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and number of bracing spans in steel structures using multi meta-heuristic based search
method and dynamic constraints, International Journal of Steel Structures.
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wipe;

#

for {set k 1} {Sk <= 3} {incr k 1} {
model BasicBuilder -ndm 2 -ndf 3

set coorx [open "coordinatex.out" "w"]
set coory [open "coordinatey.out" "w"]
set xx [open "x.out" "w"]
set yy [open "y.out" "w"]
# Read details of model from file
source INPUT.tcl
source section.tcl
set h [expr 1.0*$H/S$nS]
# dead and live and seismic load——————————————
set DEAD [expr 550.0/10000.0]
set LIVE [expr 200.0/10000.0]
set D [expr $SDEAD*S$D]
set L [expr SLIVE*S$D]
set T [expr 0.0488*S$H**(0.75)]
if {$T <= 0.5} {

set kk 1
} elseif {$T >= 2.5} {

set kk 2
} else {

set kk 2
}
set C [expr (2/3.0)*1.0/6.0]
set W [expr $nB*$b*$nS* ($D+0.2*$L) ]
set Fb [expr $C*S$W]
set m [expr $nB*S$b* ($D+0.2*SL) ]
set mz 0
for {set j 1} {$j <= $nS} {incr J 1} {
set mz [expr Smz+Sm* ((Sh*$j) **$kk) ]

}

for {set 7 1} {$j <= $nS} {incr J 1} {

lappend f [expr SFb*Sm* ((S$h*$j) **Skk)/ (Smz*1.0) ]
}

# Create nodes COlUMNS————————————mm
for {set j 1} {$j <= [expr $nB+1]} {incr J 1} {

for {set 1 1} {$i <= [expr $nS+1]} {incr i 1} {

set nn [expr ($3-1)*(SnS+1)+$1i]

set x [expr ($7-1)*Sb]

set y [expr ($i-1)*Sh]

node Snn $x Sy

puts $xx $x
puts $yy Sy

}
}

for {set j 1} {$j <= [expr $nS]} {incr j 1} {
for {set i1 1} {$i <= [expr $nB+1]} {incr i 1} {

set x [expr ($i-1)*$b]
set y [expr ($j-1)*S$h]

puts $coorx $x
puts $coory Sy



puts $coorx $x
puts Scoory [expr Sy+$h]

}
}

# Create nodes beam-——-——-——————"——\—— -«
for {set j 1} {$j <= [expr $nS]} {incr j 1} {

for {set i1 1} {$i <= [expr $nB]} {incr i 1} {

set nnl [expr ($nB+1)* (SnS+1)+3*($j-1)* (S$nB)+3*($i-1)+1]

set nn2 [expr ($nB+1)*($nS+1)+3*($j-1)* ($nB)+3*($i-1)+2]

set nn3 [expr ($nB+1)* ($SnS+1)+3*($j-1)* ($nB)+3* ($i-1)+3]

set x [expr ($i-1)*S$b]

set y [expr ($j)*Sh]

puts $xx $x
puts Syy $y

puts $xx [expr $x+S$b]
puts Syy Sy

#beam

node $nnl S$x Sy
node Snn2 [expr $x+$b/2.0] Sy

node Snn3 [expr $x+S$Db] Sy

puts $coorx $x
puts $coory Sy
puts $coorx [expr $x+S$b]
puts $coory Sy

}
}

# Set the boundary conditions
for {set j 1} {$j <= [expr $nB+1]} {incr J 1} {
set nn [expr ($nS+1)*($j-1)+1]

fix $nn 1 1 0
}

# Define geometric transformations for beam-column elements
geomTransf Linear 1;
geomTransf Linear 2;
geomTransf Linear 3;

# Define the Columns
for {set j 1} {$j <= [expr $nB+1]} {incr J 1} {
for {set 1 1} {$i <= [expr $nS]} {incr 1 1} {

set nl [expr ($3-1)*($nS+1)+S$i]

set n2 [expr $nl+1]

set elen [expr ($1i-1)*($nB+1)+S57]

set elet Selen

element elasticBeamColumn $elen $nl $n2 [lindex $A [expr S$elet-1]] SE [lindex $I [expr
Selet-1]] 1

}
}

# Define the beam
for {set j 1} {$j <= [expr $nS]} {incr j 1} {
for {set 1 1} {$i <= [expr $nB]} {incr 1 1} {

set nl [expr ($nB+1)* ($SnS+1)+3* ($J-1)* ($nB) +($1-1) *3+1]

set n2 [expr $nl+1]

set n3 [expr $nl+2]

set elen [expr ($nB+1) *$nS+2* ($j-1)* ($nB) +2* ($i-1)+1]

set elet [expr ($nB+1)*$nS+ ($5-1) * ($nB) +$1]

element elasticBeamColumn S$elen $nl $n2 [lindex $A [expr Selet-11] SE
[lindex $I [expr S$Selet-11] 2

element elasticBeamColumn [expr $elen+1] $n2 $n3 [lindex $A [expr S$elet-11] SE
[lindex $I [expr S$elet-1]] 2

}
\YY



}

# Define the brace

set t 1

for {set j 1} {$j <= [expr S$nobcl} {incr j 1} {
set jj [lindex S$btob [expr $j-11]

set ii [lindex $stob [expr $j-111

set bt [lindex S$bctype [expr [lindex $stob [expr $3-111-11]

set nn [expr ($nB+1)* ($nS+1)+3* ($nB)* ($nS) +5t]

set x [expr ($3j-1)*Sb]
set y [expr ($ii)*S$h]

if {$bt == 1} {

#brace

node [expr $nn] [expr $x+S$b/2.0] Sy

node [expr $nn+1] [expr $x+$b/2.0] Sy

node [expr $nn+2] [expr $x] [expr S$y-$h]
node [expr $nn+3] [expr $x+$D] [expr S$y-$h]

puts $xx [expr $x+$b/2.0]
puts Syy Sy

puts $xx [expr $x+S$b/2.0]
puts Syy Sy

puts $xx $x
puts Syy [expr $Sy-S$h]

puts $xx [expr $x+$Db]
puts $yy [expr $y-$h]

puts $coorx $x
puts $coory [expr S$Sy-$h]

puts S$Scoorx [expr $x+$b/2.0]
puts $coory Sy

puts $coorx [expr $x+$b/2.0]
puts S$coory Sy

puts $coorx [expr $x+S$b]
puts $coory [expr S$Sy-$h]

incr t 4

set nl expr $nn]
set n2 expr $nn+1]
set n3 expr $nn+2]

