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! Particle Swarm Algorithm
2 Individual Ply Angles
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! Finite Element Analysis
2 Ant Colony Algorithm
* Isogeometric Analysis
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! Differential Evolution Algorithm (DE)

2 Evolutionary programming Algorithm (EP)
* Evolution strategy Algorithm (ES)

* Biogeography-based optimization (BBO)

® Big Bang-Big Crunch Algorithm (BBBC)
® Gravitational Search Algorithm (GSA)

” Galaxy-Based Search Algorithm (GBSA)
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Y4



SrmS 3 S )5 o 59Nl (W9 9 (g lwaiate

emladiso o)Ll 5l i a1y saleosl Ghse (laps joSl (slac jo 5l Sy

20 QS oo Lai 1S5 Wig) )3 gt (sLad 3590 0 1) (SEOD] al>8jl 9a (slapty oSl @
53l e 590 1y (L (slaJus DDl (EA) (Lol (slagi 631 a5 Jl>

ool Cawds 955 U oy e o pmd sl alabls 5l el ool (hee slap 4Kl e
QS oo ool

ailige oot sl 6508 slayally sl Yaons (b3l 298 slag ,Sle

s S, b anslin ,o 6ymaS b,gilyl b baSlae s coloojl Lisp slap o5l @
el (G 4 e gl sl ) Lol

el Lol almosl iem slaeiy 5] (55le a3ly®

ool (xS il Copogeas Sy S92y 6,00 1 gl ;58 (e slagls I s By
anTd a4 o Ll (BlassT alo o [VO-YYV] el (618, 0500 5 BLESST ls o 58 4y garin> a8
Sl s8N S ls ISl e B os S ulidie 50 egains (5LAS wude Bblis (ow)p g oS
Ao yo ool 5 (Slaiy jskiie 4 gz glad IS 5 ol sozmtuz (olp (Bolas (slasil ]
e 5 caibie 3blis BLLI e o Sl 4 o)lil (s )ls o Jl cnl b sl asls
Conle JJo 4 al> o 98 ol oo calie Jolas SO 8L Lol BlasST al> e 40 sowl Cews 4
a5 5 4 o )sSl 0sd o0 Dgmme 2SI Al adlhy S (6,018 slapy oSl Solas
-alS eloizl Colye aluds o S0 8, Sl (6 S aledl b oz ST by, S asliplly cnl )0 0ad
Sldllas § plbe ;0 SI iy, et o Sl e olul 038 0 )] 685 S5 sla
095 ez O LS, b a4 oS S S S ey il alide Sl ol (o)
slexml k3, ol silodoe 4 b b ot coge dlas ol S oo Cons Wiied g e

PR {FERPISE S 2 VAP SUUPY/IRURVEE.| EPCR J K SVCHE ISURPSCIR { ERRPUNE o 5



SrmS 3 S )5 o 59Nl W9 9 (5 lwaiaee

5, Sleer G5 Jls o o 1) o] ol 5 05,5 @) 1) ' 6 S S35 s e
oS oy Sge
Sy 55 gy (b5 pledl Y-Y

JRYPCIRVCIPSIE TP S IPICI | ESPP VR (X SCINN AP RVC PN [V ESPUE ICORPPICII s SIS g ¢
oSS aiibse 23 oy Wl o lapl &5 pme nl 4 il I3 e el
VY-0 Lawgie j5b 4 05,5 o)l S (S0) 29,5 b 4 b aies o gz 5 Bdes (5,25
eobite g 380 Jlews elain] Gl alido SOl oyl a5 cpl LI 4S5 Gl ooll3
Loyl db a8 asl oo 5 s g oole o Jold ot g s ools HLas V-V IS s a5 axil o
oloj «olsz oo S5 3550 50 oS preds (ol Jsgus ponldll ansS o (@) Wil
Sl Jb el b ogh oo aiS00 0,5 4 o plad] Slowouad .l 8150 JuB cpl 5l g ol o
Cons 09,5 30 LS F plo 5l ] SO ol jo a5 canl snd samliv jo 51, Sges (sl L3,
IVET 358 1121 05,5 Lawgs ails ol Sl pgind 15 el 15 550 535 @) pgmge w plil] S5 05 e
aS Gl ol Ao a5 wiib o S o S chs @ jle LS MﬁLé.ﬂ b3 3 ooen
a3 g0 Gl nl el Al Sy e a5 5l gae g A Con aAlS g 98 Lagy) ]
el 1 5,08 51 Sede alS ol g Lol aS

25 S S dam nlo Col (B") mple $rwSB oS5 Cilye aluds )5 mhaw (eego
il S5 S o S5 alS slacadld plo b oS preas ;0 mu Wl 4 a5 wiie s
5o 3l 008 b ] She Sjpo 50 m plill Sl e gl 5wl eole b 5 il
5 Slygiwd mpl 0)ls alS gy 1y oBU 5 @l S5 sl 1) jolie S (15 ol S50l

LoY] aas co (5155 maplall a1 o ,s5 5k 5 00,5 Ll alS s o 0 1) oo T slacle

! Grey Wolf Optimizer (GWO)
2 Canis Lupus
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Initialize the grey wolf population X, (i =),Y,...,n)

