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Intelligent identification of cable tension with damper based on
deep learning
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2. Road and Bridge South China Engineering Co., Ltd., Zhongshan 528403, Guangdong, P. R. China)

Abstract: In order to address the challenges posed by the complexity and imprecision inherent in assessing cable
tension with a damper in practical engineering, an intelligent identification method of the cable tension with
damper based on IWPA-LKCNN-LSTM is proposed. The dynamic response test of the cable with a damper in
practical engineering is carried out. Based on the data obtained from the test, a deep learning model that can

intelligently identify the cable tension with a damper is developed. The model takes the cable tension, length,
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line density, frequency, and order as the feature inputs. First, the hyperparameters in the LSTM neural
network are adaptively optimized by using the IWPA. Then LKCNN-LSTM is used for training. The

intelligent recognition of the cable tension with a damper is realized. The average error between the recognized

cable tension value on the test set and the actual cable tension value is a mere 2.024% , the mean square error

value is only 0.099 4%, the coefficient of determination is 0.980 6, and the cable tension error is less than 5%.

In conclusion, a comparison is made with the formula of cable tension calculation and other machine learning

algorithms. The results show that this method can realize the intelligent and accurate recognition of the cable

tension with a damper, signifying a broad spectrum of potential applications.

Keywords: stay cable; tension identification; damper; deep learning; improved wolf pack algorithm (IWPA)
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Table 1 Parameters of the stay cables of a bridge

iR KE LR BIIR  KE R
Gii 5 L/m  W/(kg/m) | %% L/m  W/(kg/m)

B24  229.969 96.1 Z1 78.596 60.0
B23  222.865 96. 72 85.229 48.
B22  215.790 96. 73 92.307 48.
B21  208.746 90. 74 99. 630 48.
B20  201.734 90. 75 107. 563 48.
B19 194. 760 90. 76 115. 842 48.
B18 187. 827 90. 77 124.470 48.
B17 180. 940 90. 78 133.425 60.
B16 173.926 81. 79 142.679 60.
B15 167.011 81. 710 152. 117 60.
B14 160. 167 81. 711 161.734 60.
B13 153. 402 81. 712 171.500 60.
B12 146. 504 81. 713 181.432 67.
Bl11 139.734 81. 714 191. 281 67.
B10 133.075 67. 715 201. 229 67.
B9 126. 543 67. 716 211.263 67.
B8 120. 132 67. 717 221.411 67.
B7 113.922 67. 718 231.583 81.
B6 107.916 67. 719 241.812 81.
B5 102. 106 60. 720 252. 089 81.
B4 96. 390 60. 721 262.411 81.
B3 90. 994 60. 722 272.772 81.
B2 85.457 60. 723 283.168 90.
B1 79. 866 67. 724 293.595 90.
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Fig.4 Loss curve of the training set
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Table 2 Tension identification results of test set data

samples
Binams  SLPRRII/KN RGIERBET /KN REHS L/ %
1 5017.62 4977.59 —0.80
2 4 879.43 4822.61 —1.16
3 5106. 05 5049. 21 —1.11
4 3454.36 3402. 50 —1.50
5 4404.83 4 378.69 —0.59
6 4 805.32 4703.41 —2.12
7 4 518.37 4 543. 24 0.55
8 3875.58 3897.29 0.56
9 3 845. 35 3747.19 —2.55
10 2 849.76 2822.13 —0.97
11 2652.94 2657.82 0.19
12 3516.13 3481.01 —1.00
13 3078.42 3036.67 —1.36
14 3039.72 2997.16 —1.40
15 2831.92 2 820. 68 —0.40
16 3147.02 3117. 36 —0.94
17 4024.54 3864.07 —3.99
18 3673.84 3839.02 4.50
19 3 856. 36 3822. 40 —0.88
20 4035.98 3986. 29 —1.23
21 4 086.90 4 035.01 —1.27
22 4612.81 4465.51 —3.19
23 4697.81 4705.25 0.16
24 4.858.32 4784.04 —1.53
25 5163.44 5116.80 —0.90
26 5257.34 5285.02 0.53
27 5642.55 5515.44 —2.25
28 5695. 26 5674.70 —0.36