[

[

[
set n4 [expr $nn+3]
set elen [expr ($nB+1)*$nS+2* ($nB) * (SnS)+2* ($j-1)+1]
set elet [expr ($nB+1) *$nS+ ($nB) * ($nS)+57]
#equaldof beam
set nbl [expr (SnB+1)* ($nS+1)+3* ($1i-1)* ($nB)+($F5-1) *3+1]
set nbm [expr Snbl+1]

equalDOF $nbm $nl 1 2
equalDOF $nbm $n2 1 2
#equaldof column

set ncd [expr ($33-1)*(SnS+1)+S$1i1]
set ncu [expr S$ncd+1]

set ncdl [expr ($373)*(SnS+1)+$1ii]
set ncul [expr $ncdl+l]

equalDOF $ncd $n3 1 2
equalDOF $ncdl $n4d 1 2



#element truss $elen $n3 $nl [lindex $A [expr S$elet-1]] 1
#element truss [expr S$elen+l] $n2 $n4 [lindex $A [expr Selet-1]1] 1

element elasticBeamColumn S$elen sn3 $nl [lindex SA
Selet-1]] SE [lindex $I [expr S$Selet-11] 3

element elasticBeamColumn [expr Selen+1] $n2 $n4 [lindex $A [expr Selet-1]

[lindex $I [expr S$elet-1]] 3
} elseif {$bt == 2} {

#brace

node [expr $nn] [expr $x+$b/2.0] [expr $y-S$h]

node [expr $nn+1] [expr $x+$0/2.0] [expr S$y-$h]

node [expr $nn+2] [expr $x] Sy

node [expr $nn+3] [expr $x+5$Db] Sy

incr t 4

puts $xx [expr $x+$b/2.0]
puts $yy [expr $y-$h]

puts $xx [expr $x+$b/2.0]
puts Syy [expr $y-$h]

puts $xx $x
puts Syy Sy

puts $xx [expr $x+$Db]
puts $yy Sy

puts $coorx [expr $x+S$b/2.0]
puts $coory [expr S$y-$h]

puts $coorx [expr $x]
puts $coory Sy

puts $coorx [expr $x+$b/2.0]
puts $coory [expr S$Sy-$h]

puts $coorx [expr $x+S$b]
puts Scoory Sy

set nl [expr $nn]

set n2 [expr $nn+1]

set n3 [expr $nn+2]

set n4 [expr $nn+3]

set elen [expr ($nB+1)*$nS+2* ($SnB) * (SnS) +2* ($3-1) +1]
set elet [expr ($nB+1)*$nS+ ($nB) * ($nS) +$7]

#equaldof beam

if {$ii==1} {
fix $nl1 1 1 0
fix $n2 1 1 0

} else {
set nbld [expr (S$nB+1)* (SnS+1)+3* ($11-2) *(SnB)+($jj-1) *3+1]
set nbmd [expr $nbld+1]
equalDOF $nbmd $nl 1 2
equalDOF $nbmd $n2 1 2

}

fequaldof column

set ncd [expr ($37-1)*(S$SnS+1)+S$1i1]
set ncu [expr S$ncd+1]

set ncdl [expr ($33)*($SnS+1)+$1ii]
set ncul [expr S$ncdl+1]

equalDOF $ncu $n3 1 2
equalDOF $ncul $n4d 1 2

#element truss S$elen $n3 $nl [lindex $A [expr S$elet-1]1] 1

#element truss [expr S$elen+l] $n2 $n4 [lindex $A [expr Selet-1]] 1

element elasticBeamColumn $elen $n3 $nl [lindex S$A
Selet-1]] SE [lindex $I [expr S$Selet-11] 3
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element elasticBeamColumn [expr $elen+1] $n2 $n4 [lindex $A [expr Selet-1]
[lindex $I [expr S$Selet-1]] 3

} else {
#brace
node [expr $nn] [expr $x] Sy
node [expr $nn+1] [expr $x+S$b] Sy
node [expr $nn+2] [expr $x+$D] [expr S$y-$h]
node [expr $nn+3] [expr $x] [expr S$y-$h]
incr t 4

puts $xx [expr $x+$b/2.0]
puts $Syy Sy

puts $xx [expr $x+S$b/2.0]
puts Syy Sy

puts $xx $x
puts $Syy [expr $Sy-S$h]

puts $xx [expr $x+$Db]
puts $yy [expr $y-$h]

puts $coorx $x
puts $coory $y

puts $coorx [expr $x+S$b]
puts $coory [expr S$y-$h]

puts $coorx [expr $x]
puts S$coory [expr $Sy-Sh]

puts $coorx [expr $x+Sb]
puts $coory Sy

set nl [expr $nn]
set n2 [expr $nn+l]
set n3 [expr $nn+2]
set n4 [expr $nn+3]

set elen [expr ($SnB+1)*$nS+2* ($nB) * ($nS)+2* ($7-1)+1]
set elet [expr ($nB+1)*$nS+($nB) * ($nS) +$71]

#equaldof column

set ncd [expr ($3J-1)*($nS+1)+$ii]
set ncu [expr S$ncd+l]

set ncdl [expr ($33)* ($SnS+1)+$1ii]
set ncul [expr S$ncdl+1]

equalDOF $ncd $n4d 1 2

equalDOF $ncdl $n3 1 2

equalDOF $ncu $nl 1 2

equalDOF $ncul $n2 1 2

felement truss S$elen $n3 $nl [lindex $A [expr Selet-1]1] 1
felement truss [expr S$Selen+l] $n2 $nd [lindex S$A [expr Selet-1]1] 1

SE

element elasticBeamColumn $elen $n3 $nl [lindex $A [expr

Selet-11] SE [lindex $I [expr S$elet-1]] 3
element elasticBeamColumn [expr S$elen+1] $n2 $n4 [lindex $A [expr Selet-11]]
[lindex $I [expr S$Selet-11] 3

for {set j 1} {$j <= [expr $nS]} {incr j 1} {

for {set 1 1} {$i <= [expr $nB]} {incr 1 1} {

set ncl [expr ($i-1)*($nS+1)+$3+1]

set ncr [expr ($i)*($nS+1)+S$j+1]

set nbl [expr ($nB+1)* ($SnS+1)+3*($j-1)* ($nB)+3* ($i-1)+1]
set nbr [expr ($nB+1)* ($nS+1)+3*($j-1)* ($nB)+3* ($i-1)+3]
equalDOF $ncl $nbl 1 2

equalDOF $ncr $nbr 1 2

}

SE



}

for {set j 1} {$j <= $nS} {incr j 1} {
set nn [expr ($7)+1]

for {set i 1} {$i <= $nB} {incr i 1} {
set nl [expr ($nS+1)* ($nB+1)+3* ($i-1)+1]
set n2 [expr ($nS+1)* ($nB+1)+3*($i-1)+2]
set n3 [expr ($nS+1)* ($nB+1)+3* ($i-1)+3]

