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Relationship Analysis of Volumetric Water Content According to the Dielectric
Constant for Stability Analysis of Ground Excavation
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Geotechnical Engineering Research Institute, Korean Geotechnical Society
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Abstract: In order to prevent ground collapses by groundwater level drawdown, we need to understand the groundwater
flow and also make an analytical approach to the cause of the collapses. In this study, we used the result of the soil
lab tests to compare and review the suitability of the various interaction equations about the relation between volumetric
water content and the dielectric constant. In addition, using GPR (Ground-Penetrating Radar), we reviewed the possibility
of calculating an estimate of dielectric constant. Lastly, we applied seepage analysis and stress-strain analysis to the sandy
ground given by ground excavation. In comparison with the previous result of the soil lab tests, we similarly predicted
the suction of unsaturated soil from results of stress-strain analysis considered the seepage force for the unsaturated soil.

Keywords: GPR (Ground-penetrating radar), volumetric water content, dielectric constant, seepage analysis
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Fig. 1. Type of collapse analysis for construction sites.
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Fig. 2. Flowchart for estimating volumetric water content from
dielectric constant (This study).
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oF FETHIE arEste] FAdret AR E Al Ssh]
8l & AtollAl 483k BAAS Table 19 F2lsATh

Topp (1980)= E&ld & (sandy loam), EZ E(clay loam),
2] &(glass bead) A&l thsle] 1 MHz ~ 1 GHz F31
Aol A FHrHE BS AT AWAES Fasion,
2 () 2ol 72374 (6)eF AATH(6)8] BAE 34 o
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CRIM (Complex Refractive Index Method) 212 373371,
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Table 1. Formular for the dielectric constant and the volumetric water content used this study.

Formular

Parameters

£=3.03+936,+ 1466° - 76.66.
Topp et al. (1980)

), =-5.3%x107 +2.92x107¢, — 5.5x107' & + 4.3x10°¢

& = dieletric constant
6, = volumetric water content

CRIM cq. Je= p(1-S).J + pS, /2 + (1= p)chfen + (1—p)(1—cl)/a

(Shen et al., 1985)

¢ = dieletric constant

@ = porocity

cl, = volumetric clay ratio

S, = water saturation

g, = dielectric constant of air

& = dielectric constant of sand
&, = dieleteric constant of clay
&, = dieletcric constant of water

0.5,—0.818—0.618p,+0.159;

Malicki et al. (1996) 0= T1711.18p,

6 = volumetric water content
K, = dielectric constant of soil
p» = bluk dencity

ﬁ/Ka’ﬂ’:a+bw
o)
i

Siddiqui and
Drnevich (1995)

Song (2015)2 EA4BANE 4 = 0.80616, b = 9.0542 A<t b

K, = dielectric constant of soil
P = dencity of water

pu = dry dencity of soil

: compensation constant

0.5 0.5

o —(1-P)x&"—¢-¢,
0.5 0.5
&, —¢&,

Sabouroux and Ba (2011) 0,,=

0..s = volumetric water content

&.r = dielectric constant of soil

g, = dielectric constant of air

& = dielectric constant of sand

& = dielectric constant of water

¢ = porocity

=

Vo] Zo] AHJGASS 7} Ao A eAS T BE HAn
2 VA tk(Shen ef al., 1985). CRIM 2] % E} bt SH7ol
Azl AE 7hsst AHE 7R v, SA 50 w}
GRS Wl a3 ekA] =ThLee, 2002).

Je=p(1-S)Je.+ pS.fen+ (1=p)cl e, + (1-p)(1-cl,) /e,

i “‘101'

Dielectric constant
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Fig. 3. The modelled dielectric constant using Topp’s equation
(solid line) and CRIM (dashed line) for sandy soil. The porosity

and dielectric constant of the soil matrix are assumed to be ¢ =
40% and & = 4.5, respectively (Shen et al., 1985).
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A3}, GPR 3= W91 (10 MHz ~ 1.0 GHz)ollA k0] 7}
5~ 50%%1 ARLE AkelM = H8Ade] Hojd Ao

Foh(Park, 1998). o]o] Malicki ef al. (1996)= u}ootvl z59

F(6H: AHE, HE, A7IRE Syl digt F85E &
sl Fo) Ux gAE vEE AN ﬂ]%o}ﬁit}.
S5 _ 4 2
9:K2 0.818-0.618,+0.159; @

7.17+1.18p,

A7M, K= F9 38, pE 9 dx(gem’)olt).

Siddiqui and Drnevich (1995)= S HSrH|Z o]Foi7 2
() 22 AF RAANEAS ARFSIAL, o= thdet ol
s w2 d3dE EO#TME}(Sallam et al., 2004,
Song, 2015).
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FiEX BFAE e s HASdde st SR
a¥E 0.80616, b 9.05425 AFBISIT).

