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Abstract In this study, an experiment was carried out on the field applicability of tension measuring
devices of the cables in cable-stayed bridges. The vibration method was used to estimate the tension of
cables of cable-stayed bridge, and the mode characteristics of the cable were analyzed using a cable
tension measuring device. GTDL360, NI Module, and 9 Axes Motion Sensorwere applied to estimate the
cable tension of five target bridges. Numerical analysis of the five target bridges was conducted to
analyze the natural frequency of the cable and cable tension. The estimated tension of the cable based
on field measurements and estimated tension of cable by numerical analysis were compared with the
estimated tension of the cable based on field measurements. The analysis showed that the measured
tension of the cable based on field measurements was within the margin of error. Therefore, it is safe
to apply these measuring devices to the site. As a result of comparing and analyzing the values of the
acceleration-based cable estimation tension and numerical analysis of the field demonstration bridge,
the acceleration-based cable estimation of tension is deemed appropriate within the allowable range.
On-site applicability analysis revealed limitations of the measuring devices, such as the installation
location of sensors and weather conditions, so continuous follow-up research on smart cable tension
measuring systems is expected.

Keywords : Cable Tension, Field Measurement, Numerical Analysis, Cable-Stayed Bridge, 9Axes Motion
Sensor
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’ Cable Tension Estimation |

Fig. 1. Cable Tension Estimation Flow Chart
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Table 1. Accelerometer Specification

Specifications

1.02 mV/(m/s?
44900 m/s* pk
0.5 to 10000 Hz

Division

Sensitivity(+15%)

Measurement Range

Frequency Range

(d) PXI Modules

(c) Triaxial-accelerometer

Fig. 2. Data Acquisition System

3.1.1 Arduino Uno etc. Sensors
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(b) Accelerometer

(a) Data Logger

Fig. 4. Data Logger Photograph

Table 4. Accelerometer Specification
(a) Arduino Uno (b) 9Axes Motion Sensor Division Specifications
Fig. 3. Arduino etc. Sensors Capacity 20 m/s*
Rated Output 0.5 mV/V(1000*10)
- 1 0,
Table 2. 9Axes Motion Sensor Specification Non-linearity 1% RO
Frequency Response (Hz) 80
Division Specifications Natural Frequency (Hz) 150
Chip based BOSCH Sensortech BNO055 Permissible Temperature 10 50°C
-10 ~ +
Thinker Kit interface 2 x TWI, 2 x OUT, 2 x IN Range
i 3-axial accelerometer, 3-axial Permissible Overload 300%
Motion Sensers K .
gyroscope, 3-axial geomagnetic Input&Output resistance 1200

32-bit microcontroller with BSX3.0
FusionLib

5/33V

Fusion Engine

Operating Voltage

3.1.2 Data Logger etc. Sensors

Data Logger+= L EE3} AZsto] Hlo|EE &% ;]'

I ARsh, 1 nE Uil PCAETE AEHS &
A710|tk. Table 32 Data Logger®ll tigt 71&2] AL,
Fig. 42 o824, 7M&EAE UYehfaL leh Table
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O

Table 3. Data Logger Specification

Division Specifications
4, 8, 12, 16, 20,
Number of Channel 24. 28, 32, 36. 40 Channel
Measure Hz 1000 Hz

Connector for sensor 5p Screw connector or TAJIMI

- 1Gage & 2Gage : 1200, 3500Q
- 4Gage Bridge Sensor :
0.5 mV/V ~ 100 mV/V
- Protentionmeter Sensor
- Pt100, thermocouple(J~S)
- Voltage @ 10V
10000, 100000, 1000000*10° strain
10Hz, 100Hz, 1Khz, Pass Program

Input Sensor

Strain Input Range

Low Pass Filter

Selectable
Interface USB
Program Multiscan S/W & Multiload S/W
Demension 470(W)*190(H)*320(D)mm
Power AC220V, 50~60Hz
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Recommend Impressed

Voltage 2V less than

Allowable Impressed

Voltage 5V

QSSmm 0.05mm?2 4-core shielded
Chloroprene Cable 5m

Mass 13g

Connection Cable
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(2) A Birdge Longitudinal Section & Panorama

2.5 |

50.000

51,000 \ 50,000
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(b) B Birdge Longitudinal Section & Panorama
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(c) C Birdge Longitudinal Section & Panorama
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174. 000

(d) D Birdge Longitudinal Section & Panorama

300



A AelEdE ASFR Y a8 B

\ 71.000 \
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Fig. 5. A~E Bridge Longitudinal Section and Panorama
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Table 5. Brige Name and Type

ot W] AN nFFAHS o

Division Name Type
Nonhyeontaekji2yukgyo Foot Bridge
B Songdogukjegyo Foot Bridge
C Ateucentergyo Driveway Bridge
D Baiosaneopgyo Driveway Bridge
E Baekseokdaegyo Driveway Bridge

Table 6oll4 UehH FRF AH= AlolES] FA% 2

olol w2 Aol o] 283 27550} Gaolel 8
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Table 6. Cable FRF Result