set nnn [expr ($nn)+$i*(SnS+1)]

set nnnn [expr ($nB+1)* ($nS+1)+3* ($J-1)* ($nB)+3* ($1i-1)+2]
#set nnnnl [expr ($nB+1)* ($nS+1)+3* ($j-1)*($nB)+3*($i-1)+1]
#set nnnn2 [expr ($nB+1)* ($nS+1)+3* ($j-1)* ($nB)+3* ($1i-1)+3]
equalDOF $nn $nnn 1

equalDOF $nn S$nnnn 1

#equalDOF $nn $nnnnl 1

#equalDOF $nn $nnnn2 1

}

}

close $coorx

close S$Scoory

close $xx

close S$Syy

FHE A AR AR AR AR A A A R R R R R

if {$k == 1} {

timeSeries Linear 1

pattern Plain 1 1 {

for {set 7 1} {$j <= $nS} {incr j 1} {

for {set i 1} {$1i <= $nB} {incr 1 1} {

set eleN [expr ($nB+1)*S$nS+2* ($j-1)* ($SnB)+2* ($i-1)+1]
elelLoad -ele $eleN -type -beamUniform -$D
elelLoad -ele [expr SeleN+1] -type -beamUniform -$D
}

}

}

system BandSPD

numberer RCM

constraints Plain

integrator LoadControl 1.0

test NormDispIncr 1.0e-10 6

algorithm Newton

analysis Static

B
# Create Recorder
# _________________________________
recorder Element -file dColumnforce.out -ele -eleRange 1
[expr $nS* ($nB+1) ] localForce
recorder Element -file dBeamforce.out -ele -eleRange [expr $nS* ($nB+1)+1]
[expr $nS* ($nB+1)+2*$nS*$nB] localForce
recorder Element -file dBraceforce.out -ele -eleRange [expr $nS* (SnB+1)+2*SnS*SnB+1]

[expr $nS* ($nB+1)+2*$nS*$nB+Snobc*2] localForce
analyze 1
}
ER R i i
if {$k == 2} {

# Define LIVE loads for Gravity Analysis
# ______________________________________
#loadConst -time 0.0
timeSeries Linear 2

pattern Plain 2 2 {

\YY



for {set j 1} {$j <= $nS} {incr j 1} {

for {set i 1} {$1i <= $nB} {incr 1 1} {

set eleN [expr ($nB+1)*$nS+2* ($j-1)* ($nB)+2* ($i-1)+1]
eleload -ele S$eleN -type -beamUniform -$L
elelLoad -ele [expr $eleN+1] -type -beamUniform -$L
}

}

}

system BandSPD

numberer RCM

constraints Plain
integrator LoadControl 1.0
test NormDispIncr 1.0e-10 6
algorithm Newton

analysis Static

# _________________________________
# Create Recorder
B
recorder Element -file lColumnforce.out -ele -eleRange 1
[expr $nS* ($nB+1)] localForce

recorder Element -file lBeamforce.out -ele -eleRange [expr $nS* ($nB+1)+1]

[expr $nS* ($nB+1)+2*$nS*S$nB] localForce
recorder Element -file 1Braceforce.out -ele -eleRange [expr $nS* ($nB+1)+2*$nS*$nB+1]

[expr $nS* ($nB+1)+2*$nS*$nB+S$nobc*2] localForce
analyze 1

}

AR R R R
if {$k == 3} {

timeSeries Linear 3

pattern Plain 3 3 {

for {set j 1} {$j <= $nS} {incr J 1} {

set nn [expr ($7)+1]

load $nn [expr [lindex $f [expr $3-1]111 0.0 0.0
}

}

system BandSPD

numberer RCM

constraints Plain
integrator LoadControl 1.0
test NormDispIncr 1.0e-10 6
algorithm Newton

analysis Static

# _________________________________
# Create Recorder
# _________________________________
recorder Element -file eColumnforce.out -ele -eleRange 1
[expr $nS* ($nB+1) ] localForce
recorder Element -file eBeamforce.out -ele -eleRange [expr $nS* ($nB+1)+1]
[expr $nS* ($nB+1)+2*$nS*$nB] localForce
recorder Element -file eBraceforce.out -ele -eleRange [expr $nS* ($SnB+1)+2*SnS*SnB+1]
[expr $nS* ($nB+1)+2*$nS*$nB+Snobc*2] localForce
recorder Node -file nodesD.out -node -nodeRange 0 [expr ($nS+1)] -dof 1 disp

analyze 1
}
wipe

}
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wipe;

#

model BasicBuilder -ndm 2 -ndf 3

# Read details of model from file
source INPUT.tcl

source section.tcl

set h [expr 1.0*$H/S$nS]

# dead and live and seismic load-—--—-="="""""""""""""""\"—""""""—"—"\"—"—~\ "\~~~
set DEAD [expr 550.0/10000.0]
set LIVE [expr 200.0/10000.0]
set D [expr S$DEAD*S$b]
set L [expr SLIVE*S$Db]
set T [expr 0.0488*$H** (0.75)]
if {ST <= 0.5} {
set kk 1
} elseif {$T >= 2.5} {
set kk 2
} else {
set kk 2
}
set C [expr (2/3.0)*1.0/6.0]
set W [expr $nB*$b*$nS* ($D+0.2*S$L) ]

set Fb [expr S$C*S$W]
set m [expr $nB*S$b* ($SD+0.2*SL)]

set mz O
for {set 7 1} {$j <= $nS} {incr J 1} {
set mz [expr Smz+Sm* ((Sh*$j) **Skk) ]

}

for {set j 1} {$j <= $nS} {incr j 1} {

lappend f [expr SFb*Sm* ((Sh*$j) **Skk)/ (Smz*1.0) ]
}

# Create nodes columns-——————————— - e
for {set j 1} {$j <= [expr $nB+1]} {incr j 1} {

for {set 1 1} {$i <= [expr $nS+1]} {incr i 1} {

set nn [expr ($j-1)*(SnS+1)+$1i]

set x [expr ($j-1)*Sb]

set y [expr ($i-1)*S$h]

node Snn Sx Sy

for {set j 1} {$j <= [expr $nS]} {incr j 1} {
for {set 1 1} {$i <= [expr $nB+1]} {incr 1 1} {

set x [expr ($i-1)*$b]
set y [expr ($j-1)*S$h]

}
}

# Create nodes Deam———————— oo
for {set j 1} {$j <= [expr $nS]} {incr j 1} {

for {set 1 1} {$i <= [expr $nB]} {incr 1 1} {

set nnl [expr ($nB+1)*($nS+1)+3*($j-1)* (SnB)+3*($i-1)+1]

set nn2 [expr (SnB+1)*(SnS+1)+3*($35-1)* (SnB)+3* (Si-1)+2]

set nn3 [expr ($nB+1)* ($SnS+1)+3* ($j-1)* ($nB)+3* ($1i-1)+3]

