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|- Sizing Optimization 2- Geometrical (Shape) Optimization 3- Topological Optimization
4- Layout Optimization 3- Mathematical Programming 6- Random Search Method

7- Stiffness (Displacement) Method $- Flexibitity (Force) Method
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46.4.55.0.60.0,70.0,86.0,92.193  [10.774 .12 4 } (em™)
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0.0272 Nfem® (0.11b/in? ) Pty s

OB ti g kgl (NS 5w g7 Sl 25 ln sas e sl Ak e

‘.\39_..);;3 f)lmls)la...)uLs_ﬁ; L?(A

1- Side Constraints for Configuration ( Shape ) Variables



A, G1GT @l i estalsl b Leliya s35)0393 § @blRa (b aisey : 0 Jud
sl s V0 b a5 Jads ablis wiogy - b S (VM-0)d 50
[36] adsh amdin g1y ablan ol iogy | [35] acitin 5 ablas b gy | ol sla i

(in®) cm? hie b b gla i
6.155(0.954) 7.574 (1.174) A
6.155(0.954) 6.155(0.954) A,
0.910 (0.141) 2.839 (0.440) As
6.974 (1.081) 8.600 (1.333) Ay
3.477(0.539) 6.155 (0.954) As
2.239 (0.347) 1.123(0.174) As
0.716 (0.111) 2.839 (0.440) As
0.716 (0.111) 2.839 (0.440) Ay
0.716 (0.111) 6.974 (1.081) Ao
2.839 (0.-440) 8.600 (1.333) A
1.419 (0.220) 1123 (0.174) . Al
0.910(0.141) 1123 (0.174) A
2.839 (0.440) 2.239(0.347) A
2.839 (0.440) 2.239(0.347) Ay
1.123 (0.174) 2.839(0.440) f Ays
(in)em . s b sla b
B 312.9(123.189) | X
B 588.251(231.595) ( X3
_ 272.26 (107.189) | ¥
B 302.705 (119.175) | ¥
B 153.573 (60.462) E Yi
B -42.489 (-16.728) | Yo
_ 39.535 (15.565) 7
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7Linear analysis for truss structure
7Date 15. 2.2005

/File : truss3.m_

7Editor : Ehsan_Eeighami

/E_mail : ehsan_1638@yahoo.com *

ndof = size(X,1)*size(X,2); % Number of degrees of freedom
ne = size(IX,1); % Number of elements
nb = size(bound, 1); % Number of boundaries

sprintf (‘Number of DOF %d,Number of elements %d’,ndof,ne);
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stress=zeros(Nind,ne)
eepsilon=zeros(ne,Nind);
stress=zeros(Nind,ne);
for {= 1:Nind

xxxxxxxxxxxxxxxxInitialize Global Variablesxxxxxxxxxxxxxxxx

K=zeros(ndof,ndof);

F(ndof,1)=0; % Force vecior
U(ndof,1)=0; % Displacement vector
R{ndof.1)=0; % Residual vector

xxxxxxxxxxxxxxxxAdded resetting of F,U,Rxxxxxxxxxxxxxxxx.

F = zeros(ndof,1);
U = zeros(ndof,1);
R = zeros(ndof,1);

xxxxxxxxxxxxxxxxInitialize Stiffness MatriXxxxxxxxx XXX XX XXX .

K=zeros(ndof,ndof);

xxxxxxxxxDeformation Of Node Cordinate MatriXxxxxxxxxx

X=[ 3175 6.350
6.350 25.40
C(£,1) C(H,2)
6.350 19.05
C(£.3) C(L.4);
6.350 12.70
C(£.5) C(£,6)
6.350 6.350

- CH.7) C(£.8)
6.350 0.00
0.00 0.00 ]

xxxxxxxxxxxxxxAssemble g]obal Stiffniess MatriXxxxxxxxxXXxxXxX.

