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Abstract

The need for safety management has arisen due to the increasing number of years of
operated underground structures, such as tunnels and utility tunnels, and accidents
caused by those aging infrastructures. However, in the case of privately managed
underground utility ducts, there is a lack of detailed guidelines for facility safety and
maintenance, resulting in inadequate safety management. Furthermore, the absence of
basic design information and the limited space for safety assessments make applying
currently used non-destructive testing methods challenging. Therefore, this study sug-
gests non-destructive inspection methods using ultrasonic and impact-echo techniques
to assess the quality of underground structures. Thickness, presence of rebars, depth of
rebars, and the presence and depth of internal defects are assessed to provide funda-
mental data for the safety assessment of box-type general underground structures. To
validate the proposed methodology, different conditions of concrete specimens are
designed and cured to simulate actual field conditions. Applying ultrasonic and impact
signals and collecting data through multi-channel accelerometers determine the thick-
ness of the simulated specimens, the depth of embedded rebar, and the extent of de-
fects. The predicted results are well agreed upon compared with actual measurements.
The proposed methodology is expected to contribute to developing safety diagnostic
methods applicable to general underground structures in practical field conditions.
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Table 2. Experiment cases for concrete wall quality assessment

Specimen condition (a) (b) (©)
Specimen thickness 20 cm /30 cm /40 cm 30 cm 42 cm
Internal condition Pure Rebar Flaw (crack)
Rebar or flaw depth - 15cm/ 10 cm 20 cm
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Fig. 5. The system of generating signal and acquisition
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Table 3. Experimental results for depth estimation of pure concrete specimen

Case Surface wave velocity P-wave velocity Resonant frequency Estimated depth Error
(m/s) (m/s) (kHz) (cm) (cm)

20 cm depth 2,470.24 4,631.70 10.42 21.34 1.34
30 cm depth 2,470.65 4,632.47 7.49 29.71 0.29
40 cm depth 2,602.66 4,879.99 5.57 42.08 2.08
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Table 5. Experimental results for depth estimation of concrete specimen with internal defeat

Case Surface wave velocity P-wave velocity Resonant frequency Estimated depth Error
(m/s) (m/s) (kHz) (cm) (cm)
42 cm concrete 4.46 45.86 3.86
2,272.70 4,261.32
20 cm depth 9.61 2128 1.28
crack
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