A



set x [expr ($i-1)*S$b]
set y [expr ($])*$h]

#beam

node Snnl Sx Sy
node Snn2 [expr $x+$b/2.0] Sy

node Snn3 [expr $x+$Db] Sy

}
}

# Set the boundary conditions
for {set j 1} {$j <= [expr $nB+1]} {incr j 1} {
set nn [expr ($nS+1)*($3-1)+1]

fix $nn 1 1 0
}

# Define geometric transformations for beam-column elements
geomTransf Linear 1;
geomTransf Linear 2;
geomTransf Linear 3;

# Define the Columns
for {set j 1} {$j <= [expr $nB+1]} {incr j 1} {
for {set i1 1} {$i <= [expr $nS]} {incr 1 1} {

set nl [expr ($3-1)*($nS+1)+Si]

set n2 [expr $nl+1]

set elen [expr ($i-1)*($nB+1)+S$73]

set elet Selen

element elasticBeamColumn $elen $nl $n2 [lindex $A [expr $elet-1]] SE [lindex $I [expr
Selet-11] 1

}
}

# Define the beam
for {set j 1} {$j <=
for {set 1 1} {%$1 <=

expr $nS]} {incr j 1} {

[
[expr $nB]} {incr 1 1} {

set nl [expr ($nB+1)* (SnS+1)+3* ($§-1)* (SnB)+(S$i-1)*3+1]

set n2 [expr $nl+1]

set n3 [expr $nl+2]

set elen [expr ($nB+1)*$nS+2* ($j-1)* ($nB) +2* ($i-1)+1]

set elet [expr ($nB+1)*$nS+($j-1)* ($nB)+$i]

element elasticBeamColumn $elen $Snl $n2 [lindex $A [expr Selet-1]] SE
[lindex $I [expr S$elet-1]] 2

element elasticBeamColumn [expr $elen+1] $n2 $n3 [lindex $A [expr Selet-11] SE
[lindex $I [expr S$Selet-1]] 2

}
}

# Define the brace

set t 1

for {set j 1} {$j <= [expr $nobcl} {incr j 1} {
set jJj [lindex S$btob [expr $j-11]

set i1 [lindex $stob [expr $j-11]

set bt [lindex S$bctype [expr [lindex $stob [expr $3-111-11]

set nn [expr ($nB+1)* ($nS+1)+3* ($nB) * ($nS)+5t]

set x [expr ($jj-1)*$b]
set y [expr ($ii)*Sh]

if {Sbt == 1} {

#brace

node [expr $nn] [expr $x+$b/2.0] Sy

node [expr $Snn+1] [expr $x+S$b/2.0] Sy

node [expr $nn+2] [expr $x] [expr $y-$h]
node [expr $nn+3] [expr $x+$D] [expr S$y-$h]



Selet-1]

incr t 4

set nl [expr $nn]

set n2 [expr $nn+1]

set n3 [expr $nn+2]

set n4 [expr $nn+3]

set elen [expr ($nB+1)*$nS+2* ($nB) * (SnS)+2* ($j-1)+1]
set elet [expr ($nB+1) *$nS+ ($nB) * ($nS) +$7]

#equaldof beam
set nbl [expr ($nB+1)* ($nS+1)+3*($ii-1)*(SnB)+($jj-1)*3+1]
set nbm [expr $nbl+1]

equalDOF $nbm $nl 1 2
equalDOF $nbm $n2 1 2
#equaldof column

set ncd [expr ($33-1)*(SnS+1)+S$11]
set ncu [expr S$ncd+1]

set ncdl [expr ($373)* ($SnS+1)+S$1ii]
set ncul [expr $ncdl+1]

equalDOF $ncd $n3 1 2
equalDOF $ncdl $nd 1 2

#element truss S$elen $n3 $nl [lindex $A [expr Selet-1]1] 1

felement truss [expr S$Selen+l] $n2 $nd [lindex S$A [expr Selet-1]1] 1

element elasticBeamColumn S$elen Sn3 $nl [lindex SA
] SE [lindex $I [expr S$Selet-1]] 3

element elasticBeamColumn [expr Selen+1] Sn2 $n4 [lindex $A [expr Selet-1]
[lindex $I [expr S$Selet-11] 3

} elseif {S$bt == 2} {

Selet-1]

#brace

node [expr $nn] [expr $x+$0b/2.0] [expr S$y-$h]
node [expr $nn+l] [expr $x+$0/2.0] [expr S$y-$h]

node [expr $nn+2] [expr $x] Sy

node [expr S$nn+3] [expr S$x+$Db] Sy

incr t 4

set nl
set n2
set n3
set n4
set elen
set elet

expr $nn]

expr $nn+1]

expr $nn+2]

expr $nn+3]

expr ($nB+1)*$nS+2% ($nB) * ($nS)+2* ($5-1)+1]
expr ($nB+1)*SnS+ ($SnB) * ($SnS) +$7]

#equaldof beam
if {$ii==1} {
fix $nl1 1 1 0
fix $n2 1 1 0
} else {
set nbld [expr (S$nB+1)* ($nS+1)+3* ($ii-2)* ($nB)+($jj-1)*3+1]
set nbmd [expr $nbld+1]
equalDOF $nbmd $nl 1 2
equalDOF $nbmd $n2 1 2
}
#equaldof column
set ncd [expr ($37-1)*(S$SnS+1)+S$1i1]
set ncu [expr S$ncd+1]
set ncdl [expr ($37)*(SnS+1)+$1ii]
set ncul [expr $ncdl+1]
equalDOF $ncu $n3 1 2
equalDOF $ncul $n4d 1 2

felement truss S$elen $n3 $nl [lindex $A [expr S$elet-1]] 1
#element truss [expr S$elen+l] $n2 $nd4 [lindex S$A [expr Selet-1]1]1 1

[expr

SE

element elasticBeamColumn $elen $n3 $nl [lindex $A [expr

] SE [lindex $I [expr S$elet-1]] 3

VAN



element elasticBeamColumn [expr $elen+1] $n2 $n4 [lindex $A [expr S$Selet-11] SE

[lindex $I [expr S$Selet-1]] 3
} else {
#brace
node [expr $nn] [expr $x] Sy
node [expr $nn+1] [expr $x+S$b] Sy
node [expr $nn+2] [expr $x+$D] [expr S$y-$h]
node [expr $nn+3] [expr $x] [expr S$y-$h]
incr t 4

set nl expr $nn]
set n2 expr $nn+1]
set n3 expr $nn+2]

set elen expr ($nB+1)*S$nS+2* ($nB) * ($nS)+2* ($5-1)+1]