Initialize a, Aand C
Calculate the fitness of each search agent

X, = the best search agent
X 5= the second best search agent

X s = the third best search agent

while (t < Max number of iterations)
for each search agent
Update the position of the current search agent by equation

A



SrmS 3 S )5 o 59Nl W9 9 (5 lwaiaee

end for
Update a, Aand C
Calculate the fitness of all search agents

Update X, X, and X,

t=t+1
end while
return X,
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Function Dimension Range fin
RO0= Y K Y- [VeeVee]
i=1
F200 = > ||+ T Y. [V ]
i=1
n i 2
Fg(x):z ij Y. [FVee Vo]
i=1 j-1
F4(x):maxiﬂxi|,1§isn} Y. [-VeeVe o]
n-1
F() =Z[1o ) —1)2} v [-¥ ¥ -]
i=1
F6(x)=Z(]xi+O.5|)2 Y. [VeeV--]
i=1
F(x) = > ix’ + randon{03) Y- [-\/Y0,) /0]
i=1

(Y] 950 diz Jlre gilgs Y=Y Jgar

Function Dimension Range frin

FB(x)zz—xi.sir(\/MJ v [0 0]

Fo(x) = Zn:[xlz —10.cos(27%;) +10]
i=1

/1 o) 1\ Y-
Fo(x) = —20exp(-0.2 H;Xi )—exp(HZcos(Zﬂxi))+20+e [-YY,¥Y]

[-0/VY,0/1 Y]

i=1
F (x):izn:x-z—l_[n cog L |41 v [-F+-8-]
S 40004 i< i !
n-1

Fi2(%) =§{1Osin(ny1) + ;(yi — 02+ 10sin (a0 )+ (v —1)2}+ Y.
ZU(xi 10100,4)
i=1

Xi+l [-()~,[)~]
Vi =1+

k(-a)™ x >a
u(x,a,k,m) = 0 -—a<x<a
k(=% -a)" x <-a
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F3(x) = Ol{sm (37zx1)+Z(x,—1) L+sm (37x; +1)]+(xn -1) [1+S|n (Z”Xn)] Y.
i=1

n [-06-,6-]

+ Zu(xi,5,100,4)

i=1

Fa(x) = Zsm(x )(sine> X yom

i=1

[-.7] —§/FAY

n

F15(x)—[e Z( )2 _2e” Zx ]Hcos X,m="5 v [-Y-.¥-] -\

n n n
F16(x):{25in2(xi) —exp(—inz)}.exp —ZsinZM] Y. [-V+,) <] -\
i=1 i=1 i=1
[AY] ol slal U (5590 i Lone ails Y=Y Joux
Function Dimension  Range frin
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1 1

R =| oo Dy \ [-50,70] )

=+ Z(Xi -a;)°

X (b7 +byxy)

Fis(x aj —— 2 ¥ [-6,0] ofe Y.

15(4) = Z{ ' b2+bx3+xj

Fre(x) = 4x2 — 2.1%" +%xf +XqXp — 4X3 + 45 Y [-6,0] IR R4

51 , 5 2 1
F17(X):(X2——2X1 +—X1—6) +10(1——)COSX1+10 Y [-O,&] '/\”\‘\/\
A V4 87

Fig(x) = b+ (% + %o +1)2(19—14x1 +3x12 —14x%, + 6XXy +3x§) . v [¥.1] v

x [30+ (2%, — 3%,)2 (18—32x1 +12x2 + 48, — 36xyXy + 27x3) '

FlQ(X)— ZC| eXp( Zau(x plj) ) Y [\,Yl] -YIAF
=1 j—

Foo(x) =—Zci eXp(_Zaij ;- pip)?) 4 [-.] =YXy
i=1 j=1
> 1

FZl(x):—Z[(x—ai)(x—ai)T+cif A [-V]  -Venovy
i=1
! 1

Fzz(x):—Z[(x—ai)(x—ai)T+ci} A [+V]  =Ve/feYA
i=1
10 N

F23(x)=72[(x7ai)(xfai)T+ci} A [+V]  =Yejovsey

i=1
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Function Dimension

Range f

min

F24(CF1) .
f1, Ty, f3,.., f1g = SphereFuntion
[01,69,03,.... 510] = [L1L... 1] Ve

5 5 5 5

[ 22, A 20 = {mmm"-’ m}

F5(CF2):
fy, fo, f3,.., fro = GriewanksFunctior
[01,69,03,.... 510] = [L1L... 1] Ve

5 5 5 5
o ol 5555505 1)
FZG(CFS) .

fi, fo, f3,.., fio = GriewanksFunctior
[61,69,03,.... 510] = [L1L... 1] Ve

5 5 5 5}

(4,22, 23,0 Aa0] = {m,m,m,..., oo

F,7(CF4):

fy, f, = AckleysFunctior

f3, f4 = RastrigitsFunctior

fg, fg =WeierstrasFunctior

f7, fg = GriewanKsFunctior

fq, f1g = SphereFuntion

[01,69,03,.... 510] = [L1L... 1]

