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Abstract: The artificial freezing construction process is determined through the thermal properties of coral calcareous sand in
the South China Sea, however, the heat transfer among calcareous sand particles is still unclear. The classic Cété-Konrad (CK)
model is difficult to be directly used in calcareous sand because of the irregular shape, high angularity and long heat transfer
path among particles. To fill this gap, a relative particle evaluation parameter (& ) is defined, and a modified CK (MCK) model
is established with consideration of . The MCK model is used to describe the relationship between water content and thermal
conductivity in unfrozen calcareous sand. A serious of laboratory tests are conducted to verify the MCK model. The results
indicate that the mean absolute error, root mean square error and mean absolute percentage error are 0.098 W/m°C, 0.011
W/m°C and about 10%, respectively, which are much less than those of CK model (0.286 W/m°C, 0.098 W/m°C and 40%). In
the frozen calcareous sand, the CK model is still applicable because ice can fill the surface pores of solid particles and enhance

connectivity, which reduces the influences of particle shape on thermal conductivity.
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Fig. 1 Comparison of shapes of coral calcareous sand, quartz sand

particles and spherical glass beads ( from Ren Yubin et al. ['41)
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Table 1 Volume percentages and thermal conductivities of each

mineral component
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j:*;*é ﬂ’sat/ 2’dl’y/ a /lw pw/ ps/ Z/ n /’Ll/ v
(W.m’l."c’l) (W'mil'ecil) (W.m’l."c’l) (g'cm’3) (g.cm’S) (W.m’l."C’l) (W.m’l."c’l)

R 5 T E A 1.35 0.19 3.55 0.6 1 1.4 0.75 1.2 2.24 0.782 0.528
R 2 e b 1.35 0.19 0.95 0.6 1 1.4 0.75 1.2 2.24 0.782 0.528
ARV 450 TEnb 1.67 0.20 3.55 0.6 1 1.4 0.75 1.2 2.24 —  0.675
LY 1.67 0.20 0.95 0.6 1 1.4 0.75 1.2 2.24 —  0.675
ARV 53 E b 21 1.35 0.19 3.55 0.6 1 1.2 0.75 1.2 2.24 0.782 0.528
ARV S5 I E b (28] 1.35 0.19 3.55 0.6 1 1.2 0.75 1.2 2.24 0.782 0.528
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Fig. 5 Comparison between measured and predicted thermal
conductivities of unfrozen sand
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Table 3 Error analysis of thermal conductivity for unfrozen soils

. IR/ MAE/ RMSE/  MAPE/
j:ﬁ *ﬁ@ DC (W.m’l . "C’l) (W.m’l . °C’1) %
FAFERF  CK 25+£5 0.128 0.024 12.0
WwE  CK 25+5 0.286 0.098 40.0
WL MCK 25+5 0.098 0.011 15.0
WErsl MCK 20 0.072 0.007 15.6
WEwbs MCK 20 0.019 0.001 2.8
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Fig. 6 Schematic diagram of heat conduction between unfrozen
sand particles
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Fig. 8 Change of internal temperature and mass moisture content of sand during freezing
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Fig. 9 Measured data and model prediction results of thermal
conductivity of frozen sand
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