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TenBarTruss.m

% Geometric and forces initial data of the truss
% The given problem

% ___________________________

% 1. Nodal coordinates

R S

nDOFs = 2; % Number of DOFs per node

nNode = 6; % Total number of nodes

sdof = nDOFs*nNode; % Total DOFs = nDOFs x No.of Nodes

Node = zeros (nNode,nDOFs) ;

% X axis Y axis

Node (1,1)=0.0; Node (1,2) =0 :0; of Node #1
Node (2,1)=0.0; Node (2, 2) ( % rdi of Node #2
Node (3,1)=100.0; Node (3,2 y ’; i of Node #3
Node (4,1)=100.0; = di of Node #4
Node (5,1)=200.0; of Node #5

Node (6,1)=200.0; of Node #6

L S S

% 2. Nodal connectiv

B o e = S

nNODs = 2; nodes per element
nElem = 10; iber of elements

ndoe = nDOFs*nNODs DOFs per element

Element = zeros (nEl

¥starting node
Element (1,1)=1;
Element (2,1)=3;
Element (3,1)=5;
Element (4,1)=6;
Element (5,1)=4;
Element (6,1)=3; (node3,node4)
Element (7,1)=4; 5 N node4,nodel)
Element (8,1)=2; #8 (node2,node3l)

#1 (nodel,node3)
(node3, nodes)
(node5, nodes)
#4 (node6,node4)
k_(node4, node4)

Element (9,1)=3; El-J ent (9, 2)=06; element #9 (node3, nodes)
Element (10,1)=4; Elemi?t(lo ;2)=5; % element #10 (node4, nodes)

Le““"ﬁ‘ﬁﬂﬂﬁﬂ‘ﬁeﬁm&mﬂﬂ HAR

% loop for every element

nd (1) =Element (i, 1) ; % 1lst connected node for the (iel) -th element
nd(2) =Element (i, 2) ; % 2nd connected node for the (iel) -th element
x1=Node (nd(1),1); yl=Node (nd(1),2); % coordinate of 1st node
x2=Node (nd (2),1) ; y2=Node (nd (2) ,2) ; % coordinate of 2nd node
Length (i) =sqrt ((x2-x1) "2+ (y2-y1) *2) ; % the length of element (i)
end
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% 4. Applied restraints

Bcdof (1) =1;
Bcval (1)=0;

% 1st dof (horizontal displ) is constrained
% whose described value is 0

Bcdof (2) =2; % 2nd dof (vertical displ) is constrained
Bcval (2)=0; % whose described value is 0

Bcdof (3) =3; % 3rd dof (horizontal displ) is constrained
Bcval (3)=0; % whose described value is 0

Bcdof (4) =4; % 4th dof (horizontal displ) is constrained
Bcval (4)=0; % whose described value is 0

Force=zeros (sdof,1) ;% syst
Force(6) = -2268.0; % 37
direction
Force (10)= -2268.0;
direction

5 kips in downward

gth def) has 5 kips in downward

) ! ‘\’\ sle S 6 kgf
Dfactor = 1.2; € xﬁﬁi?xu cight load
Lfactor = 1.6; 3i} E‘txxx point loads
rho = 7.849e- : \\
% _________________

Emodulus = 2038.9015e3 el jr A V%
YieldStr = 2531.0507; : yie S ¢ (ksc)
maxdisp = 2.00; ati ]

e e i = e i e )

% 7. Section Indices

e

% The lists of §§ allable sections and IS radine of gyration
= N,

% The possible . ember

% The smallest vat

e of section
% Equal angle, JIS @ 192 (cm™2)

TE AWM o,
S I N TR,

1.840 1 990 1.980 1.940 2.140 2.300 2.250 2.220 2.460 2. 7701 ;

% = size(Sections,1) ; % Get the number of rows
nsect = size(Sections,2); % Get the number of columns
coeficient = (sgrt (YieldStr/Emodulus))/3.14159;
lamdacoef = zeros(1,nsect);
for i=1:nsect

lambdacoef (i) = coeficient/Gyration (i) ;

end



Data{2} =
Data{3} =
Data{4} =
Data{5} =
Data{6} =
Data{7} =
Data{8}
Data{9} =
Data{10}=
Data{11}=
Bcdof

Data{12}=
Data{13}=
Data{14}=
Data{15}=
Data{16}=

Data{17}=1lambdacoef

ratio

Data{18}=
Data{19}=
Data{20}=
Data{21}=
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nDOF's; % Number of DOFs per node
nNode; % Total number of nodes
Node; % The nodal coordinates vector
nNODs; % Number of nodes per element
nElem; % Total number of elements
Element; % The nodal connectivity vector
sdof; % Total DOFs = nDOFs x No.of Nodes
= ndoe; % No. of DOFs/element = nDOFs x nNODs
Length; % The length vector for all elements
Bcdof; % a vector containing dofs associated with BC
Bcval; % a vector containing BC values associated with
Emodulus; % elastic r
Force; % >
YieldStr; %
nsect; % alues
%

Sections; oss-sectional areas

culation of slederness

maxdisp; . gL /' :‘£'~ T ement
Dfactor; : 3 . ight load
Lfactor ;#¥% : valueifon s ic point loads

rho;

AULINENINYINS
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FEM_Nonlinear.m