. fore=1:ne

ddx = X(1X(e,2),1) - X(IX(e,1),1);
ddy = X(1X(e,2),2) - X(IX(e,1),2);
E = 6.895e4;
edof = [2*[X(e,1)-1 2*IX(e,1) 2*1X(e,2)-1 2*1X(e,2)};
L = sqrt((ddx"2 + ddy"2));
ke = A(1,e)*E/L"3 * [ddx"2 ddx*ddy -ddx"2 -ddx*ddy
- ddx*ddy ddy”2 -ddx*ddy -ddy"2
- ddx"2 -ddx*ddy ddx"2 ddx*ddy
- ddx*ddy -ddy”2 ddx*ddy ddy”™2 ];

K(edof,edof) = K(edof.edof)+ ke;
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end

for j=1:nb

K(2*bound(j,1)+bound(j,2)-2,:)=0;
K(:,2*bound(j,1)+bound(j,2)-2)=0;
K(2*bound(j.1)+bound(j,2)-2,2*bound(,1 )+beund(j,2)-2)=1;

end R
F(2*P(1:size(P,1),1)+P(1:size(P,1),2)-2) = P(1:size(P,1),3);

XXXXXXXXXXXXXXXXFE_ANALYSISXXXXXXXXXXXXXXXX.

U = K\F;

wxxxxxxxxCalculates the strain in each barxxxxxxxxx.

epsilon;[] =

xxxxThe length of the trusses in the undeformed statexxxxxxx

[XLength;[l-

for e=1:s1ze(IX,1¢

i 1X(e.3)==
ddx=X(IX(e,2),1)-X(IX(e,1),1);
ddy=X(IX(e,2).2)-X (IX(e,1).2);
[XLength=[IXLength;sqri((ddx"2+ddy"2;{((
end;

end
7The length ofthe trusses in the deformed state

[XDefLength={]

for e=1:size(IX,1)

if [X(e,3) ==

ddx=X(IX(e,2),1)+TU(2*1X(e,2)-1,1)-(X(IX(e,1),1)+ UQR*IX(e,1)-1,1));
ddy=X(IX(e,2),2)+U2*1X(e,2),1)-(X(1X(e,1),2)+UR*IX(e,1),1));
[XDefLength = [[XDefLength;sqrt((ddx"2+ ddy”~2))];

end

end

epsilon=(IXDefLength-IXLength)./IXLength;

uu(:,f) =U;

eepsilon(:,f) = epsilon;

end

U =uu;

epsilon = eepsilon;’

xxxxxxxxxCalculates the stress in cach barxsooooooxx.

stress = 6.895E4*epsilon
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% Truss structure
% Date : 15.12.2004
% File : calladine.m
% Editor : ehsan zeighami
% E-mail : ehsan 1638@yahoo.com
% Element type : Tiuss
% No.of Nodes : 6
% No.of Elements : [0
clear all
% Nodal Coordinates X(x.y)
X =
18.288 9.144
18.288 0.000
9.144 9.144
9.144 0.000
0.000 9.144
0.000 0.000
1:
% Topology matrix [X(nodel ,node2.propno)
[XFull = [
12

LS S Y% B N V3]

2

)

— A B U L L R — —

e RV e NV

IXF = [XFull;
% Boundary conditions bound(node,dof,disp),
bound = |
51 0.000000000 .
5 2 0.000000000
6 1 0.000000000
6 2 0.000000000
5;
% Actuation forces P(node.dof,force),
P=



LI RO b jlisl e il axtatnl G lalys (0 sy )51 @) almy 1 s Cangy

19
12 1o

-445400.00000e-6

4 2 -445400.00C02.-6

—

% Boundry Condition Related to Shape Variable,

%Cu =[31.1156.223 24.765 6.223 18.415 6.223 12.065 6.223];
%C1=[19.685-5.715 13.335 -5.715 6.985 -5.715 0.635 -5.715];
%Step = [0.0254 0.0254 0.0254 0.02254 0.0254 0.0254 0.0254 0.0254];

oS 23b e GALM pb 4 s 0,580l 095 Lol L1 el (g 1580 o 5 &y (0l (gamr o3
5o &S truss3.m ol w ol Jdow bl SO g ams e ploul 1) 00,680l 4 bgs e Slles &S
5 U5 o IS oS B S ol o 5 0o, s el b w0 o Jole il s
ool ael g aS Sl ebgs 4y pYasy e lis fansl, IS 5 g ead A sls ol g 4yl
25u oo S sl laygipl s bape WS o SleslS ]y ole by )y Tl o
CD o L ol 51 o5 SO LLB ol poxe oy oL fdo a4 aS adgl Cumes adg aile

sl oolazul b sutles ol p U sl oa o.b)j—‘ asl Lb deeo

clear all:

0// 3 3k 3k K %k K K %k %k 3K 3k ok % %k XK %k %k %k 3k 3 3K ok ok %k %k %k ok %k % %k 3 XK 3 2 xk *k %k 5k %k 3 5k K K K K Xk 5k 5k 5k %k %k % % % % % %k %k k%
% INPUT

O/0 ¥ % %k % ok % K K K %k %k 3k %k o ok 3 ok 3k ok ok 3 ok 3K oK %k %k X %k 3k 5k 3k 4 ok %k Kk 3k %k Xk 3k %k Xk ok %k Xk K %k %k %k %k %k k%K k¥ %K %k kX
calladine:

Nind = 2: %number of individuals in population

Nsg = 10: %number of Section Groups.

%oNsv =8 %number of Shape Variables.

muiRate = 0.001: % Mutation Rate

crossRate = 0.95; %ecrossover Rate

gen=1 %Generations

E = 6.895E4; %modolus of elastisity (Mpa)

s=le-4*[10.4511.61 15.3516.90 18.588 19.94 20.19 21.81 23.42 24.77 24.97 26.97 28.97 30.97 32.06
33.0337.0346.58 51.4274.19 87.10 89.68 91.61 100.0 103.23 121.29 128.39 141.94 147.74 170.97
193.55216.13];

%availabe sction

density = 0.0272e6; %density of element(N/m3)

Y%alfa=10; %Buckling Coefficinet

ne = 10: %no. of element

%k = 10:

% 3 5k 5k 3k 3k 3k kK ok ok ok ok kK K ke 3k K Kk ke 3k Kk ok ok ok sk 3K K sk gk ok ok ok ok ok ok ok kK ke ke 3k ok ok ok Kk 3k 3k 3k 3k 3k Xk
% Culculation Of Lenght Of Cromosom

% Related to Sizing Variable

% 3 3 5k 3k ok K ok 3k ok dk ok ok ki ke kK Kk ok ok k ok ok ok ok ok ok ak K ok k ok ok ok ok ke ok ok Kk K ok ke ok K K 3k 3k 3k 3k ke Xk
fori= 1:Nsg

Lsv(i) = fix((log(max(size(s)))/1og(2))+0.95);

end

Lsvt = sum(sum(Lsv)); %Lenght of Sizing Variables.

0/0 33 3K 3k K K % K 5k ok ok ok Kk K ok kK ok K 3k 3k ke ok oK K ok %k 3k 3k 3K 3k ok ok 3k ok ke ok ok 3k ok ke ok ke ok ok ke oK ok Ok Kk
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% Culculation Of Lenght Of Cromosom
% Related to Shape Variable

96*********************************************************

%for i = 1:Nsv

% Le(i) = fix(1+ivguCu(i)-CI(i))/Step(i)Yiog(2));,

%end

% Let = sum(sum(Lc)); %Lenght Of Cromosom Related
% to Shape Variable

96*********************************************************

% generate initial population
96*********************************************************
Lind = Lsvt+ne;

newPop = makePopBars(Nind.Lind ;

Oy HK K o o K o ok ok Ko o o Ko R K KoK o K R KK oK K KKK K K oK o oK R KKK KKK KK o ok o K R K Kk

for f= 1:gen

96*********************************************************

% Decoding of Cromosom Related To Topology Variable
gb*********************************************************
IXFull=IXF:
for i=1:Nind

for h=1:ne

rt = newPop(i.Lsvt+h):

if ==0

[XFull(h,:)=0:

end

end

rie=(sum(IXFull))"

ritt = find(rt==0);

df = size(rttt);

I XFull=sort(IXFull);

for v=1:df(1)

IXFull(1.:)=[];

end
end
g = size(1XFull);
ne = g(1):

