10.5 tz:E“k (i)
72.422 1+0.05(t,, +t, ) for flanged section — —
(b + ) 9 t=max(t, t,) =t

@ Required section modulus§ BHEOL= Longi. & Table 0l A 3H0F Longi. O X|+= M3
EMANEE", H 4T (L20N), YEBNEMHI, 199%
WS Fool AW WAl HHESY

| | N 6 9 11 127 14

e
-
o

A 9 135 165 191 21
150 z 447 652 783 89.1 972
d
Tl I 614 856 1000 1120 1200
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E£9]3) cact.< ol (ol :allowable stress)

o
)
Ip
L’,L
o
Jpu
4z
2
fo
N
5
il

A (cm?)

1 XfMoment[cm3]

2 X Moment[cm?]

Total (&, 29 &£A19] F-AE2 A2 19,331 18,976,694 32,534,474,040
Localscantling 23 T8t H2A 23 X5 2 1z}, 23} R EE g3 2},

A WA [ ent’] 23 % [em] | 12+ Moment[em’] | 22 Moment| e’
Keel Plate 296 0 0 0
Longi. At KP 62 0 0 0
Deck Plate 270 1,930 521,872 1,007,212,960
Longi. At Deck 19 1,905 36,386 69,314,378
Side Plate 630 975 614,250 598,893,750
Longi. At SP 40 864 34,560 29,859,840

o|ZHH TdEd dAle WA, 13k 24 ERHES v g

HE (cm?)

1

XtMoment[cm?]

2 X Moment[cm?]

Total 20,648

20,183,762

34,239,754,968

NA= 12 BHE [/ ¥\
= 20,831,889/21,555 = 966.47 (cm?)

o] ZHE] FAo| A3} actual stressE 3HH oFS 2}

52 o_actual o_allowable Th o] 5
Keel Plate 137.6 224 | X
Longi. At KP 134.8 224 | O
Deck Plate 1341 224 | X
Longi. At Deck 130.6 224 | X
Side Plate 0.4 175 | O
Longi. At SP 16.0 1751 O
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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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[F°] 10.1]

£9](1) Boundary conditione 2A] L.
@® No displacement at x=0, y(0)=0
@ No displacement at x=L, y(L)=0
@ No bending moment on x=0, Ely"(0)=0
@ No bending moment on x=L, Ely"(L)=0

Z0](2) B9 AHFA WA AT Boundary conditionS ©|-&3}<], Deflection, Shear force, Bending momentZ
TotaL, 2 ZE JERRAIL.,

[Z9]]
W
2
| ]
0 L/N
_wb
Shear Force, V(x)= W7L— WX 2
we
8
: o | ™\
Bending Moment, M (x) = W—LX— WX L/2
2 2
0 L/2 L
_ 5wl
| WX s o 384E|
Deflection, y(X) S4E| (" =2Lx" +x°)
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TN L.

=

=2

131, Shear force®} Bending moment

[©)
.

—wL
4

4
g a4

4

|
a 2w =
[ |

8

—X—+—X

4 \
/7 \

M —
0
M

wl

V.V N

0=

- _I"4'T__'l__'l

VAR

2M,

3taL, Shear force®} Bending moment
-

!

i

Zero shear
force




Z01(9). ATOF DY 2RE 9 #F vlusA L. ow, A4z =79 W3 s qr|E HedtAl

X:LOﬂ}\‘]
4
V(shear foece) M(Bending Moment)
EAR ) wL wLx  wx?
V(X) =——wx M(X) = —=—
> (X) i i
L, wL L wL
V) =——W—=— 2
A R My W LWL
4 2 4 2 4
4% 3 2
4 32
L
X =—o°lA
2
V(shear foece) M(Bending Moment)
AR 2 wL wbx  wx?
V(X) = ——wx M (x) = —= —
(X) i (X) 5 5
L wL L
V(=) =—=w—=0 2
Q=7 .-.M(E)=W—Lxﬁ_ﬂx[£j
2 2 2 2 2
AT 4 V=0 2
M =—WE'3‘