% Nonlinear Analysis of Planar Steel Trusses
% Author: TRAN Tien-Dac
% Graduate student, Department of Civil Engineering
Chulalongkorn University
Last change: May 19, 2005

Find the deflection, stress and load ratio of the given truss

%
%
%
% Problem description
%
problem.

clear;

global Data; %
Data = cell(21,1); % ‘nD : ) ; DOFs per node
% Y 7 TMDEY O nodes
% 'hesncdal coordinates vector
odes per element

i}\‘\‘\\ *.elements

he connectivity vector
DOFs = nDOFs x nNode
s/element
>!s length vector
1ed-DOFs vector
>: ibed value is 0
lus
force vector
m yield stress
er of section values
s of availabe sections
for the slenderness ratio
allowable displacement
elf weight load
% (20)Lfactor D viE—For Jdive load loads

-
a3

TenBarTruss; e indtial data of the truss
Solution = 10*ones (nEEhl) % Ass@le an abitrary section indices
Stop = El q Vl 1ﬁnﬁp1h|; EjfTﬁﬁ

[Score, Vo1, Dlsu ress, hlstory CMainFEM(Solution Data, Stop);

BDlsplayStress(Data,Disp,Stress);
BDisplayHistory (history) ;
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% Sizing Optimization of Nonlinear Planar Steel Trusses

% Using Genetic Algorithms

% Author: TRAN Tien-Dac

% Graduate student, Department of Civil Engineering
% Chulalongkorn University

% Last change: May 19, 2005

% Problem description

% Find the optimization solution of the given truss problem.

B . %
clear;

global Data;
Data = cell(21,1); DOFs per node
nodes
aodal. coordinates vector
odes per element
r Of,.elements
dal, connectivity vector
j\:, DOFs = nDOFs x nNode
OFs/element
}\\'s length vector
rained-DOFs vector
‘HH ibed value is 0
odulus
force vector
\i m yield stress
mber of section values
ists of availabe sections
iared for the slenderness ratio
allowable displacement
jilf weight load
ldve load loads

TenBarTruss; e in:jial data of the truss
%% Required functions# g, (V) 7

+ me creaciolPEBLER D] £ T IREIINL T
Populationsizeql

% GA_create.m 1 o L7
The c tﬁ%ﬁ% ﬁtgld %L%;.]:egl !]%an p%Julation,
and re ns a cell array, the children that result from the

r.

Crosso
GA_crossover.m

o° o o oP

The custom mutation function takes an individual, and returns a
mutated ordered set.
GA_mutate.m

o0 o° o

oe

The fitness function
Bfitness.m

oe

FitnessFcn = @(x) BFitness (x,Data) ;
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%% Genetic Algorithm options setup

% Firstly, create an options structure to indicate a custom data type
% and the population range.

nsect=Data{15};

options = gaoptimset ('PopulationType’,

'custom', 'PopInitRange’, [1;nsect]);

% Secondly, declare the custom creation, crossover, mutation, that

% we have created, as well as setting some stopping conditions.

options = gaoptimset(options,'CreationFcn',@GA_create, o 25
'Crossovechn',@GA_crossover, Shas
'MutationFcn',@GA _mutate, ...
'Generations', 400, 'PopulationSize', 40, ...

mit',3000, ...

,3000, 'Vectorized', 'on', ...

O bestf,'PlotInterval',z);

% Finally, call the gen
NumOfVar = Data{5};
[x,fval,reason,outp.

problem information.

,options)

% Re-analysis the @
solution = x{1};

[FScore, FVol, FDisp olution,Data, 1)
BDisplayStress (DatagFDigp
BDisplayHistory (FHistQ

AULINENINYINS
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GA_create.m

function pop = GA_create (NVARS, FitnessFcn,options)
% Creates a population of permutations

% Variable Description:

% pop = creates a population of permutations with a length of
NVARS.

% NVARS = Number of variables

% FitnessFcn = Fitness function

% options = Options structure used by the GA

totalPopulationSize = sum (o
n = NVARS; ’
pop = cell(totalPopulat
for i = 1:totalPopulat
for j = 1:n
k = randpe TR - €
pop{i} (j) ; NENE NS candom order to cell i
of pop
end
end

GA_crossover.m
function xoverKids ,;TVF ents,options, NVARS,
FitnessFcn, thisSco 3

% Custom crossover fu

% xoverKids =

%

FitnessFcn, thisScore, thi

N »

% Variable Descrigfsdon o

% xoverKids = "'-fi 5""‘ children XOVERKIDS.
% parents = Paren_r ; OT. wxnctlon

% options = Optiong structure cated from G2 aPTIMSET

% NVARS = Number o varlables

% Fltneschn = Fitn s‘hfunctlon

s NE AN I

% thisPopul ﬁﬁ rent population
Fommmmmn et o e e A i e e e

:&:ix;ammﬂﬁfu AINYIAY

for i=1:nKids
parent = thisPopulation{parents (index)};
index = index + 2;
% Flip a section of parentl.
Pl = ceil((length(parent) -1) * rand);
P2 = pl + ceil((length(parent) - pl- 1) * rand);
child = parent;
child (pl:p2) = fliplr(child(pl:p2));
xoverKids{i} = child;
end
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GA_mutate.m

function mutationChildren = GA_mutate (parents,options,NVARS, ...
FitnessFcn, state, thisScore, thisPopulation, mutationRate)
% Custom mutation function

