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Discrete optimization design method of transmission tower with
semi-rigid connection
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Abstract: Semi-rigid joints have a significant influence on the internal forces and deformations of transmission
towers. However, in traditional transmission tower structure optimization, semi-rigid joints are often
oversimplified as hinge joints. To accurately evaluate the true response of transmission towers and rationally
optimize their structures, this study focuses on transmission towers with semi-rigid connections. A finite element
model for such towers is established using spring elements to simulate the moment-rotation relationship of semi-
rigid joints. Furthermore, an optimization mathematical model and design scheme for transmission towers with
semi-rigid connection are proposed, resulting in the development of a discrete optimization method for these
structures. The optimization results show that the proposed method effectively reduces the consumption of steel in

transmission towers while satisfying structural stress and deformation constraints, leading to cost savings and
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favorable economic benefits in engineering projects.

Keywords: discrete variables; optimization design; transmission tower; semi-rigid connection
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Fig.1 K-joint of transmission tower
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Fig.2 The M-0 curve of semi-rigid joints Fig.3 The finite elements model of K-joint
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Table 1 The parameter values of PSO algorithm
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Fig. 4 Discrete optimization flowchart for transmission tower with semi-rigid joints
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Table 2 Allowable values for the discrete design variables

At Ji & h/mm R b/mm T A/em?
1 100 12 22.80
2 110 12 25.50
3 125 12 28.91
4 140 12 32.51
5 160 12 37.44
6 160 14 43.30
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Fig. 5 The process of discrete optimization
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Table 3 Comparison of section area before and after optimization

— : I A/em? —— ‘ T 1 A/em’
Pt A G A i etes
1 32.51 25.50 9 32.51 28.91
2 32.51 32.51 10 32.51 28.91
3 37.44 32.51 11 37.44 28.91
4 37.44 32.51 12 37.44 32.51
5 32.51 25.50 13 32.51 32.51
6 32.51 28.91 14 32.51 28.91
7 37.44 28.91 15 37.44 28.91
8 37.44 28.91 16 37.44 28.91
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Table 4 Comparison of weight before and after optimization

K& B kg
e BEH T W, 882.176
B )E w, 764.093

F 2 4 AL X 2 R~ W 3 4 % i e T b R AT O A A 2 AR B A R T i A T AR

REESES D R NN PR LR G R AT S a R U A & Y]
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Table 5 Comparison of stress before and after optimization

)

EevY) FFF R 1 /MPa F FFA4F R 77 /MPa
F5 Ak HT AR 75 AL T Ak s
1 133.958 148.366 33 92.380 103.215
2 134.806 150.599 34 103.431 115.877
3 158.744 176.946 35 105.601 118.086
4 159.348 160.135 36 121.666 135.536
5 173.512 173.679 37 121.336 134.480
6 168.147 168.661 38 57.073 72.549
7 190.860 191.476 39 64.014 80.971
8 114.208 114.784 40 60.691 77.428
9 101.143 100.918 41 71.209 90.120
10 122.458 122.920 42 69.251 70.116
11 114.441 129.317 43 79.338 80.203
12 158.826 159.270 44 76.680 76.679
13 139.065 139.893 45 86.064 85.743
14 157.382 158.386 46 99.327 99.004
15 141.441 141.973 47 82.633 93.126
16 126.799 126.657 48 88.257 99.018
17 150.451 150.434 49 83.964 94.587
18 159.338 158.541 50 95.827 107.551
19 188.171 187.810 51 94.350 95.094
20 169.354 168.766 52 103.929 104.824
21 192.922 192.184 53 102.369 102.289
22 105.737 117.339 54 113.777 113.525
23 106.860 119.436 55 125.482 125.178
24 126.971 141.237 56 60.024 75.296
25 127.368 140.885 57 63.932 81.383
26 142.225 160.001 58 61.707 78.641
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FH FT44 1 71 /MPa FH FFA4F K 71 /MPa

T Ak T Ak s F5 AL T Ak s
27 137.282 152.297 59 71.594 91.093
28 153.327 169.642 60 67.361 76.035
29 85.763 95.189 61 77.591 86.982
30 88.845 99.594 62 79.086 88.511
31 84.909 95.643 63 92.610 103.475
32 96.549 108.290 64 92.848 103.081
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Table 6 Comparison of displacement before and after optimization

Ky ML 3 f KAV RS /mm It Ak T b5
Uy 0.0043 0.0098
U, 0.3177 0.3297
U, 0.0089 0.0096
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