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A study on measurement of physical parameters using electromagnetic
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JHL(SYNOPSIS) : Physical parameters such as porosity and effective porosity are important
physical parameters that determine the transfer and movement of water and solutes in porous media.
Various methods of determining these parameters have been developed, with varying degrees of
accuracy and applicability. Most of the existing methods produce static results. They do not produce
instantaneous and real time of porosity and effective porosity in a porous media. In this study, a new
permittivity method called Frequency Domain Reflectometry with Vector analyzer (FDR-V) is
proposed to determine the porosity and effective porosity of some sand samples in the laboratory.
The advantage of the FDR-V method is that it instantaneously determines the temporal variation of
dielectric constants of porous media. Then, the porosity and the effective porosity of porous media
are computed using well established empirical equations. Results obtained from the FDR-V method
compared favorably with results from other permittivity methods such as gravimetric, injection and
replacement tests. The ratio of effective porosity to porosity was 85~92%, when FDR-V was used.
This value compared favourably with 90%, which has been usually quoted in previous studies.
Considering the convenience and its applicability, the measurement system of FDR-V permittivity
holds a great potential in porous media and contaminant transport studies.

FAo](Key words) : dielectric constant, volumetric water content, compacted saturation soil,
porosity, effective porosity
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5 72 evz &d xstd oadujdy AATHlE FSES Yv|dtH(Santamarina et al.,
2001). o]&3t wjde] AAsren] SHHLS e vl 1 T4 %= Time domain reflectometry(TDR)
SANE AASeu S vy sl dxaje] o8] =Ho] 7bedlti(Jackson, 2003; Huisman et al.,
2001; Chan and Knight, 1999; Hokett et al., 1992; Topp et al., 1980).

E o] Fo A= Frequency domain reflectometry with vector network analyzer(FDR-V) &3 Z&
ol &3t xsld FAIge Uight FAENTY MSHAAZEY o5 AHETH, ¥5E 2 Fa¥
=89 F40o] 7t53 FAE&EEFEA(dielectric mixing model) S AAISFATE TS AZtE FA R0l
3l o €& Y Al @ (ethanol injection test)S Este] S8E FHAEST WS=ZFH olggt 449
54 7MsAS HESIAH
2. BAIE U Al
2.1. FA=2

B AP JdEr7t #5338 EFAKStandard sand)@F =7 E7 A3 A E P River sand) 5 F
T 55 AMEsisleH, o5 EAAE Fotstr] fE durd o R A E4(sieve test) S &3 frie
H YEEIXFAE o83ty FaAYADMI0), TS ASF(Uniformity coefficient, Cu) % JIEASF
(Curvature coefficient, Co)= AHAsIGlTh o523 &9 5454, Ad54, 4554 2 d=ex 4

= sl 4 slthHead, 1980). ¥AATE & 13 28 1o] EA89.

Distributions of particle size (%) Specific  Curvature Uniformity

Material Cravel Sand St Clay gravity  coefficient coefficient
(60~2um)  (2~0.06mm) (0.06~0.002m)  (>0.002um) (g/cn) (Co) (Cw
Standard 0.00 99.90 0.10 0.00 2.65 0.938 1.727
River sand 15.50 81.70 2.80 1.00 2.69 1.710 7.029

*) Liquid plastic limit of standard sand and river sand is NP state.
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2.2 A

o AFrel A= 1GHzol Al 18GHze 153k W
o W3tE 54 4 U= FDR-V A[=HE A &
7](Vector Network Analyzer, VNA), A @A (Switch Unit Box, SUB), &% A5 (50Q)0. %2
2% =X 2 Y (Coaxial Measurement Probe, CMP), A28 £ 9 Bz g2 #%a 4 9l

9 el ARG ol gatel AL FHE
gk B Azge SRHe ¥

&

B AN o2 12 oo

A543 7] (Data logger)® T %o Atk 714, W@ FH&4F SHS CMP ;
A= AT 2As AGET. CMPolA +d& SAMS= CMP 25+ 474 0.36cm +

o Muk o] Foy 27| wjizol] mjde] AHegk A HelA Aol 7ttt

T e Hed g ¥5EY FaTaES 54617 Hste A4 S5cm, o] 7emd] 9EH of= ™
2 AZE 29 AdFe] CMPE AXE o+ AEF bttt ¢d EsPd e SAE Az o]ikst
A7~ (COs gas)9t S5 (distilled water)E AFg&3}o] 242 =& 0.35, 0.40, 0.45% <y
Azbstdt, A7IA, A#E HZEF 23t 542 g9 EFY(back pressure) Al@Hel o)Azt 7}
7+ =4 ¥ 9 tHShackelford and Redmond, 1995).
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= A A 48] (in-situ volumetric water content)E &9 97 EAL olgfsted HEEA]
gk 94 Fo o]t

Agds Wstd mE Ho AAEgrHE ddstr] fsiA 2 AlgdAE =
5 FFY Foll dis] AAETuE dAHoRE WMEA|A Topp (1980) ©
£ AESIAtHZE 4).
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Standard sand (n=0.40)
Standard sand (n=0.45)
River sand (n=0.40)
River sand (n=0.45)
Topp et al., (1980)
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