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Abstract: In suspension bridges, hanger cables are the main load-supporting members. The tension of the hanger cables of a suspension bridge is a
very important parameter for assessing the integrity and safety of the bridge. In general, indirect methods are used to measure the tension of the hanger

cables of a suspension bridge in traffic use. A representative indirect method is

the vibration method, which extracts modal frequencies from the cables’

responses and then measures the cable tension using the cables’ geometric conditions and the modal frequencies. In this study, the image processing
technique is applied to facilitate the estimation of the dynamic responses of the cables using the image signal, for which a portable digital camcorder
was used due to its convenience and cost-efficiency. Ambient vibration tests were conducted on a suspension bridge in traffic use to verify the validity
of the back analysis method, which can estimate the tension of remote hanger cables using the modal frequencies as a parameter. In addition, the tension
estimated through back analysis method, which was conducted to minimize the difference between the modal frequencies calculated using finite element
analysis of the hanger cables and the measured modal frequencies, was compared with that measured using the vibration method.
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Table 2 Comparison of natural frequency and tension of each hanger cable

Natural frequency (Hz) Tension  Difference
Cable Sensor & ond 3 40 5th 60 7t gh (kN) (%)
3L Accelerometer 1.92 3.85 5.79 7.75 9.76 11.82 13.90 16.06 614.03 0.08
Vision 1.92 3.85 5.79 7.77 9.76 11.82 - - 614.55 ’
R Accelerometer 2.03 4.06 6.10 8.22 10.32 12.48 14.70 16.96 672.20 0.01
Vision 2.02 4.06 6.12 8.21 10.31 12.48 14.69 - 672.11 '
oL Accelerometer 2.50 5.04 7.62 10.18 12.87 15.67 18.55 21.51 661.72 0.30
Vision 2.51 5.03 7.62 10.17 12.87 - - - 663.71 ’
OR Accelerometer 2.66 5.34 8.06 10.82 13.68 16.59 19.64 22.75 729.76 0.50
Vision 2.65 5.34 8.07 10.82 13.67 - - - 726.12 ’
10L Accelerometer 3.33 6.70 10.15 13.72 17.49 21.34 25.46 29.78 691.69 033
Vision 3.33 6.69 10.15 13.72 - - - - 689.41 ’
10R Accelerometer 3.45 6.94 10.52 14.18 18.26 22.12 26.39 30.88 724.25 0.04
Vision 3.45 6.94 10.53 14.20 - - - - 723.98 )
Displacement & Rotation =n—— Eigenvalue analysis
boundary condition — D &
U1=02=0 ]
| e
—
A-2 node linear beam H =
in a plane (B21) ! ?
— . XX
D I
Predefined field
[ ] ]
(Initial stress) / I =
B | ]
el & 2
Displacement & Rotation
boundary conditon < Ep—
U1=U2=0 D feti—mtw———— . Ll | ({11 [ 21d mode 3rd mode
Fig. 10 Finite element model of hanger cable
Table 3 Tension calculated using back analysis method
Vibration Method Back analysis (kN), Error (%)
Cable
(kN) n=2 =2~3 n=2~4 n=2~5 n=2~6 n=2~7
8L 614.55 615.84,(0.21) 616.09,(0.25) 617.24,(0.44) 618.47,(0.63) 619.94, (0.87) -
8R 672.11 672.45,(0.05) 673.99,(0.28) 675.72,(0.53) 677.01,(0.72) 678.80,(0.99) 680.68, (1.26)
9L 663.71 666.57,(0.17) 666.54,(0.42) 665.88,(0.33) 667.29, (0.54) - -
9R 726.12 726.83,(0.10) 730.57,(0.61) 732.02,(0.81) 734.43,(1.13) - -
10L 689.41 693.62, (0.61) 697.24,(1.12) 700.81, (1.63) - - -
10R 723.98 726.97,(0.41) 731.10,(0.97) 734.19,(1.39) - - -

=23 M243 M 3%(2020. 06)



Table 4 Natural frequency of 9L hanger cable calculated using back analysis method

Natural frequency (Hz), Error (%)

Cable Method T nd 3 40 5t
Measured 2.51 5.03 7.62 10.17 12.87
2 2.51,(0.03) 5.03, (0.04) 7.57, (0.66) 10.15, (0.20) 12.77, (0.72)
9L Calculated 2~3 2.52,(0.28) 5.05, (0.26) 7.60, (0.35) 10.18, (0.10) 12.81, (0.44)
(8) 2~4 2.52,(0.24) 5.04, (0.20) 7.59,(0.41) 10.18, (0.05) 12.80, (0.49)
2~5 2.52,(0.36) 5.05, (0.32) 7.60, (0.30) 10.19, (0.15) 12.82,(0.39)
14 16
12 144 hd
12 4 / ”
10 <
w N 10 Al
T 8- = z
3 3 8- 5
3 6 b5 s~
4 '/ B=2~6 i . '/ B=2~7
/ —m— Measured ' —m— Measured
7 o e - Calculated (1%) 2 :/ - e - Calculated (1%)
o Calculated (Final) o Calculated (Final)
1 2 3 4 5 6 1 2 3 4 5 6 7
Vibration mode [No.] Vibration mode [No.]
(a) No. 8L hanger cable (b) No. 8R hanger cable
15 15
TSR ranger cabe ,
| n A
12 P 124 e
/;/’ - ;/ -
E 9 ,,4’/” g' 94 2
g 4 5 e
3 e 5 /
F &1 7 > °1 7
o =’ Z o 5 =
b s B=2~5 b s B=2~5
34 o’ —m— Measured 34 ol —m— Measured
B e - Calculated (1%) - e - Calculated (1%)
o Calculated (Final) 0 Calculated (Final)
1 2 3 4 5 1 2 3 4 5
Vibration mode [No.] Vibration mode [No.]
(c) No. 9L hanger cable (d) No. 9R hanger cable
15 15
[0k ranger cae |
12 124
c rv’- C v -~
[} [}
g ° = g ° %
[ Z [ i
i 77 B=2~4 [ o~ B=2~4
34 @ - Measured s © —m— Measured
- @ - Calculated (1% - e - Calculated (1%)
o Calculated (Final) 0 Calculated (Final)

2 3 4
Vibration mode [No.]

(e) No. 10L hanger cable

T T T
1 2 3 4

Vibration mode [No.]

(f) No. 10R hanger cable

Fig. 11 Natural frequency of hanger cable calculated using back analysis method
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