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Improved special relativity search algorithm for optimal design of structural

problems
Abstract:

Optimum design of structural engineering problems isa very challenging work due to the existence of design
constraints such as stress and displacement. In most cases, these constraints are defined in a nonlinear and dynamic
way, which makes the optimizationialgorithms local in the optimum. Classical high precision causal methods take
time to arrive at the answer. This increases the number of calculations. On the other hand, meta-heuristic algorithms
produce acceptable answers for this type of problems using special programming techniques and operators. The
standard special relativity search algorithm is unsuccessful in solving this group of problems due to the lack of
coordination between the two.important cases of exploitation and exploration, and the local optimum converges. In
this research, two new techniques are introduced and implemented to improve the performance of this algorithm.
The descending modification algorithm has been used as a complementary algorithm for gravity search. The
movement step of the algorithm is controlled using special coefficients. Also, studies show that creating a dynamic
population proportional 'to the convergence rate improves the performance of the algorithm. To validate the
proposed method, three structural issues are optimized. The goal includes the weight of all the elements of the
structure, which must be'reduced to the lowest optimal value in an iterative process and without limitations of nodal
stress and displacement. To prove the effectiveness and method of the proposed method compared to other
advanced methods, their results are compared. The results show that the proposed algorithm has constant evaluation
compared to other previous methods and has created a suitable balance between exploitation and exploration.

Keywords: Optimal Design, Truss, Special Relativity Search Algorithm, Metaheuristic Algorithm, Soft
Computing, SRS.
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Gradient Coefficient = D 0.0001
Gradient Coefficient = D 0.001
Gradient Coefficient = D 0.002
Gradient Coefficient = D 0.003
Gradient Coefficient = D 0.004
Gradient Coefficient = D 0.005
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Gradient Coefficient = D 0.005
Gradient Coefficient =D 5
Gradient Coefficient =D 10
108 F Gradient Coefficient = D 12
Gradient Coefficient =D 15
Gradient Coefficient = D 20
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38 990 dnnS galie lans ) Jgu

sl ip? mm? sl jp 2 mm? o_jladi, in.2 mm? o_jladi, in. mm?
1 0111 71613 17 1457 939.998 33 3.840 2477414 49 11500 7419.340
2 0141 90968 18 1563 1008.385 34 3.870 2496.769 50 13500 8709.660
3 0196 126451 19 1.620 1045159 35 3.880 2503.221 51  13.900 8967.724
4 0250 161.290 20 1.800 1161.288 36 4180 2696.769 52 14200 9161.272
5 0.307 198.064 21 1990 1283.868 37 4220 2722575 53 15500 9999.980
6 0.391 252258 22 2130 1374191 38 4490 2896768 54  16.000 10322.560
7 0442 285161 23 2.380 1535481 39 4590 2961284 55  16.900 10903.204
8 0563 363225 24 2620 1690.319 40 4800 3096.768 56  18.800 12129.008
9 0.602 388386 25 2.630 1696.771 41 4970 3206445 57  19.900 12838.684
10 0.766 494193 26 2.880 1858.061 42 5120 3303.219 58  22.000. 14193.520
11 0.785 506.451 27 2930 1890.319 43 5740 3703218 59  22.900 14774.164
12 0994 641.289 28 3.090 1993544 44 7.220 4658.055 60  24.500 15806.420
13  1.000 645160 29 3.380 2180.641 45 7.970 5141.925 61 26500 17096.740
14 1130 729.031 30 3470 2238705 46 8530 5503.215 62 .28.000 18064.480
15 1228 792256 31 3550 2290.318 47 9.300 5999.988 63 . 30.000 19354.800
16 1266 816.773 32 3.630 2341931 48 10.850 6999.986. 64 33500 21612.860
@jﬁ&ro)uwkgljb@bYJ5d>
b sl e SGA HPSO HS DHPSACO RBAS SRS
(mm?) [21] [22] [23] [24] [25]
A-Ay 4658.055 4658.055  4658.055 4658.055 4658.055  4658.055
As-Ajp 1161.288 1161.288  1161.288 1161.288 1161.288  1161.288
Ap-Ags 645.160 363.225 506.451 494.193 494.193 494.193
As-Ars 3303.219 3303.219  3303.219 3303.219 3303.219  3303.219
Ag-Ags 1045.159 940.000 940.000 1008.385 939.998 939.998
Asg-Agg 494.193 494.193 494.193 285.161 494.193 494.193
Ay7-Aszg 2477.414 2238.705  2290.318 2290.318 2238.705  2238.705
Asr-Asg 1045.159 1008.385  1008.385 1008.385 1008.385  1008.385
Azq-Azg 285.161 388.386  2290.318 388.386 494.193 494.193
Asp-Ags 1696.771 1283.868  1535.481 1283.868 1283.868  1283.868
Aus-Asgo 1045.159 1161.288  1045.159 1161.288 1161.288  1161.288
Asp-Asy 641.289 792.256 506.451 506.451 641.289 494.193
aher 5 (1b) 1970.142 1905495  1906.76 1904.83 1903.366  1902.6055
REEBWSA(L) - - - - - 1904.4047
0o e (1) - - - - - 1907.9661
e il_al (Ib) - - - - - 1.891
S M - - - - - 5760
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Element and node
numbering system

