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A Study on the Optimal Sizing and Topology Design for
Truss/Beam Structures Using a Genetic Algorithm

Jong-Kweon Park*, Hwal-Gyeong Seong**

ABSTRACT

A genetic algorithm(GA) is a stochastic direct search strategy that mimics the process of genetic evolution. The
GA applied herein works on a population of structural designs at any one time, and uses a structured information
exchange based on the principles of natural selection and survival of the fittest to recombine the most desirable
features of the designs over a sequence of generations until the process converges to a "maximum fitness” design.
Principles of genetics are adapted into a search procedure for structural optimization. The methods consist of three
genetics operations mainly named selection, crossover and mutation. In this study, a method of finding the opti-
mum topology of truss/beam structure is proposed by using the GA. In order to use GA in the optimum topology
problem, chromosomes to FEM elements are assigned, and a penalty function is used to include constraints into
fitness function. The results show that the GA has the potential to be an effective tool for the optimal design of
structures accounting for sizing, geometrical and topological variables.

Key Words : Genetic Algorithm (%37 ¢32l§), FEM(#@84%), Reproduction(*44), Crossover(zz#),
Chromosome Length(@4# Z9]), Population Size(2¥©Z7]), Mutation(E&®el), Optimum
Topology Design(H2 EZ2x47)), Penalty Function(#3%<), Fitness Function(H 3= &)
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2.2. HHHA Exole HE
gud o g2 75188 X4 2 Topologyd A #As)
BAo A F2 e vy 2ol BHAT

(1a)
(1b)

Minimize C = f(x,y,z)
Subject to g, (x,y,2) = &,, (r =12,---,n)

A(la)e ¥, FA 5 Yglie EFE5olx, 4
(Ib)e ¥9, 238 39 AgzAE Uehlie w9 4ol
€9 o] x, y, z& 77}t X ¥4 (Sizing variables) 2
713V83 W4 (Geometrical variables) ¥ BEEEA W
(Topological variables)& Webdct. d7]e] 34 ¢

28 AL eI E obelel 2ol H e},

(1) AAEFe] AL fA Suel S o] &3 A
Ao A $MA oz Fasjojol & Al {2 G 9
E¥ & A8k Encoding®A o9 ol AARSFE F42
GaHd A FPoz o7 AFe nedt
of ggs]ofof gt
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AT &5 Foll dgA7)e Wgesy Adzds e
a7 ¢ i 2AESE adE AP de
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F= Fmax - f(x,y,z) - penalty (2)
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A(Weight) 2 8tz A (1b)9] AFZAY S FXE
A8} % (Static loading)e] 24 2 wel WHZF(Dis-
placement)oll #g 29 u; su; & 3o AF=Fs
A (2)E oh 3 ol HAsH

0, if u;su; |

2

=
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A71A u; & H9 4 FAH, p = AdY U=
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M AFE 47t 347t BA) $xE AgEE gl
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A71¢] AR E EUE fAA duEE AL 7]
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Fig. 2 Flow chart for processing optimal topology
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Table 1 Descriptions for each modules

[Module 1D} Major Functions Input Files Qut Files
Read-in input file . . . N
82! ). Generate initial poyulation sgajnput TRANS
* Encode and determine design variables R
SFam2 |+ Modify input fite for ANSYS TRANSL « ANSYS-input
« filel4 - fo7
ExtAns R:;:l ANSYS output files and stress, « filel5 . fo8
Strains + ANSYS output| + Trans2
* Evaluate values of objective function and | fo?
sgam3 constraints < for * Trans6
+ Evaluate value of the fitness function
* Choose the best design by comparing the
sgamd fitness function values * TRANS6 + Transt
* Generate the new_population
+ como.fil
sgam5 | * Report result of the current generation » TRANS6 * HISTRY FIL
* RESULT.FIL.
3. x4 ofl|

TR daelgE o] 4% EfA/R F2E9 /]38
A Ay 2 EEZ2X HJALAE 2584 EFA FZ
(Twenty-five Member Transmission Tower)$} H &
49 M9 FZ(Planar Two-story Framework)Z dj

Ag} st} g3t

3.1. Twenty-five Member Transmission Tower= &
2584 E¥ 2~ FZ(Twenty-five Member Trans-
mission Tower)ol| 3t diAl& Fig, 39 722 ndz &
Her Yeiztgo Had AADATAE Table 29 2},
4 Fig. 302 RE 25709 2 (Truss)ol distd]
Table 29 2o} T/he] 25& FAsta ol5dl 1, 4, 5
5% 2, 3 6, 7252 274359 M E(Bit) ) 4HE
(Bit)2 H} 4 (String) AlA & 258 E9] WE < 3= &
Az g e V:Xﬂi FHagh. o] A% 7F aFelA
Aed AA¥ S (Sizing variable)® £A(Truss) S
drdo 2 27 A= wdd A FHEE Table