[
[
[
set n4 [expr $nn+3]
[
set elet [expr ($nB+1) *$nS+(SnB) * ($nS)+$7]

#equaldof column

set ncd [expr ($3J-1)* (SnS+1)+S$1ii]
set ncu [expr $ncd+1]

set ncdl [expr ($37J)*($nS+1)+$1ii]
set ncul [expr S$ncdl+1]

equalDOF $ncd $nd 1 2
equalDOF $ncdl $n3 1 2
equalDOF $ncu $nl 1 2
equalDOF $ncul $n2 1 2

felement truss $elen $n3 $nl [lindex $A [expr S$elet-1]1] 1
felement truss [expr S$Selen+l] $n2 $n4 [lindex $A [expr Selet-1]] 1

element elasticBeamColumn $elen $n3 $nl [lindex $A [expr
Selet-1]] SE [lindex $I [expr S$Selet-11] 3

element elasticBeamColumn [expr S$elen+1] $n2 $n4 [lindex $A [expr Selet-11] SE

[lindex $I [expr Selet-1]] 3

for {set j 1} {$j <= [expr $nS]} {incr j 1} {

for {set 1 1} {$i <= [expr $nB]} {incr 1 1} {

set ncl [expr ($i-1)*($nS+1)+$3+1]

set ncr [expr ($i)*($nS+1)+$j+1]

set nbl [expr (S$SnB+1)* (SnS+1)+3*($j-1)* ($nB)+3* (Si-1)+1]
set nbr [expr ($nB+1)* ($nS+1)+3*($j-1)* ($nB)+3*($i-1)+3]
equalDOF $ncl $nbl 1 2

equalDOF $ncr S$nbr 1 2

# determine Natural Period, Frequency & damping parameters for SDOF

set m [expr ($D+0.2*SL)*$b/981]

for {set j 1} {$j <= [expr $nS]} {incr j 1} {

for {set i1 1} {$i <= [expr $nB]} {incr i 1} {

set nnl [expr ($SnB+1)* (SnS+1)+3*($j-1)* ($nB)+3*(Si-1)+1]
set nn2 [expr ($nB+1)* ($nS+1)+3*($j-1)* (S$SnB)+3*($i-1)+2
set nn3 [expr ($nB+1)* ($nS+1)+3*($j-1)* ($nB)+3*($i-1)+3]

#mass $nnl [expr $m/3.] [expr $m/3.] O.
mass $nn2 [expr $m] 0. O.
#mass $nn3 [expr S$m/3.] [expr $m/3.] 0.

}

}

set lambda [eigen 1]

set omega [expr pow($lambda,0.5)]

set fe [expr pow ($lambda,0.5)/(2.0%3.141593) ]

set Tperiod [expr (2.0*3.141593)/sqrt($lambda)]; # period (sec.)
set fp [open "frequency.out" "w"]



puts -nonewline $fp S$fe
close $fp

oo o Bud 2l aol p:o

function [z, colm, brm, difm, fm,anss]=Fun (n,nomm, tb)

load 'eshtal.mat'

if nomm==11 || 10
bunp=UNPt;
else
bunp=unp;
end

%$3- X;

pob=find(n(l,end-ns-nb+l:end-ns)==2);
nobc=size (pob,2);
tob=tb;
stob=ones (1, nobc) ;
btob=pob;
for i=2:ns
btob=[btob pob];
stob=[stob i*ones (1l,nobc)];
end

fid = fopen('INPUT.tcl', 'w');
fprintf (fid, 'lappend bctype ');
fprintf (fid, '%d ', tob);
fprintf (fid, '\n'");

fprintf (fid, 'lappend pob ");
fprintf (£fid, '%d ',pob);
fprintf (fid, '\n');

fprintf (fid, 'lappend stob ');
fprintf (£id, '%d ',stob);
fprintf (fid, '\n');

fprintf (fid, 'lappend btob ");
fprintf (fid, '% ',btob) ;
fprintf (fid, '\n'");

fprintf (fid, 'set H %d\n', h*ns);
fprintf (fid, 'set nS %d\n', ns);
fprintf (fid, 'set nB %d\n', nb);
fprintf (fid, 'set b %d\n', Db);
fprintf (fid, 'set E %d\n', E);

(

fprintf (fid, 'set nobc %d\n', nobc*ns);

fclose (fid) ;

fid = fopen('section.tcl', 'w');

YAY



noc= (nb+1) *ns;
nob=nb*ns;

for i=1l:noc
fprintf (fid, 'lappend eleTag $6.1f\n', 1i);
fprintf (fid, 'lappend A %6.1f\n', ipb(n(l,Ref(i)),9));
fprintf (fid, 'lappend I %$6.1f\n', ipb(n(l,Ref(i)),11));
end

Mmaxd=D*b"2/8;
Mmax1l=L*b"2/8;
Mmax= (1.2*Mmaxd+Mmax1l)/0.9;
Zz=Mmax/Fy/0.9;
S=7/1.12;
temp=find (ipe(:,12)>S);
anss=temp (1) ;
for i=noc+l:noc+nob
fprintf (fid, 'lappend eleTag $6.1f\n', 1i);
fprintf (fid, 'lappend A $6.1f\n', ipe(anss,9));
fprintf (fid, 'lappend I %6.1f\n', ipe(anss,11));
end
k=0;
for ii=1:ns
for i=1:nobc
k=k+1;
fprintf (fid, 'lappend eleTag %6.1f\n', noc+nob+k);
fprintf (fid, 'lappend A %6.1f\n', 2*bunp(n(l,Ref (end-ns+ii)),9));
fprintf (fid, 'lappend I %$6.1f\n', bunp(n(l,Ref (end-ns+ii)),end));
end
end
fclose (fid) ;
!OpenSees.exe framT.tcl
!OpenSees.exe framf.tcl

% BEAMS
dead beamforce=dlmread ('dBeamforce.out');
live beamforce=dlmread ('lBeamforce.out');

beamforce (1, :)=1.2*dead beamforce+l.6*1live beamforce;
bem=[];
Fb=0;

for i=1:nob
Fb=Fb+ipe (anss, 10) *b/100.0;
end

% BRACE

dead braceforce=dlmread('dBraceforce.out")
live braceforce=dlmread('lBraceforce.out")
quack braceforce=dlmread('eBraceforce.out'

’