i VY ol Sl ¥ S

Ly \Al o)'Lw PV ‘5>|J.la @L.) 0 Jy.\?

SGA HPSO MBA DHPSACO ECBO HACOHS-T

b s e (in.) [21] [22] [26] [24] 127] 28] SRS
A—Ay 0.196 4.970 0.196 1.800 0.196 1.563 1.990
As-Ap 0.602 1.228 0.563 0.442 0.563 0.563 0.563
Ai3-Agg 0.307 0.111 0.442 0.111 0.111 0.111 0.111
Apr-Arg 0.766 0.111 0.602 0.111 0.111 0.111 0.111
Ajg-Asy 0.391 2.880 0.442 1.228 1.228 1.266 1.228
Asz-Azg 0.391 1.457 0.442 0.563 0.442 0.563 0.442
Asi-Ayy 0.141 0.141 0.111 0.111 0.111 0.111 0.111
Ass-Asg 0.111 0.111 0.111 0.111 0.111 0.111 0.111
Az7:A40 1.800 1.563 1.266 0.563 0.563 0.391 0.563
Ay-Agg 0.602 1.228 0.563 0.563 0.563 0.563 0.563
Ago-As, 0.141 0.111 0.111 0.111 0.111 0.111 0.111
Asz-Asy 0.307 0.196 0.111 0.250 0.111 0.111 0.111
Ass-Asg 1.563 0.391 1.800 0.196 0.196 0.196 0.196
Aso-Ass 0.766 1.457 0.602 0.563 0.563 0.563 0.563
Ag7-Azg 0.141 0.766 0.111 0.442 0.391 0.391 0.391
Aq1-Apy 0.111 1.563 0.111 0.563 0.563 0.602 0.563

43 s (Ib) 427.203  933.09  390.73 390.380 389.33 390.18 389.3342

RECISIT () - - 395.432 - 391.59 - 390.2501

OJs e (Ib) - - 399.49 - - - 391.9601
Db il sl (Ib) - - 3.04 - - - 0.982
BUERNE 60000 50000 11600 - 17010 - 7020