Fig. 3 Twenty-five member transmission tower
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Table 2 Design DATA for 25-member transmission tower

Direction of load
Node

X Y Z

1 05 0 0

if:;tion 2 05 0 0
(kips) 3 1.0 10.0 -50
4 0 100 -5.0

o Modulus of elasticity = 10° ksi

o Material density = 0.10 Ib/in3
o Upper limit on cross-sectional areas = None
o Displacement limits at all nodes and

in all directions = 0.45 in

48 F8 AFEY. o F S8 AlaFdM dHAL A
g5t7] f8 U EY 2EY 1112 ¥dHQTGy & o
o]Z AARMEZ Decodingdt® 22+2'+2° =72 o
x, 9] BHAL 0.5 in’] A},

RESNT e B wny

Table 3 Binary strings assigned to design group.

Design Design variables Bmary. string
group (bit)

1 X1 3

2 X2, X3, X4, X5 4

3 X6, X7, X8, X9 4

4 X10, X11, X12, X13 3

5 X14, X15, X16, X17 3

6 X18, X19, X20, X21 4

7 X202, X23, X24, X25 4

Total 25 bits

Table 4 Selectable cross-sectional area for sizing variables

Cross-sectional area, [in‘]
x Group | Group | Group | Group | Group | Group Group
1 2 3 4 5 6 7
0 0.10 1.20 1.50 0.10 0.40 1.10 1.60
1 0.11 1.30 1.70 0.20 050 1.20 1.85
2 0.13 1.40 1.90 0.30 0.60 1.30 2.00
3 0.15 150 195 0.40 0.70 1.40 230
4 0.20 1.65 215 0.50 0.80 150 260
5 0.30 1.85 2.40 0.60 0.90 1.60 250
6 0.40 2.00 250 0.90 1.10 1.65 3.00
7 0.50 225 270 1.00 1.20 170 3.10
8 - 250 2.80 - - 1.75 320
9 - 2.70 2.90 - - 1.80 3.30
10 - 2.90 3.00 - - 185 3.40
11 - 3.00 310 - - 1.90 3.50
12 - 320 3.20 - - 1.9 3.60
13 - 340 3.30 - - 2.00 3.70
14 - 3.60 3.40 - - 2.05 3.80
15 - 3.80 350 - - 2.10 3.9
Binary
string 3 4 4 3 3 4 4
[bit)
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£3 27123 H(Population size)d Z71E G54
(Random number generation)< E&| 4022 3% oM
2884 (Fitness function)Z AAtstz] s 2(3)elA
A=1, F,=4995, d=0, n=1, p=0.101b/in’ £
a3, AFzAL MY (%)2M Nodedl® 1.2, -+, 69
X.Y.Z%% ¥ E 0.45in o|HE 3HA NodeWZ 7. 8,
9, 10& AAzA o2 02 A 28z fAxt
AL 913 2x1EE(Crossover probability)& 0.92A
24 WA AHgsigl on] Ed¥e] &5 (Mutation proba-
bility)& 0.0082 3] 43 GAA7F AHHESE 1
th webd AAnE S Fof APT F5E HUE sHA
F2E) BAZ A4 71T UL Fig. 49 2o
1164t (Generation) 58 UYEon T2EAAM LA
ApA9 g Ao Hztag L (A0 2 1164l tiaiA
UERIH Table 59 21 o] 3ol 1164 F+2E¢] ¥¥
2 S|4l Fig. 59 2t} oldlojs) Wee] Az

4500 v

4460

4420 4

Fitness Value
[sa wBrom

4400

4380
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T L v T T 400
° 20 40 L] 80 100 120

7

Generation

Fig. 4 Generation-history of “most fit” design for a typi-
cal GA run

Table 5 Results of GA generation

Design Generation Generation
group #1 #116
1 0 5
2 6 0
3 0 7
4 2 0
5 0 5
6 1 1
7 0 2
Max. Displ. 0.7556 0.4136
[inch]
Weight
(1b] 533.63 42865
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ol Al HA FAAE 74 1164He] 722
Adiel BlmA) oF 19.67% e 2HE 92+ U

