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Temperature Sensitivity Analysis of TDR Moisture Content Sensor
for Road Pavement

ABSTRACT : The infrastructure of flexible pavement is composed of aggregate subbase, anti-frost layer, and subgrade. In
particular, the subgrade performance is affected by climates such as frost action and precipitation. The method of TDR(Time
Domain Reflectometry) sensors to measure moisture contents in subgrade layer has been used in the research. Due to the TDR
method using dielectric permitivity of soil and water, the sensors can be affected by the low subgrade temperatures. The air
temperatures frequently drops below -20C in the winter in Korea. As a result, it is necessary to estimate the accuracy of the TDR
moisture sensors in the range of below zero temperatures. In this study, the subgrade temperatures of lower than -2°C were
extended to evaluate temperature sensitivity of the TDR moisture sensors. The test results revealed that the moisture contents
around the sensors were reduced while those of the upper part of specimen showed a tendency to increase as the specimen surface
temperature drops below zero under the volumetric moisture contents(VMC) of 20% and 30%. However, the impact of
temperature on the function of the sensor at lower water contents was found to be negligible if any.
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Fig. 1. Configuration of TDR soil moisture content measurement
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Fig. 2. Location of field measurement systems

Table 1. Pavement design input data at field measurement system

Location Andong Gimcheon Hapcheon Jangseong Boseong Buyeo
Surface layer 5 5 10 5 5 5
Binder layer 7 - - 6 7 6
]?::)h Base layer 18 20 15 10 18 14
Subbase layer 20 25 20 20 37 20
Anti-frost layer 30 20 25 30 - 30

Meteorological station Andong Gumi Hapcheon Jangseong Jangheung Buyeo
) Freezing Index(FI, °F - day) 615 265 193 481 328 581
?ﬁ:‘f:l Frost Period(day) 57 76 193 60 60 60
Modified FI(°F - day) 670 280 358 540 422 620
Design FI(m) 85 70 60 75 62 75
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Table 2. Soil properties test results

Property Andong
Specific gravity 2.72
Maximum dry unit weight 2.08 t/m’
OMC 9.9%
Plastic index N.P.
Cu 7.27
Cc 1.35
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Fig. 5. Measurement in the mold for TDR sensor verification
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Table 3. Temperature sensitivity test result of TDR sensor

Temperature Air -5.78 952 | -9.86 | -9.05
(0) Sensor 491 | -7.50 | -4.40 | -2.52
N E{fg 0.00 | 5.00 | 10.00 | 15.00
Gravimetric | Initial
. stage
Moisture 8¢ | Measured | oo | 595 | 1091 | 15.62
Content GMC

(GMC, %) | Final | Upper Soil | 1.03 | 4.72 | 1248 | 19.97
stage | Sensor | 0.83 | 531 | 9.83|11.58

Table 4. Comparison of period and volumetric moisture
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Period VMC Period VMC VMC
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20% 25.560 153% | 26.684 19.6% 22.7%
30% 28.627 282% | 29.756 | 33.9% 32.5%
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