0. 980 6, 2 W W & TR 51 & 7 19 45 R 3k B4 1 1K
JE o ESE T AR — 1 S EUR R 45 51
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Table 3 Cable tension identification and calculation results

of practical formulas for test set data samples
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Fig.5 Comparison of cable tension identification value

FHIN
-
g

3000

25001

2000

and actual cable tension value of the test

5017.6 4977.6 5258 4935 4 863 4725
4879.4 4822.6 5133 4 801 4685 4585
5106.1 5049.2 5252 4 886 4 877 4 649
3454.4 3402.5 3820 3531 3369 3345
4404.8 4378.7 4653 4276 4367 4033
4805.3 4703.4 4 846 4404 4526 4121
4518.4 4543.2 4613 4126 4 247 3 816
3875.6 3897.3 3956 3469 3418 3162
3845.4 3747.2 4183 3550 3506 3156
2849.8 2822.1 3550 3134 3599 2870
2652.9 2657.8 3039 2765 2755 2590
3516.1 3481.0 3418 3161 3068 2995
3078.4 3036.7 3342 3129 3057 2992
3039.7 2997.2 3244 3063 3121 2945
2831.9 2820.7 3143 2980 2 859 2874
3147.0 3117.4 3480 3315 3350 3208
4024.5 3864.1 4146 3964 3842 3845
3673.8 3839.0 3758 3602 3428 3499
3856.4 3822.4 3928 3774 3731 3673
4036.0 3986.3 4210 4054 3923 3952
4086.9 4035.0 4198 4050 3916 3953
4612.8 4465.5 4651 4493 4341 4 389
4697.8 4705.2 4855 4696 4 564 4592
4858.3 4784.0 4892 4738 4503 4637
5163.4 5116.8 5174 5018 4779 4915
5257.3  5285.0 5246 5092 4 849 4990
5642.6 5515.4 5643 5481 5246 5375
5695.3 5674.7 6011 5854 5572 5750

Hi P 6 I, SCHRLL6, 181X T 28 I 1534 Y 2%
Pl S AR R Dt IR R A T A ) B 5 5k BB
IE MR A — B . SCHR[21 1R Bl o 12 0 S0 B R
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Fig. 6 Error between cable calculated values of each

formula and actual cable tension values in the test set
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Fig.7 Comparison of cable tension identification results

and actual cable tension values of the test set
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Table 4 Cable tension identification results of each

algorithm in the test set

Bl SEBRRI)/ WEEI MG SRR AL Akl IR

5 kN P /KN U /RN 51 /kN
1 5017.62 4977.59 4733.33 4478.62
2 4879.43 4 822.61 4 860. 55 4493.32
3 5106. 05 5049. 21 4651.73 4428.22
4 3454.36 3402.50 4823.01 4417.55
5 4404.83 4 378.69 4188.22 4 020. 94
6 4 805. 32 4703.41 4229. 34 4 025. 20
7 4518.37 4543.24 4296.51 4015.51
8 3 875.58 3897.29 4 543.62 4 086. 55
9 3845.35 3747.19 5035.27 4 589.52

10 2 849.76 2822.13 3726.66 3760.98
11 2652.94 2657.82 3529.52 3134.24
12 3516.13 3481.01 3597.48 3 100. 86
13 3078.42 3036.67 3475.80 3094.09
14 3039.72 2997.16 3042.89 2998. 20
15 2831.92 2820. 68 3535.27 3126.11
16 3147.02 3117.36 3034.63 3007.79
17 4024. 54 3864.07 4 070. 88 3724.33
18 3673.84 3839.02 4 221.67 3788.93
19 3 856. 36 3822.40 4 027. 36 3976.05
20 4 035.98 3986. 29 4 353.98 4 159. 10
21 4 086. 90 4 035.01 4 357.49 4174.70
22 4612.81 4 465.51 4781.31 4611.33
23 4697.81 4 705. 25 4713.98 4 598. 22
24 4 858. 32 4 784.04 5260. 57 4 948. 60
25 5163.44 5116.80 5309. 67 5014.67
26 5257.34 5285.02 5303.83 5041.56
27 5642.55 5515.44 5806. 88 5665. 61
28 5695. 26 5674.70 6271.04 6 098.90
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