\R



3ae VY ojle atwsy >k s b Jgax

I
A-Ay 1.7427  1.8577 1.860 1.8861 1.9001 1.8911 1.9170 1.8904
As-Ajp 0.5185 0.5059 0.521 0.5123 0.5131 0.5051 0.5031 0.5138
Apz-Ags 0.1000 0.1000 0.100 0.1000 0.1000 0.1000 0.1000 0.1000
Apr-Arg 0.1000 0.1000 0.100 0.1000 0.1000 0.1000 0.1001 0.1000
Ajg-Ap 1.3079 1.2476 1.271 1.2685 1.2456 1.2778 1.2721 1.2652
Agp3-Aszp 0.5193 0.5269 0.509 0.5117 0.5080 0.5082 0.5050 0.5112
Az1-Azy 0.1000 0.1000 0.100 0.1000 0.1000 0.1004 0.1000 0.1000
Ass-Aze 0.1000 0.1012 0.100 0.1000 0.1000 0.1000 0.1000 0.1000
Az7-Ago 0.5142 0.5209 0.485 0.5236 0.5550 0.5297 0.5184 0.5228
Agi-Agg 0.5464 0.5172 0.501 0.5171 0.5227 0.5343 0.5362 0.5160
Agg-Asy 0.1000 0.1004 0.100 0.1000 0.1000 0.1000 0.1000 0.1000
As3-Asy 0.1095  0.1005  0.100 0.1000 0.1000  0.1000 < 0.1000 0.1000
Ass-Asg 0.1615  0.1565  0.168 0.1565 0.1566 . 0.1566 ~ 0.1569 0.1565
Asg-Ags 0.5092  0.5507  0.584 0.5456 0.5407 < 05431 0.5374 0.5460
Ag7-Azg 0.4967 0.3922  0.433 0.4103 0.4084  0.4069  0.4062 0.4105
Ag1-Agy 05619 05922  0.520 0.5697 05669 0.5500 0.5741 0.5681

g (1) (1b) 381.91  379.85  380.62 379.6148 379.73 379.72 379.75  379.6168
O 055 (Ib) - 382.08 - 379.6149 382.26  380.39 380.03 379.6264
O e (Ib) - - - 379.6155 3 - - 379.6393

Jbme il sl (Ib) - 1.912 - 0.0002 1.94 0.54 0.278 0.0081
BUKERS - 19621 13742 - 13166 8400 18000 33570
wyae Ve ojle ()08 LlS 5 A Jeanr

I . . P P, a . P, p P,

OB L ol 5 o S N) (Ny) (N) oS bals s Node N) (Ny) N)

1 52 _-868 0 -491 5 52 917 0 -491

37  -996 0 -546 37 -951 0 -546

25  -1091 0 -546 25  -1015 0 -546

28 -1091 0 -546 28  -636 1259  -428

2 52.  -493 1245  -363 6 52 -917 0 -491

37 4-99 0 -546 37 572 1303  -428

25 -1091 0 -546 25  -1015 0 -546

28  -1091 0 -546 28  -1015 0 -546

3 52  -917 0 -491 7 52 917 0 -491

37 -951 0 -546 37 -951 0 -546

25  -1015 0 -546 25  -1015 0 -546

28  -1015 0 -546 28 -636 1303  -428

4 52 -917 0 -546 8 52 -498 1460  -363

37 572 1259  -428 37 -951 0 -546

25  -1015 0 -546 25  -1015 0 -546

28 -1015 0 -546 28  -1015 0 -546

'Y
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s K, X-cbaitg, Y-claidg, Z-Claidg, s K, X-cibaidg, Y-cbaidg, Z-laiag,
1 -105 -105 0 27 40 -40 1027.5
2 105 -105 2000 28 214 0 1027.5
3 105 105 0 29 40 40 1027.5
4 -105 105 0 30 -40 40 1027.5
5 -93.929 -93.929 175 31 -40 -40 1105.5
6 93.929 -93.929 175 32 40 -40 1105.5
7 93.929 93.929 175 33 40 40 11055
8 -93.929 93.929 175 34 -40 40 1105.5
9 -82.859 -82.859 350 35 -40 -40 1256.5
10 82.859 -82.859 350 36 40 -40 1256.5
11 82.859 82.859 350 37 -207 0] 1256.5
12 -82.859 82.859 350 38 40 40 1256.5
13 -71.156 -71.156 535 39 -40 40 1256.5
14 71.156 -71.156 535 40 -40 -40 1346.5
15 71.156 71.156 535 41 40 -40 1346.5
16 -71.156 71.156 535 42 40 40 1346.5
17 -60.085 -60.085 710 43 -40 40 1346.5
18 60.085 -60.085 710 44 -26.592 -26.592 1436.5
19 60.085 60.085 710 45 26.592 -26.592 1436.5
20 -60.085 60.085 710 46 26.592 26.592 1436.5
21 -49.805 -49.805 872.5 47 -26.592 26.592 1436.5
22 49.805 -49.805 872.5 48 -12.737 -12.737 1526.5
23 49.805 49.805 872.5 49 12.737 -12.737 1526.5
24 -49.805 49.805 872.5 50 12.737 12.737 1526.5
25 -214 0 1027.5 51 -12.737 12.737 1526.5
26 -40 -40 1027.5 52 0 0 1615