O H KK K Ak K KA KKK KKK K K KKK KA KKK KK K o KK KR KK KRR KK K KRR KK K

%  Decoding of Cromosom Related To Sizing Variable
96*********************************************************
for k = 1:Nind
fori= l:ne
I3 = newPop(k,((Lsv(iy*(i-1)=1):Lsv(i)*i));
forj = 1:Lsv(i)
130) = B@*@ Lsv(i)-))
end
Ji = (sum(I3));
14(k,1) = jj;
end
fori= l:mne
144(k,i) = s(14(k,i)+1);
end
end e
144: % Sizing Decoded Matrix
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% K ok ok ok ok ok 3K kK ok ok ok ok ok K kK ok ok ok oK ok 3k ke ok ok ok Kk ok K ok ok 3k ko ok ok ok K ke Ok ok K ko ok ok ok Ok K ok ok K ok Kk Xk

% EEEEERE LS S ] DefOl’matlon OfArea Matr]x ok 2k ok ok %K K % K ok ok ok o K KOk ¥
% 2k ok o ok K K 3K ok K ok ok ok ki 3k ke ok K ok ok ok ok ok kK ok ok ok ok ok ok ok K ok %k ok ok ok 3k kK K oK ok ok K k Ok ok ok K K ok ok Xk ok

A = 144;

Area = A; .
% 3k 3k ok ok ok K ok ok ok ok ok ke ok 2k ke ok ok ok ok 2k ok ok ko ke ko ok sk ok ok Rk ok ok ok ok ok Ok 2k ke Rk ok ke ok ok ok ok ok Ok ok ok ko %k
% Calcul.il... Of Element Lenght
O oK ok ok ok K kK o oK R R R R oK oK KK K KK K KKK K KKK KR R oK K KK ROK K K KK K K K K K K K
IX = IXFull;
fori=1:Nind

fore= l:ne

dx = X(IX(e.,2).1) - X(IX(e,1).1);

dy = X(IX(e,2).2) - X(I1X(e,1).2);

L(ie) = sqrt((dx"2 - dy"2)): %Length Of Element
end

end

D 345K Ko oK KooK o K K KK KK R K KK K KSR KKK K K R KK KK KK R K R KKK K K R K KK K KK

% Weight Function

0/6 ok %k % % % % % X ok ok kA %k % % %K ok ok %K %K %k %k XK XK %k % 3k 5k % %k 3k %k %k Xk *k *k % XK % % XK XK % %k %k % %k Kk % %k Kk %k
Weight! = densitv*L.*Area;

Weight = (sum(Weight1"))"

0//0 % ok 3k % % %k K K % % ok k% %k %k %k %k %k ok %k %k %k XK XK XK %k Xk Xk Xk %k %k % % %k %k %k xk 3k *k % %k Xk Xk % % % % ¥k %k % kK %k %k % % % %k
0/6 % %k 3k % % %k % K K %k %k %k %k %k %k %k %k ok ok 3k % XK XK XK %k Xk ¥k %k %k %k % % %k %k %k 3k 5k %k %k %k Xk Xk % % % % ¥k Xk kK kK %k %k % % *k %k
Pop = newPop:

IX = IXFull;

0/0 % o % ok % % K K ok % % % K % % K ok ok ok ok %k X ok %k 3k ok %k ok ok % ok %k %k oK %K ok ok %k % % %k % %K ok ok K % X K K K Kk k k%

% Calculate displacement & check stress
% % %k %k % % %k X % % % ok %k Xk %k %k %k %k %k xk ok %k % %k X % XK %k % ok %k xk %K K %k %k % * *k %k % %k % % % ¥k %k %k % Xk %k %k %k X ¥ k ¥k

2.
Truss3;
% 3 % % %k % ok %k Ak %k %k ko ok ke ok %k ok k% %k ok %k ok %k kK %k Xk %k oK ok ok 3k %k Xk 3 %k Xk Xk %k %k %k ok %k %k xk ok kK %k k%

% break the restraint
% ok ok K % K %k %k K %k K %k %k 3 ok ok % % XK %k K %k XK %k ok X %k ok Ak 2k ok % XK %K 5K %k %k 5k 2k %k %k %K K %k %k %k %k 5k %k % K %k %k %k %k %k %k
stressnorm = (abs(stress/172.4))-1;
for i = 1:Nind
forj=l:ne
if stressnorm(i.j)<0
stressnorm(i,j) = 0:
end
end
end

Cg = stressnorm;
Cg = (sum(Cg"))’;

0/0 ek K ok ok ok K ok K Ok kK ok ok kK K K ok ok ok K % K K K ok ok ok K K K K R ok ok ok ok K K R R OK K KR KRR ROk k kR k|