)7

braceforce (1, :)=1.2*dead braceforce+live braceforce+quack braceforce;
braceforce (2, :)=0.9*dead braceforce+quack braceforce;
braceforce (3, :)=1.2*dead braceforce+live braceforce-quack braceforce;
braceforce (4, :)=0.9*dead braceforce-quack braceforce;



brm=[];
For=0;
kk=0;
for i=1l:ns
for ii=1:nobc

kk=kk+1;
braceel (kk,1)=max (abs (braceforce (:,12* (kk=-1)+1))) ;%P
bracee?2 (kk,1)=max (abs (braceforce (:,12* (kk=1)+4))) ;%P
bracee3 (kk, 1) =max (abs (braceforce (:,12* (kk=-1)+7))) ;%P
braceed (kk, 1) =max (abs (braceforce (:,12* (kk-1)+10))) ;%P

end

brace (i, 1)=max (max ([abs (braceel (kk, 1)) abs (bracee2(kk,1))

abs (bracee3 (kk, 1)) abs (braceed (kk,1))]1));
g (m)= max (max ([abs (braceel (kk,1)) abs (bracee2(kk,1)]))/ brace(i,1)-

0.5, m=m+1
rxb (1) =bunp (n(1l,Ref (end-ns+i)),13);
ryb (i)=bunp(n(l,Ref (end-ns+i)),20);

~

if tob(stob(i))==3
1(i)=sqgrt (b"2+h"2);
k=1;

klrxb=0. 5*k*l(')/rxb( ),
klryb=0.67*k*1 (1) /ryb (1) ;
else
1(i)=sqgrt((b/2)"2+h"2);
k=1;
klrxb—k*l(')/rXb(');
klryb=1(i)/ryb(i);
end
klr=max (klrxb, klryb);
For=Fbr+2*bunp (n(1,Ref (end-ns+i)),10)*1(i)/100.0;

g(m)=klr/200;m=m+1;

Fe (i)=pi”2*E/klr"2;

Iy= bunp(n(l,Ref (end-ns+i)
Ix= bunp(n(l,Ref (end-ns+i)),
H= bunp(n(1l,Ref (end-ns+i)),2
t= bunp (n(l,Ref (end-ns+i)),5
cw=Iy* (H-t)"2/4;

G=E/2.6;

b= bunp(n(l,Ref (end-ns+i)),3);
s= bunp (n(l,Ref (end-ns+i)),4);
J=b*t"3+(1/3) *H*s"3;

), 14);
),11);
) r
)

4 14

Fel (i)= ((piAZ*E*cw)/l(i)A2+G*J)/(Iy+Ix);
if Fy/Fe(i)<=2.25
Fcrtl (1)=0.658"(Fy/Fe (1)) *Fy;
else
Fcrtl (1)=0.877*Fe (1) ;
End

if Fy/Fel (i1)<=2.25
Fcrt2(1)=0.658" (Fy/Fe (1)) *Fy;

else
Fcrt2(1)=0.877*Fe (1) ;

end

Fcr (i)=min (Fcrtl (i), Fcrt2(i));

Pnl (i)=2*bunp (n(l,Ref (end-ns+i)),9) *Fcr (i)

Pn2 (i)=2*bunp (n(1,Ref (end-ns+i)), 9) *Fy;
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Pnbr (i)=min (Pnl (i), Pn2(i));

g (m)=brace (i, 1) /Pnbr (i) /0.9;m=m+1;
brm=[brm max (g(m-1))1];
[brace(i,1) Pnbr(i)];
g(m-1);
end
Fbr=Fbr*nobc;
brace;
% COLUMNS
Fc=0;
dead colforce=dlmread('dColumnforce.out')
live colforce=dlmread('lColumnforce.out')
quack colforce=dlmread('eColumnforce.out'

’

)7

colforce(l,:)=1.2*dead colforce+live colforcetquack colforce;
colforce(2,:)=0.9*dead colforce+quack colforce;
colforce(3,:)=1.2*dead colforce+l.6*1live colforce;
colforce(4,:)=1.2*dead colforce+live colforce-quack colforce;
colforce(5,:)=0.9*dead colforce-quack colforce;

colm=[];

Im=[];

for i=1l:noc
Fc=Fc+ipb(n(1,Ref (i)),10)*h/100.0;
sfx fy M
col (i, 1)=max (max (abs(colforce(:, [6*(i-1)+1 6* (i-1)+4
col (i, 2)=max (max (abs (colforce(:,[6*(i-1)+2 6* (i-1)+51))));
col (i, 3)=max (max (abs (colforce(:, [6* (i-1)+3 6* (i-1)+6

[—
~
~
~

—
~
~
~

Mn(i)=1.12*%ipb (n(1,Ref(i)),12) *Fy;

rc(i)=ipb(n(l,Ref(i)),16);
1(i)=h;
klr=1(1i)/rc(i);

Fe (i) =pi~2*E/klr"2;

Iy= ipb(n(l1,Ref (1 14);
Ix= ipb(n(1l,Ref (i 11);
H= ipb(n(l,Ref ( )
t= ipb(n(1l,Ref ( )

cw=Iy* (H-t)"2/4;

) )
) )
), 2
), 5

4

’

’

i)
i)

G=E/2.6;
b= ipb(n(1,Ref(i)),3);
s= ipb(n(l,Ref(i)),4);
J=b*t"34+(1/3) *H*s"3;

(

Fel(i)=((pi"2*E*cw) /1 (1) "2+G*J)/ (Iy+Ix);

if Fy/Fe(i)<=2.25
Fcrl(1)=0.658"(Fy/Fe(i)) *Fy;

else
Fcrl(i)=0.877*Fe (1) ;

End

if Fy/Fe(i)<=2.25
Fcr2(1)=0.658" (Fy/Fel (1)) *Fy;

o° o
2 <™
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else

Fcr2(i)=0.877*Fel (1) ;
end
Fcr(i)=min( Fcrl Fcr2);
Pnc(i)=ipb(n(l,Ref (i)),9)*Fcr(i);
g(m)=col(i,1)/Pnc(i)/0.9;m=m+1;
colm=[colm g(m-1)1];

end
[col(:,1) Pnc(:)];
% Drift

dis=dlmread('nodesD.out'");

delta=dis-[0 dis(1l,1l:end-1)];

difm=[];

for i=2:ns+1
g(m)=5*delta(i)/0.02/h;m=m+1;
difm=[difm g(m-1)];

end

fe=dlmread (' frequency.out');
g(m)=ff/fe;m=m+1;

fm=g (m-1) ;

fid = fopen('G.out', 'w');
fprintf (fid, '%$1.2f ', qg);
fclose (fid) ;

fid = fopen('F.out', 'w');
fprintf (£fid, '%1.2f ', [Fb Fc Fbr]);
fclose (fid) ;

g(g>=1);

find (g>=1);

F=Fb+Fc+Fbr;
G=10000000000*sum (max ( (g-1),0) ."2);
z=F+G;

g9=G;

g7

colm;

