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Abstract

The cable damages of the bridge structures induce very important impact on the structural safety, which implies the close
monitoring of the cable damage is required to secure sustained safety of the bridges. Most usual available maintenance techniques
are based on the monitoring the change of the natural frequency of the structures by damages. However, existing method are based
on vibration method to calculate lateral vibration and system identification can calculate the axial stiffness using sensitivity equation
by trial error method. But the frequency study by the longitudinal movement need because of the sag effect in system
identification. This study proposes a new method to investigate the damage magnitudes and status. The method improves the
accuracies in the magnitudes and status of damages by adopting the natural frequency of longitudinal movement. The study results
have been validated by comparing them with the approximate solution of FEM. Thus, the relationship of cable damage and
frequency appear with relation that the severe damage has the little frequency. If we know the real frequency we can estimate the
cable damage severity using this relationship. This method can be possible the efficient management of the cable damage.
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Fig. 1 Idealized Two Degree of Freedom System with Lumped
Masses
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Poly Ethylene Tube

(a) Cable C15
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(b) Cable C27
Fig. 2 The Selected Cable Sections
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Fig. 3 The Selected Cables
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Fig. 4 FEM Model of the Selected Cable
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Table 1 Mechanical Properties of the Cables

Cable Number C15 C27 C45
Section Area (A), m* 1.207E-2 7.389E-3 1.517E-2
Diameter (d), m 0.124 0.097 0.139
Length (L), m 236.000 112.100 326.000
Angle (0), degree 40.296 82.310 26.125
Mass (m), kN - sec’/m 15.297 4.079 26.514
Modulus of Elasticity (E), GPa 1.930 1.930 1.830
Initial State Tension, kN 3427.000 2220.000 4156.000

Table 2 Comparison of Natural Frequency by Damage Level

(a) Cable C15

Damage | Present FEM Analysis Present Method

Level | /FEM |Value | Rate of Change, Value | Rate of Change,
(%) (%) (Hz) | damaged/undamaged | (Hz) |damaged/undamaged

0 97 10162 1.00 0.157 1.00
10 94 10.157 0.97 0.147 0.94
20 93 | 0.147 0.91 0.136 0.87
30 91 ]0.137 0.85 0.124 0.79

(b) Cable C27

Damage | Present FEM Analysis Present Method

Level | /FEM |vValue | Rate of Change, Value | Rate of Change,
(%) (%) (Hz) | damaged/undamaged | (Hz) |damaged/undamaged

0 99  10.349 1.00 0.347 1.00
10 99 10.325 0.93 0.324 0.93
20 99 10.302 0.87 0.300 0.86
30 94 10.290 0.83 0.274 0.79

(c) Cable C45

Damage | Present FEM Analysis Present Method

Level | /FEM |Valye | Rate of Change, Value Rate of Change,
(%) (%) (Hz) | damaged/undamaged | (Hz) |damaged/undamaged

0 93 |0.119 1.00 0.111 1.00
10 92 |0.113 0.95 0.104 0.94
20 91 ]0.106 0.89 0.096 0.86
30 89 10.099 0.83 0.088 0.79
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Table 3 Natural Frequency by Damage Level (CO1~C26)

Table 4 Natural Frequency by Damage Level (C27~C52)

Natural Frequency (Hz) Natural Frequency (Hz)
Cable ID| Damage Level | Damage Level | Damage Level | Damage Level Cable ID | Damage Level | Damage Level | Damage Level | Damage Level

(0%) (10%) (20%) (30%) (0%) (10%) (20%) (30%)
Co1 0.093 0.084 0.074 0.065 cz7 0.347 0.313 0.278 0.243
02 0.095 0.086 0.076 0.067 Cc28 0.297 0.267 0.237 0.208
03 0.098 0.088 0.078 0.068 C29 0.290 0.261 0.232 0.203
Co4 0.100 0.090 0.080 0.070 C30 0.281 0.253 0.225 0.197
C05 0.103 0.092 0.082 0.072 C31 0.254 0.229 0.204 0.178
C06 0.104 0.093 0.083 0.073 C32 0.246 0.222 0.197 0.172
Cco7 0.106 0.096 0.085 0.074 C33 0.223 0.200 0.178 0.156
Co8 0.112 0.101 0.090 0.079 C34 0.207 0.186 0.166 0.145
C09 0.115 0.103 0.092 0.080 C35 0.190 0.171 0.152 0.133
C10 0.122 0.110 0.097 0.085 C36 0.184 0.166 0.147 0.129
C11 0.132 0.119 0.105 0.092 C37 0.171 0.154 0.137 0.120
C12 0.138 0.125 0.111 0.097 C38 0.162 0.145 0.129 0.113
C13 0.146 0.132 0.117 0.102 C39 0.152 0.137 0.121 0.106
Cl4 0.149 0.134 0.119 0.104 C40 0.142 0.128 0.114 0.099
C15 0.158 0.142 0.126 0.110 C41 0.141 0.127 0.113 0.098
C16 0.168 0.151 0.134 0.118 C42 0.130 0.117 0.104 0.091
C17 0.196 0.176 0.156 0.137 C43 0.124 0.111 0.099 0.087
C18 0.201 0.181 0.161 0.141 C44 0.116 0.104 0.093 0.081
C19 0.218 0.196 0.174 0.153 C45 0.111 0.100 0.089 0.078
C20 0.211 0.190 0.169 0.148 C46 0.109 0.098 0.087 0.076
Cc21 0.227 0.204 0.182 0.159 C47 0.101 0.091 0.081 0.071
Cc22 0.251 0.226 0.201 0.176 C48 0.096 0.086 0.077 0.067
C23 0.278 0.250 0.222 0.194 C49 0.092 0.082 0.073 0.064
C24 0.285 0.257 0.228 0.200 C50 0.089 0.080 0.071 0.061
C25 0.294 0.265 0.235 0.206 C51 0.086 0.078 0.069 0.060
C26 0.346 0.311 0.276 0.242 C52 0.084 0.076 0.067 0.059
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Table 5 Comparison of Natural Frequency by Vibration Direction

String Theory Present Method
Cable ID| Transverse Frequecy |Longitudinal Frequency %
() () g
Cc27 1.137 0.347 3.274
C28 0.984 0.297 3.313
C29 0.857 0.290 2.950
C30 0.790 0.281 2.809
C31 0.752 0.254 2.954
C32 0.686 0.246 2.788
C33 0.678 0.223 3.042
C34 0.616 0.207 2.974
C35 0.617 0.190 3.241
C36 0.546 0.184 2.967
C37 0.551 0.171 3.226
C38 0.492 0.162 3.045
C39 0.482 0.152 3.174
C40 0.453 0.142 3.183
C41 0.425 0.141 3.020
C42 0.403 0.130 3.103
C43 0.392 0.124 3.161
C44 0.367 0.116 3.163
C45 0.359 0.111 3.226
C46 0.337 0.109 3.091
C47 0.333 0.101 3.289
48 0.310 0.096 3.230
C49 0.297 0.092 3.245
C50 0.286 0.089 3.226
C51 0.276 0.086 3.199
C52 0.267 0.084 3.177
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