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ABSTRACT

Purpose: In the case of cavity discovered by ground penetrating radar exploration, it is necessary to
accurately predict the filling amount in the cavity in advance, fill the cavity sufficiently and exert
strength to ensure stability and prevent ground subsidence. Method: The cavity waveform analysis
method by GPR exploration and the method using the cavity shape imaging equipment were performed
to measure the cavity shape with irregular size and shape of the actual cavity, and the amount of cavity
filling of the injection material was calculated during rapid restoration. Results: The expected filling
amount was presented by analyzing the correlation between the cavity size and the filling amount of
injection material according to the cavity scale and soil depth through the method by GPR exploration
and the cavity scale calculation using the cavity shaping equipment. Conclusion: The cavity scale
measured by the cavity imaging equipment was found to be in the range of 20% to 40% of the cavity
scale by GPR exploration. In addition, the filling amount of injection material compared to the cavity
scale predicted by GPR exploration was in the range of about 60% to 140%, and the filling amount of
the injection material compared to the cavity size by the cavity shaping equipment was confirmed to
be about 260% to 320%.

Keywords: Ground Penetration Radar Exploration, Cavity Shape Imaging Equipment, Cavity Scale,
Filling Amount, Volume Change, Soil Depth
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(a) Concept of equipment (b) Data analysis and cavity information acquisition

Fig. 1. Conceptual diagram of cavity shaping equipment and cavity information acquisition
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Fig. 2. Cavity scale calculation method
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Table 1. Comparison of cavity volume and cavity filling amount according to cavity scale

Cavity volume(m®) o Cavity volume(m®) o
— Filling amount — Filling amount
Item GPR. Shapll:lg image () Item GPR. Shaplrllg image ()
exploration  equipment exploration  equipment

1 0.129 0.03098 0.096 14 0.288 0.07635 0.320
2 0.146 0.04699 0.096 15 0.288 0.06983 0.096
3 0.15m° 0.140 0.04581 0.112 16 0.230 0.07784 0.336
4 below 0.129 0.03388 0.264 17 (()) 32(111:3 0.306 0.06451 0.480
5 0.146 0.02968 0.096 18 0.292 0.08028 0.128
6 0.139 0.03285 0.112 19 0.224 0.04465 0.192
7 0.174 0.06540 0.144 20 0.235 0.10255 0.144
8 0.173 0.06984 0.288 21 0.384 0.27995 0.480
9 0.173 0.06273 0.112 22 0.384 0.10070 0.224
10 (())21(?11:3 0.157 0.04634 0.192 23 031 - 0.354 0.09415 0.288
11 0.180 0.05029 0.336 24 O.;10m3 0.326 0.14634 0.384
12 0.184 0.04391 0.240 25 0.330 0.08760 0.160
13 0.179 0.04897 0.192 26 0.390 0.07101 0.096
27 0.392 0.06695 0.096

28 041 0.560 0.57027 0.832

29 mc;re Ean 0.432 0.08787 0.672

30 0.441 0.12022 0.432
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(a) Soil depth and cavity thickness (b) Soil depth and cross-sectional area

Fig. 3. Correlation between soil depth and cavity thickness and cavity cross-sectional area
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(a) Soil depth and cavity shape and cavity volume (b) Distribution of cavity shape

Fig. 4. Cavity shape, volume and soil depth relationship using shaping image equipment
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Fig. 5. Correlation between GPR exploration and cavity scale by shaping image equipment
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Fig. 6. Correlation between cavity scale and injection volume
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