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Application of Ground Penetrating Radar for Estimation of Loose Layer

z 4 9 Hong, Won-Taek
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of ¥ A Lee, Jong-Sub

Abstract

An investigation of a void and a loose layer of the ground is essential in order to prevent the losses of life and
properties caused by subsidence and sinkage of the ground. Recently, studies on the ground penetrating radar survey
have been actively conducted in order to estimate the void and the loose layer of the ground. However, an error can
be committed by contrarily predicting a dense ground and a loose layer because the ground penetrating radar estimates
an interface depth between geo-materials that have different electrical impedances. In this study, a loose ground depth
is estimated using the characteristics of the reflected electromagnetic wave obtained from the ground penetrating radar
survey. To gather the signals according to the loose ground depths, the ground penetrating radar survey is conducted
on a field which underwent a huge ground settlement. In addition, the dynamic cone penetration test is performed to
verify the result of the loose ground depth estimation from the ground penetrating radar survey. From the analysis of
the reflection characteristics of the electromagnetic wave, a phase of an electromagnetic wave reflected from a denser
soil layer is found to be identical with that of the first measured signal. On the other hand, a phase of an electromagnetic
wave reflected from the loose soil layer is found to be opposed to that of the first detected signal. The comparison
between the dynamic cone penetration index and electromagnetic signals by the ground penetrating radar shows that
the estimated depth of the loose or dense layer is perfectly matched with a high reliability. The ground penetrating
radar survey and the signal analysis performed in this study can be used not only for the survey of interface depth

between the discontinuity layers but also for the estimation of the loose layer.
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Fig. 1. Signal gathering using a ground penetrating radar. T and
R denote the transmitter and the receiver, respectively
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Table 1. Typical relative permittivity of various materials

Material Relative permittivity [e]
Air 1
Fresh water 81
Sea water 70
Sand (dry) 4-6
Sand (saturated) 25
Silt (saturated) 10
Clay (saturated) 8-12
Fresh water ice 4
Permafrost 4-8
Granite (dry) 5
Limestone (dry) 7-9
Dolomite 6-8
Quartz 4
Coal 4-5
Concrete 5-10
Asphalt 3-5
Sea ice 4-12

HA7|ake] S, IO, FaDE A Q)9 2
o WA gomE, A o ARste] g 4 (1)

34 @4 4 ()3 ol verd 4 gk

[‘l[‘

=/ @

. c

e 3)

A71A, f= FAfl AgH Steue] g Fuies
Eplict. AJsREateols A s A ute]
RHbg(an el EstER e Fuko Ey 44
5 w2 ol 3w FApt 7hesh T3t Alwrh o
up9] QHEL; A5 s ies th SO, Z—l
O] AL 7hRs stk ARSAS] HAL BA 3 3
upe} YubA o2 50MHzO| A5uHE 2.3GHz
v GG ey Al

10
—lN

> r

=

ut

1
<

° mx rlo ¥ U
=
4)4

W

.38 2 2IAI”(dynamic cone penetration test)

Scala(1956)°]) 2J3fe] 48 $4 T WYAFS ot
WES] PN % AEEY BI1E 9fstel Ue ol

i

IEA0IHel BE 43



e

D<— Handgrip

i / Hammer guide

575 mm

<—— Drop hammer
(78.4 N)

P Driving rod

1,000 mm |

/ —]
20 mm

Fig. 2. Schematic drawing of dynamic cone penetrometer
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Table 2. Suggested ground condition by DCPI

DCPI [mm/blow] Description
> 42 Very loose
42 - 28 Loose
23 - 12 Medium
12-5 Dense
<5 Very dense
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Fig. 3. Gathered signals from the GPR survey: (a) LTD; (b) DTL. EM wave denotes electromagnetic wave gathered by a GPR
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Fig. 4. Processed signals: (a) LTD; (b) DTL. EM wave denotes electromagnetic wave gathered by a GPR
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Fig. 5. Comparison between the results of GPR survey and DCP test (LTD)

Tmm/blow 2 7hAxste] Wk Abe o] &
Th(Table 2). o] AEo| M= B4 & #Ix|47} o
Bmmblow7Hx] AA3] 7ksHs Aake Bgou, 4
= oF 1,950mmol| 4] ¢F 2mm/blow = FZA 3] 7asto]
o9 2t AR Lpehyglct. ol el =
Bole AlEol M IEH ek HE 1,950mm(Ht
Ae): 3.900mm)e]] Tiak whApHE AupA 2 <1t of
YAAlo] wAyste] A% 1,050mmel 4] 58wkt
o} Boh Ae QEL HolAuk FUT A4S Lrehuich

o
ftjo
<
o
=
32

Normalized EM wave

|

0

200 r

400

600

800

1000

Depth [mm]

1200 f

1400

1600 |

1800 |

2000
Fi

Fig. 62 DTLoJA B5% 2aksatzolt] Als W
IR LE HojZr) £4] & IRIASE EHe R
HE A% oF 300mm7Hx] A48 asigon, e of
850mm7H4] 7~15mm/blowe] ZHe LFERJLOU, o]E
oAz F48] S7Fste] ¢F 40mm/blowe] =3 4]
ElE YeEtH St DTLoA A|shFatd o]t ‘3—< 4
TRIAH OB RE 2531 o] et 7he] A=
9] oA} HYrk o= & AtolA AREH 116 S|
ojt] QFElLE] SFE(a) TG Aew TEETE