. 3}A%t Shear Force ¢ H 357} ®tojo|t},

b3k )z AAE7] s, ofd

Z0](6). Bending moment’} 7} H+= A3

L
Bending Moment Curve o4 B 2k 4= gl&o] XZEoﬂfﬂ Bending Moment 7} 7} Et}.
o= He A gk mlEAdA e FENAHS A EE
M 1 1
=——,(x =—: curvature)
El »p p
T 31 = = [e) A~ L L= 4 =
Moment & =r&(curvature)ol] v]&HgS & 4 9o X:Eoﬂfﬂ ZFEo] Hu7t =] wiel,

Bending Moment 7} Z 7} ®t}.
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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

! ,Tyx
tn/ T
K
i T Ty
Ay O
S S E—

AAZA

SEREE TS

\4

“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

Part3 - 17

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

Av+1) 1
E

ol

v : Poisson’s Ratio
G : Shear Modulus
E : Young’s Modulus



AE() 99 187 WA A (Force Equilibrium, Strain-Displacement #7121, Strain-Stress @A 2D)E o]

=
§3tol, &9l Displacement #AHL f% sz A4S MY sAe. (44 f% shi= so] opet 3
4o qheps) Aw)

Given : Body force XY, Z
Find : Displacement U, V, W

(1+G)@+GVZU+X =0
oX

(ﬂ+G)@+GV2V+Y =0
oy

(A+G)?+GVZW+Z=O
4

3 Variables
3 Equations

X,Y,Z:bodyforce in X,y, and z direction repectively

ou ov  ow|G :Shear Moldulus|
e=—+—+—

ox oy oz
[Zo]]

18 Equations

ﬁ Equations of force equilibrium \
90, 0ty 01y —
Y F= o +WY+E+X—O ZMx:fyz—ny:O
ZFy:a;y+%+a;;+Y:0 2M, =757, =0
oe ° ‘ g M,=z,-7,=0
(/1+G)f+GV2U+X:0 or, 01, oo, z : =0y T
OX \ ze: o + o +BT+Z:O )
oe 2
— = <3
MA_G) oy e ("6 Relations btw. Strain and Displacement )
e L B
(A1+G)=+GV’W+Z =0 T YTy T
o [ LN N o
= 2) (1 Yooy ox e ey M x @
3 Variables \ /
3 Equations ﬁﬂ’eﬂajﬁm;é)tm 6Strai/|':i and 6 Stress £ \
oy =—————+——&, Ty =Yy
@+v)1-2v) (@+v) 2(v+1)
oo VE L E o E
@+v)@-2v)  (@+v) 2v+1)
vE E
S o E
-2v) L+v) 2Av+1)

Qezgx+6‘y+8Z /

@ Z=0{& displacement u, v, w2 Strain—Displacement ZtHIA0ll CHRIGHAH,

(=1

Strain (£,,€,, 6, Vg1 Vyr Vo) & € = A2,

F12 DOlA 22 Straing Strain-StressAl 0l WSI, Stress (0,,0,,0,,7,,7,,7,) & 7
g = A
B 212 @0IA P& StressE Stress—Force Z:HAI0 HYUSI0 ABAS RE& 4 ACH
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He(2) oAtel BRZ b5, 2lo] 187 WHAS ©

0o
Acl
my
<
[un
-+
<
MUl
>
0
Ak
>|I

2At2Iof| A Stress

2 $% 5t7| 2I5HM Compatibility equationS TG00 Sl= O|RFE A™WSI, Strain 24

/L|I
AlZ 0|&7510{ compatibility equation® FX SHAIL

<3-D problem> <2-D problem>
ommmm—————m—mmm e ——————— -
(without gravitational force)
6 Equations of force equilibrium \
— aax Gryx az-zx _ a’[
TRy a0 EMs 0 %
— - X
ZFy:aTXy+aﬂ+%+Y:0 ZMY_TXZ_TZX_O 8y
x oy oz ZM _ 0 8z'xy 80'y 0
or, 07, oo ‘ — T T
F=—e 2, 2247=0 OX
\z T oy Y, oy

l 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

: :

