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Optimum Design of Steel Structures Using Genetic Algorithms

Kim, Bong Ik"*

Y Professor, School of Ocean Civil Engineering, Gyeongsang National University, Jinju, 660-701, Korea

ABSTRACT : We present optimum design for truss and frame structures subject to constraints on stresses, displacement, and

natural frequency. The optimum design procedure is used discrete and continuous design variables and Genetic

Algorithms. Genetic Algorithms is used the method of Elitism and penalty parameters in order to improved fitness in the

reproduction process, and optimum design is used steel(W-section) and pre-made discrete cross-section. Truss and frame

structures optimization examples are used for 10-Bar truss, 25-Bar truss, 1-bay 2-story frame, 1-bay 7-story frame, and

these examples are employed to demonstrate the availability and serviceability of Genetic Algorithms for solving optimum

design of truss and frame.
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Minimize w=¥p, 4, I, (1)

subject to

g, =wi—w? >0,j=1,2,3,...,m (2)

(m natural frequency constraints)
A, —A,=0 ,i=1,2,3,..n (3)
(n cross-sectional constraints)
0,—0,=0,i=1,2,3,...,n (4)

(n stress constraints)
di—d;>0,i=1,2,3,....,n (5)

(n displacement constraints)
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4.1.1 10 Bar EZX(I&HSF 73-?‘)
10 bar E&~ F2E(Fig. 1)9 74 8
sl HAMA stk BEE FA 1 o Haghe
0.645cm’ 2 d1iom, 470e] A (node 1, 2, 3, 4)°l 45dkg
(1,000.01b)e] H#FE A7} skt Active Alg2dE 15
s w,=7.0Hz, wy,>15.0 Hz, w,>20.0Hz% 2-&=
ow, Table 12 & A7l AAE 744 Lae]5
ofgh HA dAAF o, o AFAze AE H] s
AFlA AN At daelgel o8 #HA dAG A
7} 7P e AAZRIE de 5 Uitk Table 25 1
Aol digk HAAHAAT e, TGRS BT
313tk o] 7% Table 194 Wangel] <3t 23 Hrhe=
12.38%, Kavehel|l 9Jgt A#HTh= 8.29%9 Ht} &
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Table 1. Optimum design of 10 bar truss for continuous
variables(cm?

Efggg Wang |Sedaghati| Lingyun | Kaveh | Present
1 32.456 | 38.245 | 42.234 | 35.274 | 36.935

2 16.577 | 9.916 18.555 | 15.463 | 16.760

3 32.456 | 38.619 | 38.851 | 32.11 | 30.698

4 16.577 | 18.232 | 11.222 | 14.065 | 15.161

5 2.115 4.419 4.783 0.645 0.702

6 4.467 4.194 4.451 4.88 4.274

7 22.810 | 20.097 | 21.049 | 24.064 | 22.419

8 22.810 | 24.097 | 20.949 | 24.340 | 14.651

9 17.490 | 13.890 | 10.257 | 13.343 | 11.589

10 17.490 | 11.452 | 140342 | 13.543 | 12.836
Weight(Kg) | 553.80 | 537.0 | 542.75 | 529.09 | 485.25

Table 2. Frequency of 10 bar truss for continuous
variables(Hz)

F;iqmuﬁgﬁy Wang | Sedaghati |Lingyun| Kaveh | Present
1 7.001 6.992 7.008 | 7.000 7.001
2 17.302| 17.599 |18.148| 16.119 | 16.485
3 20.001| 19.973 |20.000| 20.075 | 20.039
4 20.100| 19.977 |20.508 | 20.457 | 20.392
5 30.869| 28.173 |27.797| 29.149 | 28.613
6 32.666| 31.029 |31.281| 29.761 | 30.473
7 48.281| 47.628 |48.304 | 47.950 | 51.606
8 52.306| 52.292 |53.306 | 51.215 | 54.680
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Fig. 1 Dimension of 10 bar truss
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Fig. 2 Convergence history of 10 bar truss for
continuous variables
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4.1.2 10 Bar E3| (o] M5 A9)
10 bar E2l~ 3229 ot AAMSeE 7 el gl
EF 10709 =3E A &

Ao Hn. = 7K. EY
TEES] HAAAC A$H ot Fig. 1olAsh 2] dA

2, 40 247} 07 4540kefE 2H83lith. 10 bar E
2 FEEE F AV Haot =HA Ao, B A
Baje] F AGzAL 18A5F w, >22.0HzA G20
™+ 1757.65kg/cm’(+25Ksi) 9] SEA| Lt nE Ao
A 50.8mm(+2 in)9] WMAIFEA S AHESIITE 10 bar
Eg|x 7B ARE 42719 oitse ofjel At
{10.45, 11.61, 12.84, 13.74, 15.35, 16.9, 18.58, 18.9,
19.93, 20.19, 21.81, 22.39, 22.9, 23.42, 24.77,
2497, 25.03, 26.97, 27.22, 28.97, 29.61, 30.97,



Table 3. Optimum design of 10 bar truss for discrete variables(cm?)

