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Optimum Design for Sizing and Shape of Truss Structures Using
Harmony Search and Simulated Annealing
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Abstract - In this paper, we present an optimization of truss structures subjected to stress, buckling, and natural frequency
constraints. The main objective of the present study is to propose an efficient HA-SA algorithm for solving the truss optimization
subject to multiple constraints. The procedure of hybrid HA-SA is a search method which a design values in harmony memory
of harmony search are used as an initial value designs in simulated annealing search method. The efficient optimization of
HA-SA is illustrated through several optimization examples. The examples of truss structures are used 10-Bar truss, 52-Bar truss
(Dome), and 72-Bar truss for natural frequency constraints, and used 18-Bar truss and 47-Bar (Tower) truss for stress and
buckling constraints. The optimum results are compared to those of different techniques. The numerical results are demonstrated
the advantages of the HA-SA algorithm in truss optimization with multiple constraints.
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Fig. 1. HA-SA algorithm optimization procedure
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Table 1. Optimal design for continuous variables (cm2)

Element Sedaghati| kaveh This paper

number GA | SA | HA |HASA
1 38.245| 35.274| 36.935| 32.454| 35.849(31.781
2 9.916| 15.463| 16.760|  11.09| 10.559] 14.118
3 38.619| 32.11/30.698| 37.326| 30.21832.454
4 18.232] 14.065| 15.161| 15.007| 19.556] 13.920
5 4419 0.645| 0.702] 5560 0.645 0.645
6 4.194| 4.880 4.274| 4230 5.108 4.303
7 20.097| 24.064| 22.419| 28.373| 12.358] 0.169
8 24.097| 24.340| 14.651| 12.272| 24.433]19.810
9 13.890| 13.343| 11.589] 10.020| 15.938] 12.525
10 11.452| 13.543] 12.836| 13.472| 10.991] 12.062

W(%g)ht 5266.17|5188.60| 4758.67| 4901.76| 4767.96|4676.69

Table 2. Frequency for continuous variables (Hz)

Frequency Sedaghati | Kaveh This paper

number GA | SA | HA |HA-SA
1 6.992| 7.000| 7.001| 7.000| 7.005| 7.000
2 17.599| 16.119| 16.485/17.877|15.681| 16.411
3 19.973] 20.075| 20.039/20.000{20.000| 20.000
4 19.977| 20.457| 20.392|20.838(20.734| 20.001
5 28.173] 29.149| 28.613|28.868(28.028| 28.084
6 31.029 29.761| 30.473|33.646|32.199| 30.870
7 47.628| 47.950| 51.606|47.216|51.239| 50.433
8 52.292| 51.215| 54.680(57.155|54.200| 52.683
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Fig. 6. Convergence behaviour of 72-bar truss

Table 3. Optimum design for continuous variables (sz)

: Element Sedaghati| kaveh This paper

group GA | SA | HA |HASA

) . 3 1-4 3.499| 2.854] 3.897| 2.496| 3.284| 3452

1 ) T 5-12 7.932| 8.301) 7.881| 7.05) 8.278| 7.784

. /b 1stan 13-16 | 0.645| 0.645) 0.645| 0.761| 0.722| 0.645

o< L4 /X|; | 17-18 | 0.645| 0.645) 0.645| 0.748] 0.657| 0.645

SN 1922 | 8056/ 8.202) 7.056| 7.908) 8.239| 7.816

w7 R sl s 2330 | 8.011| 7.043| 8.086] 8.179| 7.583] 8.031

b AN 3134 | 0.645) 0.645) 0.645| 0.664| 0.830 0.645

N, 3536 | 0.645 0.645| 0.645| 0.632| 0.645] 0.645

N w ON/ p spe 37-40 | 12.812) 16.328] 13.234] 12.332] 12.982] 12.622

) o PN ] 4148 | 8.061| 8299 7.969| 7.669| 7.323| 7.932

Bl 49-52 | 0.645| 0.645 0.645| 0.761| 0.686 0.645

< i 57 1524m 53-54 | 0.645) 0.645| 0.645| 0.716] 0.704| 0.645

P iipn T/ 19 | 5558 | 17.279| 15.048| 16.876| 18.840| 16.716| 17.137

kTN o il 59-66 |  8.088| 8.268| 7.823| 8978 8.773| 8.006

67-70 | 0.645 0.645| 0.645| 0.832] 0.645] 0.645

3046 71-72 | 0.645 0.645] 0.645| 0.774] 0.766| 0.645

o Weight | 351 65]3211.67|3181.47]3228.34|3210.89| 3176.76

Fig. 5. 72-bar truss structure N)

Fxste] =wA A27d A2e(Ed A135%) 20159 44



Table 4. Frequency for continuous variables (Hz)