% Penalty Function
O/O ¥ %k %k oK K K K K K % 3 K % ok K % K KK ok K %K K K %K %K XK 5k %k K ok K K K %k K ok ok ok K ok ok %k % 3k ok ok K K Kk K KK Kk k
k=10;

penalty = zeros(size(Weight));
for h = I:Nind
penalty = k*Cg.*Weight;

end

penalty; -,

% 3 3 %k >k %k % k% %K %k ok ok % K ok ok K Kk %k ok ok ok ok ok ok 3k ok ok K ok %K %K %K %k %k ok %k K %k 3% K K K %k ok ok ok X X X XK kK %k %k %k
% Modified Goal Function

Oy % KK KKK KKK KKK KKK K K KK KK KKK KK R K K kK ook ok K 0K o KK R R kR Rk K

Mgoal = Weight+penalty;
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Mgoal;
96*********************************************************

% Fitness Function
96*********************************************************
Fitness = zeros(size(Mgoal));

Fitness = (max(Mgoal)+min(Mgoal})-Mgoal;

Fitness:
96*********************************************************

% Selection Procedure(rws)
96********************************************************

Y%resetting variables

fl = zeros(size(Fitness)); % fi/(sigma(fi))
f2 = zeros(size(Fitness)); % fi/(sigma(fi))tagamoee
f3 = zeros(size(Fitness)); % random number
f1 = Fitness./(sum(Fitmess));
f2(1) = f1(1);
for i =2:Nind
f2(i) = f2(i-1)+1(i);
end
2;

f3 = rand(Nind,1);

@6*********************************************************

% (rws)
96********************************************************

t=zeros(Nind.1);

for i = 1:Nind
t(i) = min(find (f2>£3(1))):
end
|8 %number of selected population

Oy 3 o K KK KKK R R KK KK o o K o o K 3 ok ok o o o oK KK K K KoK KKK K K KK K KOk kR R K

% selected population
@6********************************************************
for i = 1:Nind

newpop | (1.:} = newrop(t(i).:);
end

newPop = newpopl;
06********************************************************
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0 Genetic Operator
6********************************************************
o

O O .o
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% Crossover
96********************************************************

%resetting variables
96********************************************************
newPop2 = zeros(size(newPop)); % selected population
newPop3 = zeros(size(newPop)); % unselected population
ff2 =1J; .
ff3 =1[1;
96********************************************************
rand3 = rand(Nind.1);

crossed = rand3<crossRate;
Oy ek sk ke ok ok ok oo sk K KK oK KK K oK K K oK K o kK oK K K oKk K K K K K K ok ok R KK o ko K K K

fori=1:Nind
if crossed(i) ==
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newPop2(i,:) = newPop(i,:);

else
newPop2(i,:) = 0;
end
end v
% 3 e 3 ok 3 ok e ok ok ok ke e sk sk sk ok ok sk sk sk ok ke ok e e ek Kk e e ok ksl ke ke ke ok ok ok ok ok ok ok ok ke ke ok ok ok ok K %k %k
for i = 1:Nind

if crossed(i) == 0
newPop3(i,:) = newPop(i.:);
else
newPop3(1,:) = 0:
end
end
% % 3 ok vk ok ok ok ok ok ok e e ok ok ok ok sk ok ok sk ok ok sk K vk ok ke ke ke ke ke ok sk 3K ok ke ok ok ok K ke ke ok ok K Kk ok ok ok Kk
newPop2;
newPop3;
0/0 3 2k %k %k 3k 3k ok ok ek dk ke 3k e 3k 3K 3k 3K ok K 3k 3k K sk sk ok o ok ke kK ke ak ok ok ok ok ok ok ok K ke ok ok ok ok ke ok
sum2 = sum(newPop2')’;
2 = find(sum2==0):
sori(f12);
for 1 =1:s1ze(ff2)
newPop2((ff2(i)-i+1)..) = [
end
9’0 x 3k sk 3k vk 3k o %k ok 3k %k ok %k %k k% % ok %k %k % 3k 3k ook ne ok koo ok ok ok ok %k %k ok 3k 3k ok 3K ak ok ok ok K K ok ok ok 3k K %k Kk
sum3 = sum{newPop3")':
fi3 = find(sum3==0);
sort(ff3);
for i =1:s1ze(ff3)
newPop3((fi3(i)-1+1)..) = [}
end