Division Fre?;;ncy Dar&iing Cable(nl;)ength
A Bridge 277.8 0.2549 24.3
B Bridge 279 -0.1528 57.8
C Bridge 285.7 -0.08229 93.9
D Bridge 270.3 0.9896 138.7
E Bridge 249.4 0.6526 76.3
Fig. 6 A~E 1] et Fupegdetol gt
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Fig. 6. A~E Bridge FRF
3.1.4 0|29 HEEAM A} Table 7. Cable Stabilization Criteria
A ]—___- o] . . . E
Table 7941 Cable Stablhzano_n Criteria® W oo recueney | Daming Mode
ERfiQltt. Fig. 7°ol4= Aol 3§t Stabilization Ratio Shape

Chart 7&-‘11]—% b}E‘HH %‘:} s yes yes yes

o}7]ofAl  Stabilization Criteriax= Frequency v yes no yes
stabilityoll &34 1%, Damping stability= 5%°]H, d yes yes no
Mode Shape stability= 2%S AR&-SFATH1G]. f yes no no
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(a) A Bridge Stabilization Chart
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(b) B Bridge Stabilization Chart
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(c) C Bridge Stabilization Chart
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(d) D Bridge Stabilization Chart
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(e) E Bridge Stabilization Chart

Fig. 7. A~E Bridge Cable Stabilization Chart Result
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(a) A Bridge MAC (b) B Bridge MAC

(c) C Bridge MAC (d) D Bridge MAC
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(e) E Bridge MAC

Fig. 8. A~E Bridge MAC
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Table 8. Cable Measurement Tension(A Bridge~E Bridge)

Tesnion(kN)
Division Cable Number
A Bridge B Bridge C Bridge D Bridge E Bridge
Cable 1 31.267 17.506 1946.065 4770.434 8152.997
Cable 2 54.297 66.448 3976.063 6765.702 8362.523
GTDL360 Cable 3 63.963 106.771 5546.620 8158.837 8573.703
Cable 4 75.198 113.867 6552.311 9544.691 8811.415
Cable 5 85.669 207.625 6873.544 10834.285 9054.293
Cable 1 30.655 6.621 - - -
Cable 2 55.102 - - 6632.484 8337.568
NI Module Cable 3 - - 5757.901 - -
Cable 4 - - - - -
Cable 5 - - - - -
Cable 1 31.041 17.257 - 4792.118 -
Cable 2 54.787 - 3916.942 6705.536 8348.644
9-xes Motion Cable 3 66.122 - 5546.620 - 8581.497
Sensor
Cable 4 71.306 - - - -
Cable 5 - - - - -
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Table 99} o] Yepggl o 147ls4E Auimeel
Aol A mEFAS YeRHSIT

Table 9914 WFQ] 7|5tg dol| whet mEgido] H
EHEE 9 JATETL AuiH]] RER YERGom |
HR =049 18054 0.371Hz~1.590Hz& e}
U 38590 AR 153155 Mk Ak Zos
UFERTH8I.

Table 9. Cable Analysis Frequency

Division Fre;q}l;ze)ncy Mode Shape
A Bridge 1.590 Torsion
B Bridge 0.455 Torsion
C Bridge 0.995 Vertical
D Bridge 0.371 Vertical
E Bridge 0.492 Vertical

A~E o] Hig AlolEA=ol et FAjsiA At
Alo1E89] &2 Fig. 10 & Table 103} o] YRt
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(e) E Bridge Analysis Frequency

Fig. 9. A~E Bridge Analysis Frequency
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(a) A Bridge Cable Analysis Tension

(b) B Bridge Cable Analysis Tension

(d) D Bridge Cable Analysis Tension

(e) E Bridge Cable Analysis Tension
Fig. 10. A~E Bridge Cable Analysis Tension
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Table 10. Cable Analysis Tension

Division Cable Number Tension(kN)
Cable 1 25
Cable 2 53
A Bridge Cable 3 75
Cable 4 85
Cable 5 74
Cable 1 207
Cable 2 116
B Bridge Cable 3 16
Cable 4 9
Cable 5 14
Cable 1 1933
Cable 2 3917
C Bridge Cable 3 5546
Cable 4 6566
Cable 5 6857
Cable 1 4982
Cable 2 6668
D Bridge Cable 3 8171
Cable 4 9559
Cable 5 10848
Cable 1 9055
Cable 2 8818
E Bridge Cable 3 8586
Cable 4 8361
Cable 5 8144
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Table 11. Cable Tension Analysis Result
Division Nizrlrl?}l)ir Tg:;licci)n ?relils}glri Differece
(kN) (kN)
Cable 1 31 25 6
Cable 2 54 53 1
A Bridge Cable 3 75 75 0
Cable 4 85 85 0
Cable 5 64 74 -10
Cable 1 207 207 0
Cable 2 113 116 -3
B Bridge Cable 3 17 16 1
Cable 4 6 9 -3
Cable 5 13 14 -1
Cable 1 1946 1933 13
Cable 2 3976 3917 59
C Bridge Cable 3 5546 5546 0
Cable 4 6552 6566 -14
Cable 5 6873 6857 16
Cable 1 4916 4982 -66
Cable 2 6765 6668 97
D Bridge Cable 3 8158 8171 -13
Cable 4 9544 9559 -15
Cable 5 10834 10848 -14
Cable 1 9054 9055 -1
Cable 2 8811 8818 -7
E Bridge Cable 3 8573 8586 -13
Cable 4 8362 8361 1
Cable 5 8152 8144 8
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