52 VP ol (L ol 5 A Jsar

. . ¢ P, P P, . . ¢ P, P P,
OB L CLs 5 s S ) (l\f) (N) OB LS 5 s S N) (Ny) N)
1 52 =868 0 -491 5 52 -917 0 -491
37 -996 0 -546 37 -951 0 -546

25 -1091 0 -546 25 -1015 0 -546

28 -1091 0 -546 28 -636 1259 -428

2 52 -493 1245 -363 6 52 -917 0 -491
37 -996 0 -546 37 -572 1303 -428

25 -1091 0 -546 25 -1015 0 -546

28 -1091 0 -546 28 -1015 0 -546

3 52 -917 0 -491 7 52 -917 0 -491
37 -951 0 -546 37 -951 0 -546

25 -1015 0 -546 25 -1015 0 -546

28  -1015 0 -546 28 -636 1303  -428

4 52 -917 0 -546 8 52 -498 1460 -363
37 -572 1259 -428 37 -951 0 -546

25 -1015 0 -546 25 -1015 0 -546

28 -1015 0 -546 28 -1015 0 -546

\ ¢
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. 2 SDR RGA RBAS aeDE EFA mSOS
e U £ [36] [37] [38] [39] [40] SRS
Ay 19.03 19.03 19.03 19.03 19.03 19.03 19.03
A, 5.27 5.27 5.27 5.27 5.27 5.27 5.27
Ay 19.03 19.03 19.03 19.03 19.03 19.03 19.03
Ay 5.27 5.27 5.27 5.27 5.27 5.27 5.27
As 19.03 19.03 19.03 19.03 19.03 19.03 19.03
Ag 5.75 5.75 5.75 5.75 5.75 5.75 575
A, 17.03 15.39 15.39 15.39 15.39 15.39 15.39
Ag 6.25 5.75 5.75 5.75 5.75 5.75 5.75
Ay 13.79 13.79 13.79 13.79 13.79 13.79 13.79
A 6.25 5.75 5.75 5.75 5.75 5.75 5.75
Ay 5.75 5.75 5.75 5.75 5.75 5.75 5.75
Ay 12.21 13.79 12.21 12.21 12.21 12.21 12.21
Az 6.84 6.25 6.25 6.25 6.25 6.25 6.25
Ay 5.75 5.75 5.75 5.75 5.75 5.75 5.75
Ajs 2.66 2.66 3.47 3.88 3.88 3.88 3.88
A 7.44 7.44 7.44 7.44 7.44 7.44 7.44
Ay 1.84 1.84 1.84 1.84 1.84 1.84 1.84
Aig 8.66 8.66 940 8.66 8.66 8.66 8.66
Ajg 2.66 2.66 2:66 2.66 2.66 2.66 2.66
Ay 3.07 3.07 3.47 3.07 3.07 3.07 3.88
Ay 2.66 2.66 3.07 2.66 2.66 2.66 2.66
Ay 8.06 8.06 8.06 8.06 8.06 8.06 8.06
Ay 5.27 5.27 5.27 5.27 5.27 5.27 5.27
Ay 7.44 6.25 6.25 6.25 6.25 6.25 6.25
Ays 6.25 5.75 5.75 .75 6.25 5.75 5.75
Asg 1.84 1.84 2.26 2.26 2.26 2.26 1.84
Ayy 4.79 4.79 4,79 4.79 4,79 4.79 4,79
Ang 2.66 2.66 3.07 2.66 2.66 2.66 3.07
Agg 3.47 3.47 3.47 3.47 3.47 3.47 3.47
Azg 1.84 1.84 1.84 1.84 1.84 1.84 1.84
Az 2.26 2.26 3.88 2.26 2.26 2.26 2.26
Az, 3.88 3.88 3.88 3.88 3.88 3.88 3.88
Az 1.84 1.84 1.84 1.84 1.84 1.84 1.84
Azy 1.84 1.84 2.26 1.84 1.84 1.84 1.84
Ajs 3.88 3.88 3.88 3.88 3.88 3.88 3.88
Asg 1.84 1.84 2.26 1.84 1.84 1.84 1.84
Az 1.84 1.84 3.47 1.84 1.84 1.84 1.84
Asg 3.88 3.88 3.88 3.88 3.88 3.88 3.88
42 05 (Ib) 1359.781 1337.442 1348.905 1336.634 1336.704 1336.634 1336.3502
RECINUSY (Ib) - - 1367.5275 1355.875 1372.551 1338.245 1338.3399
0o cn (Ib) - - 1401.6323 1410.611 - - 1345.4180
e <l yadl (Ib) - - - 18.805 34.706 10.49 2.7087
BRI - - 90000 23925 16870 24000 60800