0/0 3 2 e 3 2k ok ok ok ok ok ok ke %k ok ok ok ok ok ok ok ok ok ok ¢ ok ok ok %k ok ok ok ok oKk ok ok ok ok 3k ok ok ok sk ok ok ok ok kok Kok ok ok

newPop2;
newPop3;
0/0 % 3k dk ook ok ok ok ook ok T T Ttk ook ok ok ok ok ok ok ok ok ok K ak ok ok ok K ok ok ke 3k ok ok ok ok ok kok ook ok k ok
b = size(newPop2);
newPop22 = zeros(size(newPop2)):
bl = round(b(1)/2-0.1);
¢S = round(2+(Lind-3)*rand(b1,2));
cS = (sort(cS"));
op = size(cS);
oS = zeros(2*op(1).2);
for u= l:op(1)
0S(2*u-1,:) = ¢S(u,:);
0S(2*u,:) = ¢S(u,’);

end
cS =0S;
fori=1:2:2*bl

newPop22(i,1:¢S(1,1)) = newPop2(i,1:¢S(i,1));
newPop22(i,cS(1,1)+1:¢S(i,2)-1) = newPop2(i+1,c¢S(i,1)+1:¢5(1,2)-1);
newPop22(i,cS(i,2):end) = newPop2(i,cS(i,2):end);

newPop22(i+1,1:¢S(i,1)) = newPop2(i+1,1:¢S(i,1));
newPop22(i+1,cS(i,1)+1:¢S(i,2)-1) = newPop2(i,cS(i, 1 )+ 1:¢S(i,2)-1);
newPop22(i+1,c8(i.2):end) = newPop2(i+1,cS(i.2):end);

end
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gﬁ********************************************************

if bl~=b(1)/2
newPop22(end,:) = newPop2(enc,:);
end .
newPop22;
0, 3 % K ok % % % ok % ok ok 3 K ok %k % K X ok 3 oK 5 ok % 3 ok ok 3K ok ok 3 ok K ok 3 K K ok ok ok XK 3% o ok ok % ok ok XK Kk K X

70
rl = size(newPop22);
newPop = zeros(Nind,Lind);

fori= lL:ri(l)
newPop(i,:) = newPop22(i.:):
end

for 1= (r1(1)+1):Nind

newPop(i.:) = newPop3((i-r1(1)).));
end
newPop:
96*********************************************************
% Mutation

qo********************************************************

mut = rand(Nind.Lind):
t2 = mut<mutRate;

fori = 1:Nind
forj = I:Lind
if12(1)) ==

if newPop(i.j) == 1
newPop(ij) = O:
else
newPop(i,j) = 1:
end

end
end
end
newPop:
end
newPop;
plott:

function [P} = makePopBars(Indivicuals,Bits)
“P=makePop(Indivil.:ls Bits)

for ind = 1:Individuals

for i = 1:Bits

random = rand;

number = random ;

bit = round(number;(

P(ind.i)=bit;

end

end



Abstruct

This thesis is about the optimization of Trusses structures. Trusses structures are
those constructed of long, thin members. There are three types of design variables that
can be considered in a Trusses structure. These are size variables, topology variables, and
shape variables.

A size variable dictates the size of a member, which could be the crosssectional
area, the moment of inertia, etc.

Topology variables dictate the presence or absence of members in a structure.

Shape variables dictate the joint coordinates of a structure. Size variables are ideally
represented with discrete section property values. Topology variables are represented as
discrete integer values. However, shape variables are typically represented as continuous.
or real number values.

The purpose of these contributions was to make optimization using a genetic algorithm
more accessible to design engineers.
The Genetic algorithm was demonstrated in Many original examples as well as an

example from a published work. The algorithm was effective in finding lighter designs.



Shahrood University Of Technology
Faculty Of Civil Engineering
Structural Department

Sizing, Shape and Topology Optimization
0f Trusses Using Genetic Algorithm
And Matiab

By:
Ehsan Zeighami

Supervisor:
Dr. Vahidreza kalatjari

Septembef 2005

d



