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Tension Force Identification of Cable Structures using Various Analytical Methods
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Abstract: The method based on various mathematical characteristic equations for identifying tensile forces in the cable
structure system are used as response data to reflect the properties of the dynamic sensitivity. The vibration tests have
been conducted with respect to levels of applied weight for the sagged cable. In this study, a set of natural frequencies
are extracted from the measured dynamic data. Next, existing characteristic equation methods based these extracted natural
frequencies are applied to identify tensil forces of the sagged cable system. Through several verification procedures, the
proposed methods could be applied to a sagged cable system when the initial material data are insufficiency.
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Table 1. Material characteristic and geometric parameters of the four numerical cable models

No. of Test NTS1 NTS2 NTS3 NTS4

22 0.079 5075.8 1.41 0.508
€ 1923.5 3.0295 50.459 505.113
H(MN) 2.90360 0.72590 26.13254 0.72590
E(GPa) 1.5988 17.186 20826.0 0.00478
A(10°m?) 7.8507 7.6110 7.8633 273.45
d(m) 0.1 0.984 0.1001 0.5901
1(10°m*) 4.9535 4.6097 4.9204 5950.6
Tonax(MN) 3.4409 0.9348 30.261 0.9348
Tomean(MN) 3.3539 0.8427 30.175 0.8427
Tmin(MN) 3.2711 0.7675 30.091 0.7675

Table 2. Extracted natural frequencies from the numerical FE model(Hz)

No. of mode NTS1 NTS2 NTS3 NTS4
1 0.4583 0.9689 1.4044 0.2307
2 0.9129 1.9039 2.7650 0.4618
3 1.3728 3.1253 4.1827 0.6761
4 1.8307 3.6291 5.6388 0.9110
5 2.2885 5.6211 7.1490 1.1409
6 2.7461 7.9832 8.7235 1.3700
7 3.2040 10.8347 10.3737 1.5994
8 3.6618 14.1039 12.1093 1.8220
9 4.1197 17.8257 13.9393 2.0572
10 4.5775 21.9727 15.8718 2.2869
11 5.0354 26.5694 17.9140 2.5167
12 5.4933 31.6098 20.0721 2.7467
13 5.9512 37.0677 223518 29774
14 6.4093 42.9752 24.7581 3.2072
15 6.8673 49.3165 27.2951 3.4381
16 7.3254 56.1007 29.9668 3.6693
17 7.7836 63.3273 32.7763 3.9009
18 8.2418 70.9878 35.7266 4.1329
19 8.7001 79.0923 38.8204 4.3650
20 9.1584 87.6422 42.0600 4.5978
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Fig. 2 NTS4 Longitudinal components and associated vertical components of the first antisymmetric in-plane modes(vertical
scale arbitrary)
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Fig. 3 Transversal component mode shapes(ls'~4ﬂ')f0r the sagged cable

No. of node

(a) NTSI

10 20

30
No. of node

(c) NTS3

-0.2

10 20 30 40 50 60

No. of node
(b) NTS2

10 20 30 40 50 60
No. of node

(d) NTS4

Fig. 4 Longitudinal component mode shapes(15t~4ﬂ')f0r the sagged cable
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Table 3. Line pattern for the each mode

No. of mode 1™

Line pattern

Fig. 3~4= AolE Azphakst ZAolidke] tjsto]
7t AP Ry BoEth Table 3oA e 24 &
=ofl wE A FAS dETh Fig. 3(b)¢F 2ol Al
B A7t 2 A, Y s E=oA] vty
s BReRo] dol7t MAsts HEFRE o] W
ZA ¥ WH(Triantafyllou, 1984). X3+ Fig. 3(a,d)olA &
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NTS1, 49

Table 4. Estimated tensile force using Taut string theory for the each mode

2t} Bq. (DolA X =

245 iwA AAFe] F4

Estimated horizontal force(MN)