Frequency Sedaghati | kaveh This_paper
no. GA | SA | HA | HA-SA
1 4.000 | 4.000 |4.000|4.000 | 4.000 | 4.000
2 4.000 | 4.000 |4.000 | 4.000 | 4.000 | 4.000
3 6.000 | 6.004 [6.000|6.008 | 6.004 | 6.000
4 6.247 | 6.249 [6.286| 6.405 | 6.293 | 6.260
5 9.074 | 8.973 19.158|8.706 | 9.298 | 9.095
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Fig. 8. Optimal and initial configuration of 18-bar truss
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213 B Aol 4 2

il

) ) This paper

Variable |Hansen|Salajegheh

GA SA HA |HA-SA
Al(cmz) 82.302 80.625/80.321| 81.381| 82.682| 82.682
A2(cm2) 114.617| 114.294|123.47|119.22|113.281| 113.281
A3(cm’)| 35.798|  34.895|35.707|29.655| 37.243| 37.243
A5(cm’)| 21.027|  23.930|24.000|22.102| 20.768| 20.768
X3 (m) | 2.239 2.311]23.731]23.285| 23.024| 23.024
Y; (m) | 0.454 0.468| 5.080{4.9095| 4.575| 4.575
Xs (m) | 1.597 1.629|16.890| 16.669| 16.606| 16.606
Ys (m) | 0317 0.370| 4.064|4.0057| 3.612| 3.612
X7 (m) | 0.992 1.046| 10.755] 10.784| 10.337| 10.337
Y; (m)| 0.170 0.246| 2.540(2.7215| 2.443| 2.443
X9 (m) | 0.793 0.510| 5.387|5.3026| 5.035| 5.035
Yo (m)| 0.114 0.077| 0.864]0.9020| 0.883| 0.883
Vzlzlfélt 20.039|  20.044|21.749|20.044| 20.290| 20.038

Table 6. Stress and buckling constraints of compressive members

(Kgfenr')

Hansen Salajegheh This paper
No o, O o, O o, o,
1 | 490.087| 812.10 416.78| 413.41%| 427.99| 427.99
2 | 415.404| 353.04* | 439.50(1217.7 467.12| 1257.3
3 | 608.768| 746.39 675.77| 674.12%| 689.03| 689.03
4 | 486.915| 512.61 668.20/668.34 685.89| 685.90
5 | 777.154| 826.37 902.71| 901.69*| 904.42| 904.42
6 | 489.113| 341.14* | 484.59|486.00 481.38| 481.38
7 | 918.412| 7713.4 1014.6/1015.3 1001.0{ 1001.0
8 | 484.607| 337.68* | 298.84(299.19 281.87| 281.90
9 | 1193.90| 496.97* | 1198.5/1199.6 1184.6| 1184.6

*Constraints violated
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Fig. 9. Initial configuration of 47-bar truss

=)

Table 7. Optimal design of 47-bar truss (area variable)

Mem- | Han- Salajegheh This_paper
ber | sen GA | SA HA |HA-SA
3 15.609|  16.8345| 15.692| 1.348| 7.97865| 9.7085
4 |15.1575 16.512| 7.8496| 1.0817|  6.45| 6.9976
5 5.289 4.4505| 10.848|0.71048| 645 0.645
7 0.645 3.0315| 3.2508| 0.12306| 28.4896|  0.645
8 5.547 5.16| 7.578|0.96342| 10.5586| 6.980
10 | 74175 7.2885| 13.287| 1.124| 21.7881| 4.859
12 | 11.4165] 11.0295| 8.636| 1.2839| 18.3696|  8.359
14 | 43215 4.9665| 6.5980.55571 6.45| 3.6794
15 5.547 7.0305| 9.0816|0.65983| 9.6621|  4.009
18 7.998 8.643| 16.286/0.93302|  6.45| 5.714
20 | 2.1285 2.322| 5.7598| 0.34482| 6.76605|  1.786
22 7.869 6.2565| 9.4750| 0.63807| 10.2942|  3.857
24 | 59985 6.45(7.9206| 1.1844| 21.8913| 6.676
26 5.547 6.6435| 13.698| 1.0441| 10.9779| 6.624
27 | 4.4505 5.676| 7.8496| 1.2298| 11.9067| 5.690
28 | 0.9675 3.5475| 7.2627/0.26214| 645 0.645
30 | 15.867| 16.7055| 11.461| 1.3338| 18.7695|  9.653
31 5.805 5418| 2.289(0.55374| 645 1.192
33 0.645 1.6125| 6.9144(0.13289| 9.9588| 0.645
35 | 17.673 18.447| 18.840| 2207 7.9335| 11.663
36 5.934 5.934] 8.7333/0.22262| 645 1216
38 0.645 4.3215| 2.3413| 0.1305| 10.8231|  0.645
40 | 18.963 19.737| 16.234| 1.6824| 18.3696| 11.966
41 | 7.2885 6.708] 2.9347(0.11094|  6.45| 0.7544
43 0.645 0.645] 0.7933(0.11024| 7.8174| 0.645
45 | 20.124| 20.1885| 17.808| 2.338| 19.7176| 14.874
46 7.095 7.224| 13.551(0.44887| 7.5594| 1.947

