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Water Content Calibration of Time—Domain Reflectometry Probe
Using Laboratory Model Test
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ABSTRACT

Water content of subgrade soil in water supply systems has a large effect on performance. Many researchers lately make
use of time—domain reflectometry (TDR) probes to measure the soil water content of subgrade soil from monitoring. The
laboratory calibration test of TDR probe should be performed with soil field, because TDR probe can cause an error by
type, gradation, density, and temperature of soil. This study shows the laboratory calibration test using TDR CS616, TDR-P3,
TDR-T3. The calibration equations of TDR were then proposed. It was confirmed from the study that the data of TDR
probe monitored in field could be used to estimate the freezing, unfrozen water content, and matric suction of soil.
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Table 1, Comparison of CS616, TDR-T3, TDR—P3
CS616 TDR-T3 Probe TDR-P3 Probe
Manufacturing Campbell IMKO IMKO
company
Measuring Calibration of 2.5% in 50% 0 ~ 60% 0~70%
range of the measuring range of 0% VWC (volumetric moisture content) (volumetric moisture content)
Electrical The amplitude of 0.7volts 0~2 dS/m bulk 0~2 dS/m bulk
conductivity square wave generation electrical conductivity electrical conductivity
Measurement + 2.5% VWC using 2% (0~40% moisture content) 2% (0~40% moisture content)
accuracy standard calibration 3% (40~60% moisture content) 3% (40~70% moisture content)
Length 300mm 220mm 160mm
Diameter 3.2mm 2.5m 2.5m
The RF emissions are below FCC and | Electromagnetic wave is buried in the | By reciprocates along the length of the
EU limits as specified in EN61326 if the | underground TECANAT Access Tube, | probe, to calculate the velocity of electro—
CS616 is enabled less than 0.6 ms, and | were placed into the frozen ground the | magnetic waves, electromagnetic waves
measurements are made no more fre— | probe into the tube, generating electro— | were placed into the frozen ground the
Product quently than once a second, External RF | magnetic waves by reciprocates along | probe of the measurement, to generate
features sources can also affect the CS616 opera— | the length of the probe, to calculate the | an electromagnetic field in the tester
tion, Consequently, the CS616 should be | velocity of the electromagnetic wave, it | measures the dielectric constant of the
located away from significant sources of | becomes possible to measure the dielectric | soil it is to be,
RF such as ac power lines and motors, | constant of the sail,
:
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Table 2. Engineering properties of soils

Sectioni,2 Section3 Sectiont,2 Section3 Sectiont Section2 Section3
Properties of soils 1Layer 1Layer 2layer 2layer 3Layer 3Layer 3Layer
Granite soil | Clayey solil Sandy soil Sandy soil Granite soil | Granite soil | Granite sail
Specific gravity (Gs) 2.65 273 2.66 2.64 2.69 2.66 2.66
Uniformity coefficient (Cu) 4.07 32,61 1.95 2.9 21.05 925 10
Coefficient of gradation (Cc) 1,81 1.68 1.02 1.38 0.74 0.61 1,233
#200 passing(%) 29 58.9 0.1 6.4 29.8 23 141
Compaction type D A D D D D
Max'r(“;::rykﬁr}”mge'ght 19.2 14,0 15.3 16.1 18,9 19.5 178
Optimum moisture content (%) 1.54 27 15.1 16.2 13.1 10.5 16.5
Liquid limit (LL, %) NP 4125 NP NP 33.64 2827 36.68
Plasticity index (PI) NP 38,38 NP NP 30.99 27.86 26.47
Céigﬁcgg':egy;z#) SP-sw ML sP sP M sw sc

(b) TDR—P3 Probe

(c) TDR-T3 prove

Fig. 2. Photo of laboratory calibration test
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Fig. 4. Calibration Test Equation of TDR CS616
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Table 3. CS616 laboratory calibration equation

layer(clay)

Calibration test equation

Site No, >

CS616 R
Manual expression y= 0.0700z° — 0.6300z — 6.6300 1.0000
Section 1, 2—1 Layer (Granite soil) y= 0.12052° —2.6109z + 11.5684 0.9788
Section 3—1 Layer (Clayey soil) y= 0.01972° +1.4488z — 4.1339 0.9969
Section 1, 2—2 Layer (Sandy soil) y= 0.00202° +2.7006z — 42.8215 0.9971
Section 3—-2 Layer (Sandy soil) y= 0.18052° — 5.6152z +46.3518 0.9868

VWC= (Volumetric Water Content) , X = C9616 TDR(Period)

Hi2# X225
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Table 4. TDR—P3 laboratory calibration equation

Calibration test equation

Site No. >

TRIME-P3 Probe R
Section 1, 2—1 Layer (Granite soil) = 0.0014z” +0.419z +1.8625 0.9723
Section 3—1 Layer (Clayey soil) y= —0.03622+1.902z +0.4056 0.9964

VWC= (Volumetric Water Content), X= CS616 TDR(Period)
Table 5. TDR-T3 laboratory calibration equation

Site No. Calibration test equation :

TRIME-T3 Probe R
Section 1, 2—1 Layer (Granite soil) y= —0.00112° +0.519z — 0.55 0.9975
Section 3—1 Layer (Clayey soil) y= 0.00842” +1.2658z — 0.5221 0,9883
Section 1, 2—2 Layer (Sandy soil) y= —0.00132° 4+ 0.7023z + 1.721 0.,9949
Section 3—2 Layer (Sandy soil) y= —0.00432> 4 0.8473z — 0.0964 0.9926
Section 1-3 Layer (Granite soil) y= —0.00007z%+0.5147z + 6.5318 0.9963
Section 2—3 Layer (Granite soil) y= —0.00122° +0.5274z +0.079 0.9972
Section 3—-3 Layer (Granite soil) y= 0.0006z° +0.8409z — 1.2239 0.9974

VIWe=

( Volumetric Water Cbntent), X = C%16 TDR(Period)
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Fig. 7. Field calibration test of CS616
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