No. of mode

NTS1 NTS2 NTS3 NTS4

1 3.3606 15.0203 31.5574 0.8516
2 3.3335 14.4993 30.5809 0.8530
3 3.3504 17.3644 31.1022 0.8126
4 3.3515 13.1704 31.7961 0.8299
5 3.3518 20.2219 32.7092 0.8331
6 3.3516 28.3251 33.8220 0.8342
7 3.3520 38.3317 35.1392 0.8353
8 3.3522 49.7300 36.6588 0.8299
9 3.3525 62.7665 38.3811 0.8360
10 3.3526 77.2479 40.3062 0.8368
11 3.3528 93.3465 42.4346 0.8375
12 3.3529 111.0199 44.7655 0.8383
13 3.3531 130.0842 47.2997 0.8393
14 3.3534 150.7647 50.0378 0.8397
15 3.3536 172.9506 52.9794 0.8406
16 3.3538 196.7055 56.1256 0.8415
17 3.3542 222.0261 59.4760 0.8425
18 3.3544 248.8527 63.0316 0.8435
19 3.3548 277.2562 66.7933 0.8445
20 3.3551 307.2462 70.7617 0.8456
Timean(MN) 3.3523 112.3465 44.7879 0.8383
RPE(%) 0.0477 * 48.4272 0.5221
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Fig. 5 Estimated tensile force using Taut string theory and exact average tensile force for the each mode
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Table 5. Estimated tensile force using Triantafyllou and Grinfogel method

Estimated horizontal force(MN)

No. of mode

NTSI1 NTS2 NTS3 NTS4

1 3.359 0.623 31.56 0.877

2 3.333 0.727 30.58 0.850

3 3.351 0.797 31.10 0.864

4 3.351 0.823 31.80 0.814

5 3.351 0.808 3271 0.851

6 3.351 0.832 33.82 0.844

7 3.352 0.815 35.14 0.850

8 3.352 0.828 28.97 0.836

9 3.352 0.836 31.09 0.835
10 3.352 0.838 33.31 0.846
11 3.352 0.839 30.38 0.844
12 3.352 0.839 32.89 0.832
13 3.353 0.838 31.23 0.832
14 3.353 0.836 30.27 0.841
15 3.353 0.834 29.80 0.828
16 3.353 0.838 29.69 0.837
17 3.354 0.836 29.84 0.829
18 3.354 0.839 30.21 0.839
19 3.354 0.836 30.76 0.834
20 3.354 0.837 31.45 0.836
Ta mean(MN) 3.352 0.815 31.33 0.841
RPE(%) 0.057 3.287 3.827 0.202
No. of Mode 13" 13" 18" 18"
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Fig. 7 Estimated tensile force using linear regression method
Table 6. Estimated tensile force using linear regression method
Mode No. of NTS 1 2 3 4
T(MN) 3.350 4.6508 30.3178 0.8345
|20 RPE(%) 0.0835 * 0.4722 0.4414
L1 20] EI(10°Nm’) 1.3632x10* 7.6041x10"° 1.0217x10° 2.6777ex10*
RPE(%) 73.698 3.8563 0.4579 5.8838
T(MN) 3.3516 0.6904 30.1601 0.8326
6 20] RPE(%) 0.0358 17.6330 0.0504 0.6681
EI(10°Nm’) 8.8808x10° 7.7612x10° 1.0280x10° 3.4350x10*
RPE(%) 13.159 1.870 0.1559 20.7339

Vol. 3, No. 3, 2012 45



Noh, Myung-Hyun - Lee, Sang-Youl

Table 7. Estimated mean tensile force using Zui, Yen, and higher frequencies method

No. of NTS 1 2 3 4
Zui(1996) T(MN) 3.3535 2.9402 29.031 0.68515
Yen(1997) RPE(%) 0.0119 * 3.791 0.273
T(MN) 3.339 0.830
RPE(%) 0.4443 i ) 0.978
r 12.671 0.145 3.173 4.930
Note & 2067.3 3.264 54.221 544.220
S 0.0146 0.0585 0.0016 0.0585
th th
Mode 10 - B 10
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