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Sizing and topology optimization of spatial truss structures using hybrid
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Implementing spatial structures is common in real-world structures such as bridges, space structures,

Received 19 February 2017 and ships. This topic has attracted researchers to propose more efficient and pristine methods to obtain

Accepted 27 April 2017

Available Onling 22 May 2017 more robust and cheaper solutions for spatial structure optimization problems. This paper presents a

hybrid approach for simultaneous optimization of sizing and topology of spatial truss structures using
genetic programming and local search methods. It aims to find the optimal cross-sectional areas and

Eiynveﬁﬁgdpsgogmmmmg connectivities between the joints of the truss to achieve minimum structural weight subjected to static

Optimization constraints. These constraints include structural kinematic stability, maximum allowable stress in

Topology elements and maximum nodal displacements in joints. First, this approach utilizes the tree-form

Truss representation of trusses and evolves to the optimal structure in search space; afterward, Nelder-Mead
algorithm enhances the obtained solution in the final step. The proposed method has the capability of
identifying redundant truss members and joints in the design space. Our method was applied to some
numerical problems and compared with other existing popular and competent techniques in the
literature. The findings provided lighter truss structures in comparison with other references.
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Table. 1 Loading conditions for the 25-bar spatial truss
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Table. 2 Optimal cross-sectional areas of 25-bar spatial truss structure

Ll 25 5L o3les (5 aige abolin kw2 Jgu

(in?) axgy wbolic zglan b Lol s
alllae oyl [23] [22] [21] [18] [20] [19]
0.0103 0.0100 0.0100 0.0100 0.0100 0.0470 0.0100 Ay
1.9991 1.9814 2.0712 2.0712 1.9700 2.0220 1.9640 Ar As
2.9694 3.0023 2.9570 2.9570 3.0160 2.9500 3.0330 As Ag
- 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 A~ Ay
- 0.0100 0.0100 0.0100 0.0100 0.0140 0.0100 A~ Ass
0.6847 0.6827 0.6891 0.6891 0.6940 0.6880 0.6700 Aw Ay
1.6782 1.6778 1.6209 1.6209 1.6810 1.6570 1.6800 Asg- Aoy
2.6679 2.6612 2.6768 2.6768 2.6430 2.6630 2.6700 Ag- Ass
544.92 545.16 545.09 545.09 545.19 544.38 545.22 SRR
- 0.044 0.031 0.031 0.050 0.099 0.055 anlllas ol 55 (339 Sgate S0
1in% = 6.452 cm?
11b = 0.454 kg

ol azgs BB g as o)l b glad lwsly sla ol Bis LS o
Slledl oLl )0 ool SUly sl Dladllas (S0 4y Cand 0,951
Ol Logasie 5 Conl 00l Lllis ann (6l s slagewly 28k & e 31
e wiys8ll el P ugame dlall 72,5128 o5l (slo Jlio ;0 £9.090
Sl jo o5l ST s (0,8 Lidy g W15 slepledl oluliss b ouss
b s Sem laly 2 cojl o (25 5 (alnl> laad (A8 (9w ojle oY
oail jo adlas sl jelaie 4y canl 00,5 &l Ay Ful glee @
Sz oS wsolgniy s ans jolite 4 5 S5 olgiiny
)3 b ol mian 5 355 55 50 55 il paeeb IS8 yzen

@bl 72,518 o3l (sl (5,105 ,4 Lyl 15 3 Jgus
Table. 3 Loading conditions for the 72-bar spatial truss
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Fig. 7 Ground structure for the 72-bar spatial truss
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Table. 4 Optimal cross-sectional areas of 72-bar spatial truss structure - Case 1
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Table. 5 Optimal cross-sectional areas of 72-bar spatial truss structure - Case 2
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