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Prediction on Wind Effects of Large Cooling Towers Based on
Grey-Neural Network Joint Model

Ke Shitang', Chu Jianxiang®, Chen Jianyu®, Qu Zongxin'
(1. Department of Civil Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, China;
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Abstract: Based on grey GM(1,1) model and BP artificial neural network, the grey-neural network joint
model is established, which is used to predict the displacement and wind induced coefficients for large
cooling towers. Using the joint model, the influence caused by little raw data is overcome. Furthermore
the self-adaptability and predicting precision for wind-induced responses of large cooling towers are en-
hanced. Through comparative analysis of the wind-induced responses of domestic large hyperbolic cool-
ing tower in aero-elastic model wind tunnel test, it can be found that the prediction results of wind-in-
duced responses and wind vibration coefficients are in good agreement with the experimental results,
which shows good validity and stability of the model, and then input parameters of refined research on
wind induced response are predicted. The proposed method provids a new and effective idea for the re-
fined research on wind effects of large cooling towers.

Key words: large cooling towers; grey system; neural network; wind vibration prediction; wind vibra-

tion coefficients; wind tunnel test
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Tab. 1 Original training samples of grey-neural network conjunctive model

i AT B 1T Hr AT il e
WA B EEE W P AR | B WA Wm W IR PH R
BIE kR RN AE BB R B RO M B RN
1 0.293 1.000 1.000 0.000 0.250 0.290 20 0.574 0.798 1.000 1.000 0.114 0.158
2 0.293 1.000 1.000 0.143 0.068 0.115 21 0.717 0.747 0.846 0.000 0.068 0.099
3 0.293 1.000 1.000 0.286 0.114 0.161 22 0.717 0.747 0.846 0.286 0.295 0.325
4 0.293 1.000 1.000 0.429 0.227 0.257 23 0.717 0.747 0.846 0.571 0.000 0,047
5 0.293 1.000 1.000 0.571 0.136 0.173 24 0.717 0.747 0.846 0.714 0.023 0.056
6 0.293 1.000 1.000 0.714 0.182 0.220 25 0.717 0.747 0.846 0.857 0.000 0.051
7 0.293 1.000 1.000 0.857 0.045 0.082 26 0.717 0.747 0.846 1.000 0.091 0.121
8 0.293 1.000 1.000 1.000 0.295 0.323 27 0.869 0.752 0.846 0.000 0.045 0.089
9 0.433 0.888 1.000 0.000 0.023 0.075 28 0.869 0.752 0.846 0.143 0.045 0.081
10 0.433 0.888 1.000 0.286 0.023 0.074 29 0.869 0.752 0.846 0.429 0.000 0,047
11 0.433 0.888 1.000 0.429 0.068 0.120 30 0.869 0.752 0.846 0.714 0.000 0.050
12 0.433 0.888 1.000 0.571 0.091 0.131 31 0.869 0.752 0.846 0.857 0.000 0.042
13 0.433 0.888 1.000 0.714 0.091 0.131 32 0.869 0.752 0.846 1.000 0.091 0.136
14 0.433 0.888 1.000 0.857 0.023 0.071 33 1.000 0.802 0.769 0.000 0.023 0.072
15  0.574 0.798 1.000 0.143 1.000 1.000 34 1.000 0.802 0.769 0.143 0.045 0.089
16 0.574 0.798 1.000 0.429 0.023 0.068 35 1.000 0.802 0.769 0.286 0.068 0.103
17 0.574 0.798 1.000 0.571 0.091 0.137 36 1.000 0.802 0.769 0.571 0.023 0.064
18 0.574 0.798 1.000 0.714 0.045 0.094 37 1.000 0.802 0.769 0.857 0.000 0.053
19 0.574 0.798 1.000 0.857 0.023 0.063 || 38 1.000 0.802 0.769 1.000 0.045 0.098
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Fig. 6 Predicted and actual values of average displacement and wind induced coefficients of shell
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Tab. 2 Prediction results of calculating parameters for refined analysis on wind-induced effects
iy A 50 iy 4 570 iy N\ TT i 3 T
MWei Wrm R B R KUK Wi Wrm BEEE o R KR
s CER O REE AR B AR EE CEROEE AR U R
1 0.363 0.942 1.000 0.000 0.416 0.206 | 21 0.645 0.766 0.923 0.571 0.694 0.137
2 0.363 0.942 1.000 0.143 0.048 0.677 | 22 0.645 0.766 0.923 0.714 0.404 0.092
3 0.363 0.942 1.000 0.286 0.225 0.068 | 23 0.645 0.766 0.923 0.857 0.502 0.063
4 0.363 0.942 1.000 0.429 0.149 0.189 | 24 0.645 0.766 0.923 1.000 0.154 0.137
5 0.363 0.942 1.000 0.571 0.140 0.166 | 25 0.789 0.742 0.846 0.000 0.163 0.254
6 0.363 0.942 1.000 0.714 0.123 0.163 | 26 0.789 0.742 0.846 0.143 0.215 0.136
7 0.363 0.942 1.000 0.857 0.326 0.070 | 27 0.789 0.742 0.846 0.286 0.000 0.265
8§ 0.363 0.942 1.000 1.000 0.021 0.234 | 28 0.789 0.742 0.846 0.429 0.790 0.088
9 0.503 0.839 1.000 0.000 0.487 0.009 | 29 0.789 0.742 0.846 0.571 0.872 0.027
10 0.503 0.839 1.000 0.143 0.015 0.990 | 30 0.789 0.742 0.846 0.714 0.505 0.045
11 0.503 0.839 1.000 0.286 0.460 0.128 | 31 0.789 0.742 0.846 0.857 1.000 0.046
12 0.503 0.839 1.000 0.429 0.267 0.054 | 32 0.789 0.742 0.846 1.000 0.082 0.136
13 0.503 0.839 1.000 0.571 0.127 0.124 | 33 0.941 0.767 0.846 0.000 0.194 0.122
14 0.503 0.839 1.000 0.714 0.169 0.113 | 34 0.941 0.767 0.846 0.143 0.143 0.054
15 0.503 0.839 1.000 0.857 0.433 0.071 | 35 0.941 0.767 0.846 0.286 0.145 0.120
16 0.503 0.839 1.000 1.000 0.084 0.160 | 36 0.941 0.767 0.846 0.429 0.235 0.047
17 0.645 0.766 0.923 0.000 0.129 0.569 | 37 0.941 0.767 0.846 0.571 0.296 0.049
18 0.645 0.766 0.923 0.143 0.204 0.763 | 38 0.941 0.767 0.846 0.714 0.195 0.056
19  0.645 0.766 0.923 0.286 0.035 0.136 | 39 0.941 0.767 0.846 0.857 0.413 0.042
20 0.645 0.766 0.923 0.429 0.425 0.283 | 40 0.941 0.767 0.846 1.000 0.095 0.113
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