6 Relations btw. Strain and Displacement ) i au EY i
g:au E—@ EZaW : gxz—’ y:—’ :
T Yy Tt a ! 28 oy !
LN v ow_ow i _ou v i

Ty = ay ax " oy’ e i Py = oy oX |

/ | |

1 1

1 1

1 1

1 1

ﬂ Relations btw. 6 Strain and 6 Stress £ \ ! ( 1 !
__VE E Ty =, A —+V[(1 o, -vo,] | |
T e 2v)e+ L+v) Y 2Av+l) i i
vE E E I 1+V i

= e+ T, =——— I —[@- V)O' !
% L+v)@-2v)  (L+v) & Fr 2(v+1) Vv E [ o E
vE E E 1 T !

o, = e+ & 1 Xy 1
z - : ’TZX 7/2)( ! X = !
\ @+v)@-2v)  (@Q+v) 2v +1) ) : Vxy G j E
\ ]

[Z°]]
22 Ao A -2 7h Zhazt o}%
wpeha] wxgre] A, A o] Ji7t ‘i%% %%Hﬂé*ﬁ‘olﬁﬂ, o= g HE T T ol
= o g
whba | shube] F7F4 ¢l Strain-displacementZ A (A 2))o] wk=A] HQ3HA )
(For 6 relations between 3 strain and 2 displacement :
These equations maybe regarded as a system of P.D.E of U, V when strain components are
given functions of X, VY
There must be some conditions to be imposed on the strain components in order that these
3 equations will give a set of ‘single-valued continuous’ solutions for the 2 displacement

components)
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C.D If relations arbitrary

assigned*
_— >
A B Strained

Unstrained Specified Field

D;C
A

Strain—-displacement# A A& t}S-3 2t}
_ou  ov

=+
P9 "oy ox

2

OXoy

7y _ 0 (ou v
oy oX

FHE xyol ko] AvlE aFR( )

OXoy  oxoy

Pty _ & @+ﬁ{@)
oxoy oxoyl oy ) oxoy\ ox

0
u, v, w’} single-value continuous¢! #AZE o] &3tH (8_[
X

Cry 0 u o &
oxoy oy* ox  oOx* oy
ou ov
— =&, =& °|E%
OX oy
827/Xy _ Oe, N 828y
oxoy oy*  ox?
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AER3) Y9 AED)AA GE3 Compatibility equation®} stress—strain #A12, 283 t}&L w=3)
= Stress functionS =¢34, Bihamonic function® f%= 3IAL
oy oy oy
X 2. 9y T2 yx
oy 0°X oxoy

V4

=0

Biharmonic Equation

V4 _ (VZ)Z

[Z°]]

Compatibility Equatione tS3 2t}

Oe, 06y _Ory 0% 0 0rn Ory Oy
oy ox* oxoy oyoz ox\ ox oy oz
azgy 626‘2 0° Vv 5 azgy i 6}/yz B 0¥,y N 6yxy
az oy*  oyor ozox oyl ox oy oz
62822 . 5282x _ 07y 0%, _ 0y o1y Oy
ox° 0z° 010X oxoy oz\ ox oy oz
Compatibility Equationol| A, 22 EAjo]| P2 §=O o]t}
aZEX N 825y _ azyxy 82‘;Z a ayyz N 6}/2)( + a}%
oy>  ox*  oxoy ﬁ?@z x| ox oy o
aﬂ 62 7yz 282 =i ayyl_ayzx_i_a%
072 ayz ayaz z0x oy\ ox oy oz
25z 8% o’y 28282 _9 87y2+87’zx_87§°/ﬂ
ox2 — Baox oxoy oz\ ox ey oz
22 LAl ER y,, =y, =0 ot}
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ang+86 37y , 0% _0( Oyd opd  Org
oy’ ox*  oxdy oz ox\ “ox Sy o