Weight (kg) Al A2 A3 A AB Ab A7 A8 A9 A10
2527.80 216.13 10.45 170.97 89.68 10.45 10.45 87.1 147.74 | 109.03 10.45
32.00, 33.03, 37.03, 46.58, b51.42, 74.19, 87.1, Table b. Loading case of 2b bar space truss
89.68, 91.61, 100.0, 103.22, 109.03, 121.29, 128.39, Nodes F. (kgf) F, (kef) F(kgf)
2y 2A3 '
H T2EY 1T (w,, wy.wy)E 0, =22.307THz, w, = 5 0.0 45416 45416
olt}. Table 3& o|AHARE AREEH |22 A oJg 6 9272.49 0.0 0.0
A AAAZ eI, BE AtRAS WS a8]a Table
3& Ade] A71E 2022 19 250iterationdlA el Table 6. Optimum design of 25 bar space truss(cm?)
423 Aol o] A oiARE AR AATHA A W | a2 | o0 | | 45 56 | a7 | 8
kz710] Aok T APAHE 24 EFoy} Alg v d
iﬁi}%‘ﬁﬁ ﬁ:ll“% lega_o:] 7H}1\j_% _SH% 7;(1_3]]» ?_‘)_l_q’ Tong | 237.52 10.64513.225121.9310.64510.645| 5.16 19.675(21.93
Present |220.345]0.645| 3.87 [21.93]0.645(10.32| 5.80 | 3.22 [21.94

4.1.3 25 Bar ¢4l EZ&
25 bar E#}29] A|9e Fig. 49 2oH, s5itee
Table 59 2t} 25 bar E&|22] Ao+ HAE 8749
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Fig. 4 Dimension of 25 bar space truss

Table 4. Design variables of 25 bar space truss

Design Variable no. Members

1 1-2

1-4, 2-3, 1-5, 2-6

2-5, 24, 1-3, 1-6

36, 4-5

34, 56

3-10, 6-7, 4-9, 5-8

3-8, 4-7, 6-9, 5-10

|||t ]w DO

37, 4-8, 5-9, 6-10

JFoR BRdled 87/ AAWSTE A F9eH Table
4o AAE] ozt FAl AAA A8E AR
A 1,204 x,yEEEeZ +8 89mm(0.35in)e] WAk
3} £2812. 28kg/em’(+40Ksi) o] FA1gHAF 1eja 1
TRETF w, =55.0Hz7} F AgEdor Ag=et 25
bar Ezlze] AMH 35719 oliAlse theE At
{0.645, 1.29, 1.935, 2.58, 3.225, 3.87, 4.515, 5.16,
5.805, 6.45, 70.95, 7.74, 8.385, 9.03, 9.675,
10.32, 10.965, 11.61, 12.255, 12.9, 13.545, 14.19,
14.835, 15.48, 16.125, 16.77, 17.415, 18.06,
18.705, 19.35, 19.995, 20.64, 21.285, 21.93,
22 575} (em?). Table 6& 25 Bar §JA Efj2o] HAA
Al Azfo|t}. Table 69 AZZHE Tong ZzfHrhs <F
745%0E U AAE A9, HRHA ddEe 1h
AESE o, = 61.506Hz, w,=72.729Hz, w,;=86.022Hz
olt}, gAY 92 e, FASHA
Z3l9it.

s BF

4.2 =3l =&

zeol P2 AAMANG] 147 229] A% A%is)
OJMASE ALE BRen] 147 T3 Qe Agwsy

nh Agglolth Abgw Alge] EAAS:
(30'Ksi), Al U p=7 75Tkg/m’ (0.281b/in>)2] #<
ARSI dE AR ZHY FEEdAE 4 7] o
2 AAzdon A9 Al A5E5E A A
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4.2.1 177 2% =Z#¢

1747F 2% Y=Y A% d5Hg ofgk AA %
oAb ogt AAR o] AABIT oA A A
ARE olilEE AISCE 291708 W-sectionsolA 64
7He] W-sectiong AHE3ISTH(Table 11).