B mm m e e e e e e
% mutationChildren = GA_mutate (parents,options,NVARS, ...
% FitnessFcn, state,

thisScore, thisPopulation, mutationRate)

%

% Variable Description:

% mutationChildren = mutate the parents to produce mutated children
% options = Options structure created from GAOPTIMSET

% NVARS = Number of variables

% FitnessFcn = Fitness fu
%

%

%

%

%

state = State structure ’ha% hal GA solver
thisScore = Vector of": : rent population

thisPopulation 5 in the current population
mutationRate = te of™mu

mutationChildren =
for i=1:1length(pare
parent = this
p = ceil(length (j
child = parent
child(p(1)) = par
child(p(2)) = pa
mutationChildren{i
end

AULINENINYINS
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BFitness.m

function scores = BFitness(x,Data)
% Calculate the fitness of a generation.

scores = BFitness (x,Data)

Variable Description:

o0 ~ d° o o° d° o° o°

(num.of.sect.available)

% this number is the order of its cross sectional area accordingly.
L ST g e R R Ak ___

) olumn vector for a

ion size x 1] of cells
smbthe, solution x{j}

scores = zeros(size(x,1

generation
for j = 1:size(x,1) =
p = x{j};

score = CMainFE
scores (j) =
end

% Export the resul€s
[fid, msg] =fopen ('peak
avr = mean (scores) ;
count = fprintf (fiqd, "’
status = fclose(fid)

AT

ﬂ‘UEJ’JVIEWI?WEJ’]ﬂ‘i
amaﬂﬂimumaﬂmaﬂ

every solution x{j} is a row vector ( 1 x num.of.variables ) .
it means x(j) is a row vector of ( 1 x num.of.elements. in.the.truss

each value in vector x(j) varies from 1 to nsect

60
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BDisplayTruss.m

function outputstring = BDisplayTruss (Data, Solution)

% Display to screen the geometric figure of the truss

B mmmm e m o e e
% BDisplayTruss (Data, Solution)

%

% Variable Description:

% Data = the global variables

% Solution = the set of section indices for all members

nNode = Data{2}; Node = Data{3};
nElem = Data{5}; Element = Data{6};
sdof = Data{7}; BC = Data{lo}-

Force = Data{13}; 4

figure
.
% 1. Plot the bars
e

for el=1:nElem
nodel=Node (Elem
node2=Node (Elemen
shift=2*ones (1,
midpoint = (nodel+
if nodel (1) ==
elseif nodel (2)==no
else J
midpoint = (2*nod@l+node?
nodetmp = nodel # nggea;

if nodetmp (1) *nodet )=-shift (1); end

end
hold on
plot([nodel(l) de2 (1)}, [nodel phoaea- o Al ' , 'LineWidth',2) ;
text(mldpt 1 t{2),
[num2str (AFe:
. 'Color?", "b! H’ont

en

Goimim i = e

¢ 3. man nodﬂu;g]q VIEJ‘V]ﬁW

for ni=1: nNode

e R WD TUN VTN A Bl

end

[}

nBC = size(BC,?2); % Get the number of constréinted—DOFs
shift = -5;
for nl=1:nBC,

nID = floor((BC(nl)+1)/2); % Get the nodeID corresponding to the
DOF

coord = Node (nID, ); % Get the node's coordinates
if mod(BC(nl1),2)= % horizontal displacement constraint
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coord(1l) = coord(l)+shift;
sign = '>';
else % vertical displacement constraint
coord(2) = coord(2)+shift;
sign = '*';
end

plot(coord(l),coord(z),sign,'MarkerEdgeColor','red',
'MarkerFaceColor','green',’MarkerSize',lS);

for nl=1:sdof,
if Force(nl)~=0

nID = floor ((nl+1)/2), }E Ge e nodeID corresponding to the
DOF <o
coord = Node (nID,%); % Get#fLeMode's coordinates
if mod(nl,2)==1" " S dhor¥»@fital point load
if Force(n . -
valu
else
vald
end
else
if Force (m
val
else
value
end
end
text (coord (1), 'red', 'FontSize',30);
end
end
% _________________ i
T 5. Add titles | — -3
G - \,
v, J

title(['The ', int2
problem'],'Color','o"[ck',
W

ﬂ‘IJEI’JVIEWI?WEJ']ﬂ‘i
Qﬁﬂﬁﬁﬂ‘imﬂﬁﬁ’mmﬁﬂ



63

BDisplayStress.m

function outputstring = BDisplayStress(Data,Disp,Stress)

% Display the stress results (axial force) of the truss

B e
% BDisplayStress (Data,Disp, Stress)

%

% Variable Description:

% Data = the global variables

% Disp = the column vector of global displacements

% Stress = the column vector of global stresses

s
nNode = Data{2}; Node =

nElem = Data{5}; Element = Datalg sdof = Data{7};

BC = Data{10}; Force maxdisp = Data{18};

num=1:1:sdof;
displ=[num' Disp]

numm=1:1:nElem; .
stresses=[numm' Stre

figure

B e e
% 1. Plot the bars
s s

for el=1:nElem
nodel=Node (Element (
node2=Node (Element
shift=2*ones(1,2);
midpoint = (nodel+node2)yfdums - <
if nodel(1)==node2 (1) shifet>) -0

elseif nodeil (2)==node wﬁ?