2
‘957 52 Orn 080 aM_Wﬁg}-:yﬁm:o

/o(yﬁz 20x oyl 7ox oy

252+a;ﬂx:az% , 0%, _0(0d opg Ong
ox2 o1 f2ox oxoy ar\ex oy oz

2749 EAlolnE g =0 ofth

2 2 2
0’ey 08, Oy 282‘9 _9 _a%+6%+aWj

+ =
oy>  ox*  oxoy oz ox\ “ox oy oz
2 2
'], 05 _ O 2052 7 T | g, =0
072 ayZ ~dyoz zox  oy\“ox oy ez z
2 2 a a
 Oa Vi o0 0(%, 5 %)
& aaox xoy oz\(ox oy oz

#2222 Compatibility Equation& o}#] 2ut A o}
2 2
828)( +a 8y=5}/Xy
oy ox* oxoy
221 EA| A Strain-Stress A AL v}&-3} 7},

é, =1+—V[(1 V), —vo,]

5, =@ v)a, ~vor]
_TXY

yxy_E

9l 21& Compatibility Equation®] t¢}ste] Aelstd tha2h 2},

Part3 - 22



2 2 2
%14_?‘/[(1—1/)6X -vo,] +%]-+?V[(1—V)O'y —-vo,]= aiay (%}
2 2 82
Y1 0 100y, —vo, 1+ [0 -v)o, —vo,] b= A O T
E |oy OX E oOxoy
o 0 oz,

—[A-v)o,—vo,] +y[(l—v)0'y -vo, =2 Y
0’o o’ oo 0’o o°r

Xy 6y2y+(1_v) Xy—v x=2——2

2 62 2 62 62
(1_‘/)[66;; N a‘fzy]_v[a Oy GyJZZ Ty
X

(1-v)

2 2
Stress function w(X,y) < =93t H&std (o, = ZZV;, o, = Oy

4 4 4 4 4
(1-v) 6!/4/+6v: -V 6\21”2"' 62l//2 =2 azwz
oy  oX oX“0y° 0oy“ox OX“oy

v & Poisson’s ratio®| B2, W] pro] FH
4 4 4
51/4/_'_2 821//2_'_51/::0
OX ox“oy® oy

2 2 \?
Harmonic Operator (or Laplace)& &3 WERH ( [%+%J =(V%)? )

Vi =0

Biharmonic Equation
V4 — (VZ)Z
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Z-(4) Bihamonic functios Fo1A w & F8t¥, 9o 738 AAAES o] &ate] th&3 o] W9

s 3% %

ATt o] 1,2,390] 508 AANS 2

AlS.

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

Biharmonic Equation
VA — (VZ)Z

[Z°]]

ou ov
x:&’ ‘gy_@’
o o’ o
O'x_azl// y 62'/):' yX _6Xg/y y :ai+@
y Xy oy ox

V4w=O Chind) Y/ | Chnd ) 0y, 0y, 7, CHd)| &0 &y &) Vi |_ﬂ¢i3':> u, v, w

Biharmonic Equation
VA — (VZ)Z

1
&, =—(o,—v
~2o,-v3,)
1
y——E(oyfvax)
v
g, =——(, +
—-Lo+a)

X y

_ 2(v+1)

Part3 - 24



[EA] 10.3] A 10.2 94 AH3 WS oS Ao FL&3H x W3 displacement u 9} y ¥
displacement vE& T 4 St &L TAlo tiste Hol&& ALt TAE F1, v 23
HWEFA) 2., T Ayt g 2gd I olfE 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 Ty =7 (y : j