V1



= o7 X/ /\ N
4 ‘ NT YW/ \‘ /\ ’ \ / /A
AN IS e {n»hm';.\ AV

-

‘_.-Nlﬂ\( “71. 5 AP '4/ W, . -
N B X

// // )’/‘Nyga.w
N &

4
O
3
/\w“
4
i

VY



International Journal of Optimization in Civil

Engineering, 14 (1) :61-81,2024.

Goodarzimehr V, Topal U, Vo-Duy T, Shojaee S.

Improved chaos game optimization algorithm for

optimal frequency prediction of variable stiffness

curvilinear composite plate. Journal of Reinforced

Plastics and Composites. 42(19-20):1054-1066, 2023.

doi:10.1177/07316844221145642.

[12] Amiri, A., Torkzadeh, P. & Salajegheh, E. A new

improved Newton metaheuristic algorithm for solving

mathematical and structural optimization problems.

Evol. Intel, 2024. https://doi.org/10.1007/s12065-024-

00911-0.

Dastan, M., Goodarzimehr, V., Shojaee, S. et al.

Optimal Design of Planar Steel Frames Using the

Hybrid Teaching—Learning and Charged System

Search Algorithm. Iran J Sci Technol Trans Civ Eng

47, 3357-3373, 2023. https://doi.org/10.1007/540996-

023-01124-8

Goodarzimehr V, Shojaee S, Hamzehei-Javaran S,

Talatahari S. Special relativity search: A novel

metaheuristic method based on special relativity

physics. Knowl Based Syst,257:109484, 2022.

https://doi.org/10.1016/j.knosys.2022.109484.

[15] Goodarzimehr V, Talatahari S, Shojaee S, Hamzehei-
Javaran S. Special relativity search for applied
mechanics and engineering. Comput Methods Appl
Mech Eng. 403:115734, 2023.
https://doi.org/10.1016/j.cma.2022.115734.

[16] Erol, O.K., Eksin, I., A new optimization method: Big
bang-big crunch, Adv. Eng. Softw. 37 (2) 106-111,
2006.

[17] Hashim F.A., Houssein E.H:; Mabrouk. M.S., et al.,

Henry gas solubility optimization: A novel physics-

based algorithm, Future-Gener. Comput. Syst. 101,

646-667, 2019.

Kaveh A., Dadras Eslamlou‘ A., Water strider

algorithm: A new metaheuristic”and applications,

Structures 25,520-541, 2020:

[19] Abualigah L., Yousri D., Abd Elaziz M., Ewees A.A.,
Al-ganess M.A.A., Gandomi A.H., Aquila optimizer:
A novel meta-heuristic optimization algorithm,
Comput. Ind. Eng. 157 107250, 2021.