else -
midpoint = L*nodei+node2) /3 —JL
nodetmp = € £

if nodetmp % (£t (1) ; end
end il ' I

hold on
plot ([nodel (1) ;nodé244) ], [nodel (2)Mxhode2 (2)], 'k

| mn,ﬁifléstyle’ =) ;
text (midpo 1if ( nty(2 Ut 429 i 2str(el), ...
Y

'Color','k','FontSize',12);

< QMAIRIBIM INEAY

i¥

e
%
%
%
if max(Disp)<maxdisp

ratio = 2.0;
else

ratio = 1.0;
end

text (1,-90, ['Displacement magnifier = ',
num2str (ratio)], 'FontSize',12);

for i=1:nNode
Node(i,1)=Node(i,1)+ratio*Disp(i*2—1);



Node(i,2)=Node(i,2)+ratio*Disp(i*2);
end

for el=1:nElem
nodel:Node(Element(el,l),:);
node2=Node(Element(e1,2),:);
shift = 2*ones(1,2);

midpoint = (nodel+node2)/2;

if nodel (1)==node2 (1)
shift (2)=0; 3
elseif nodel (2)==node2a(
shift (1)=0;
else
midpoint = (z
nodetmp = nodel
if nodetmp (1
shift (1) =

end
end

hold on

if Stress(el)<0

colour = 'red';

width = 3;

style = '-1;
else

colour = 'blue';

width = 2;,
Style = ' -
end 7 AX )
plot ([nodel (1) ;node2 (1)1, --e2(2)‘;colour,
. 'LineWidth',width, ineStyle',style) ;
text(mldp01nt(1)+s]h (1) mldp01nqup)+sh1ft(2),

ﬁt%ls&sl 2 ‘ﬂﬂ% §5IN B ‘5@

nBC = 512 (BC 2) % Get the number of constrainted-DOFs
shift = -5;

for nl=1:nBC,
nID = floor ((BC(nl)+1)/2);

oe

Get the nodeID corresponding to DOF

coord = Node (nID, :) ; % Get the node's coordinates

if mod(BC(n1),2)==1 % horizontal displacement constraint
coord (1) = coord (1) +shift;
sign = '>';

else % vertical displacement constraint
coord(2) = coord(2)+shift;
sign = """ ;

end
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plot (coord (1) ,coord(2),sign, 'MarkerEdgeColor', 'red’, . ..
'MarkerFaceColor', 'green’', 'MarkerSize',15) ;

for nl=1:sdof,
if Force(nl)~=0
nID = floor((nl+1)/2); % Get the nodeID corresponding to DOF

coord = Node (nID, :) ; % Get the node's coordinates
if mod(n1,2)== % horizontal point load
if Force(nl)>0
value = '\rightarrow';
else I

value = '\lef
end .. i
else M 5 Ve g oint load
if Force (n1VS0ow- .-é
value = "\Upar . R
else

value
end
end

text (coord d','FontSize',30);

title(['The ',int2str - “bari problem'],

‘I' i . &
'Color', 'black', 'FontSize',
axis equal

AULINENINYINS
AR TN TN
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BDisplayHistory.m

function BDisplayHistory (history)
% Display the history behavior of the truss

% BDisplayHistory (history)

%

% Variable Description:

% history = the vector of load ratio of all members

figure

nElem = size(history,1);

list = sort (history);

num = [1l:nElem];

his = plot(num,list,'Linewidr \

grid on;

F o i = e & e

% Add titles

B m e e e

title(['The behavior™eé Ooar truss problem'], ...

~hi£ ack', 'FontSize', 16)

xlabel ('number of m 1ng','FontSize',14)

ylabel ('load ratio', !

% Get the plotted dat
x = get(his, 'XData');
Yy = get(his, 'YData') ;

% Find the index of ther
imin = find(min(y) == y);
imax find (max(y) == y);

text (x (imin (1)), y (gint1)), 1\ 1a 3 —n——T 0, 2str(y(1m1n(1) 1,
'VerticalAlignm&s ShL ,'leftr,
- - 'FontSize', 14)
text (x(imax (1)) ,y (i j (1)), ambda ax = ' u,uum2str(y(1max(1)))]
'VerticalAlignment', 'bottom', 'HorlzontalAllgnment' ‘right!',

'FontSize',14)

ﬂ‘IJEI’JVIEWIiWEI’]ﬂ‘i
amaﬁnimum'mmaﬂ
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CMainFEM.m

function
[Score,Vol,Disp, Stress,history] = CMainFEM (Solution,Data, StopIf)
% FEM Program solving the static 2-d truss structure

%
%
% Variable Description:

% Score = the fitness value for the solution under consideration
% Vol = the total volume for the solution under consideration

% Disp = the column vector of global displacements

% Stress = the column vector of global stresses

% history = the vector of load ratlo of all members

% Solution = the set of sect es for all members

% Data = the global variabl

% StopIf = The conditio
% StopIf = 0 :
%

inear analysis
ollapse for analysis
ements is reached:forGa

% convertion of

nDOFs = Data{1l}; Data{3};
nElem = Data{5}; = Data{8};

Len = Data{9}; ="Data{11};