Tuantu-2ive runher tranemissim Sevar

Fig. 5 Displacement analysis of 25-member struc-
ture(#116 generation)
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Fig. 6 Planar two-story framework model
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WA, Fig. 69 Z A4 (Beam)39 X1, X2, - X6<&
Table 69 167}2] ©HA FHZM Nd5E A X
Fo] i@ W= (Sizing variable) 24 27329] 4n)
E(Bit) W€ (String) < 39, vl2(Floor girder)d &
oY1 Table 79 871A] 3 BFQN HeH]E 7]35184
W (Geometrical variable) S84 27359 3HE
(Bit) Ml¥ (String) & &}, dl& S0 2EY 101S A
AMSFZ decodingdhd Y1 = 2240'+2° = 53 Hoj
Table 7| 87k FRZ 3200mm7} A€}, 12
I AAMS X7, X8, -+ X208 Fig. 694 FRUH9
715& Jehl & ¥ (Sizing variable) 24 WA 9
et FHZE 1671 2 Table 8% #on o|5% 27
A9 4B E(Bit) WY (String) S 3t E3] Table 8
oA AAA 2o dHHe] F(Zero) o2 eI} Y&
Ag Ads d e 72 £49 227t g1¢L vet
W ACZA o) Aod 9FE FA 9+ 72 1A
€ THHE ol &8t EZZX (Topology) AA19 A3}
7t FAEE gudit) B 228 YE e 1470( X7, X8,
o, X20)9) 71Bel Qleme & 24=1638471]9 E
EF2A ¥ (Topological patterns)e] 89 & gl
7188 zhe

oldwel Fig. 69 mele 2179 AAWSF (X1,
X2, X20, YDE A7 4= 9lomg £ 830 EQ 2
A4 2EH (String) 2.2 FIHE F44 ¢uys &

Table 6 Sizing variables X1, X2, - X6

A 1
x (10* mm®) (10° mm®)
0 6.33 212
1 7.59 255
2 1.76 259
3 8.68 300
4 8.73 297
5 945 333
6 10.40 370
7 11.40 410
8 12.30 445
9 13.50 488
10 14.40 556
11 16.40 637
12 18.40 726
13 20.10 796
14 22.60 910
15 24.60 1020
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Table 7 Geometrical variable Y1

Story height
{mm)

2700
2800
2900
3000
3100
3200
3300
3400

<

N O R WN =

Table 8 Sizing variables X7,X8,---,X20

A 1
X (10° mm? (10° mm*
0 0.00 0
1 759 255
2 776 259
3 868 300
4 873 297
5 9.45 333
6 10.40 370
7 11.40 410
8 12.30 445
9 1350 488
10 14.40 556
11 16.40 637
12 18.40 72
13 20.10 79
14 22,60 910
15 24.60 1020

AZ A} of A% 27 28 H Population size)
9 371&= ¢4 (Random number generation)<
T 60022 e 4(3)9 HAFes(Fitness
function) & A7) 98 A =1, F,, =50,000, 4 -
0, n=1 p=783x10"kg/mm> & &gx, A=A
L uu, A EE H3H (Node)d XW3 Wy
;,— = 7.0mm,YHc>HsoL A E lz =7.0mm o2 AA3
a8 FHz Qs Ael 22385 (Crossover proba-
bility) & 0.852M 23 ma& At4slgln o] &
& (Mutation probability)< 0.012 stgth. wetrd @
AR g B A% d5E Y= sheA] FREY B
AL 22 7198 FAHS Fig. 73 o] 6244
(Generation)#8 Yepgon FzEd e EZzx
Al AFE 1, 20, 50, 6244 dstd Jehuym
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Table 9% Z1 o|& T2 g HIF A¥drd=
Fig. 83 2t} & W99 Az ofudA FAE 3
& A7l HAY e 7l 4AE 719 (Col-
umn)9) ¥/t 2H @)H D vkl Eo] (s EAH
(x)o] Wste JehE B3 B F Aoy olds 14
o HH P 624t} F2E vwA] FAF 45.80%
Zad A%E 4& F Utk

o

Fitness Value

Fig. 7 Generation-history of “most fit” design for a typi-
cal GA run

Table 9 Topology results of GA generation

Variables Genixiation Generation Gen%tion Gener;tion
11 12 1 7 4
X2 10 1 0 0
13 2 7 2 2
X4 2 6 2 1
X5 3 1 0 0
Y6 0 0 0 0
X7 12 3 2 1
X8 11 3 0 0
¥9 7 0 0 0
X10 9 0 2 8
Xit 4 6 4 0
12 2 0 0 0
X13 0 0 0 0
X14 8 0 0 2
X15 6 2 1 3
X16 5 3 8 2
17 0 2 0 0
18 12 0 0 0
X19 0 1 0 0
¥20 5 0 0 0
Yi 7 3 4 7
Displ. #1 | 56937 | 43019 | 55498 | 64060
(mm)

