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Comparison of Fragility Using Natural Frequency and Damping Parameter in

System

Seok-Min Lee', Beom-Seok Jungz*

Abstract: The purpose of the present study is to compare the reduction rate of natural frequency and the increase rate of damping parameter with

structural damage in system. For this purpose, experiment and numerical simulation analysis are performed for the 2-span H-Beam with lower natural

frequency and higher damping parameter from free vibration in structure. The response signal by impact load before and after damage is analyzed
at 14 locations. The response signals for all locations are performed fast fourier transform to estimate the natural frequency reduction rate and wavelet

transform to estimate the damping parameter increase rate. The time domain function corresponding to each scale(frequency) is separated from the

response signal by wavelet parameter. The estimation of damping parameter increase rate using wavelet transform is more sensitive than the estimation

of natural frequency reduction rate in structure.
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Table 1 Natural Frequencies for Numerical Simulation and Experiment
Response Signals

Simulation Experiment

Station Intact Damage Reduction  Intact Damage Reduction
(Hz) (Hz) Rate(%) (Hz) (Hz) Rate(%)

Ju—

7.959 7.715 3.1

2 7959  7.715 3.1
3 7959  7.715 3.1
4 7959  7.715 3.1
5 7959  7.715 3.1
6 7959  7.861 12
7 7959  7.861 12
8 7939 771 > 7.959  7.861 12
9 7861  7.861 0
10 7.861  7.861 0
11 7.861  7.861 0
12 7910 7.861 0.62
13 7910 7.861 0.62
14 7910 7.861 0.62
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Table 2 Analysis Condition of Numerical Simulation for Damping
Ratio Estimation

Sampling Wavelet Center Undamped Natural

Frequency Frequency Frequency Total
7y e e (Hz) Scale
200 4000 23 7.959 120

Table 3 Analysis Condition of Experiment for Damping Ratio
Estimation

Sampling Data Damped Natural Frequency(Hz) Total
Frequency Length Scale
(Hz) gt 1 Mode 2" Mode
200 2000 7.959 12.109 120

Modulus of Ca,bfora= 12345 ...

scales a

500 1000 1500 2000
time (or space) b

Fig. 10 Wavelet Transform for Experiment Response Signal Before
Damage at St.5
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Fig. 12 Damping Ratios for Numerical Simulation Response Signals
Using Wavelet Transform

Table 4 Damping Ratios for Numerical Simulation and Experiment Response Signals Using Wavelet Transform

Simulation Experiment

St Intact Damage Increase Rate(%) Intact Damage Increase Rate(%o)
1 0.0061417 0.0066072 7.0 0.0055974 0.0061657 9.2
2 0.0061419 0.0066073 7.1 0.0056222 0.0065216 14
3 0.0061418 0.0066072 7.0 0.0059235 0.0066427 11
4 0.0061418 0.0066073 7.1 0.0059401 0.0065606 9.5
5 0.0061419 0.0066072 7.0 0.0059520 0.0066685 11
6 0.0061419 0.0066072 7.0 0.0057840 0.0060589 4.5
7 0.0061418 0.0066072 7.0 0.0061142 0.0067154 9.0
8 0.0061419 0.0066072 7.0 0.0062446 0.0067468 7.4
9 0.0061418 0.0066072 7.0 0.0031785 0.0032551 2.4
10 0.0061419 0.0066072 7.0 0.0032491 0.0032887 1.2
11 0.0061418 0.0066071 7.0 0.0032909 0.0032956 0.14
12 0.0061417 0.0066072 7.1 0.0029631 0.0030898 4.1
13 0.0061419 0.0066071 7.0 0.0029606 0.0031159 5.0
14 0.0061419 0.0066072 7.0 0.0029515 0.0031242 5.5
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Fig. 15 Comparison of Fragility for Numerical Simulation and
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