E = Data{12}; oef = Data{17};
%~ == s i R R ey e

% get the limits

YieldLim = 0.9*Yield; ‘ield limit of tension members
BuckleLim = zeros(nElem 1) ﬁ?’ J e limit of compression
members

slender = Len-*Lav;;;A:;;'"’j“'f“*—-———?:‘“——“ﬂsf--rness ratio vector

for i=1:nElem -
if slender (i)<= J.
BuckleLim(i)" = 0 85*Y1eld*0 658 (slender (i) *2);

else

B“mﬁ‘u)ﬁ g Wﬁl NINEIAT:
iy RITINTUURITINYIA Y

NodeTmp = zeros(nNode nDOFs) ; $ temporary vector of global coordinates

Disp = zeros (sdof, 1) ; % column vector of global displacements
disptmp = zeros (sdof,1); % temporary vector of global disp.
dispinc = zeros(sdof, 1) ; % column vector of disp. increments
Stress = zeros(nElem,1); % create column vector of global stresses

stresstmp = zeros(nElem,1);
stressinc = zeros (nElem, 1) ;

temporary vector of global stresses
column vector of stresses increments

o o

LengthTmp = zeros (nElem,1) ;
EtTmp = zeros (nElem, 1) ;
history = zeros(nElem,1); % limit load-ratio vector of all elements
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loadratio = 0.0; % the load coefficient at current step
loadinc = 0.04; % the 1n1t1a1 value of load increment
dForce = zeros(sdof,1); % create ‘column vector of Force increment
nsteps = 0; % the total number of analysis steps

redo = 0; % assign the initial value of loop

Force = zeros (sdof, 1) ;

Force = DCombineForces(Solution,Data);

kk = DKglobal (Solution, Dat
dForce = loadlnc*Force,
[kk,dForce] = DapplyBC (&
dispinc = kk\dForce;
stressinc = DPostProecess ata,'k ydispinc) ;

ratioP = 0.0;
ratioE = 0.0

for i=1:nElem

if slender (i) <= (1.
ratioP =
else
ratioP =
end

if ratioP <
ratioE
else
ratioE
end

- ngiffﬂi&ﬂ o) Hﬂﬂ@rw £ 1 deson
- 9 W'lﬁﬂﬂifu UNIINYAY

% start fhe loops

-2 43*ratioP*log (ratioP)

while (redo<3) % not all members reach to
yielding/buckling

nsteps = nsteps + 1;

% Forming global stiffness matrix
kk = DKglobal(Solution,Data,Len,Et,stress);

dForce = loadinc*Force; % determine a load step
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[kk,dForce] = DapplyBC (kk,dForce, Bcdof,Bcval) ; % apply BC
dispinc = kk\dForce; % solve the equation

Len = DUpdateGeometry (Data,dispinc) ;
stressinc = DPostProcess(Solution,Data,Len,Et,dispinc);

% get the total disp. and stresses upto the current step
[Disp,Stress] =
DupdateResults(Disp,Stress,dispinc,stressinc,history);

% check these results whether satisfy the constraints
historytmp = zeros (nElem,1) ; % the temporary history vector
[historytmp,ultimate] =

Dchecking (S _ @ Data,Disp,Stress,Stopr,

if ultimate

redo = redo+l; i Yos times of redo for all loops

nsteps =
[Dlsp,Stress
essinc, history) ;

else
% these valuesg
history =

ifig this step successful
~K-rytmp);
end
loadratio = loadrat]
end

loadratio = loadrati
history = DFinalHistéry (history lo adratnne .

% calculate the pen‘g Yy ra ] inea® segment approach

e

F’TTJB”WI‘EWI’W RTip]
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DCombineForces.m

function Force = DCombineForces (Solution,Data)
% Combine the self-weight load and the static point loads

% Force = DCombineForces (Solution,Data)

%

% Variable Description:

% Solution = the set of section indices for all members
% Data = the given input data of the truss problem

nElem = Data{5};
Length = Data{9};
Dfactor = Data{19};

sdof = Data{7};
Sections = Data{16};
rho = Data{21};

DForce=zeros (sdof, 1

G — i = i

% loop for element

e

for iel=1:nElem er of elements

% 1st connected node
nd (1) =Element (i

% 2nd connected node fg
nd (2) =Element (iel

% DOF's number in y-axi
yDOFa = 2*nd (1) ;

% DOF's number in y-axis a
yDOFb = 2*nd(2) ; A M S
weight = -rho*@enc ) *Sectic - f;l));
DForce (yDOFa) =1
DForce (yDOFb) ==

end |

Force = Dfactor*DForc€ g Lfactor*LFofige

ﬂUEl’J‘VIEWI?WEJ’]ﬂ‘i
Qﬁ?ﬁﬁﬂimmﬂﬂﬂmaﬂ
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DKglobal.m

function kk = DKglobal (Solution,Data, Length, Et, Stress)
% Forming the global stiffness matrix for the truss structure.

% kk = DKglobal (Solution,Data,Length, Et, Stress)

%

% Variable descriptions

% kk = system stiffness matrix

% Solution = the section indices vector of every element

% Data = the given input data of the truss problem.