A, ZdFrEedr] DRAA ASAFE AR
st HAAA Sigith. Aol Bel 7]Fos 67le] AAW
FE Ao, AR 1T (v, ,w,)E AS
At Telm wole FEe REE 4536Kee] E(n
onstruc-tural)e] g2t on, BE 29l Ao 484
o} 5 oHd dmEoaRdE: ol 2(7),(8)d] Foizl
e AR
I=4.6248A4%,0 < A < 44 (7)

I=2564%— 2300, 44 < A < 88.2813 (8)

J2]al FAle] Ha HodAS gelel] 274(Case 1, 2)
2 HR49A st

700 s=z7=xsts =28 Mud 63(5d 1215) 20124 12¥
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Fig. 7 Convergence history of 1 bay 2 story frame

(Case 2)

Table 7. Optimum design of 1 bay 2 story frame(cm?)

(Case 1)
w, =785 w =785, w, =180
Element - -
No. Sedaghti Present Sedaghti Present
et al. et al.

1 215.867 213.11 120.556 197.62

2 51.088 51.088 141.802 69.82

3 51.088 51.088 283.807 132.10

4 367.203 363.98 2217.7761 310.82

5 51.088 51.088 51.088 51.09

6 253.087 255.03 228.549 253.80
Weight(kg) | 4,272.35 | 4,265.12 | 4,418.46 | 4,362.78

Table 8. Frequency of 1 bay 2 story

frame(rad/s) (Case 1)

w, =785 w, =785, w, =180
Frequency
No. Sedaghti Present Sedaghti Present
et al. et al.
1 78.50 78.50 78.50 78.50
2 146.67 143.33 220.81 180.27
3 268.40 263.75 436.42 370.71

Table 9. Optimum design of 1 bay 2 story frame(cm?)

(Case 2)
w, =5.0 w =50, w,>18.0
Element

No. McGee and p ¢ McGee and p £
Phan resen Phan resen

1 39.61 39.16 38.12 38.65

2 39.61 39.16 38.12 38.65

3 83.60 131.81 124.12 117.90

4 83.60 131.81 124.12 117.90

5 35.25 28.45 37.47 38.13

6 70.24 19.36 19.35 19.36
Weight(kg) | 1,527.23 | 1,458.09 | 1,462.24 | 1,425.20




Table 10. Frequency of 1 bay 2 story frame(Hz) (Case 2)

w, =5.0 w, =50, w, =180
Frequency
No. Mc(g}el(;nand Present Mcgﬁznand Present
1 5.0 5.0 5.0 5.0
* 17.69 * 18.73
3 * 37.44 * 34.04
(Case 1) EE FAlA w9 Haga Hdigke

51.088cn’, 569.55cm’lth. AGEAL THNESF W,
=78.5rad/s ¢ %9} w, =78.5rad/s, w,>180.0rad/s
o] A2 vro] AARIA. (Case 2)BE FAlolA o
9] Hagkat AiFS 19.35em”, 569.55cm’E ST, ©f
7AF 1RFAEF w,=5.0Hz ¢ 5 w, =5.0Hz, w,>
18.0Hz9] %= vro] AAsINT. Case 144 Table 7
& 1A% S AR w,=78.5rad/s, w,>180.0rad/s
o og HHHAZFoH, Table 8& A%zxd
—5.0Hz, w,>18.0Hz 23 A=A AT0I}. Table 7
ZHH Ak w, =78.5rad/s¢! ZF Sedaghti et al.
9] Displace -ment Methodel <J3+ Azl Hlgf <F
0.17%9 W4 & 2945 oM, w, =78.5rad/s, wy>
180.0rad/s®] 45 1.28%9 W& 275 A3Uth. Fig. 6
< 39 FHAHE et Case 2914 Table 925H
DFAEF ASZA w, = 5.0HzY ZA9E McGee and
Phan¥®t}t 4.53%7} /W€ Ao, w, =5.0Hz, wy,>
18.0 Hzo A%+ o 2.54%9] £ AAZE A
Table 9,10 HAMAA A} 1715TE UYeldt) Fig.
7& 8o FHAHE YERATE Table 7, 99 AETE
B AT ARE AR gl s AR A5t
71E9] el Wl Hoh V& AAZR 2 F S
o 147 2% ZH9 F2EY] FRAACE Fde] 2]
205 ARESRem, 20009 Tterations AR w,
=78.5rad /s¢ 7% 260¥A|, w,=785rad/s, w,>
180.0rad/se] 7% 7oA, w, =5.0Hz8] 7% 2504 w,
=5.0Hz, w,>18.0Hz¢] 7% 301HA |4 Table 7, 9
of sfo 4 ik