[20] Faramarzi A., Heidarinejad M., Stephens B., Mirjalili
S., Knowledge-based systems equilibrium optimizer:
A novel optimization algorithm, Knowl-Based Syst.
191, 105190, 2019.

[21] Wu SJ, Chow PT. Steady-state genetic algorithms for
discrete optimization of trusses. Comput Struct; 56:
979-991, 1995. https://doi.org/10.1016/0045-
7949(94)00551-D.

[22] Li LJ, Huang ZB, Liu F. A heuristic particle swarm
optimization method for truss structures with discrete

[11]

[13]

[14]

(18]

YA

&lw
[1] Goodarzimehr, V., Shojaee, S., Talatahari, S.,
Hamzehei-Javaran,S.,  Generalized  displacement

control analysis and optimal design of geometrically
nonlinear space structures. International Journal of
Computational  Methods, 20(7):2143018, 2023
https://doi.org/10.1142/S0219876221430180.

[2] Martinez P, Marti P, Querin O. Growth method. for size,
topology, and geometry optimization< of truss
structures. Struct Multidiscip Optim, 33(1):13-26,
2007. https://doi.org/10.1007/s00158-006-0043-9.

[3] Kaveh A, Rahmani.P, Eslamlou AD. An efficient hybrid
approach based on harris hawks optimization and
imperialist competitive algorithm for structural
optimization. Eng" Comput, 38:1555-83, 2022.
https://doi.org/10.1007/s00366-020-01258-7.

[4] Goodarzimehr, V., Talatahari, S, Shojaee, S, Gandomi
A. H., 'Computer-aided dynamic  structural
optimization using an advanced swarm algorithm,
Engineering  Structures, 300, 117174, 2024.
https://doi.org/10.1016/j.engstruct.2023.117174.

[5] Goodarzimehr, V., Topal, U., Das A. K. & Vo-Duy T.
SABO" algorithm for optimum design of truss
structures’ with multiple frequency constraints,
Mechanics Based Design of Structures and Machines,
2024. DOI: 10.1080/15397734.2024.2308652.

[6] Dehghani, A., Goodarzimehr, V., Shojaee, S., Hamzehei
Javaran, S., 'Modified adolescent identity search
algorithm for optimization of steel skeletal frame
structures', Scientia Iranica, pp. -. 2023. doi:
10.24200/sci.2023.60555.6868.

[7] Dehghani, A., Hamzehei Javaran, S., Shojaee, S.,
Goodarzimehr, V., Optimal analysis and design of
large-scale problems using a Modified Adolescent
Identity Search Algorithm, Soft Computing, 2024.
10.1007/s00500-024-09689-w.

[8] Dong T, Chen S, Huang H, Han C, Dai Z, Yang Z.
Large-scale truss topology and sizing optimization by
an improved genetic algorithm with multipoint
approximation. Appl Sci, 12(1). 2022.
https://doi.org/10.3390/app12010407.

[9] Javidi, A., Salajegheh, E. & Salajegheh, J. Optimization
of weight and collapse energy of space structures
using the multi-objective modified crow search
algorithm. Engineering with Computers, 38: 2879—
2896,2022. https://doi.org/10.1007/s00366-020-
01276-5.

[10] Goodarzimehr V, Salajegheh F. OPTIMAL DESIGN
OF TALL STEEL MOMENT FRAMES USING
SPECIAL RELATIVITY SEARCH ALGORITHM.



[35] Groenwold AA, Stander N. Optimal discrete sizing of
truss structures subject to buckling constraints. Struct
Optim; 14: 71-80, 1997.
https://doi.org/10.1007/BF01812508.

[36] Groenwold AA, Stander N, Snyman JA. A regional
genetic algorithm for the discrete optimal design of
truss structures. Int J Numer Methods Eng; 44: 749—
766, 1999. https://doi.org/10.1002/(SICI)1097-
0207(19990228)44:6.

[37] Capriles PVSZ, Fonseca LG, Barbosa HJC, Lemonge
ACC. Rank-based ant colony algorithms for truss
weight minimization with discrete variables. Commun
Numer Methods Eng; 23: 553-575, 2007.
https://doi.org/10.1002/cnm.912.