Pxy vPxy Pl+v), , d?
g =— y E = v Vx = —_——
TR S TTE T YY)
P , P v, s P d?
U=—XY+—@A+)y’ +—[L'-(Q+v)—
2El y 3ElI ( 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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Differential equations of deflection curves:= ThS-3 7},

d4V(X) B
dx*

4 A Fsto] et thay 2k

El 0

" 1
1% Q):ETQ

14 1
V'(X) = C, +—C,X
( ) 2 EI 1

i 1 2
v(X)=C,+C,X+—CX
(0= Ex+ =26,

1 ., 1
v(X)=C,+C,X+—C, X" +——C,X
(W =ci+c 272" BElI *

1,2,3,4¥ Boundary conditions A -&3}H

@y"(0)=c,

O0=c,
5.Cc,=0

@EIlY"(0)=¢,
P=c,

~c =P

PL
2E|
PL
= +C,
2E|
PL?
" Cy=—
2El
3 3
P PL_,

+
2El 6

_PU
3
AolX T3k AeE tdste] Aelehd thaat Bk

L ppyt
2El 3El

@y'(L) =

+C,

0

®C4_

~.C,

PL®

1
y(x) = Px® —
y(X) 5E]

Part3 - 26



ElasticityS &3l 3t 3¢} vl
ElasticityS %3 +3 = o3 2o}

ol xWel whE A ¥ ozt yiEe] fAel mE g
B3 ot A& Elasticitys S8l 73 2S¢ 5 d=Hl,
P P vis P d?
=——XY+—@A+)y +—[L'-(Q+Vv)—
2El y 3EI( 2)y 2EI[ ( )2]
ol yiEo R West HEof, xFore] WMo w3 AT 5 3l
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11. Integral Equation

[EA111. 1] &2 mEA42 2] Exact solutionS

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

Differential Equation

_'_ (ODE/PDE)
; Ex) %(T%)+pwzy+ p=0
. Integration!
—> Solution of D.E.V

Work and Energy Principal

Variational

——> Approximation Method

Rayleigh-Ritz

Y(X) = gy (X) + i (X) + -+

assume:

+ ¢y (X)

——> Approximation Method*

365,00 ~ F(¥)

Formulation?

|:1pa) Y+ py—f(d—y) }dx:o
dx

\

v

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

assume:

< 3ed )

use a simple ‘hat’

Collocation
function as the

integral Equations?®

B a(x)y(9) = F(x)+ 4] K(x.&y(&)dé

.. K(X,$) : Kernel (Green Function)

-Zill,D.G., Cullen MR

Math
ing

2)-Hildet dFB. hod. h

of Applied

1)-Kreyszig E., Advanced Engmeermg Malhematlts 9t edition, Willey, 2006,
d ics, 3 Edition, Jones and Bartlett, 2006
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

/
,

'
’

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

* 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(¥)

———————————————————————————————— A 2 A -
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teol dor AW ¥ 93 BAZAA 7@ AE 2R AF Faid, BA19 Aseh v o] )

[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

—————————————————————————————— Al 3,4 AW Br--mmmmmmmmmmmmmmm e
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[EA 11.1 3]
y=e"% 7}gatd,

2*4+2=0

A=+2i, 1 =—/2i

y = ¢, €0S~/2X + ¢, sin+/2x

Boundary conditioneS tH3HH,
y(0) =c, cos(0) +c, sin(0)
=¢, =0
y(@) =c,sin V2
! C

sinﬁ o

[EA4 11.2 g ]

d’y
dx?

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

+2y=0

dy X
<=2l yodx +C

A second integration over (0,x) then leads to the relation
y(x) =-2[ (x=£)y(£)d& +Cx

By using boundary condition y(1) =1,

1=-2[,A-9)y(OdE+C 1

+C=1+2] A-&)y(&)de
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y(0) =-2[ (x=E)y(©)dE + x+ 2x[ 0 £)y(§)de
y(0) =-2[ (x= ) YE)dE + x+2x]] 1Y) +2x[ (1-E)y(&)de

y(0) = x+2[ EQ-Xy(E)dE +2[ x(1-)y(E)ds

With abbreviation

K _|&@-x) when &<x
(X’é)_{x(l—g) when &> x

Equation becomes

y(X) =x+ ZJ-OI K(x,&)y(&)dE  ‘Fredholm equation of the second kind’

