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Impact-Echo Method for the Safety Diagnosis
of Tunnel Concrete Structures

Sung Ryul Shin*, Seong Min Lee and Won Il Chang

Abstract : Determining the thickness of concrete lining and detecting of the cavity where is located
behind tunnel lining plays an important role in the safety diagnosis of tunnel structure and the quality
control during the construction. In this study, we made use of Impact-Echo method with single-axis and
triaxial accelerometer in order to find the cavity or flaw. The thickness estimated by this method was
good agreement with the thickness of concrete plate model. According to the use of single and multi-
component accelerometer, we studied the characteristic of power spectrum and phase angle in frequency
domain and examined the accuracy of the estimated thickness. In the field application, the method can
clearly show the location and depth of the cavity in the reinforced concrete lining of subway tunnel.
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Fig. 1. Schematic diagram of Impact-Echo method and
the model used in the experiments (a) plane view and (b)
section view.
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Table 1. Specification of Single-axis and Triaxial Accelerometer for Impact-Echo

T2 Ry 9IZF5 (Voltage Sensitivity) Z3w 9] IR A
2% A& a1ZPCB A
(Single-Axis Accelerometer) 2% 353B34 100 mV/g t50g 0.001g
= A
3% 714 =15 PCB # 100 mV/g +50 g 0.0005 g

(Triaxial Accelerometer) 2 356A08
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Fig. 2. The signals obtained by Impact-Echo method with triaxial accelerometer. Traces are recorded from external
hammer force, X, Y, and Z-component. It is scaled up to pick the traveltime.
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Fig. 3. Hodogram of particle motion (a) Z-Y direction

and (b) Z-X direction.
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Fig. 4. Concrete P-wave velocity determination from the
picked traveltime and distance. The equation estimated
from linear regression is y = 295.4798926x, where y
is time(us) and x is distance(m) from source to
accelerometer. P-wave velocity, an inverse of slope, is
about 3400 m/s.
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Fig. 7. (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. The depth of maximum amplitude is good agreement with the true thickness of concrete plate.
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Fig. 8. (a) X-component observed with triaxial accelerometer (b) power spectrum and (¢) phase angle in frequency

domain (d) depth conversion.
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Table 2. Seismic data acquisition parameter
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Fig. 11. Seismic section obtained along the crown of
subway tunnel.
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