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Prediction model of ultimate pullout capacity of transmission tower
composite foundation based on IPOA-BP

Yang Shigiang' Li Xiaolai' Wang Yanhai® Cao Cheng' Ma Li' Yin Hengwei’
(1. EHV Company of State Grid Hubei Electric Power Co. , Ltd. , Wuhan 430051. China;
2. College of Electrical Engineering & New Energy,China Three Gorges University, Yichang 443002, China)

Abstract: In order to achieve accurate prediction of the ultimate elevation bearing capacity of the composite foundation of
transmission towers and overcome the problems of large error and slow calculation of the theoretical or traditional
empirical formulas, an improved pelican intelligent algorithm (IPOA) is proposed to optimize the bearing capacity
prediction model of the BP neural network. Firstly, the pelican optimization algorithm (POA) is optimized using SPM
chaotic mapping, Levy flight, and a positive cosine optimization strategy that incorporates nonlinear inertial weight factor
w. Then, the optimized IPOA 1is used to find the optimization of the weight and threshold parameters of the BP neural
network, and the IPOA-BP prediction model is obtained; finally, a dataset is constructed based on validated simulation
experiments and the IPOA-BP prediction model is trained and tested. The results show that compare with the POA-BP
prediction model, the square root error of IPOA-BP decreases by 65.75%, the absolute average error decreases by
65.79% s and the average relative error decreases by 65. 60% , it can be seen that IPOA-BP neural network can achieve a
more accurate prediction of the composite foundation’s resistance to elevation bearing capacity, which provides a new
method for the prediction of the bearing capacity of this type of foundation.

Keywords: improved pelican optimization algorithm; composite foundation; BP neural network; SPM chaotic mapping;

positive cosine optimization strategy
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(¢) Maximum strain of foundation

M 3Ca) i LU J A A LY b R R L 5 SOk 3 ]
P BRI v R AR B S bR B 2 — B 1R 3(b)
I Ce i T B B B 0L 0 L0 A R T IR A [ A S S
HRL3 Py B 0 vh B 5 LAl FHI1-6 DL AT 331 0 28 B

MRS H X

HEMSEE B, W FH1-6 M5 IR 5% 5 33558 0
B FRA 3R AR 2% 7433k 1 832 Fl 1 800 kN, 15 24 {1l A i if
1. 7%, Ut B 2R FH A SCHE ST 19 75 B O 455 70 B 01 52 4 i ik 119
AT B AT,

TESCSEE Al b, ST 25 P8 6 Bl mi (R 300 S Mk — R il
T A SERIBERY, AN P 4 JFs

bR R

Bk FHI-GHRIER 4 A3k

!

4 ML Rl A

Fig. 4 Typical composite foundation model
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Table 3 Calculated parameters for numerical simulation

Rk FPER R E/MPa AR v W o/(geem ) Fi®J) ¢/MPa WEEHE S o/ ()
g 10 0.35 1.9 0.016 24
WO A KA 450 0.23 2.4 0.7 53
ik 30 000 0.2 2.5 — —
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Table 4 Composite foundation ultimate pullout bearing capacity data

FF5 BFFEGE /AR EMEA/m AR/ m mARE/m BAFRKE/m BB/ C) R RBTHORE /RN
1 4 1.6 4.8 0.0 2.0 0 1 494. 23
40 6 1.6 4.8 0.0 4.5 15 2 783.73
41 8 1.6 4.8 0.0 2.0 0 1 600.51
80 4 1.6 4.8 0.2 4.5 10 2 764.09
81 6 1.6 4.8 0.2 2.0 15 1 650. 06
120 8 1.6 4.8 0.2 4.5 15 3 004. 43
121 4 1.6 4.8 0.2 2.0 0 1792. 83
160 6 1.6 4.8 0.6 4.5 15 3 085. 32
161 8 1.6 4.8 0.6 2.0 0 1 906. 41
200 4 1.8 4.8 0.0 4.5 15 2 754.04
201 6 1.8 4.8 0.0 2.0 0 1 640. 00
240 8 1. 4.8 0.0 4.5 15 2 994. 37
241 4 1. 4.8 0.2 2.0 0 1 697.81
280 6 1.8 4.8 0.2 4.5 15 2 987. 30
281 8 1.8 4.8 0.2 2.0 0 1 808. 39
320 4 1. 4.8 0.6 3.0 10 2 309. 32
321 4 1. 4.8 0.6 4.0 0 2 317.56
360 8 1.8 4.8 0.6 4.5 15 3 333.67
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Fig. 6 Prediction results of composite foundation ultimate

bearing capacity training set
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Table 5 Comparison of prediction errors of the algorithms
Bk RMSE MAE MAPE/ %
BP 200. 27 179. 50 7.23
POA-BP 61. 33 54. 31 2.18
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