[£A4 11.3 #HH]

y(X) =X+ J: K(x,&)y(&)dE  Fredholm equation of the second kind’

Where

K(x,g):{é(l_x) when &< x

X(1-&) when &>x

Mo
ok
oX,
1>
=2
=
o
ol
ol
=)

yzkicmk olgt 7b4ated, (4 =14, =X ¢ =X") 4
S ok =x 23] [[K(xE) ok 02

ick@ :x+2kzs;ck_LIK(x,§) g, d&

Dok =X+ 260,00 (@, [ K(xE) d d6)
=36, (4 -20,)

k=65, 0<x<D) (5, =4, ~20,()
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s, =4 —2], K(x &) 4,

Nk=1 7% ¢ =1
5, =4 -2 K(x.&)ddé
=1-2[ £@-x)dg-2[ x(1-&)d¢

X 1 x*
:1_27(1_ X) — 2x((1—§) - (x—;))

21— y) - 2x(L - x4 X
=1-x"(1-x) 2x(2 x+2)
=1-X+x°—x+2x*=x*
=1-x+Xx°

Nk=29 A% ¢ =x
5, =x-2[ K(x,&)£dé,
= x-2[; £0-xdé-2[ x1-&)éde

= x—{%g(l—x)l —Z[X(%Z—%s)}X dé

2

X3 1 1. x* X
=X-2—@1-x)-2x((=—-=2)—(——-——
3( ) ((2 3) (2 3))
2 5 1 x* X
=X—-——=X"(1-x)-2X(=——+—
3 1-x) (6 > 3)
=x—gx3+gx“—lx+x3—gx4
3 3 3 3
2 1,
==X+=X
3 3
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s, =X~ [ K(x §) £d¢
=¥ -2[[ £U-x)d¢ 2] x(1-£)& ¢

IS AP PN P N |
=X 2{4(1 x)} ZX{( 4)}

0 3 X
x* 1 X x
=x* =2 (1—X) = 2X(=——+—
4( ) (12 3 4)
, X xx 1 2, %
=Xt ——=X+=X'—=
2 2 6
Loty

365, ()= F(x) .(1=1.2,3)

2 1 1 1 ]
c(l-x +x%)+c, | =x+=x |+C ——x+x2——x4j:x., =123
1( i |) 2(3 3 j 3( 6 6 i ( )

c,=0, ¢, =1.63157, ¢, =-0.63157.

.y =1.63157x-0.63157x°
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I{l X+ X }dx+c_[{ x+;x}dx+cf{——x+x —%x }dx jxdx
cJ' x X +x}xdx+cj{ x+:13x}xdx+cj'{——x+x —%x }xdx _[x X

CJ. {x X +x} x%dx +c '[{ x+;x }x dx+c I {——x+x %x“ xzdx:I:x3dx

I{l X+ X }dx+c I{ x+§x }dx+cj'{——x+x
cj x —x3+X }xdx+cj{ X +éx }dx+c'|'{—%x2+x
cj {x —X*+X }dx+cj{ X +;x }dx+cj{—%x3+x

CD|H ow||—\ cn||—\

5 5 17
—C +—C,+—

C, =
6 12 60

1
2
5 13 2 1
—C+—C,+—C,==
12 45 9 3
17 2 ol 1
—C+=C,+—Cy ==
60 9 280 4

¢, =—0.01875, ¢, =1.6689, c, =-0.63444
-y =—0.01875+1.6689x — 0.63444x>

A 1134 & Aok vlal de ), A W@ ghs 7R
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Exact solution®} 3¥, 4 9] &|& vty gz a8 RH thS g},

y Comparison between Approximation solution and Exact Solution

0.9

0.7 e
0.6 /,/
0.5 Wi

n:a ,/
/

0.2 /
0.1 /

] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 x

—— oxact —=—collocation ——Galerkin

ASl M5 %S WA, Galerkin Wil Ful ol A AL HAF F k.
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