DCPI [mm/blow]
0 20 40 60 80

g. 6. Comparison between the results of GPR survey and DCP test (DTL)

gk ol2712t == et Xots

aoiHe BEg 47

i



6. Q2 U HE
B ATeldE AstRaEeld ARty 5
ARIshe] WA SAE olg sl A olgil)
8 Sk Shele A oletdo A Ast
Srdold A% 5SS $13F BAAO A A=
arfe] ol AR g @ 1A Hstol
o] glglom, BAlol= 5 o]gTzke] EAT Aow
eEls Frtolth AW Avte] AR AsAl| T
A}, SJAFR9] 24 4(LTD, DTL)eIA A5 afeo] el
APt SaEglon), Auke) AmE 9 A5 915
of B2 # BYAFo| A=k ASH AshEa
ole] AEk AZHEHOR /1S HEE S AUk 44
22 olgsie] JE= wAsiech
£ ARHLTD)o) A 5 P Al A
10S0mmel 4] 3 E]glom, SIS 8 vhAbste] )4
ASRAel el Agon S48 Asel 5
A3k g1k Lheheleh. Lag AMKDTLOA 2

r{o 18

Fl BhAba AT = HapA ] oF 880mmo] A #@El‘;’ifi
], 5% RhAbo] 9142 A|stE o]y qHE|Lbe]
A Ago g SHE Ao vl S e ATt 5
T AN FE 4 F BAAF o R R E 4P
E = 3l z4= LTDOA A% 1,050mmE ZAZ
sHEx|Ero] o 2Ugh A|Ekel& UE e DTLO
A= A= 850mmE AR SHEA|HEO] T =3t AE
A& el &, 54 & AR ERE AT
A5 A st} AshEatg o]t o 9)4HetE =43
A5 AeHst AT o 4= Aok

2 AtolA 3E AR ole HAF 9 AT E
Al e A7 A A7) Aol AHke] FAM 4
ST ofu et Al o]ttt Aol &8
T leng, AR AREEZRS 913F AHkEAR] 282
o Q& Aozt 7|t

2Ll 2

B 7= 20159 AR (v o] Ao
= gelyaere] %) °J° uro} SalEl %17 Q(NRE-
2011-0018110) ¥}3]m, o]of] A=Yt

48  e=AEIESE=2d

31 M=

179 (References)

. Al-Qadi, I. L., Xie, W., and Roberts, R. (2010), “Optimization of

Antenna Configuration in Multiple-Frequency Ground Penetrating
Radar System for Railroad Substructure Assessment”, NDT&E

International, Elsevier, 43, pp.20-28.

. Al-Qadi, I. L., Xie, W., Roberts, R., and Leng, Z. (2010), “Data

Analysis Techniques for GPR Used for Assessing Railroad Ballast
in High Radio-frequency Environment”, Journal of Transportation
Engineering, ASCE, 136(4), 392-399.

. ASTM D6432-11 (2011), “Standard Guide for Using the Surface

Ground Penetrating Radar Method for Subsurface Investigation”,
Annual Book of ASTM Standard 04.09, ASTM International, West
Conshohocken, PA.

. ASTM D6951 (2009), “Standard Test Method for Use of the Dynamic

Cone Penetrometer in Shallow Pavement Applications”, Annual Book
of ASTM Standard 04.03, ASTM International, West Conshohocken,
PA.

. Chung, C. K. (2015), “Sinkhole, does the Ground of the City is

Crumbling? (environment day special issue)”,
pp.51-63.

Water Journal, 131,

. Davis, J. L. and Annan, A. P. (1989), “Ground-penetrating Radar

for High-resolution Mapping of Soil and Rock Stratigraphy”,
Geophysical Prospecting, 37(5), pp.531-551.

. Geophysical Survey Systems, Inc. (2005), “GSSI Handbook for

RADAR Inspection of Concrete”, GSSI, 38.

. Kim, Y. J, Lee, S. S.,, Ahn, B. Y., and Kim, Y. G. (2000), ‘“Examination

on the Influence of Depth, Size and Interval of Rebar on the Signal
of Ground Penetrating Radar”, Journal of the Korea Institute for
Structural Maintenance Inspection, 4(2), pp.167-174.

. Kim, Y. S. and Lee, C. (1993), “Probabilistic Study of Surface

Subsidence due to the Collapse of Underground Void during
Earthquakes”, Journal of Korean Society of Civil Engineering,
13(4), pp.217-226.

. Kwon, K. S. and Park Y. J. (2001), “Stability Assessment of

Building Foundation over Abandoned Mines”, Journal of Korean
Society for Rock Mechanics, 11(2), pp.174-181.

. Mohammadi, S. D., Nikoudel, M. R., Rahimi, H., and Khamehchiyan,

M. (2008), “Application of the Dynamic Cone Penetrometer (DCP)
for Determination of the Engineering Parameters of Sandy Soils”,
Engineering Geology, Elsevier, 101(3), 195-203.

. Rial, F. I, Lorenzo, H., Pereira, M., and Armesto, J. (2009), “Waveform

Analysis of UWB GPR Antennas”, Sensors, 9(3), 1454-1470.

. Santamarina, J. C., Klein, K. A., and Fam, M. A. (2001), “Soils

and Waves-Particulate Materials Behavior, Characterization and
Process Monitoring”, John Wiley and Sons, NY, 448.

. Scala, A. J. (1956), “Simple Methods of Flexible Pavement Design

Using Cone Penetrometers”, New Zealand Engineering, 11(2), 34.
Received : September 22", 2015

Revised : October 5“‘, 2015

Accepted : November 10", 2015



