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Case Study on the Impact-Echo Method for Tunnel Safety Diagnosis
Sung Ryul Shin and Cheol Hyun Jo

Abstract For the purpose of determining the thickness of concrete lining and detect of the cavity where may be
located behind tunnel lining, TE (Impact-Echo) method is effectively useful in the tunnel safety diagnosis and the
quality control during the construction. As a part of case study, we applied IE method to various tunnel structure
types such as road tunnel and subway tunnel constructed by NATM (New Austrian Tunnelling Method) and ASSM
(American Steel Support Method). As tunnel specifications estimated from this method were compared with coring
data, design drawing and other survey results, it was very good agreement with each other. In conclusion, we verified
that TE method shows an accurate and reliable result. The conventional interpretation of IE method in frequency
domain gives only vertical information at a certain point. However, the interpretation using time-frequency analysis
and depth section imaging technique from two dimensional profiling surveys can show more reliable information
about structure inside.
Key words Impact-Echo method, Tunnel structure, Safety diagnosis, Non-destructive test, Depth section imaging
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Fig. 1. (a) Schematic diagram of lmpact-Echo method. (b)

Comparison of Impact-Echo data for structures with
cavity (right) and without cavity {left) in time domain.
{c) Frequency response of Impact-Echo data in
frequency domain. Resonance frequency f, and f,
entirely correspond to structure thickness and cavity
depth.
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Fig. 2. (a) Schematic diagram of field data acquisition using
Impact-Echo method and (b) a photograph.
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Fig. 12. (a) Concrete P-wave velocity determination from
time-distance curve. P-wave velocity, an inverse of
slope, is about 4,000 m/s. (b) [mpact-Echo data of
subway tunne} in time domain. (¢) Amplitude spec-
trum in frequency domain has peak at 6,000 Hz,
which second tunnel lining thickness is 30 cm, and
(d) time-frequency analysis through wavelet transform.
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