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Thermal distribution in soils must be considered in engineering designs and constructions, including estimates of
frost heave and thaw settlement, infrastructure in cold regions, and geothermal systems. Because thermal conduc-
tivity is a key parameter for evaluation of thermal distribution in soils, it must be accurately estimated. The ther-
mal conductivity of fine-grained soils has been widely studied in recent years; however, few studies have reported a
reliable method for experimental measurement. The present study presents the results of an experimental investi-
gation of the thermal conductivity of a saturated kaolinite-silica mixture with respect to the variation of dry den-
sity. Thermal conductivities were measured in Constant Rate of Strain (CRS) consolidation tests, and the
experimental data were analyzed to evaluate the accuracy of the new measurement system. In addition, we present
an evaluation method for predicting thermal conductivity in fine-grained soils.
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Table 1. Physical properties of the sample.
#200 Pass Specific Liquid Plastic Unified Soil Classification
efficiency (%) Gravity (Gy) Limit (%) Limit (%) System (USCS)
100 2.65 4436 27.9 CL
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Table 2. XRD test results for kaolinite and silica.

Mass Fraction (%)

Sample
Quartz Kaolin Muscovite
Silica 100 - -

Kaolinite 2.6 79.0 18.3
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Fig. 1. Apparatus for measuring consolidation and thermal
conductivity (Kim et al., 2011).
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Fig. 2. Constant Rate of Strain (CRS) consolidation
apparatus.
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Table 3. Thermal conductivity of minerals (Horai, 1971; Maky and Ramadan, 2010).

Component (Quartz) (Kaoline) (Muscovite)
Thermal Conductivity of Mineral (k,, W/mK) 7.7 2.8 2.5
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Table 4. Summary of consolidation results for saturated unfrozen kaolinite and silica.

Initial Height (cm)

Final Height (cm)

Initial Water Contents (%)  Final Water Contents (%)

Standard#1 13 6.6 108 35
Standard#2 13 6.8 109 34
CRS#1 16 7.7 89 24
CRS#2 16 7.9 88 23
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Fig. 4. Measured thermal conductivity vs. void ratio
23 curves derived from consolidation tests.
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Fig. 3. Consolidation test results, showing consolidation
curves with (a) an arithmetic scale, and (b) a semilog scale.
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Fig. 5. Measured and calculated thermal conductivities.
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