1m;

brm;

difm;

fm;

end

O3 plo ol ey ) oSl aol 1

dx=xmax-xmin;
vmax=floor (0.5*dx) ;
vmin=floor (-vmax) ;
maxit=maxitv;

cl=2;
c2=2;
wmin=0.4;
wmax=0.9;

VAY



w=wmax- (wmax-wmin) /maxit;

empty particle.position=[];
empty particle.velocity=[];
empty particle.cost=[];

empty particle.pbest=[];
empty particle.pbestcost=[];
particle=repmat (empty particle,npop,1);

gbest=zeros (maxit,nvar);
gbestcost=zeros (maxit,1l);
%% ANALYSIS
for it=1:maxit
if it==1
for i=l:npop

for u=l:nvar

particle (i) .velocity(u)=randi ([vmin (u) vmax(u)]):;
particle (i) .position (u)=randi ([xmin (u) xmax(u)l]);
end
particle (i) .position(nvar-ns—-nb+l:nvar-ns)=1;
particle (i) .position (nvar-ns—-nb+randperm(nb,ceil (nb/2)))=2;
Gheyd;
.pbest=particle (i) .position;

particle (i)
gbest (it, :)=particle (i) .pbest;
particle (i) .pbestcost=inf;
gbestcost (it)=inf;

end
else
gbest (it, :)=gbest (it-1, :);
gbestcost (it)=gbestcost (it-1);
for i=1:npop
particle (i) .velocity=w*particle (i) .velocity...
+cl*rand* (particle (i) .pbest-particle (i) .position) ...
+c2*rand* (gbest (it, :) —-particle (i) .position);
particle (i) .velocity=min (max (particle (i) .velocity,-vmax),vmax) ;

particle (i) .position=floor (particle (i) .position+tparticle (i) .velocity):;
particle (i) .position=min (max (particle (i) .position,xmin), xmax) ;

particle (i) .position (nvar-ns—-nb+l:nvar-ns)=1;
particle (i) .position (nvar-ns-nb+randperm(nb,ceil (nb/2)))=2;

Gheyd;
A=particle (i) .position;
particle (i) .cost=Fun (A, noModel, tb) ;

if particle (i) .cost<particle (i) .pbestcost
particle (i) .pbest=particle (i) .position;
particle (i) .pbestcost=particle (i) .cost;

if particle (i) .pbestcost<gbestcost (it)
gbest (it, :)=particle (i) .pbest;



gbestcost (it)=particle (i) .pbestcost;

end
end
end

end

clc

disp (name)

disp(['Iteration ' num2str (it) ': Best Cost = '

num2str (gbestcost (it)) 1)

w=wmax- (wmax-wmin) *it/maxit;
gbest (it, :);

end

gbest (end, ) ;

&

DI,k ©lyd gm0y 5ol Aol i

xmax (1,1:Ref ((nb+1l) *ns))=24;
xmax (1,Ref ((nb+1) *ns+1: (nb+1) *ns+nb*ns) )=18;
xmax=[xmax 3 ones(l,ns)*21 ones(l,ns)* (nb)];

dx=xmax-xmin;
vmax=0.5*dx;
vmin=-vmax;

empty particle.positionsort=[];

empty particle.position=[];

empty particle.velocity=[];

empty particle.p=[];

empty particle.r=[];

empty particle.qg=[];

empty particle.F=[];

empty particle.cost=[];

empty particle.costsort=[];
particle=repmat (empty particle,npop,1);

for i=1l:npop
particle (i) .position=floor (xmin+ (xmax-xmin) .*rand(1l,nvar));
particle (i) .velocity=particle (i) .position/dt;
particle (i) .cost=Fun (particle (i) .position, noModel) ;
end
[~,in]=sort ([particle.cost]);
for i=l:npop
particle (i) .positionsort=particle(in(i)) .position;
particle (i) .costsort=particle(in(i)) .cost;
end

Bestcost (1)=particle(l) .costsort;

Best (1, :)=particle(l) .positionsort;
Worstcost (1) =particle(end) .costsort;
Worst (1, :)=particle (end) .positionsort;

for i=1l:npop
particle (i) .g=(particle (i) .cost-Worstcost(l))/ (Bestcost (1) -
Worstcost (1)) ;

VAR



end

for it=l:maxit
for i=l:npop
particle (i) .F=zeros(l,nvar);
for j=1l:npop
if j~=1
if particle(j) .cost<particle (i) .cost
particle (i) .p(3)=1;

else
particle (i) .p(3)=0;
end
particle(i) .r(j)= sqrt(sum([particle (i) .position-

particle(j) .position]...
."2))/sqrt(sum ([ [particle (i) .position+
particle(j) .position]./2-...

Best (it, :)1.72)) /e;
if particle(i).r(j)>=a
11=0;12=1;
else
11=1;12=0;
end

particle (i) .F=(particle (i) .g* (particle(]j) .g*particle(i) .r(j)*il/a"3+...

particle (j) .g/particle (i) .r(j)"2*i2) *particle (i) .p(j)) * (particle (i) ...
.position- particle(j) .position)+particle (i) .F;
end

end

m(i)=particle (i) .q;

kv=0.5* (1-it/maxit) ;

ka=0.5* (1+it/maxit) ;

Xold=particle (i) .position;

particle (i) .position=floor (det (rand) *ka*particle (i) .F/m(i)*dt"2+det (rand) *.

kv*particle (i) .velocity*dt+Xold) ;
particle (i) .position=min (max (particle (i) .position,xmin) , xmax) ;
particle (i) .velocity=(particle (i) .position-Xold) /dt;

particle (i) .cost=Fun(particle (i) .position, noModel) ;
end
[~,in]=sort ([particle.cost]);
for i=1l:npop
particle (i) .positionsort=particle(in(i)) .position;
particle (i) .costsort=particle(in(i)) .cost;
end
if particle(l) .costsort<Bestcost (it)
Bestcost (it+l)=particle(l) .costsort;

Best (it+1l, :)=particle(l) .positionsort;

Worstcost (it+l)=particle(1l) .costsort;

Worst (it+1l, :)=particle(l) .positionsort;
else

Bestcost (it+1l)=Bestcost (it);
Best (it+1, :)=Best (it, :);
Worstcost (1t+1l)=Worstcost (it) ;



Worst (it+1, :)=Worst (it, :);
end
disp(['Iteration ' num2str (it)
num2str (Bestcost (it)) 1)
end
Best (end, :)

.

