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This study presents the results of a laboratory investigation performed to study physical properties of
soil-bentonite mixtures through the vertical permeation test and dielectric measurement test using Frequency
Domain Reflectometry system for the liner of waste landfill. For the laboratory experiments, geotechnical test-
ing was conducted on pre-mixed soil-bentonite which is consisted of standard sand, weathered granite soil and
bentonite for estimating physical parameters such as a volumetric water content, void ratio and dielectric
constant. In experiment results, initial soil-bentonite mixing rate has an effect of change of volumetric water
content. Also change of volumetric water content of a soil-bentonite mixture is clearly detected to measure a re-
sponse of dielectric constant. In order to estimate an unsaturated permeable property of soil-bentonite mix-
tures, equations between volumetric water content and dielectric constant were derived from this study.
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Table 1. Physical properties of the standard sand and bentonite.

Sample Standard sand Bentonite Soil-bentonite mixture
Specific gravity(g/ c) 265 275 266
Coarse 92.0 0.0 -
Grain Silt 80 290 -
size
%) Clay 0.0 710 -
Max. grain size(mm) 0.84 0.074 -
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(a) Particle-size distribution curves

(b) Compaction curve

Fig. 1. Grain distribution curves for the standard sand and bentonite, and compaction curve of the soil-bentonite mix-
ture (Standard sand : Bentonite = 85 : 15 by weight).

Table 2. Initial condition for the three soil-bentonite mixture columns.

Column A Column B Column C
Initial volumetric water content 0.0 0.0 150
(cc/cc)
Soil-bentonite mixture
(standard sand : bentonite, by weight) 8:15 80:20 85:15
Initial dry density (g/ o) 1.75 1.76 1.75
Initial void ratio 0.51 0.51 0.52
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Fig. 2. Schematic diagram of the vertical permeation experiment [unit: cm].
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Table 3. Physical properties of the soil-bentonite

mixtures.
Material Soﬂ-l?entomte
mixture

Dry density, o, (g/ci) 1.70

Porosity, n 0.38

Water content, ¢(%) 100

Optimal water content, ¢ opt,(%) 14.0

Max. dry density, o ., (g/ct) 1.75

Specific gravity, G, 273

7t HEES B¢ AMNA EFBAT o)A A%R
FHE ARE 2] 20em, A4 6cne o}AF AR
DA FEAA A F AWANEE FHES
EYolE ZRE ABAZA 718 BHX 24E
Table 3o YER AT},
A& @M 24 &
ERE g F48& e 14 4?3 sg st
ZAAE o] 20cm, 27 6cne] AEUCE EFE
NEE AFEYT HEYE EEEE YEF
HEVo| E9 317 Ed g3 Wl &o) 13%F =
Aste Bx3 NEE ARG WAL=
o ,=1.75g/cm?, F3F& 038 3] 42 A3}
Atk A8 EH EAE gofer] Hdte d=E
A gAY S F3 AHE Fig 39 TA ST

ZA
= =

ElUolE

Algzat 8l E9f
Mo 22

HEUO|E EFE 28 A, B, CY AHgsu 9
29 ¥olo] AAE Fig. 49 59 TAIEAT o] & 2
#25H 3 A, B, CY E017} 0~8cn W M= 2
Zt Ao dAT AR H F7F HAE THAE AL
2 ZAHEAJA T, AAGLH I 2 Dl djs ozt
o] z}o] & HolE= AL Fig 5914 S A o]
7] k=] zpolel| F1UEHE ROE AARHD o)A

Percent finer by weight(%6)

0.001 0.01 0.1 1 10

Grain size (mm)

1.78
176 |
174 |

172+

Dry density(g/cml)

170 |

1.68

Water content (%)

(a) Particle-size distribution curve

Fig. 3. Physical properties of the soil-bentonite mixture.

(b) Compaction curve
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B 13 A4 Y 7 FAASFE 13E 29, FDR
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AOZA, thre] FAAH A g Ao 7hs3iH,
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Aol &9 4 & FDR $AWe] FEL 222 A
g9
Table 4. Corrected formula for the each dielectric system.

System Material Linear formula coCeforlrc i?g(zﬁz)

FDR* Soil-bentonite mixture 0=0.1331V e—0.2389 0.936

ADR* Soil-bentonite mixture 8=0.1103V e~ 0.2342 0.864

FDR* Standard sand 0=0.1145V £—0.1667 0.962

TDR** Empirical formula by Topp et al. 0=0.1137V e—0.1705 0,999

(1980)

* Frequency Domain Reflectometry (FDR) system ** Amplitude Domain Reflectometry (ADR) system

*** Time Domain Reflectometry (TDR) system
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