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Application of Vibration Method for Estimation of
Tension Force of Stay Cables in World—Cup Stadiums

SR

Chang, Kug-kwan

Abstract

This study is to consider the character of cables in six World—Cup stadiums constructed in
2002 and to inspect problems on measurement natural frequencies interpretation and application
of existing theory. The results of the experiment were shown that it was possible to
determine the tension force of the real cables with an accuracy of 8% by taking the cable
bending stiffness. But for the range of cable affected greatly by bending stiffness(& <7), it
was appeared the tendency to increase estimated error and was considered to need additional
study of this range. Estimated tension error could not be improved so much in comparison to

the case using single mode of vibration even through multiple modes of vibration were used.
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Table 1 List of specimens

Specimens length E Ultimated. | Sectional A. I W Applied T. £ 22
PPECITIEns (m &N/mD | LoadkN) () (") (Kn/m) (Kn)
PC-Al 1.915 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 23.18 15.2 6.0E-03
PC-A2 1.915 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 206.48 452 8.5E—06
PC-B1 2.483 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 14.6 156 2.9E-02
PC-B2 2.483 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 134 472 3.7E-05
PC—C1 3.55 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 8.93 174 8.6E—02
PC—C2 3.55 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 74.4 50.3 1.5E-04
PC-D1 7.65 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 2.582 20.2 1.6E+01
PC-D2 7.65 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 19.77 55.9 3.7E-02
PC-D3 7.65 2.08E+08 273 1.413E-04 | 1.780E—09 0.0111 72.31 106.9 7.5E-04
Load cell Accelerometers
0.5cm Anchor
Oil Jack chor
D —
_ Anche
0.5cm | 1.5cm
b
Fig. 4 Side view of test set—up in Lab
0.5cm
Fig. 3 Cross section of the modeled cable 2.3 Jéls-:-:ltgtg
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Table 2 Natural frequencies of cables

mode | PC | PC | PC | PC | PC | PC | PC | PC | PC
order | ~Al1|-A2| -Bl | -B2|—C1|-C2|-D1|-D2|-D3
1 492|126 |252|73.8|13.6 391 | 47 | 94 |17.2
2 | 105|250 531|147 |41.4(789| 7 ]18.8|35.1
3 | 167 | 382 |83.6| 221 |54.2| 120 | 46.1 | 28.6 | 52.6
4 | 227|514 | 122 | 304 | 66.7 | 161 | 60.2|38.6 | 70.1
5 321|664 | 161 | 337 |80.5| 203 | 147 | 50.2 | 87.5
6 | 403|796 | 221 | 472 |105.3| 248 | N.A. | 62.5| 105
7 1526|966 | 280 | 564 | 130 | 295 | 225 | 69.6 | 123
8 | 594 |1100| 342 | 658 |155.5] 345 | — |81.1| 141
9 | 809 |NA. 412|758 | 183|396 | — |92.5] 160
10 - — | 508 | 863 |224.7| 451 | — |108.9| N.A.
11 - - - 1982271 | 508 | — |NA.|198
12 - - - - | 316 [NA.| — [131|218
13 - - - - 1361627 — | 145|238
14 - - - - |INA | - - | 159 | 260
15 - - - - | 470 | - - | 176 | 282

* N.A ! Not allowable
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Table 3 Comparison of errors estimated by Shimada's

method
Applied Estimated Error
Testmodel) &1 1k | TN | @
PC-Al 15.2 23.2 39.32 69.49
PC-A2 45.2 206.4 259.05 25.51
PC-B1 15.6 14.56 17.03 16.93
PC-B2 47.2 132.85 143.06 7.69
PC-C1 17.4 8.9 1241 39.42
PC-C2 50.3 744 87.23 17.25
PC-D1 20.2 2.58 -0.67 -126
PC-D2 55.9 19.78 23.25 17.56
PC-D3 106.9 72.3 78.69 8.84
2000
PC-D1
y=23.172x-2.5614
1500 4 R*=0.8762
g&: 1000 - " PCGD3 PC-D2
= n y=0.2228x +299.48 y=0.2133x +88.476
R?*=0.96 R2=0.9981
4 A
500 { §
[ IRl SR e
0 . . .
0 50 100 5 150 200 250
n

Fig. 10 Results of linear regression of measured frequencies
by Shimada's method
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