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Fig. 1. Flowchart of the topology optimization with the
ESO-HSA algorithm
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No. . Thickness  No. . Thickness
diameter diameter

1 4.83 0.26 11 16.86 0.45
2 6.03 0.29 12 19.37 0.45
3 7.61 0.29 13 21.91 0.45
4 8.89 0.32 14 24.45 0.63
5 10.16 0.36 15 27.30 0.63
6 10.80 0.36 16 32.39 0.71
7 11.43 0.36 17 35.56 0.80
8 13.30 0.40 18 40.64 0.88
9 13.97 0.40 19 45.72 1.00
10 15.90 0.45
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Table 1. Available pipe cross-section profiles [7]
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Parameter HMS PAR HMCR IRy,
Numerical Value 50 0.05 0.99 0.35

Table 2. Specifications of the HSA and ESO-HSA methods.
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Optimization
method

ESO-HSA
HSA
GSA [8]
ICA [8]
ICA-GSA [8]
GPS[9]
ESO-GPS [9]
ACO [7]

MMA-ACO [7]

Optimum weight (kg)

Run 1 Run 2 Run 3 Run 4 Run 5 Mean SD

81245 78779 85562 80907 84266 82152 2732
89563 87044 95333 95333 90227 91504 3706
170503 162439 173214 | 1655409 | 123362 163010 11758
88504 90694 89877 89054 92254 90077 1473
80601 81854 82589 83652 81973 82146 1093
88571 87648 91013 87641 84396 87851 2378
85895 82636 86323 86155 81312 84464 2325
89652 89947 89910 85036 92542 89417 2717
86152 85607 81927 87648 83116 84899 2312

Table 3. Statistical results of the topology optimization of

Fig. 4. Optimum topology found by ESO-HSA
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HSA ESO-HSA
> 5 > 5
S 28,2 35|28 LI if
8 52 32 3258 52 3%
z 3 98 22|88 28 23
° -z > o3| "% & @ 3
E 2 S 2

1 4 402 338 | 4 402 344
2 7 667 525 | 5 525 515
3 8 1142 727 | 7 667 649
4 8 1142 774 | 8 826 626
5 11 1226 768 | 8 1142 818
6 10 1207 1029 | 8 1142 964
7 12 1263 892 | 8 1142 933
8 13 1290 951 | 10 1207 969
9 12 1263 1243 | 10 1207 985
10 13 1290 1050 | 11 1226 1216
11 14 1309 801 | 12 1263 1140
12 14 1309 888 | 12 1263 1248
13 14 1309 950 | 13 1290 1218
14 14 1309 1033 | 13 1290 1255
15 3 1440 835 | 3 1440 880
16 5 1440 1008 | 3 1440 1306
17 9 1440 1085 | 5 1440 1198

Table 5. The allocated pipe number to each element type, the
allowable and the existence stress of the critical element of
each type
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Fig. 5. Convergence curves recorded for the best
optimization runs of HSA and ESO-HSA

Dlde 5 g osle et Sbals (8) Jsde s
S Las o OLES pslis cpl w0l o3l OLES O lows
Lo, S plrals a by ad (olo w2l 0

k;«w\ obj.:..: JLQ.‘)

5 G bl U o ang ol i plrals £ dgir

O 3l liis

Maximum displacement of
the structure (cm)
HSA ESO-HSA

Allowable
displacement (cm) [7]

8.03 10.56 15.83

Table 4. Maximum displacement of the structure under
gravitational loads and its allowable value
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Abstract:

Large-scale spatial skeletal structures belong to a special kind of 3D structures widely used in exhibition
centers, supermarkets, sport stadiums, airports, etc., to cover large surfaces without intermediate columns.
Space structures are often categorized as grids, domes and barrel vaults. Double layer grid structures are
classical instances of prefabricated space structures and also the most popular forms which are frequently
used nowadays.Topology optimization of large-scale skeletal structures has been recognized as one of the
most challenging tasks in structural design.In topology optimization of these structures with discrete cross-
sectional areas, the performance of meta-heuristic optimization algorithms can be increased if they are
combined with continuous-based topology optimization methods.In this article, a hybrid methodology
combining evolutionary structural optimization (ESO) and harmony search algorithm (HSA) methods is
proposed for topologyoptimization of double layer grid structures subject to vertical load. In the present
methodology, which is called ESO-HSA method, the size optimization of double layer grid structures is first
performed by the ESO. Then, the outcomes of the ESO are used to improve the HSA. In fact, a sensitivity
analysis is carried out using an optimization method (ESO) to determine more important members based on
the cross-sectional areas of members. Then, the obtained optimum cross-sectional areas of members are used
to enhance the HSA through a modification. Structural weight is minimized against constraints on the
displacements of nodes, internal stresses and element slenderness ratio.In topology optimization of double
layer grid structures, the geometry of the structure, support locations and coordinates of nodes are fixed and
this structure is assumed as a ground structure. Presence/absence of bottom nodes, and element cross-
sectional areas are selected as design variables. In topology optimization of the ground structure, tabulating
of nodes is carried out based on structural symmetry: this leads to reduce complexity of design space and
nodes are removed in groups of 8, 4 or 1. Also, to further reduce the search space, the membersare grouped
as mentioned in literature. The presence or absence of each node group is determined by a variable (topology
variable) which takes the value of 1 and 0 for the two cases, respectively. The ground structure is assumed to
be supported at the perimeter nodes of the bottom grid. Therefore, these supported nodes will not be
removed from the ground structure. In order to achieve a practical structure, the existence of nodes in the top
grid will not be considered as a variable. This causes the load bearing areas of top layer nodes to remain
constant. Also, discrete variables are used to optimize the cross-sectional area of structural members. These
variables are selected from pipe sections with specified thickness and outer diameter.The proposed approach
is successfully tested in topology optimization problem of double layer grid structure. In particular, ESO-
HSA.s very competitive with other metaheuristic methods recently published in literature and can always
find the best design overall. Also, it is determined that HSA method can find better answer in the topology
optimization of large-scale skeletal structures, in comparison to optimum structures attained by the GSA and
ICA.

Keywords: Skeletal structures, Double layer grid structures, Topology optimization, Evolutionary structural
optimization, harmony search algorithm.
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