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Optimization of Sensor Location for Real-Time Damage assessment of Cable in
the cable-Stayed Bridge

Geon-Hyeok Bang], Gwang-Hee Heo’, Jae-Hoon Lee’, Yu-Jae Lee™

Abstract: In this study, real-time damage evaluation of cable-stayed bridges was conducted for cable damage. ICP type acceleration sensors were used
for real-time damage assessment of cable-stayed bridges, and Kinetic Energy Optimization Techniques (KEOT) were used to select the optimal
conditions for the location and quantity of the sensors. When a structure vibrates by an external force, KEOT measures the value of the maximum
deformation energy to determine the optimal measurement position and the quantity of sensors. The damage conditions in this study were limited
to cable breakage, and cable damage was caused by dividing the cable-stayed bridge into four sections. Through FE structural analysis, a virtual model
similar to the actual model was created in the real-time damage evaluation method of cable. After applying random oscillation waves to the generated
virtual model and model structure, cable damage to the model structure was caused. The two data were compared by defining the response output
from the virtual model as a corruption-free response and the response measured from the real model as a corruption-free data. The degree of damage
was evaluated by applying the data of the damaged cable-stayed bridge to the Improved Mahalanobis Distance (IMD) theory from the data of the
intact cable-stayed bridge. As a result of evaluating damage with IMD theory, it was identified as a useful damage evaluation technology that can properly
find damage by section in real time and apply it to real-time monitoring.
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Fig. 1 3D FE Model of Cable-Stayed Bridge Model
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Table 1 Spectification of Cable-Stayed Bridge Model

Element Size Amount  Material
Slab 4220 <30 < 3mm 2
Main Tower height : 680mm 2
Cross Beam 2020 X 170mm 43

Steel

Cable d: 0.8mm 80
Spring Stiffness : 1.03N/mm 80
Add Mass 1kg 39

Table 2 Material Properties of 3D FE Model

Modulus of Elasticity 20.6e+006 kPa
Yeild Strength 23.5¢+004 kPa
Poison‘s Ratio 0.288

Unit Weight 7.829¢ —006 kg/mm?
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Table 3 Element Types of 3D FE Model

Element Element’s Type
Slab CHEXA(8)
Main Tower CHEXAC(8)
Cross Beam CHEXAC(8)
Cable PBUSH 1D
Add Mass CONM2
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Fig. 2 Modal Test Composition Chart
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Table 4 FE Analysis Result of 3D FE Model

Table 5 Result of Modal Test
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Table 6 Comparison of Results

Result of Result of Error
FE Analysis Modal Test Rate(%)
st
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Frequency
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Table 7 FE Analysis Result by DOF

I 2on
Result Result

DOF Raﬁ?ﬂ‘éﬁ‘i":;g?;; N Wz Ewor HZ  Error

39 - 2.885 - 4.113 -

35 10.256 2.885 0 4.113 0
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25 35.897 2.888  0.103  4.185  1.750
20 48.717 2800 0.173 4210 2358
15 61.538 2891 0207 4220  2.601
10 74358 2.893 0277 4236 2.990
8 79.487 2896 0381 4254  3.428
5 87.179 2901  0.554 4276  3.963
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Fig. 4 Rate of decrease in Kinetic energy according to DOF Reduction



(c) 2nd Bending Mode Shape (4.254 Hz)

Fig. 5 FE Analysis Result at Selected Sensor Location (8 Point)
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