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ABSTRACT: Measurements of volumetric water content and saturation of porous media are very
important factors in understanding the physical characteristics of soil, groundwater recharge by rainfall,
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pollutant movement, and slope failure. To measure such physical parameters, a permittivity method

using electromagnetic wave is applied and use is made of the special permittivity response of
understand to water and ethanol. In particular, the estimation is required because permittivity is
influenced by the nature of the underground environment. In this study, we carried out experiments

on the relative dependency of soil density, temperature and salinity of standard sand and granitic
weathered soil using FDR-V system (Frequency domain reflectometry with vector network analyzer)
within a frequency range of 1 - 18 GHz The results of the study showed that the dielectric constants
of standard sand and granitic weathered soil increased with increased volumetric water content of soil.
However, the dependency of soil density was found to be a little low. Changes of dielectric constant
with temperature appeared definitely in the real part of 1 GHz. That is, the dielectric constant of
real part at 1 GHz of water and standard sand increased with the rise of temperature. However,
ethanol showed decreased tendency. The study also showed that dielectric constant increased with
increase in salinity at imaginary part of 1 GHz. It could be concluded from this study. FDR-V

system can adequately measure the physical properties of soil and the degree of salinity concentration
of porous media within 1 GHz frequency range using dielectric constant.
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 Permittivity, Dielectric constant, Density dependency, Temperature dependency, Salinity
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1980), amplitude domain reflectometry (ADR:
Miller and Gaskin, 1996: Gaskin and Miller,
1996) 121 frequency domain reflectometry

(FDR: Beiping et al., 1996a, 1996b) &= A 7}A|
2 3A 5% $ 9Jo. 53], TDR 3L &
e AAgen] 2 2o de] AxE 25
H3 HyHezr 453 Qlod (Jackson, 2003:
Huisman et al, 2001, 2002: Nakashima et al.,
1998: Mojid et al., 1998). =3 7}-9-o| 23k Apd
AIAE AFH oz gotslr] g Aldel 93t
Fenle] FA o] 7158 ADR SAWE o] 45}
Faoen] ZUEFH A Algaly) sdelx 249
o (R¥F %, 2002; Adrin, 2002).
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Aol ALEE &2 :ZFEA} (Standard sand) 9
3}73 #3535 (Granitic weathered soi)E AHE-31%)
o} o] B 279 F9 YEEI JBEHAE
Table 15+ Figure 1ol “fepligicl, dubdoz
ALEHE B9 =28 YEIZIIA BAIAE &
#3474 (D10), T5A<+ (Uniformity coefficient,
Ce), 283 ZEAS (Curvature coefficient, Cu)
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Table 1. Physical characteristics of soils.
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Fig. 1. Grain size distribution curve of the
sands.
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A| e e frequency domain reflectometry with
vector network analyzer (FDR-V) A|A€lS A&
ge} 24 Fu 1 - 18 GHz ¥ HelA =il
9 FAEE A& SAE 5+ e AAFE A
43tglth FDR-V Al2ElS 7]2x oz WE o
E37 odeto]lA] (Vector Network Analyzer,
VNA), 29A #YE (Switch Unit, SU), Z2=lx
2322 H (Coaxial Measurement Probe, CMP)
T 3 A A ez FAAH 5 (Figure
2). Z+7+e] BA =¥ ae 50 ohmel 55 A4

Standard sand Granitic weathered soil
Specific gravity 2.65 2.69
N Coarse 0.0 28.7
:;‘St:;?st;;‘; Sand 999 602
g(%) Silt 0.1 21
Clay 0.0 0.0
Uniformity coefficient, Cu 1.727 6.905
Curvature coefficient, Cc 0.938 1.105
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A (Coazial Transmission Line, CTL)¢l A 45o]
A glew, VNA % SUZ ZAFH (Data logger)
9} GP-IBZ #H&so)x SUY 24 Ade AEE
9 CMPolA 249 dlolHE XAE = dE 7]
& i

Figure 29142} Zo], VNACIA A€ H=A}7]
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q71A, 7 A9 XEE F3ld CTLE ueh
CMPe] =438 AZEH, Alg Wizz A
28 " g $3E FAEEY CMP 238
9] B A AAA A3 walEe] SULE HEol
i}, SUAME ZX27)9) whaky 27171 A

Coaxial cable

Measuring r

HoiA gleol, WAstsh e Adsted whs
wro] 2&F o] YNASIN 278 F3h5 of ol

A& A4 (Real part, ¢ )9 3143 (Imaginar

part, ¢ )Y FAEASLIL SAFHAAG, AL
A A JHAE e TR FH BAE
7188 A Ve, dubd oz fAEA
£ Bl Fubg HHel A WALEE u A g
EAS e AeE FASAe (real part of

dielectric constant) ¢} viale] SR EAM FE5
Hojx A =HE s -S4 (imaginary
part of dielectric constant) & & o] o] &3}

=4, o|E& B4 #3HEA4 (complex dielectric

Data logger|

U Vector network analyzer [
probe 1 -
I N SR S
1 T~ = £ By Em d
f ! 1 B cocooomo &
= = 1 B oo oo =
3 . = o o ey Em oEm
B : 6.0 1 ] : oo B em e
= S | (R e ® ® ®
m .......... I f |
— -0 ®0 0@ 900 ® ® [
$5.0 e
[Sample column] Switch unit
[FDR-V system]
(a) Set-up of the experimental apparatus.
Coaxial cable\ Electrical insulating material

K connector

Coaxial measuring

Electrical conductivity material

Measurable range

[Unit: em]

(b) Coaxial measurement probe of the FDR-V system.

Fig. 2. Schematic diagram of the FDR-V system.
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Fig. 3. Variation of dielectric constant between
volumetric water content and dry density of
standard sand.
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(a) Volumetric water content 0.10.
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—-0— Imaginary part at | GHz, &,
—e—Real part at 18 GHz, €., .
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(b) Volumetric water content 0.17.
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(¢) Volumetric water content 0.25.

Fig. 4. Variation of dielectric constant between
volumetric water content and dry density of
granitic weathered soil.
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