% Length = length vector for all elements

% Et = the tangent modulus vector for all (compression) elements
% Stress = the column vector of global stresses

o AN
o

% convertion of input dat

e __

nDOFs = Data{1l};
nNODs = Data{4};
sdof = Data{7};

Section = Data{16};

index=zeros (ndoe, 1) ;
k=zeros (ndoe, ndoe) ;
kk=zeros (sdof, sdof) ;

ix, local
trix, global

for iel=1:nElem % loop_fortEie e mber of elements
% 1lst connected node e (1

nd (1) =Element (ielya?d; - -
% 2nd connected ndd& fox AY J
nd (2) =Element (iel, 23 ~
X1=Node (nd(1),1); vy 1 ode (nd (7 % coor{;wate of 1st node
x2=Node (nd (2) ,1); y2= ode(nd(z) 2) % coordinate of 2nd node

i%&?ﬂﬂUB?ﬂBﬂ§WUqﬂi

beta=2*at angle between local and global axes
else
beta
mmﬂimumqwmaﬂ
else
beta:atan (y2-y1) / (x2-x1)) ;
end
el = Et(iel); % extract tangent modulus for member iel
leng = Length(iel); % extract element length for member iel
area = Section(Solution(iel)); % extract sections for member
axial = Stress(iel); % the axial stress of the element
index:EassignDOF(nd,nNODs,nDOFs); % extract system dofs for element

% create the local Inelastic stiffness matrix
ke = EIstiffmat (el, leng, area,beta) ;



% create the local Geometric stiffness matrix
kg = EGstiffmat (axial,area,leng);

% combine the two local matrices
k = ke + kg;

kk=Eassembly (kk, k, index) ; % assemble into system matrix

end

AULINENINYINS
RIAIATAUIM TN
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DApplyBC.m

function [kk, £f] =DapplyBC (kk, £f,bcdof,bcval)
% Apply constraints to matrix equation [kk]{du}={df)}
B = m o m e m e el

% [kk, £ff]=DapplyBC (kk, ff,bcdof, bcval)

Variable Description:
kk - system matrix before applying constraints
ff - system vector before applying constraints
bcdof - a vector containging constrained d.o.f
bcval - a vector containing contained value

For example, there are constraints at d.o.f=2 and 10
and their constrained values 0.0 and 2.5,

respectively. Then, bedof s bcdof (2)=10; and
bcval(1)=1.0 and bcwal(2)=:

n=1length (bcdof) ;
sdof=size (kk) ;

d° 0% d° O O A I I O o o° o

for i=1:n
c=bcdof (i) ;
for j=1:sdof
kk(c,j)=0;
end

kk(c,c)=1;
ff (c)=bcval (i) ;
end

AULINENINYINS
ARIANTAUNING1AY



74

DPostProcess.m

function [StressInc] = DPostProcess(Solution,Data,Length,Et,DispInc)
% Post processing of FEA - stresses increment calculation

% [StressInc] = DPostProcess(Solution,Data,Length,Et,DispInc)
%
% Variable Description:

% StressInc = increment stress vector for every element

% Solution = the section indices vector of every element

% Data = the given input data of the truss problem.

% Length = length vector for all elements

% Et = the tangent modulus vector for all (compression) elements
% DispInc = the disp. incr ! the current step

Fmmm xRN R e
Fos o i R e = —r—ianl

% convertion of inp

% e __ - -

nDOFs = Data{1}; " Nod Data{3};

nNODs = Data{4};
sdof = Data{7};
Section = Data{16};

% 1initialization

index=zeros (ndoe, 1) ;
elforce=zeros (ndoe, 1) ;
eldisp=zeros (ndoe, 1) ; splacement vector
k=zeros (ndoe, ndoe) ; - fness matrix, local
kk=zeros (sdof, sdof) ; Fé s ' fness matrix, global
StressInc=zeros (nElem, 1) ; 5 . ctor for every element

% ________________ ) Ll e o _ _
% post computatig o ————
B = = e s ae o e Y )
B N
for iel=1:nElem 1 [ Fo He total nfimber of elements
leng=Length (iel) ; fﬁ element lefigth

% 1lst connec i |

sa (1) -Elenen Ok A% ) d 11 E) 1 0 TN E) |

% 2nd connect node for the (iel)-th element

nd (2) =Element (1el, 2) ; '3 25 [V

x1=Nod «No ,a)Loc FaoBra i node
SRR YN8 Y
if (x2—x? ==0;

beta=2*atan (1) ; % angle between local and global axes

else

beta=atan((y2-y1)/(x2-x1)) ;

end

el = Et(iel); % extract tangent modulus for member iel
leng = Length(iel); % extract element length for member iel
area = Section(Solution(iel)); % extract section for member

index:EassignDOF(nd,nNODs,nDOFs); % extract system dofs for element
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k=Estiffmass(el, leng, area, 0,beta,1); % compute element matrix

for i=1:(ndoe) % extract displacements
eldisp (i) =DispInc (index(i)) ; % (iel)-th element

end

elforce=k*eldisp; % element force vector

StressInc (iel) =sqgrt (elforce (1) “2+elforce(2)*2) /area; % stress
calculation

if ((x2-x1)*elforce(3)) < 0;
StressInc(iel)=-StressInc (iel);
end

end

W

AULINENINYINS
ARIANTAUNNINGIAY



76

DUpdateGeometry.m

function Length = DUpdateGeometry (Data,Disp)
Update the diplacements into the current coordinates
% to get the current member's length vector

o°

Length = DUpdateGeometry (Data,Disp)

