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Abstract: The couplings among characteristics of bound water, permeability of soils and temperature largely determine the
thermal-hydraulic-mechanical behavior of soils. To study the bound water content and the permeability of soils under
non-isothermal conditions, the temperature-controlled laboratory measurements of the bound water content in saturated sand,
clay and sand-clay mixtures, combined with the corresponding permeability tests, are carried out in this study based on the bulk
density method. It is shown that temperature elevation leads to remarkable decreases of the bound water content, largely
depending on the soil particle size and the clay content. The bound water contents under different temperatures measured for the
packed soil samples with low and high clay contents are obviously higher and lower than those measured for the samples of
dispersed soil particles, respectively, due to the interactions and structures among soil particles. The increases of soil
permeability with the temperature elevation are also observed in the tests, which are highly related to the heating-induced and
clay-content-dependent decreases of the free-water kinematic viscosity and the bound water content. The thermally induced
changes of permeability can be overestimated for the soils with low clay contents and underestimated for those with high clay

contents if ignoring the effects of bound water.
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Table 1 Sand particles used in tests grouped according to size

eS| b Ry AiEb Wb
iR/ 0.6-1 0.355~ 0.15~  0.038~0.15 (f3 5Lhb)
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v i
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Fig. 1 Temperature-controlled devices for combined tests on

bound water content and coefficient of permeability
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Table 2 Details of testing conditions in this study

Y5 Moy BEC TEE/(gem?)
D1~30 MW ZEME. Tt 10~60 Bk
PI~6  90%Hib+10%%+  10~60 1.53
P7~12  90%TWb+10%%E+  10~60 1.53
P13~18  90%#ib+10%%i1  10~60 1.53
PS1~6 100%41#> 10~60 1.53
PS7~12  95%Hb+5%%Fi 1+ 10~60 1.53
PS13~18  90%ZH#b+10%%i+  10~60 1.53
PS19~24  80%Z#b+20%%i+  10~60 1.53
PS25~30 100%%5 + 10~60 1.53
PS31~36 100%%5 + 10~60 0.93
PS37~42  90%ZHP+10%% L+ 10~60 1.4
PS43~48  90%ZP+10%%i+  10~60 1.5
PS49~54  90%ZHb+10%%i+  10~60 1.6

Vs “D” ARFRMCIR ERE LS A KRS, “P” AR LRI 25 2K
Wi, “PS” ARFMA LML Gk +HEBEMERY, T8 BAN glom?.
%3 MIRE T HRKMEEKEE
Table 3 Densities of free and bound water used in tests

Bz g/lem’
WEC 10 20 30 40 50 60
HHEZK 0998 0998 0.996 0.992 00988 0.983
gi4K 0 1308 1.3 1291 1.281 1272 1.261
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Fig. 2 Relationships between absorbed bound water content and
temperature for dispersed samples of sand and clay
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Fig. 3 Relationships between absorbed bound water content and
particle size for dispersed samples of bentonite and siliceous sand
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Fig. 5 Relationships between bound water content and temperature

for fine sand-clay mixtures
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