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1. Introduction

Operational modal analysis is used to extract the modal parameters of the system based on the responses of the
system. Due to the complexity of dam-foundation-reservoir system, accurate measurement of the input excitation to
the dam body in not possible. Therefore, in the operational modal analysis methods, the dynamic properties of the
system are identified only based on the responses of the system [1]. In classical system identification methods, the
structure vibrates due to an external force which may cause it to be out of operation during tests. In addition, the
forced vibration tests put the structure in danger of possible damage [2]. Utilizing of ambient vibrations to obtain
modal parameters of the system is one of the most important advantages of the operational modal analysis in
comparison with classical methods. Low amplitude and low signal to noise ratio of ambient vibration can cause
inaccuracy and uncertainty in the identified modal characteristics therefore several signal processing methods should
be used to increase the accuracy of the results.

2. Methodology

There are several methods for operational modal analysis such as frequency domain decomposition (FDD) and
wavelet transform (WT). In this paper, combination of these two methods is used to save the advantages and
eliminate the disadvantages of both methods. Good accuracy of natural frequencies and mode shapes can be
obtained using frequency domain decomposition method due to high resolution of frequency but it is not possible to
estimate the damping ratios in conditions of modal interferences. On the other hand, in the wavelet transform
method because of multi resolution capability, there is possibility of decomposing signal to the identified natural
frequencies to distinguish the modal interference therefore damping ratios could be calculated with high accuracy
[2]. The flowchart of the methodology used for the processing of the records of seismic responses of the dam is
illustrated in Fig. 1.

In this paper, the Karun 3 double curvature concrete arch dam is selected as case study. The frequency domain
decomposition method used to calculate the natural frequencies of the system and wavelet transform is used to
estimate the damping ratios. The seismic responses of the dam to four different ground motions are used to identify
the modal parameters of the dam in accurate and reliable manner.

Half power method and logarithmic decrement technique could be used in order to obtain the damping ratios.
These two methods are not applicable in condition of existing two or more adjacent modes in power spectral density
spectrum. The wavelet transform could be used to decompose the signal to the single frequency signal which
contains only the natural frequency of the system. By decomposing the signal, modal interference is eliminated and
therefore the half power method and logarithmic decrement technique could be used to calculate damping ratios. To
estimate the damping ratios of different modes of vibration, the responses should be decomposed to the
corresponding natural frequency then the half power method should be applied [2, 3]. In this paper, the damping
ratio of the first mode is calculated and discussed. To calculate the damping ratios using wavelet transform,
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optimum wavelet parameters should be defined. To determine these parameters, Shannon entropy criterion has been
used. In this criterion, the wavelet parameters which cause minimum entropy, selected as the optimum parameters.

Recorded
response
|
1 ! |
Calculating Optimizing
PSD matrix wavelet
| parameters
Decompose |
to SV calculating
Wavelet
Natural |

frequencies

Decompose signal
to monocomponent
frequency

Calculating
1 damping
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Fig. 1. The flowchart of the methodology used for signal processing of seismic responses

3. Results and discussion

Comparison of the results obtained for four different ground motions are presented in Table 1. The results
indicate good agreement between the natural frequencies obtained from different recorded responses. Also good
consistency is obtained for the estimated damping ratio corresponding to the first mode as presented in Table 1.

Table 1. Identified natural frequencies and damping ratios

Record date 1% mode (Hz) 2" mode (Hz) 3" mode (Hz) 4™ mode (Hz) 5" mode (Hz) Damping (%)
2011/08/02 2417 3.0029 3.1982 3.5889 4.7363 2.34
2011/10/05 2.3438 3.1982 3.7109 4.4922 4.7852 2.21
2011/10/28 2.2705 2.832 3.2959 3.54 4.4189 2.42
2011/03/01 2.1973 3.2715 3.54 4.2969 5.249 2.13
Difference (%) 9.089 13.434 13.816 21.196 15.814 11.983
Average 2.30715 2.844225 3.369125 3.790275 4559325 2.275

4. Conclusions

In this paper, combination of two methods, frequency domain decomposition and wavelet transform, is used to
estimate the modal parameters of the arch dam. Natural frequencies and damping ratios of Karun 3 dam are
calculated using seismic responses recorded during 4 different ground motions. Good agreement of the results for
different ground motions are achieved that shows reliable and accurate identification. A maximum 15% discrepancy
is obtained for identified natural frequencies which possibly induced by different conditions ambient vibrations.
Good agreement also achieved for the calculated damping ratios which shows efficiency of the wavelet transform
method for this purpose.
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