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ABSTRACT: Umbrella arch method (UAM) used for improving the stability of the tunnel ground condition has been
widely applied in the tunnel construction projects due to the advantage of obtaining both reinforcement and waterproof.
The purpose of this study is to develop the evaluation technique of the integrity of bore-hole in UAM by using a
non-destructive test and to evaluate the possibility of being applied to the field. In order to investigate the variations of
frequency depending on grouted length, the specimens with different grouted ratios are made in the two constraint
conditions (free boundary condition and embedded condition). The hammer impact reflection method in which excitation
and reception occur simultaneously at the head of pipe was used. The guided waves generated by hitting a pipe with a
hammer were reflected at the tip and returned to the head, and the signals were received by an acoustic emission (AE)
sensor installed at the head. For the laboratory experiments, the specimens were prepared with different grouted ratios (25
%, 50 %, 75 %, 100 %). In addition, field tests were performed for the application of the evaluation technique. Fast
Fourier transform and wavelet transform were applied to analyze the measured waves. The experimental studies show
that grouted ratio has little effects on the velocities of guided waves. Main frequencies of reflected waves tend to decrease
with an increase in the grouted length in the time-frequency domain. This study suggests that the non-destructive tests
using guided ultrasonic waves be effective to evaluate the bore-hole integrity of the UAM in the field.

Keywords: Fast fourier transform, Guided ultrasonic waves, Impact reflection method, Umrella arch methods, Wavelet
transform
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Fig. 1. Translation and scaling parameter in wavelet transform

Table 1. Dimensions of steel pipes

(b) Scaling parameter, s

External diameter Thickness Unit weight Length
Lab test 50.8 mm 4.0 mm 4.62 kg/m 6 m
Field test 60.5 mm 3.8 mm 5.57 kg/m 12 m
Table 2. Mixing proportions of grout materials
s Liquid A Liquid B
Amount of injection
Silcate of soda Water Cement Water wi/C
1,000 L 250 L 250 L 250 kg 420 L 168 %
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Fig. 2. Definition of grouted ratio
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Fig. 3. Specimens under a free boundary condition
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Fig. 4. Specimens under an embedded condition
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