2
*Areas are cm
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Fig. 10. Convergence behaviour of 47-bar truss
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Table 8. Optimal design of 47-bar truss (Coordinate variable)

Varia- | Han- Salajegheh This paper
ble | sen GA SA HA |HA-SA
X2 272034 27371 [236.4461 | 113.32 |255.3741|281.7368
X4 |231648| 226441 [228.7245] 92.356 |214.9704 |228.2723
Y4 |3.11912| 3.50469 | 306.512 | 113.79 |319.5218|289.1536
X6 |1.88468| 1.69545 |178.7677] 76.519 | 158.1099 | 185.3082
Y6 [6.13156| 646354 |545.5412|197.14 |636.9101 | 521.5636
X8 | 1.6637 | 145745 |143.4617| 56.109 | 143.3906 | 143.3982
Y8 [824484| 8.69086 |[779.3812| 304.6 | 786.986 | 748.284
X10 |1.45034| 126619 |116.5962 | 44.736 |83.29168 | 108.6866
Y10 |1017016| 10.59612 |919.6146 | 371.99 | 1132.944 |936.0408
X12 |1.25222| 1.13436 |103.6117 | 39.634 | 68.72478 | 73.80732
Y12 |11.99642| 12.07389 | 1135428 | 441.54 |1229.335|1124.737
X14 |1.20396| 1.04369 |115.7529 | 35.144 | 68.92798 | 84.7852
Y14 |12.8905| 13.03401 |1255.822|507.78 |1341.514|1287.094
X20 |0.09906| 0.45466 | 103251 | 6.6762 |33.18764 | 5.17804
Y20 |14.8971| 15.18717 |1503.467 | 587.67 | 1470.538 | 1493.164

Fig. 11. Optimal configuration of 47-bar truss

b X21 [2.11582| 237592 |128.1176| 77.832 | 246.7077 | 225.6028
0
43 4 Y21 [16.1544| 15.84808 |1579.369 | 619.59 | 1554.709 | 1582.725
6 6 .
4 s 1 1 W(c;ght 8236.50| 8460.09 | 7025.48 [5027.28| 6871.32 | 4540.77
v 4 N9 s R *Coordinate are meter
29 = 1 q A 3 B C
S\e1 /o B 2 4 -
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Fig. 12. Initial configuration of the 52-bar truss Fig. 13. Initial configuration of 52-bar truss (side view)
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Fig. 15. Optimal configuration of 52-bar truss

Table 9. Optimal design of 52-bar truss

. This paper

Variables| kaveh | Gomes

GA SA HA |HA-SA
ZA (m) | 5331 | 55344 | 4.125 | 5747 | 57472 | 3.768
XB (m) | 2.134 | 2.0885 | 2.750 | 2.073 | 2.0526 | 2.933
ZB (m) | 3.719 | 39283 | 3.703 | 3.735 | 3.7346 | 3.291
XC (m) | 3.935 | 40255 | 4234 | 3984 | 3.9568 | 4.303
ZC (m) | 2500 | 24578 | 2.516 | 2429 | 2.4290 | 2.299
Al(ecm®) | 1.0000 | 03696 | 1.000 | 1.017 | 1.0169 | 1.000
A2(cm’) | 13056 | 4.1912 | 1.156 | 1243 | 12428 | 1.533
A3(cm®) | 14230 | 15123 | 1391 | 1380 | 14381 | 1.266
Ad(cm®) | 1.3851 | 1.5620 | 1332 1.538 | 1.5380 | 1.602
A5(cm®) | 14226 | 19154 | 1.078 | 1.500 | 1.5455 | 1.000
A6(cm’) | 1.0000 | 1.1315 | 1.000 | 1.013 | 1.0129 | 1.000
A7(cm’) | 15562 | 1.8233 | 1234 | 1610 | 1.6097 | 1.129
A8(cm’) | 1.4485 | 1.0904 | 1.801 | 1218 | 12184 | 1.773
ngght 1934.94 | 2239.64 | 1889.54 | 1909.45 | 1972.59 [1839.23

Table 10. Natural frequency of 52-bar truss (Hz)

Frequency kaveh |Gomes This_paper
no. GA SA HA |HA-SA
1 12.987[12.751| 15.156 | 10.414 | 10.206 | 15.887
2 28.648 [28.649| 28.649 | 28.652 |28.648 | 28.645
3 28.679 128.649| 28.649 | 28.652 | 28.684 | 28.645
4 28.713128.803 | 28.649 | 28.684 | 28.796 | 28.645
5 30.262129.230| 29.225 | 29.328 |29.508 | 28.976
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