(BA), ZHY FEEAA NMIAEE ARt o]k A
A7 Atk oliAlEE 2% dlgsE 64719 W-section
(Table 11)& ARESIGILE AARGE 49 252 &/
siom, le] AAMSE 15 7%, 23 7%, 13 2 2
% Holt}, uf3%s A92 w, =5.0Hz9 w, =5.0Hz,
w0, >18.0Hz 9 2792 Algaldon], 183 Hols 75
op7l #ExE 4.536Kge] skeol A8ttt At dae

Wy

Zo| oJ2h o] AMIAATR= Table 129 2t} Alok2A w, =
5.0Hz] 7% 1%, 2% 7% @z 27 104.5159em’
(W24x55), 256.13cm*(W36x135)0|H, 1Z3 2ZHo|
WAL 747k 104.5159%m” (W24x55), 160.0m” (W27x84)
S A} AdEA w, =5.0Hz, w,>18.0Hz2] 4% 1%
2% 71%0] YRS 747} 178,709t (W27<94), 223.871cnt
(W33x118)cln], 153} 2% He] wAe 77} 35.935m”
(W12x19), 223.871ent(W33x118)S Act. o] 79 Azt
S B A3zt #2441(Clobal optimum: 4,183.643ke,
4,272.193Kg) & Zrom, oA AdAAztel dA|sIHict

(Table 12). Fig. 8& dfo] Fa4e]E et}

Table 11. W-Section for 1 Bay 2 Story Frame

W-Section name

W36X300 W27X84 W18X97 W14X90
W36X260 W24X335 W18X76 W14X22
W36X230 W24X250 W18X65 W12X190
W36X210 W24X176 W18X55 W12X136
W36X194 W24X162 W18X40 W12X96
W36X150 W24X146 W18X35 W12X65
W36X135 W24X131 W16X31 W12X19
W33X130 W24X117 W16X26 W12X16
W33X118 W24X103 W14X426 W12X14
W30X191 W24X76 W14X370 W10X112
W30X173 W24X68 W14X311 W10X88
W30X148 W24X62 W14X257 W10X68
W30X116 W24X55 W14X211 W10X49
W30X108 W21X50 W14X159 W10X12
W30X99 W21x44 W14X132 W8X67
W27X94 W18X119 W14X109 W8X58

Table 12. Optimum Design(cm?) and Frequency(Hz) of
1 Bay 2 Story Frame for Discrete Variables

Variable _ w, =5.0 |Frequency . w, =5.0
No. | @770 |y =180 Noo | @770 | w2180
1% 715 |104.5159| 178.709 1 5.00 5.00
2% 71% |256.1285| 223.871 2 17.76 18.52
1% % [104.5159] 35.935 3 39.26 24.00
2% H | 160.00 | 223.871 * * *
Weight | 4183 64314972193 * * *
(kg)
- — .
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et (RO

Fig. 8 Convergence History of 1 Bay 2 Story Frame for
Discrete Variables
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Table 13. Optimum Design of 1 Bay 7 Story Frame(cm?)

Design
Figment varbe | K and | Vee end| - prosen
1 1 51.1 51.1 51.10
2 1 51.1 51.1 51.10
3 2 51.1 51.1 51.10
4 2 51.1 51.1 51.10
5 3 52.65 51.1 51.10
6 3 52.65 51.1 51.10
7 4 61.28 56.5 51.61
8 4 61.28 56.5 51.61
9 5 67.53 62.44 58.13
10 5 67.53 62.44 58.13
11 6 72.24 66.44 64.71
12 6 72.24 66.44 64.71
13 7 111.07 164.6 170.52
14 7 111.07 164.6 170.52
15 8 51.1 51.1 51.10
16 9 51.1 51.1 51.10
17 10 69.72 67.53 51.10
18 11 83.59 84.37 69.23
19 12 95.52 93.91 90.39
20 13 101.27 101.85 90.39
21 14 96.75 51.1 51.10
Weight (kg) 7657.55 7501.06 7050.75
5- 724 [ —
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Fig. 9 Dimension of 1 Bay 7 Story Frame
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