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Abstract: The aim of this study is to reveal the evolution law of natural sand-clay mixtures under varied stress conditions. A
series of one-dimensional compression tests and dry density and thermal conductivity measurements are conducted on both dry
and saturated samples to investigate the variations of dry density pa as well as thermal conductivity £ with the increasing stress
level and clay content £, and the influences of pore fluid on packing behaviors and heat flow efficiency of the mixtures. Based
on the binary packing theory, a new thermal conductivity model for sand-clay mixtures considering the effects of stress state
and clay content is developed and verified. In addition, the microstructural characteristics and the thermal conduction
mechanisms of the binary granular mixtures are discussed. The results indicate that the thermal conductivity £ of sand-clay
mixtures exhibits a trend of ‘increasing first and then decreasing’ with an increase in the clay content f, and the pore fluid
significantly reduces the thermal resistance among soil particles and increases the sensitivity of thermal conductivity to both the
clay content f'and stress level. The maximum k value is found around f of 40%. The dry density p4 presents a similar evolution
with that of &, where the maximum pq value is detected as the f'is in the range of 30% to 40%. Increasing vertical stress is
beneficial for improving the compaction behavior of the mixtures, while the presence of the pore fluid imposes a negligible
effect on pa. The critical clay content f* and the minimum void ratio emin are closely related to the state of stress, pore fluid and
particle morphology. The proposed model for the thermal conductivity of the sand-clay mixtures comprehensively incorporates
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the hybrid effects of state of stress and fine content, which is also consistent with the binary packing theory and has good

applicability. The particle deformation and breakage and the spatial structural evolution of the granular matter mixtures are

recommended to further explore the thermal conduction mechanism.

Key words: thermal conduction; packing characteristic; granular soil; vertical stress; computational model
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Table 1 Basic physicochemical indies of tested kaolin clay

. W A WRmA BAEEK BOKTEE pH (L, TS B 7 /(emol kg 1)

: W%  owe/%  A(m>g)  FE womd%  pamax/(grem ) +/7K=1) Cca Mg Na* K
2.63 33.6 21.4 43.8 18.5 1.65 8.7 1.26 0.12 5.12 0.29
R2 BIREHERS
Table 2 Chemical compositions of tested kaolin clay
5%y SiOx Al>03 Fe203 K20 MgO Ca0O Na20 SOs MnO oAt
TR/ % 58.90 36.61 1.08 2.26 0.30 0.02 0.11 0.48 0.13 0.11
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Fig. 1 Tested natural river sand (left) and kaolin clay (right)
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Fig. 2 Grain-size distribution curves of tested river sand and kaolin

clay
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sand-clay mixtures
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Table 3 Calculated results of model parameters of thermal

conductivity

[l TRk T R
B 1%  koo/Wm KD o) koo/(WmK") o)

0 0.2166 0.2194 2.3077 0.0965
10 0.2350 0.2397 2.4776 0.1119
20 0.2787 0.2409 2.6414 0.1319
30 0.3541 0.2015 2.8280 0.1447
40 0.4745 0.1222 3.1547 0.1793
50 0.4148 0.1348 2.9953 0.1650
60 0.3067 0.2091 2.7010 0.1272
70 0.2986 0.2155 2.5451 0.1100
80 0.2706 0.2361 2.4277 0.0897
90 0.2407 0.2447 2.3348 0.0942
100 0.1872 0.2734 2.1369 0.1080
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