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Freezing characteristic curves and water retention characteristics of soils
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Abstract: The soil-water characteristic curve (SWCC) is an important constitutive model for unsaturated soils. It represents the
water retention capacity of soils, which defines the relationship between pore water potential and water content and can be
capable to describe the transport phenomena and the mechanical behavior of unsaturated soils. The soil freezing characteristic
(SFC) expresses the relationship between the quantity and the energy status of liquid water in frozen soils, which also represents
the water retention behavior. The soil-water characteristic curves over the full water content range of silt and clay are obtained
by using the pressure plate extractor and vapor equilibrium method. The soil freezing characteristic curves are obtained by the
temperature control bath combining with the low-field nuclear magnetic resonance (NMR) system. Based on the similarity
between the freezing/thawing and drying/wetting behavior, the corresponding energy status of pore water at the specified water
content is inferred from soil temperature measurements with the Clapeyron equation. The relationship between pore water
potential and water content obtained by the freezing method is compared with the measured SWCC, showing that the pore
water potentials are different due to the existence of air and ice at the other side of the water film (different soil-water
interactions). Based on the concept of surface chemistry, a relationship between the intermolecular force and the water film
thickness is devel oped, which can be capable to describe the water retention behavior under adsorption condition.
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0 kPa
16 cm? 2cm
1.60 g/cm® 1.40 g/cm®
1
Tablel Physical properties of silt and clay
RT
w=—-InRH (5)
mm /% Vi
y 1 W, W, .
S, /(m*-g) 0.25~ 0.075~ v R T Kelvin
. 1% /% <0.005
0.075 0.005 V, RH
6.22 268 294 198 17.7 794 2.9
2263 271 420 225 0 803 197 2 27
227
Table 2 Saturated salt solution and corresponding suction at 27
3
IMPa IMPa
K,S0, 3.97 (NH4),S04 29.65
CuSO, - 5H,0 6.25 NaCl 34.50
KNOs 12.38 K,CO;3 - 2H,0 116.37
1 2 ZnS0,.7H,0 12.90 MgCl, - 6H,0 155.21
1 KCI 24.09 LiCl 302.39
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