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Soil Water Characteristic Curve Using Volumetric Pressure Plate Extractor
Incorporated with TDR System
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Abstract

The purpose of this study is to measure the volumetric water content of unsaturated soils during drying and wetting
process by using volumetric pressure plate extractor (VPPE) incorporated with time domain reflectometry (TDR). The
VPPE consists of a pressure cell, a pressure regulator, a burette system and a TDR probe. Two samples with different
initial void ratios were prepared in the pressure cell, and the air pressure at the range of 0.1 kPa - 50 kPa was applied
to adjust the matric suction by the pressure regulator. The burette system was used to measure the volumetric water
content change of the sample according to the matric suction. In addition, the TDR probe, installed in the cell, was
used to evaluate the dielectric constant from the reflected signal of the electromagnetic wave at the probe. The volumetric
water content of specimen was estimated by the empirical equation between the volumetric water content and dielectric
constant, which was calibrated with the Jumunjin sand. The test results show that the volumetric water content calculated
by TDR probe is strongly correlated to the measured value by burette system. The hysteresis occurs during drying and
wetting process. Furthermore, the degree of hysteresis reduces in the repeated process. This study suggests that TDR
may be effectively used to evaluate the water content soil for the determination of water characteristic curve of

unsaturated soils.
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Fig. 1. Typical TDR waveform (Jones et al., 2002)
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Table 1. Dielectric constant of material (Davis and Annan, 1989;
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T2l BEANDs=0.46mm)E ARE-SHAL, Yz
A& Fig. 29F At} B|5-9] 29, ASTMOlA] 45}l
= D854 W& Foto] skt o =] |
24 7FEH]9] 79 ASTMO| D42533} D4254 HPH-<
Soto] APgstalct & A-toll ARSE AlRe] 7129 E
& Table 29} 2t} H]Z2 2.62, H7HH]E= 0,99, %
2HE 0.622 YERE #5 At A= 4
7} 1.56, 1.052 UERG T, EUEFHUSCS)o] 2w
SPE FFHth AlRS] A, 27] FFH1E 0.84, 0.79
2 tEA 248lal TDRSA AJAFE o]§3ko] £
&S S F-Ae54AE APskelt

3.2 QT =ZEA|E7|(Volumeter Pressure Plate Extractor,

VPPE)

Daniels, 1996) dYT FESAE 7= A YR 2 3= 7t
Type Material Dielectric constant
Air Air 1 .
Water 80 = 80
Water Fresh water ice 3 -4 %
Sea water ice 4 -8 %; 60 |
Dry clay 2-6 g
Dry clayey soil 4 -6 g or
8
Dry loamy soil 4 -6 8 ol
Dry sandstone soil 2-3
Dry sandy soil 4 -6 0 ‘ .
Wet clay 16 — 40 oot o o ! 0
Soll Grain size [mm]
Wet clayey soil 10 — 15
Wet loamy soll 10 — 20 Fig. 2. Particle size distribution of Jumunjin sand
Wet sandstone soil 5-10
Wet sandy soil 15 — 30 Table 2. Index properties of Jumunjin sand
Silt 5-230 Property Value
Permafrost 4 -8 Gs 2.62
Basalt 12 €max 0.99
Calcite 8 — 8.5 €min 0.62
Coal 35 -8 D1o 0.32 mm
Granite 5-7 Dao 0.41 mm
Others Kaolinite 11.8 Dso 0.46 mm
Limestone 4 -8 Deo 0.50 mm
Mica 6.4 Cu 1.56
Quartz 4.5 Ce 1.05
Shales 5-15 USCs SP
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Fig. 3. Schematic drawing of measurement system

Table 3. Specification of membrane and ceramic disk

Membrane Ceramic disk
Pore size 0.2 um 0.5 um
Thickness 145 um 7 mm
AEV 350 kPa 500 kPa
C?gj;‘ztt‘l'\'ncty 5.19x107° m/s 7.95x107° m/s
Material Polyethersulfone Ceramic
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Fig. 4. Results of TDR calibration waveform, 6, denotes the
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