[38] Ho-Huu V, Nguyen-Thoi T, Vo-Duy T, Nguyen-Trang
T. An adaptive elitist differential evolution for
optimization of truss structures with discrete design
variables. Comput Struct; 165: 59-75, 2016.
https://doi.org/10.1016/j.compstruc.2015.11.014.

[39] Le DT, Bui DK, Ngo TD, Nguyen QH, Nguyen-Xuan
H. A novel hybrid method combining
electromagnetism-like ~ mechanism and  firefly
algorithms for constrained design optimization of
discrete truss structures. Comput Struct; 212: 20-42,
20109.
https://doi.org/10.1016/j.compstruc.2018.10.017.

[40] Do DT, Lee J. A modified symbiotic organisms search
(mSOS) algorithm for optimization of pin-jointed
structures. Appl Soft Comput; 61: 683-699, 2017.
https://doi.org/10.1016/j.as0c.2017:08.002.

14

variables. Comput Struct; 87: 435-443,
https://doi.org/10.1016/j.compstruc.2009.01.004.

[23] Lee KS, Geem ZW, Lee SH, Bae KW. The harmony
search heuristic algorithm for discrete structural
optimization. Eng Optim; 37(7): 663-684, 2005.
https://doi.org/10.1080/03052150500211895.

[24] Kaveh A, Talatahari S. A particle swarm ant colony
optimization for truss structures. with discrete
variables. J Constr Steel Res; 65: 1558=1568, 2009.
https://doi.org/10.1016/j.jcsr.2009.04.021.

[25] Capriles PVSZ, Fonseca LG, Barbosa*HJC, Lemonge
ACC. Rank-based ant colony algorithms for truss
weight minimization with discrete variables. Commun
Numer Methods: Eng; 23: 553-575, 2007.
https://doi.org/10.1002/cnm.912.

[26] Sadollah A, Bahreiningjad A, Eskandar H, Hamdi M.
Mine blast.algorithm for optimization of truss
structures with discrete variables. Comput Struct; 102—
103: 49-63, 2012.
https://doi.org/10.1016/j.compstruc.2012.03.013.

[27] Kaveh A, Ghazaan MI. A comparative study of CBO
and ECBO for optimal design of skeletal structures.
Comput Struct; 153: 137-147, 2015.
https://doi.org/10.1016/j.compstruc.2015.02.028.

[28].Talebpour MH, Kaveh A, Kalatjari VR. Optimization
of skeletal structures using a hybridized ant colony-
harmony search-genetic algorithm. Iran J Sci
Technol-Trans Civ Eng; 38: 1-20, 2014.

[29] Perez RE, Behdinan K. Particle swarm approach for
structural design optimization. Comput Struct; 85:
1579-1588,2007.
https://doi.org/10.1016/j.compstruc.2006.10.013.

[30] Camp CV. Design of space trusses using big bang-big
crunch optimization. J Struct Eng; 133: 999-1008,
2007. https://doi.org/10.1061/(ASCE)0733-
9445(2007)133:7(999).

[31] Degertekin SO. Improved harmony search algorithms
for sizing optimization of truss structures. Comput
Struct; 92-93: 229-241, 2012.
https://doi.org/10.1016/j.compstruc.2011.10.022.

[32] Kim TH, Byun JI. Truss sizing optimization with a

diversity-enhanced cyclic neighborhood network

topology particle swarm optimizer. Math; 8(7): 1087,

2020. https://doi.org/10.3390/math8071087.

Degertekin SO, Lamberti L, Hayalioglu MS. Heat

transfer search algorithm for sizing optimization of

truss structures. Lat Am J Solids Struct; 14(3): 373—

397, 2017. https://doi.org/10.1590/1679-78253297.

[34] Jafari M, Salajegheh E, Salajegheh J. An efficient
hybrid of elephant herding optimization and cultural
algorithm for optimal design of trusses. Eng Comput;
35: 781-801, 2019. https://doi.org/10.1007/s00366-
018-0631-5.

20009.

[33]



