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Comprehensive Learning Particle Swarm Optimization of Steel Warehouse Structures
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Abstract

In the present day, the purpose of steel structure design is to
strengthen structure to be safe, serve enough serviceability and
most economical. That’s why, selection of steel section
becomes an important role in steel structure design because
of 40% of construction cost come from this part. However,
designing steel structure to meet the criteria consumes a lot of
time. Therefore, the OAPI (Open Application Programming

Interface) and structural analysis software are used to improve

design procedure as well as to implement optimal results. In
addition, applying algorithm with OAPI and structural analysis
software is a way to solve structure design problem. Due to
the high complexity of design problem we decided to use
CLPSO (Comprehensive Learning Particle Swarm Optimization)
to applied with this structure design problem. In this thesis, we
used CLPSO algorithm applied with Visual Basic and SAP2000
to design 20m span length steel arches warehouse with
minimum weight under two constraint conditions are strength
constraints and serviceability constraints. After we ran a
structural optimization algorithm, the result met with the

objectives and saved a lot of time.
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* 1.4D

1.2D+1.6L
1.2D+1.6W+0.5L
1.2D+ 1.0E+0.5L
0.9D % (1.6Wor 1.0E)

D dead load
L = liveload
W= wind load
E = earthquakeload

3U 3 LRFD Load Combinations



ATSC-LRFD Resistance Factors

member | resistance factor limit states
Tension b =0.9 yielding
$=0.75 fracture
Compression b =10.85 buckling or yielding
Beams op=09 bending
Py = 0.0 shear
Welds same as for member actions
Fasteners $=07 | all

3U 4 LRFD Resistance factors
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General Data

[Cotormed 5]

Material Name and Display Color

Waterial Type Steel
Material Grade
Material Notes Modify/Show Notes.
Weight and Mass Units
Weight per Uni Volume 784966 KN, m, C v
Mass per Unit Volume 8.0044
Isotropic Property Data
Modulus Of Elasticity, [2.024€+08
Poisson, U 025
Coefficient Of Thermal Expansion, A 1.080€-05
Shear Modulus, G 81358143
Other Properties For Steel Materials
Minimum Yield Stress, Fy [315004.25
Minimum Tensile Stress, Fu 490006.6
Expected Yield Stress, Fye |413685.5
Expected Tensie Stress, Fue [sa28331

[[] Switch To Advanced Property Display
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Group 3
Purlins

Group 5
Roof beam

Arched roofs

Group 6
e Knee Bracing
Group 4
Column bracing
Group 2
<«— Columns
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A B G D E F G H
S lGroupt | setion | ama | b [T 1w ] e | B3|
2 1 CHS406,4{167)512.7 157.0793  40.64 4064 127 127 3046573
3 2 CHS406,4{167)x12 1486853  40.64 4064 12 1.2 28937.01
4 3 CHS406.4(16"):9.5 1184553 40,64 40.64 0.95 0.95 2333864
5 4 CHS406,4(167)x8 1123622 40.64 064 09 09 2219262
(3 5 CHS355.6(147)x12.7 136811 3556 3556 127 127 2013545
7 & CHS406,4(16")x7.9 9690205  40.64 4064 079 0.79 19640.05
8 ] 7 CHS355,6(14")x12  129.5341 3556 3556 -I 12 1z 1913947
] 8 CHS355,6(147)x9.5 103294 35.56 3556 095 0.95 15478.02
10 e CHS406,4(16")x6 7547362 40.64 4064 06 06 15128.33
11 10 CHS355,6(147)x9 97.99884 3556 3556 o9 o9 1472586
12 11 CHS355,6(14")x7.9 86.29421 35.56 3556 079 079 1304744
13 12 CHS318.5(127)x103 997286 3185 3185 103 103 11854.41
14 13 CHS355,6(14")x64 70.21083 35.56 35.56 0.64 0.64 10705.54
15 14 CHS318.5(127)x9 B7.50906 3185 3185 o (5] 10487
16 15 CHS335,6(147)=6 6389805  35.56 3556 s 06 10070.55
17 16 CHS318.5(12")x8 7803716 3185 3185 08 08 9410.721
18 17 CHS3185(12°)x69 675455 3185 3185 0.69 0.69  B201.695
19 18 CHS3185(12")c6 5690486 3185 3185 06 06 7193186
20 19 CHS267,4(107)x9.3 7540859 2674 2674 0.93 0.93 6287389
21 0 CHS267,4(107)x9 7306088 2674 2674 1] 0 6105292
22 21 CHS267.4(107)x8 6519433 2674 2674 08 08 548874
23 22 CHS318,5(12")x4.5  44.3907 3185 3185 045 045 5472.056
24 23 CHS267A(107)x7  S7.26495 2674 2674 o7 o7 4857.296
25 24 CHS2674(10" )66 5407561 26.74 2674 0.66 0.66 4600.496
26 15 CHS26TA(107)m6  49.27274 2674 2674 06 0.6 4210723
27 26 CHS2674(107)x4.5 37.16661 26.74 2674 0.45 0.45 3211.969
28 7 CHS216,3(8")x8.2  53.60877 2163 2163 0.82 082 2906.456
29 8 CHS216,3(87)x8 323515 2163 2163 08 o8 2B43.53
30 29 CHS216.3(87)x7 4602747 2163 2163 o7 o7 2523.197
31 30 CHS216,3(87)x6 3964062 2163 2163 06 0.6 2193221
32 3 CHE216,3(8")x5,8 383557 2163 2163 0.58 0.58 2126051
a3 32 CHS216,3(8")x4.5 2994252 2163 2163 045 045 1679.756
34
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Read_Parameter ()| |1