%% initialization
empty.par=[];
empty.fit=[1];

pop=repmat (empty, npop, 1)
for i=l:npop
pop (i) .par=floor (xmin+rand (1, nvar)

end

oo

i)

main loop

BEST=zeros (maxit,1);
MEAN=zeros (maxit,1);
for iter=l:maxit

[o)

s Crossover

crosspop=repmat (empty,ncross,1l);

Best Cost = '

Sl p )9l aol o iz

LF(xmax-xmin) ) ;
pop (i) .fit=Fun (pop (i) .par,noModel) ;

Crosspop=Crossover (Crosspop, pop,ncross, noModel) ;

[

% mutation
mutpop=repmat (empty, nmut, 1) ;

mutpop=mutation (mutpop, pop, nmut, npop, xmin, xmax, nvar,noModel) ;

% merged
[pop]=[pop;crosspop;mutpop] ;

% select

[value, index]=sort ([pop.fit]):;
pop=pop (index) ;

pop=pop (1:npop) ;

gpop=pop (1) ; % global pop

Y



BEST (iter)=gpop.fit;
MEAN (iter)=mean ([pop.fit]);

gbestcost (iter)=BEST (iter);

disp(['Iteration ' num2str(iter) ': Best Cost = ' num2str (BEST (iter))]);
end

%% results

gpop.par

function mutpop=mutation (mutpop,pop,nmut,npop,lb,ub,nvar,noModel)

for n=1:nmut

i=randi ([1 npopl):;
sol=pop (i) .par;
j=randi ([1 nvar]);
d=0.1*unifrnd(-1,1)* (ub(3)-1b(3)):;

sol (j)=sol(j)+d;

sol=min (sol,ub);
sol=max (sol, 1b);

mutpop (n) .par=sol;

mutpop (n) . fit=Fun (floor (sol),noModel) ;

end

end
function CrOSsSpOpP=Crossover (Crosspop, pop,ncross,noModel)
f=[pop.fit];

f=f./sum(f);
f=cumsum (£f) ;

for n=1:2:ncross



il=find(rand<=f,1, "first');
i2=find(rand<=f,1, "first');

pl=pop (il) .par;
p2=pop (i2) .par;

R=rand(size(pl));

ol=floor ((pl.*R)+(p2.*(1-R)));
o2=floor ((p2.*R)+(pl.*(1-R)));

crosspop (n) .par=ol;
crosspop (n) . fit=Fun (ol, noModel) ;

crosspop (ntl) .par=02;
crosspop (n+l) . fit=Fun (02, noModel) ;

end
TS Sw - S Ko iy aol o iz

dx=xmax-xmin;
vmax=0.5*dx;
vmin=-vmax;
maxit=50;

cl=2;

c2=2;

wmin=0.4;

wmax=0.9;

w=wmax-— (wmax-wmin) /maxit;

empty mass.position=[];
empty mass.cost=[];

mass=repmat (empty mass,npop,1);

gbest=zeros (maxit,nvar);
gbestcost=zeros (maxit, 1) ;

$% ANALYSIS
for it=1:maxit
if it==
for i=l:npop
mass (i) .position=floor (xmin+ (xmax-xmin) .*rand(1l,nvar));
A=mass (1) .position;
mass (i) .cost=Fun (A, noModel) ;

Vay



incost (it, :)=zeros (nvar,1);

incost (it, :)=(1/mass (i) .cost) .*mass (i) .position+incost (it, :
end
Bestcost (it)=1inf;
Best (it, :)=mass (l) .position;
masscenter (it, :)=incost (it,:)./sum(l./[mass.cost]);

else
for i=l:npop
mass (1) .position=floor (masscenter (it-1, :)+rand* (xmax-
xmin) / (it+1));
mass (i) .position=min (max (mass (i) .position,xmin),xmax) ;
A=mass (i) .position;
mass (i) .cost=Fun (A, noModel) ;
incost (it, :)=zeros (nvar,1);

incost (it,:)=(1/mass (i) .cost) .*mass (i) .position+incost (it, :

if mass (i) .cost<Bestcost (it-1)
Bestcost (it)=mass (i) .cost;
Best (it, :)=mass (i) .position;
else
Bestcost (it)=Bestcost (it-1);
Best (it, :)=Best (it-1,:);

end
end
masscenter (it, :)=incost (it,:)./sum(l./[mass.cost]):;
end
disp(['Iteration ' num2str (it) ': Best Cost = '
num2str (Bestcost (it)) 1),
w=wmax-— (wmax-wmin) *it/maxit;

end
Best (end, :)
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Abstract

The issue of optimization and analysis of structures has been discussed in structural
engineering societies for many years. And the interest of engineers and designers has always
been on the optimal use of materials such as structural materials and maximum safety. This
study aims to optimize the weight of steel frames (as the objective function). The ultimate
goal was to select an optimal arrangement and coordinate the Three types of convergent
bracing (multi-story X-bracing, Diagonal-bracing and X-bracing) in low, mid, and high-rise
simple steel frames with specific dimensions and spans. In the end, an optimal weight design
will be presented for the frames under the design constraints (by LRFD method), frequency,
drift, and position of braces in frame height, and the amount of the tensile force of braces. In
this research, the frames have been optimized using the connection between two software
OPENSEES and MATLAB based on a multi meta-heuristic optimization algorithm with
discrete variables (a new, mixed-method based on parallel island model with four islands).
The findings of this research include the optimal position of braces, sections, and convergence
history for the frames under a multi meta-heuristic optimization algorithm. The diagrams of
convergence history were also provided for the ant colony algorithm in mid-rise frames with
multi-story X-bracing. The results show the superiority of the multi meta-heuristic search
algorithm in the convergence speed and the quality of the optimal response compared to the
ant colony optimization algorithm. It should be noted that the weight of the frames at the onset
of optimization with the ant colony algorithm is 51% higher than the algorithm of this
research and While the average convergence in multi meta-heuristic search algorithm is 136
iterations, In all mid-rise frames studied in this research, the ant colony algorithm has
converged with the average 86 iterations more than the multi meta-heuristic search algorithm.
Finally, multi meta-heuristic search algorithm has designed more optimal mid-rise frames
than ant colony algorithm with an average weight difference of 7.5%. Also, according to the
results of optimization with multi meta-heuristic search algorithm, the optimal weight belongs
to the first the multi-story X-bracing frames (the combination of inverted V- Bracing and V-
Bracing) Then for Diagonal-bracing and finally is for the frames with the X-bracing. More
precisely, the average optimum weight of the frames with multi-story X-bracing was 6.8%
less than the average weight of the frames with the X-bracing and the average weight of the
frames with Diagonal-bracing was 4.2% less than the average weight of the frames with X-
bracing. Regarding the optimum location of braces, the results of the proposed algorithm
showed that the braces were located in central and adjacent to each other.

Keywords: optimization; multi meta-heuristic algorithm; simple steel frame; optimal position
and topology of convergent braces; frequency constraint; parallel-island processing
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