Sabouroux and Ba (2011)2 CRIM 2] fAMd 42
918 600 MHz, 1 GHz SHIUE Alg3te] 21e 5 o] A
Agplsh fASle] FEBAA S AT,

i

05 0.5
_ 8,.47(17¢)X£S 7¢X‘5‘a
aref - 80'5750‘5 ©)

A7, Q= & AATFH], g2 FO FAET, e
3719 4, e & AT, 6,5 Y AT
¢= o))

UM ToppdlZ CRIM RH¢] SHAAS FE3517]
3 FAHEE D83t b3t FFEFRI(% ~ 30%)5 Ze
RYPEZRE A8, T35 900 MHz 2 1.0 GHz UEIUE
0|83l 522 ~ 38.879] FXdE Z7 SIS THON, 2009).

£ AT e FAES} ARE 2714 S/ FA8 bl
3| Topp AH2], CRIM 213} Siddiqui and Drnevich (1995)7F
ARk A& vl e 8 {AdrE 3795k Wi Topp AN
2] Malicki (1996)2} Sabouroux and Ba (2001)7} A<tk 2]
< v g AAFeRlE FA ke Wl il skt
AA ] AHS Qe &9 B84 AL fElvet Ao
g E¥3h= IH4EZ MH, SP F 79 tisliA HESS
CH(Table 2). A& A= #2004 T3 50% ©1/de] HEAQRE
o] 3Ad9] F(MH))AL, AE B #2004 53 50% o3t
o] A Aol W2 Bl H(SP)elth. Table 2= AWAE
< B3 S AZ A9 AZ B 7R BAUE AT A

o= AE A%l AXFGHIE 34.1%, AF Bel AL FGHIE

Table 2. Physical properties of soils (Park, 2014).

20.9%% SAH = AT

Table 32 2] (1), 2 Q) 2] (5)F ol&3td AJ5e] 7]&
EAHOZHE §45E S Ao, Table 4= 2
@), 2 (@2 2 (6)& o83t Table 39 FHAFEILE A
A4S 4% Aol AEAR 49 FH(MH)!
AZ AL FATE 179 ~ 21.19) 38 7AW, A2 3ken)
= 2 )0l 280 31.8 ~ 36.0%, 2] (4)°l <3l 28.1 ~ 31.7%,
21 (6)1 23l 27.0 ~ 31.6% HI2] 7S HATh AR AJE0]
B2 v A F(SP)RI! AE BY 4745 10.6 ~ 11.59] %k
< 7, Al 4 290 28l 200 ~ 21.8%, 4 (4)
o] 23] 18.6 ~ 20.0%, 2] (6)°l <&l 19.1 ~ 20.0% ¥H<1] 7k
S Holth

AR AX ] FHRS Blas|EH Topp AlH
X AA| AAFFH| oL FARE Mo gho] FFEHUSH,
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A HolFa Qi) ek A
AFAS o] &ate] FHd =,
A AT e 7P AR Fro] FAENeH, AR A
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Specific Grain size Void Plasticity Field unit Dry unit Field water Vol.
Samples 2 avi distribition (%) rato index weight weight content ~ water content USCS
gravity (0.074mm) (%) (KN/m’) (KN/m?) (%) (%)
A 2.65 62.6 0.87 183 16.5 12.1 24.0 34.1 MH
B 2.60 1.4 0.54 - 18.0 14.0 12.4 20.9 SP

Table 3. Prediction of relative dielectric constant (&) from soil laboratory test (CRIM: C, Siddiqui: S, Topp: T).

&
Samples Volumetric clay ratio (%)
Topp (& 1) CRIM (4] 3) Siddiqui (4] 5)
A 20.1 21.1 17.9 62.6
B 10.7 11.5 10.6 1.4

Table 4. Prediction of volumetric water content (6,) from soil laboratory test (Malicki: M, Sabouroux: P, Topp: T).

6, (%) (Topp, | 2)

6, (%) (Malicki, 2] 4)

6, (%) (Sabouroux, 2] 6)

Samples
C—T =T S—T C—M M S—M C—P T—P S—P
A 36.0 34.7 31.8 31.7 30.6 28.1 31.6 30.2 27.0
B 21.8 20.1 20.0 20.0 18.7 18.6 20.9 19.2 19.1
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Fig. 5. Synthetic radargrams (a) Estimation of direct wave velocity due to the offset distance (b) Schematic illustrations of hyperbolic pattern

(Diffraction approximation, radius 0.5 m).
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Table 5. Parameters of geotechnical and structure for the analysis (Samples B).

Elastic modulus Poisson's

Unit weight

. Saturated Hydraulic
cohesion

Material . 3 Ef Conductivity
(kPa) ratio (KN/m?) (kPa) ©) (m/day)
Soil 19000 0.4 17.5 - 30 0.300672
Weathered soil 49000 0.3 18.0 20.0 35 0.008664
Earth Retaining Wall 980000 0.2 24.5 - - -
Strut 19000000 0.2 76.5 - - -
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