/ Initialize_Particles () | 2 7]

Give_Nudge()

Update_Social_Best ()

/' g Public Sub h N
/ Optimize () \

Parameter.

- mdblX () as Double (s

the number of p trix [rmintinN,mintDim]

in which mintDim

icies) of swarm
- mdblxBound 0 as Double (Set o the upperbound and /
owerbound for esch varisble. 3 Private Function
n Handle_Constraints
(dbbeintFunction)

- mdbE () as Doutible = mintobjectiveFunction (Stories the Public Function

value of sbjective function Calculate_Objective_function
(mdblx=dblx) (5AP2000)

- dblOjectiveFunction () as Deuble (1 to

to penalize the objective

ALGORITHM - mintOtjectiveFunction = dblObjectiveFunction as integer (the

index of the objective

(Kennedy=
Eberhart) - mdblV () as Double (Stores each individual's velocit
1995 components) \

inththe rows demesion of dblx)

Puclic Function
VecMin (dbiVector=mdbiF)

mdblP () as Double = Matrix (mdbF+mdblX) (Stores each
indiivi reached uni along with the

Public Function

MatMin ()

varTemp as Variant
\ .
osition in a vector of (MApIP+mintG) /
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Par s
Inertia 0.4
Cognitive Acceleration 74
Social Acceleration 2
Number of Iterations 100
Number of Particles 15
Social Interaction type 1
"Nudge" criterion (move particles randomly if global optimum didn't( 5
Handling of constraint viol 1
CHS 100
Objective Function 6
Number of variables 6
Number of Run 2
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The best solution found is

f(x*)= 10.5364-(Tons)
at position

x1*= CHS318,5(12")x4,5
X2*= CHS355,6(14")x6,4
x3*= CHS101,6(3.1/2")x3,2
X4*= CHS89,1(3")x2,8

x5*= CHS89,1(3")x3,2

X6*= CHS89,1(3")x2,8
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fagutannu Group U8483A01A13AAI
Ingdoyanlauntuunanmsandulusunsy 2 Assgdmasan
. o ¥ Yo o o -
INNsNLEUTIINNMIYINGT 100 ATsluusazeunALaznsAndung
nilepTaEiloyn1AIMNA 15 0UAIAIEALINNNTVINIATIE VIR
Wis 3,000 ASdlaeynaynIatuazdnisiual Stress Ratio ¥99¥n

Group Wlnewantuiinlitduiiandisgy 12

No.Run | Total Weight(Lb) | Max_Ratio_Gr1 | Max_Ratio_Gr2. | Max_Ratio_Gr3 | Max_Ratio_Gr4 | Max_Ratio_Gr5 | Max_Ratio_Gré

1 12.278 092 0.73 1.00 0.75 091
12.0068 0.70 0.82 1.03 097 0.11
169128 1.01 094 1.08 0.38 125
12.6032 1.00 1.03 0.79 097 0.84
12.8888 0.59 094 093 0.26 094
11.3764 0.74 1.02 087 0.40 093
15.024 134 131 131 0.27 0.60
12.8884 0.68 1.03 0.77 098 093
11.3544 0.94 098 0.95 0.12 0.84
15.3396 0.86 0.52 093 1.01 0.80
11.7632 096 0.89 094 0.38 0.84
12.6744 095 085 0.80 0.50 031
12.0396 091 0.88 1.01 077 0.83
10.7344 093 0.99 0.96 0.40 084
10.9688 0.73 1.01 1.03 0.80 0.84

2 10.7524 0.88 0.86 0.92 078 092
11.258 0.70 0.82 1.03 095 0.59
116712 0.59 0.99 0.78 0.80 093
10.626 0.95 0.99 0.95 079 0.83
11.4628 0.59 0.96 098 0.27 0.84
11.2932 0.72 097 1.03 0.39 093
14.5788 130 133 135 042 094
12.0808 0.58 0.99 1.01 098 0.84
11.3544 0.94 098 0.95 0.12 084
11.4464 0.90 087 0.82 071 092
10.8512 0.89 0.86 091 0.50 092
11.928 092 087 0.79 0.50 044
11.5808 0.89 0.89 0.99 095 0.59
10.5364 0.92 1.00 097 0.79 083
10.9688 0.73 1.01 1.03 0.80 0.84
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