Challenge of Detecting Deep-Ground Cavities
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Cave-ins, which occur in various places both in Japan and overseas, are serious problems that may cause economic damages and
human casualties. Radar surveys can detect relatively shallow cavities with high accuracy, but it is difficult to detect cavities deeper
than 2m below the ground surface. Currently, there is no effective non-destructive exploration for deep cavities. In this study, the
characteristics of elastic wave propagation around cavities were investigated by DEM (Discrete Element Method) analysis and field

tests, and the possibility of detecting such deep cavities is considered.
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The initial waves from the excitation area and reflected waves from the cavity are
mixed together on the ground surface between the excitation area and the cavity.

EITRERGTRZARICEAT HEE,
It is necessary to distinguish clearly between initial
waves and reflected waves.

[ ]
’-I

| yRITE)H A

6m DAL

z _ Receiving
D Y ZIRAER o :
#24E Excitation ‘4», I-1><10-6m 2312 B HIE o — Sxcitation WEV';J:
_ _ _ . . o < 6 > . i ;, n L
. YA REIZ1kHz. BB umD EZK/ LR - EaRDLdEE . X Pl =
1 WHy 1 itude. 1 s | DEM¥ET JLh#ig LAMMPS Software ol | e O
z, 1 ym amplitude, 1 sine wave pulse DEM Model Ground - Al " .
o Cavity Sl | BO—HR A o | |4 om 5 D | H G
670 = =i, Wy 2 b R4t ® 23
' A" S / 7 Reflection & %10 | ﬁ é
kP waves \S waves H\j{ﬁg i " ?fé 15 = % O
3 3 DK y
P 3 SiEA3 =i E b <hEdr Z 2> & [/ PRI Confused (mns) }R_f.%Thgz - "
— W:Iﬁj Ic :_ﬂ]i% _ . W B R R ) Ol 20 | —_— Reflected waves ( pm)
22 e =1 Diffraction REIRIC X BT L 0 05 1 15 2 25 3 35
Reflected waves 223 2> & D K S IRTE =T (m) Distance
IR o6msiE IR M 58msik EiIRM510msfk EiRM512mstk EfRA514msik B - E - R E T A O BR
6ms after Excitation 8ms after Excitation 10ms after Excitation 12ms after Excitation 14ms after Excitation The Relationship of Time-Location-Displacement of ground surface
74—M~.=?:\25ﬁ Field Test - 78 }HE a ﬁs_oatmie«-atsurttﬁmx%f;nmgﬁa
- \
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A balloon with a diameter of 0.5m was placed

at a depth of 2.4m.
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