%
%
% Variable Description:

% Length = (nElem x 1) vector, the member's length vector
% Data = the global variables

% Node (nNode x nDOFs) matrix, the current coordinates
% Disp = (sdof x 1) vector, the displacements vector

nDOFs = Data{1}; = Data{3};

CurrentNode = zeros
for i=1:nNode
CurrentNode (i, L

end

for i=1:nElem Ltotal number of elements

nd (1) =Element (i, 1 he (iel)-th element
nd (2) =Element (i, 'Y;,_:_,.,,.:::.:—.r.—..:_—.“.-..r_:.:,;. e (iel)-th element
% coord. of 1st nodg A

x1=CurrentNode (nd (1 jusl , 2o

% coord. of 2nd node l L

X2=CurrentNode (nd (2),1) ; y2= CurrentNode(nd(Z) 2);

Length (i) =sqgrt ( (x2- xliﬂig(yz -y1l)*2); lement length

ﬂUEJ’JVIEWI?WEJ’]ﬂ‘i
amaﬂﬂimwm}maﬂ




DUpdateResuls.m

function

77

[Disp,Stress] = DupdateResults(Disp,Stress,dispinc,stressinc,history)

% Update the step results to the total results

% [Disp,Stress] =
DupdateResults(Disp,Stress,dispinc,stressinc,history)
%

% Variable Description:

% Disp = the column vector of global displacements

% Stress = the column vector of global stresses

% dispinc = the column vector of displacement increments

% stressinc = the column vector of stresses increments

% history = the vector of ﬁ'ﬂ atio of all members

% _________________________ L IR RN e . ____

Disp = Disp + dispinc;

nElem = size(Stress,1) ;
% The summation is s ¢ ron 1e EY hich reached to
failures
for i=1:nElem
if (history(i)=
Stress(i) =S
end
end

AULINENINYINS
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DChecking.m

function [His,Ult] = Dchecking(Sol,Data,Disp,Stress,Stop,

YieldLim, BuckleLim, LR)
% Record the load-ratio at which a member reach to yielding/buckling
% Check whether all members reach to yielding/buckling
% ___________________________________________________________
% [His,Ult] =
Dchecking(Sol,Data,Disp,Stress,Stop,YieldLim,BuckleLim,LR)

%

% Variable Description:

% His = (or History) store the limit load-ratio of all elements

% Ult = (or Ultimate) boolean variable

% Sol = (or Solution) the section indices vector of every element
% Data = ofs

% Disp =

% Stress

% YieldLim = Yield limi

% BuckleLim =

% LR = (or Load Ratic : alue he curtrent step

% Stop = > N analysis

% Stop = ose : for analysis

% Stop =1 ements is reached :for GA
oo - N

% ___________________

% convertion of i

nElem = Data{5};
maxdisp = Data{18};

for i=1:nElem s
if Stress(i)>=0 =&

I

if Stress(i)>YieldLim
His (i) =LR & £

AUEINENINYING

end
else 1' Member in compression

IRIRINTEAMINYIAE

% If Stop = 0, Ultimate status means the truss nearly collapse
% If Stop = 1, The truss reaches to maximum displacement

if Stop== % check for maximum displacement
if max (abs (Disp) ) >maxdisp
Ult = true;
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else
Ult = false;

end
elseif Stop==0 % check for maximum load ratio

Failure = His > 0.0;

if sum(Failure) == nElem

Ult = true; % all members reach to yielding/buckling
else

Ult = false; % NOT all members reach to yielding/buckling
end

end

>

|
Ll

AULINENINYINS
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DRedoResults.m

function
[Disp, Stress] = DRedoResults(Disp,Stress,dispinc,stressinc,history)
% Recover the total results

% Variable Description:

% Disp = the column vector of global displacements

% Stress = the column vector of global stresses

% dispinc = the column vector of displacement increments
% stressinc = the column vector of stresses increments

%

history = the vector of loa tio of all members

Disp = Disp - dispinc;

nElem = size(Stress, y =
% The subtraction is n ) I eibens which reached to
failures ‘
for i=1:nElem
if (history(i)==
Stress (i)
end

end

AULINENINYINS
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DRecoverGeometry.m

function Length = DRecoverGeometry (Data,Disp)
% Recover the diplacements from the current coordinates

% Length = DRecoverGeometry (Data,Disp)
%

% Variable Description:

% Length = (nElem x 1) vector, the member's length vector
% Data = the global variables
% Node = (nNode x nDOFs) matrix, the current coordinates
% Disp = (sdof x 1) vector, the displacements vector
% ___________________________________________________________
e e e e
% convertion of input data
e P S
nDOFs = Data{1l}; = Data{3};
nElem = Data{5};
Fom s s mmmaE S S S -
% update the geome
L E R e, =P
CurrentNode =
for i=1:nNode

CurrentNode (i, 1)

CurrentNode (1,
end
S ... A
% update the length
Tt e S e S v iad
for i=1:nElem {H6P. £ o1 A btal number of elements

nd (1) =Element (i, 1) ; iSehconng de for the (iel)-th element
nd (2) =Element (i, A ' O r_5 he (iel)-th element

~

s /
|

% coord. of 1st
x1l=CurrentNode (nd (1=

7

i
% coord. of 2nd nod.! W
x2=CurrentNode (nd (2),1) ; y2=CurrentNode (nd (2),2

7

::thh(i) =sqﬂ(ﬁtiﬁ ﬁgﬂ %Jw Ejf] n ? element length
ARIANTAUNNIING A Y
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DUpdateHistory.m

function history = DUpdateHistory (history,now)
% Update the limit load-ratio vector of all elements

%
%
%
% Variable Description:

% history = [nElem x 1] vector, store values of the greatest load-
% -ratio at which the particular member start to reach the failure
% status.