Displ 20 | _jg467 | -67420 | -40305 | -6.8108
(mm)

W(‘,‘-“g)ht 61305 | 40268 | 342412 | 33206

(g < 7.0, u = 1.0),

9

RIRIR T

mamaris (mons_d it mamenty

(a) Generation #1

,
"
.gg
g
£
b
f

I

i

uld

214,136

4

L :
Jrrrl

| reamevasn (xuna_diopimemeens)

(b) Generation #20

E:
" DeCA140.073
W e
REETeROES
xr  weass
*r m~aenr
y\_;_,-'v o CHWTROTD WyDOSN
[® v E . E

Framewert (rans dawplaamment)

(¢) Generation #50

N -5

(d) Generation #62

Fig. 8 Displacement analysis of planar two-story frame
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3.3. &3 9 &

F48 dnggd o 43 74 F2E 7)83H
Ay D EZZA HALAE A dAE il £
UG, d71M HEE F44 dugEo g F 3
AA 3} e UNIXBANA C-shell2 Tz adnlst
o TP ol HFNH HAPE Hrlgow Y
d Are 7229 WPFo 24 ANSYSS.09A &)
ME A7t &85 ofolukel AMA oAl 25-
member TrussTZE& 18A1 7o Aa g 4 99
3, AALA A7 116MdA Ad2AS wEse

Az FHdgon, oy F2E FAE HH9
@A S TSt FACE o 19.67% ta® 2AE

Uitk aelm -‘%bﬂaﬂ dAQ BeamTZ2ELZ 104
Tite] HAHAZ £ 624N HA9 EZ2

g PHegen
Be} wl @A o 45.80%¢]
Ak,

g A7HE S
LA J)eet] A4 D BEed A2 gy
A A0S olgshe WS TeNe Ay
¢ & uglen =5 AeEE Yedoz Bolx
Pol 39 ALL S A AAA W7 S8
WU whe Az AARE el A
3 238 £ g

]HH«I TEE FAE ALY AA%

Zad 23E 98 ¢+ o
%53t9 Truss/Beam FF&d| of

3]
o
(o]

T

2 go
o R 2

2,

of
=t
g

4oz 904 5 U8S

o
o

dueEd olddtdq 7IAT
22 H4AE F9 }%

_,on" m{n

HE At o aﬂfﬂi/ﬂ Truss/Beam 7%
283 A ol e AHE AT

(1) 7IAFZE A3 HHHAE sPs=
24 A9 A3} (Global optimization)d E&#
FAR 4R E(GA)E ol &3t UHE Zﬂ?l’s}"i
o, ol AAMPd g =47t 2 7EHA @
24 g4 (Zero-order method)o|BE 71AF
29 HAARHA Boboll FHAEA F&E F Ut

(2) 2584 Egx 12E
Transmission Tower)o] GAE
# 116MtH (Generation) %ol HEg+2 J= 3
A dHgLE FAE + glen, o9 F2E
Feargddn Aezdye d93S Jegn

-

(Twenty-five Member

flo rir

4 83tel AR 2

96

NS FAE = AU FAd e e AAHA
A FE v 9 19.67% T4E AHE 2y

(3) 842X W49 FZ(Planar Two-storey
Framework structure)®/39 dzldix e 6244
(Generation) ol HHX 2 £YP3le] 128 B}
#HH o] 7)3teA zii"h)r EZZAE 4E ¢+ U
o, ole] F2EL HAHLA A Fo FAE vlwA ¢
45 80%9 #A8¥E Jehdd

(4) 0147 Zo] 71AT2E HHAA B48 #
A4 24252 AiWorkstation(Power Chalenge
L-series, CPU;R8000)9] UNIX&7HolA C-shell
2 TR0 gto FEH o, olgy HIE I
g gHrer] 93 £gdoem AL S@g A T
(ANSYS)dA si¥€d 77t Jgxiags g49=s
[.P.(Intermediate Processor)& FA st AA L2
a8E TEAYG. ole FF JAF2EY FHH LA
A 2829 wyog &4 ¢ g},
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