[41, 2, 23, 410 = [6/325/3211,5/055/05,5/1005/1005/1005/100]

F,g(CF5):

fi, fo = RastrigitsFunctior

f3, f, =WeierstrasFunctior

f5, fg = GriewanKsFunctior

f;, fg = Ackley sFunctior

fq, f1g = SphereFuntion

[01,05,03...., 1] = [L11... 1]

[, 29, 25, 410) = [L/5,1/5,5/055/05,5/1005/1005/32,5/325/1005/100]

F,o(CF6):

f1, f, = RastrigifsFunctior

fs, f, =WeierstrasFunctior

f5, fg = GriewanKsFunctior

f;, fg = Ackley sFunctior \e

fg, f.g = SphereFuntion

[01,0%,03,..., 1] = [0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1]

0.1*1/5,0.2*1/5,0.3*5/05,0.4*5/05,0.5*5/100.... }
0

1, A9 Ao 1) =
) {0.6*5/10(10.7*5/32,0.8*5/32,0.9*5/100,1*5/10

[-0.0]

['ava]

['ava]

[-A,O]

['A,A]

['A,A]

of
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u; =v; if rand() <crossover A-Y)

U; = p; otherwise, (j=12,...,N,,)

55 CTOSSOVET (yizme .S oo oloul (+0)) alols jo Bolas soe G rand() «(A-Y) akal, o
plas QL] dl> o 10 e 098 0 Gutd )5 Jawgi a5 Wil o (P ) Alold o ol goue
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X(t) = [0, cumsum(2r(t,) — 1), cumsum(2r(t,) OT-1)

—1),...,cumsum(2r(t,) — 1)]
t ool )‘)S) Sloas )ASL.X} N9 Sl (ST Egoaino (cumsum)eas ML?M Egoino QT ) aS
el (VF-Y) dolee a5 4395 b Bolas ol cay o5 1 (1) g Solas pl5 al> o onims )Lis

1 if rand > 0.5

= VF-¥
() {0 if rand < 0.5 ( )

&S oo ol [+ gV ]ost o Solas sacrand 5 aes oo ylas Solas o5 5l al> ot ol jo a5

e 00U 45‘)‘ (\Q—Y’) L}“")"LA B L®4>)9-4 u:-’—gﬁd"

[A1,1 A, . A1,n]
Mype = [A?'l A?'z A?'d (Vo-Y)
An,l An,2 An,d

30,5 o0 0333 Moy s yilo 10 az 150 12 i3l &l aies oo lid |y faie Slass d g ldax> g0

l[f([Al,l,Al,z, e Ara]) ]
My, = {f([Az,pAz,:z’ ---:Az,d])

f([An,lr An,ZJ ey An,d])

\7-Y)

ALy AL, .. ALy,
ALZ,l ALZ,Z ALZ,d

MAntlion -

(\V-Y)
AL,, ALp, - AL,4
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f([ALy1, AL 5, ..., ALy 4])

My = f([ALz 1'AL2 20 ey ALy d]) AA-Y)

|
[f([ALnl,Aan,.. ALy q))]

solisl (VA1) ot Jloyi alolas 3l eomincr (sl J51s ;5 ol (53, ool Lai pslaie &y

D9 50
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df = Antlion} + d* (YV-1)
Syl p eamalas db Ll plt 1SS o sla ate oled o 0 Jlade o yieS €l o a8
Sy i G yeSCl sl Ll 1y ol € 1S5 0 sl jtite coled (o 5o e o yiin a5 ol
BUSIREN ESH BV PORPR ST O R Antllon] 5 P\i Az y90 lp e (p i dl-t ! i 4> 90
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Abstract

In this thesis, investigates the optimum design of isotropic finite plates with different
non-circular cut-outs subjected to in-plane loading (uniaxial tensile, biaxial, and pure
shear load). This objective is pursued by a gray wolf optimization algorithm. The
important features of this algorithm include flexibility, simplicity, short solution time,
and the ability to avoid local optimums. The objective function used for in this
algorithm seeks to minimize the value of stress concentration factor around different
cut-outs. The method used for the calculation of stress concentration is based on
analytical solution of Muskhelishvili complex variable and conformal mapping with
plane stress assumption. The plate is assumed to be isotropic, linear elastic, and finite.
To calculate the stress function of a finite plate with a square cutout, the stress functions
in finite plate are determined by superposition of the stress function in infinite plate
containing a square cutout with stress function in finite plate without any cutout. Using
least square boundary collocation method and applying appropriate boundary
conditions, unknown coefficients of stress function are obtained. Moreover, finite
element numerical solution is employed to examine the results of present analytical
solution. Numerical results are in good agreement with the results of the present
analytical solution. Results show that by selecting the aforementioned parameters
properly, less amounts of stress could be achieved around the non-circular hole leading
to an increase in load-bearing capacity of the structure.

Keywords: Isotropic Finite Plate, Non-Circular Cutout, Grey Wolf Optimization,

Complex Variable Method, Analytical Solution, Stress Concentration Factor.
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