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Study on Evaluation of Effective Thermal Conductivity of Unsaturated Soil
Using Average Capillary Pressure and Network Model
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Abstract

Thermal conduction of the particulate composites or granular materials can be widely used in porous materials and
geotechnical engineering. And it has continued to develop “effective thermal conductivity” of medium by modeling energy
relationship among particles in medium. This study focuses on the development of the effective thermal conductivity
at the unsaturated conditions of soils using the modified network model approach assisted by synthetic 3D random packed
systems (DEM method, Discrete Element Method) at the particle scale. To verify the network model, three kinds of
glass beads and the Jumunjin sand are used to obtain experimental values at various unsaturated conditions. The PPE
(Pressure Plate Extractor) test is then performed to obtain SWCC (Soil-Water Characteristic Curve) of soil samples.
In the modified network model, SWCC is used to adjust the equivalent radius of thermal cylinder at contact area between
particles. And cutoff range parameter to define the effective zone is also adjusted according to the SWCC at given
conditions. From a series of laboratory tests and the proposed network model, the modified network model which adopts
a SWCC shows a good agreement in modeling thermal conductivity of granular soils at given conditions. And an
empirical correlation between the fraction of the mean radius () and thermal conductivity at given saturated condition
is provided, which can be used to expect thermal conductivity of the granular soils, to estimate thermal conductivity

of granular soils.
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Table 1. Material properties of glass beads and Jumunijin sand
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Type Diameter range (mm) | Specific gravity C, C. Particle thermal conductivity (W/m-K)
Large 1.0~1.4 1.52 0.96
Glass beads| Medium 0.4~0.6 2.47 1.44 0.96 1.13
Small 0.18~0.3 2.30 1.03
Jumunjin sand 0.35~0.5 2.63 1.88 1.10 3.00

94 E=RLLES =28 H29d M=



2.1 Al AR
B ATNAE BE ARRA 3749 B Y7ol
OE Febs vlmeh FRAAE ol g3l AUAES

St AUAEE Bl ARe) /RENS HE
3 T e GRS ZYslch Tohwol

[+ large size (L)

—&— medium size (M)

—O~ small size (S)

—C~ Jumunjin sand (IS)

— — — Jumunjin sand (Song et al., 2010)

L\ M I\T$ [\S

\\ R x
0 H s e

10 1 0.1 0.01
Grain size (mm)

N %
S 3
| —]

=
S

Percent finer (%)

g
/D’

Fig. 1. Particle size distribution of glass beads and Jumunjin sand
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Fig. 2. Equipment for thermal conductivity measurement:
(a) Brass case, (b) Probe on the specimen
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Table 2. Coefficients of VG model and AEV

AEV

Type a n m S (%) (kPa)

Large size GB 0.25 2.0 1.3 2.9 0.8

Medium size GB| 0.19 1.8 1.2 2.4 0.9

Small size GB 0.05 2.2 1.0 2.1 5.0
Jumunjin Sand 0.24 2.0 1.0 3.0 1.0
100

® Experimental data (dyring)

A Experimental data(wetting)

Best fit curve by VG model (drying) [~

— — —Best fit curve by VG model (wefting) [
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Fig. 4. Example of SWCC for Jumunjin sand and Nakdonggang
sand: (a) Jumunjin sand (Song et al., 2010), (b) Nakdonggang
sand (Moon and Kim, 2011)
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Table 3. Configuration of 3D particle random package

Confining Number . Normalized

Type stress Porosity of C%?Ig;gitre contact

(kPa) particles radius
Large 5.1 0.36 2497 3.36 0.0066
Medium 5.5 0.36 2602 3.38 0.0074
Small 5.9 0.36 2597 2.35 0.0072
Jumunin |-y g 0.36 2655 2.32 | 0.0061
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Fig. 9. Temperature distribution in specimen using 3D network
model (Large size GB)
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