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Tension Measurement of Stay Cables in Consideration with Image Including
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Abstract: In this study, cable tension was measured using the vibration method, and a vision-based system was applied as a sensor to measure the

displacement response of a cable in a non-contact method. In the vision-based system, the camera is installed in a location that considers the target
structure and the field of view of the camera. However, it can be difficult to recognize the control points required to measure the displacement response

of a structure as the target structure and other structures such as vehicles may be included in the image at the intended installation location. In this

study, a distorted image including a vehicle shows inaccurate results in image analysis due to the installation position of the vision-based system.
Accordingly, the image including the vehicle was eliminated by calculating the similarity between the two images. To verify the validity of the method
of estimating the cable tension of cable-stayed bridges using the proposed method, the vibration method was applied to cable-stayed bridges in service

to measure the tension.
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Table 1 Specification of selected cables
Cable Effective length Area Elastic modulus Unit weight Number of Strand Diameter
(m) (m?) (kN/m?) (KN/m) (ea) (m)
BLCO1 175.50 6.90x107 0.59
BLC02 156.33 7.65x107 0.65
BLC03 137.55 6.45x107 0.55
3 55 0.2
BLC04 119.01 6.60x10 ¢
3 1.95x10 0.56
BLCO05 101.45 6.60x10
BLC06 85.04 5.50x107 0.47
BLCO07 70.60 4.50x107 0.38 31 0.16
BLCO08 58.68 3.60x107 0.27 27 '
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Table 2 Resolution of unit pixels for selected cables

Cable Unit pixel resolution (mm/pixel)
CLO1 0.89
CL02 0.87
CL03 0.85
CL04 0.88
CL05 0.88
CL06 0.93
CLO07 0.89
CLO8 0.87
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(b) CLO1 cable image

Fig. 4 Vision-based system installed in service
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Table 3 Natural frequencies and tension values measured on CLO1 cable before and after correction

Correction Frequency (Hz) Measured tension Difference
Ist 2nd 3rd 4th 5th 6th (kN) (%)
Before 0.68 1.35 2.02 2.70 3.37 4.06 3336.76 103
After 0.68 1.35 2.03 2.70 3.37 4.05 3371.50
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Table 4 Natural frequencies measured at each cable and tension values calculated using the vibration method

Frequency (Hz) Measured tension Difference
Cable Sensor o
Ist 2nd 3rd 4th Sth 6th (kN) (%)
Vision-based system 0.68 1.35 2.03 2.70 3.37 4.05 3355.98
CLO1 0.29
Accelerometer 0.68 1.35 2.03 2.71 3.37 4.04 3365.61
Vision-based system 0.76 1.48 2.25 2.99 3.75 - 3554.51
CL02 1.45
Accelerometer - 1.49 2.25 2.99 3.75 4.49 3606.76
Vision-based system 0.93 1.85 2.78 3.70 - - 3601.33
CLO03 2.12
Accelerometer 0.93 1.84 2.77 3.70 4.63 5.49 3526.64
Vision-based system 1.01 1.99 2.99 3.98 - - 3219.22
CL04 0.41
Accelerometer 1.00 1.99 2.99 3.97 4.96 5.96 3206.04
Vision-based system 1.05 2.12 3.15 421 - - 2638.94
CLO05 0.19
Accelerometer 1.09 2.10 3.16 421 5.30 6.31 2634.02
Vision-based system 1.18 232 3.45 4.62 - - 1891.10
CL06 1.08
Accelerometer 1.18 2.32 3.49 4.64 5.82 6.98 1870.87
Vision-based system 1.47 2.94 4.39 5.83 - - 1685.74
CL07 0.70
Accelerometer 1.48 2.94 4.39 5.85 7.30 8.73 1673.97
Vision-based system 1.84 3.71 5.42 7.18 - - 1309.10
CLO08 2.09
Accelerometer 1.84 3.71 5.46 7.31 9.00 - 1282.30
100 10
|[— CLO06 (Accelerometer) [— CLO08 (Accelerometer)
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Fig. 11 PSD function for measured acceleration response on CL06 and CLOS8 cables
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