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Interpretation of Impact-Echo Signals via Time-Frequency Analysis

Sung Ryul Shin*

Abstract : Detection of the cavity behind the tunnel lining and estimation of structure thickness are of
critical importance for the safety diagnosis in the tunnel maintenance and the quality control during the
construction. In this study, we made use of Impact-Echo method in concrete slab model with single-axis
accelerometer in order to estimate the thickness and find the cavity or flaw. Impact-Eche signals were
processed by the conventional method, based on Fourier transform, and the time-frequency analysis
which depends upon wavelet transform. We demonstrate that the wavelet transform separates Impact-
Echo signals from noise. The time-frequency analysis using wavelet transform is able to clearly
discriminate between response of the cavity or the delaminated slab and the perfect bond area. The
proposed method provides us with a robust and powerful tool for interpretation of Impact-Echo signals.
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Fig. 1. Flow chart for the interpretation and data

ol W, fy= BAFTSE, A 34, v ohAe) £Eo|rh,  processing of Impact-Echo method.
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Fig. 2. (a) The results observed with single-axis accelerometer. It shows free oscillation of concrete plate model. (b)
power spectrum and (c) phase angle in frequency domain. The frequency of maximum amplitude spectrum is

18500 Hz. (d) depth conversion.
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Fig. 3. Gabor function windows of 128 samples. (a) scale
factor log,s =-12, (b) -13, and (c) -14, respectively.
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Fig. 4. Spectrogram of wavelet transform by Gabor
function using (a) window size of 32 samples, (b) 64, and
(c) 128, respectively.
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Fig. 5. Spectrogram in the time-frequency analysis by
STFT using (a) window size of 32 samples, (b) 64, and
(c) 128, respectively. (d) Perspective spectrogram of Fig.
5(b) and Impact-Echo signals in the time domain.
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