% now = [nElem x 1] vector, store the same value of the load-ratio
% at a arbitrary step to all the failed members upto that step

%

for i=1:size(history,1)
if ((history(i)==0)
history (i) =now (i
end

end

AULINENINYINS
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DFinalHistory.m

function history = DFinalHistory (history, loadratio)
% assign the greatest loadratio value to the last zero-value in
history

% history = DFinalHistory (history, loadratio)

%

% Variable Description:

% history = the vector of load ratio of all members
% loadratio = the load coefficient at current step

for i=1:size (history,1)
if (history(i)==0)
history(i)=1oadrat

end
end

AULINENINYINS
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DPenalty.m

function [score,volume] = DPenalty(Solution,Data,disp,history)
% Calculate the penalty ratio by multiple linear segment approach

% [score,volume] = DPenalty(Solution,Data,disp,history)

%

% Variable Description:

% Score = the fitness value for the solution under consideration
% Volume = the total volume for the solution under consideration
% Solution = the set of section indices for all members

% Data = the global variables

% Disp = the column vector of global displacements

% history = the vector of load ratio of all members
U, o | | |

R i i i i S

% convertion of input 4

Fmm e m e e

nElem = Data{5}; STl qumbertof elements

sdof = Data{7}; ° a'll dystem dofSw=snnode x ndof

Length = Data{9};
Section = Data{16};
MaxD = Data{18};

'n cross-sectional areas

\\\ placement

C

o o
|
|

=

o 1

$ |

o

o

N

5

O i

Qo

o

wn o

~ al

H###'##ffg r
‘.--'

PenalD = 1.0;
for inode = 1:2:sdof
dx = disp(inode,

if dx>MaxD
PenalD
end
if dy>MaxD
PenalD
end
end
S .. D e ___
% consider all elemdl check for gghe load-ratio in vector history
renals - Epeﬂsummi NIWeEI
% __________________________
T ﬂ’iﬁ ﬁ‘ml UAIINLAY
penalty na enals

volume = sum(Sectlon(Solutlon).*Length ) ;
score = penalty*volume;
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Eassembly.m

function [kk]=Eassembly (kk,k, index)
% Assembly of element matrices into the system matrix

% [kk]=Eassembly (kk, k, index)

%

% Variable Description:

% kk - system matrix

% k - element matrix

% index - d.o.f. vector associated with an element

% _______________________________________ oo .t . G

edof = length (index) ;
for i=1:edof
ii=index (i) ;
for j=1:edof
jj=index(j) ;

end
end

AULINENINYINT
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EassignDOF.m

function [index]=EassignDOF (nd,nnel,ndof)
% Compute system dofs associated with each element

% [index]=EassignDOF (nd, nnel, ndof)

%

% Variable Description:

edof
k=0
for
s

end

index - system dof vector associated with element "iel"

nd - element number whose system dofs are to be determined
nnel - number of nodes per element

ndof - number of dofs per node

= nnel*ndof;
i=1:nnel
tart = (nd(i)-1)*
for j=1:ndof
k=k+1;
index (k) =s
end

I;d

dF
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EGstiffmat.m

function kg = EGstiffmat (axial,area,leng)
% Create the local Geometric Stiffness for the 2-d truss element
% nodal dof {u_1 v_1 u 2 v_2}

%
%
% Variable Description:

% kg - element geometric stiffness matrix (size of 4x4)
% axial - the axial stress of the element

% area - area of truss cross-section

% leng - element length

% stiffness matrix
c = axial*area/leng;
kg = c*[

0 0.
0 405
+0 0.
0 =d.

I;d

dF
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Elstiffmat.m

function ki = EIstiffmat (el,leng, area,beta)
% Create the local Inelastic Stiffness for the 2-d truss element
% nodal dof {u_1 v_1 u_2 v_2}

Variable Description:
ki - element inelastic stiffness matrix (size of 4x4)
el - elastic modulus
leng - element length
area - area of truss cross-section
beta - angle between the lo al and global axes

positive if the 1t i
the global axis

o0 0% o° d° o o O o o° o° o° o

% stiffness matrix

c = cos (beta) ;
s = sin(beta);
ki = (area*el/leng

ﬂUEJ’JVIEIVﬁWEI"Iﬂ‘i
ammnmummmaa
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EPenalHistory.m

function coeff = EPenalHistory(history)
% find the penalty value of the load ratio history

% coeff = EPenalHistory (history)

%

% Variable Description:

% coeff = the output value

% history = the vector of load ratio of all members

num = size (history,1);
if num>3

num=3;
end

his = sort (history) ;
for i=1:num
lambda = his (i) ;

if lambda<=1.1
tmp =

end

end

AULINENINYINT
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