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Table 1 Basic physical properties of Lanzhou loess
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Fig. 1 Grain size distribution curve of Lanzhou loess
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Fig. 10 Matric suction fitting curve of saline soil with

20% water content
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Fig. 13 Matric suction fitting curve of saline soil with

12% water content
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Experimental and theoretical study on soil-water characteristic curve of
sodium sulfate saline soil

JIANG Hao'?, BING Hui'?

(1. State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of
Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Soil-water characteristic curve (SWCC) is a curve describing the relationship between soil matric suc-
tion and water content, which is the core of unsaturated soil mechanics research. Matric suction is an important
stress state variable of unsaturated soil, which controls the balance between soil structure and shrinkage mem-
brane, and is an important factor affecting mechanical properties of unsaturated soil. Loess containing sodium
sulfate is widely distributed in Northwest China, and has been widely used in engineering practice. The relation-
ship between the matric suction of loess and the content of sodium sulfate is studied by experimental test and the-
oretical analysis, and the law of the matric suction of loess like sodium sulfate saline soil affected by sodium sul-
fate is obtained. Taking the typical sodium sulfate contained in loess in Northwest China as the variable factor,
the matric suction of Lanzhou loess and sodium sulfate saline soil with different salt content was measured by fil-
ter paper method, and the soil water-characteristic curve was drawn. The results show that the existence and con-
tent of sodium sulfate have a great influence on the matric suction of loess, and the higher the salt content of sodi-
um sulfate saline soil is, the greater the matric suction is. The influence of sodium sulfate on the matric suction
of loess is different under different water content: when the water content is high, the influence of sodium sul-
fate on the matric suction of loess is small; when the water content is low, the influence of sodium sulfate on the
matric suction of loess is great. Based on unsaturated soil mechanics theory and surface physicochemical theory,
assuming that the salt solution in soil does not affect the pore structure of soil, considering the influence of salt
solution in soil on the capillary part and adsorption part of matric suction, a semi empirical formula is obtained,
which can be used to calculate the relationship between salt content in soil and matric suction. The Kelvin radius
and the thickness of adsorbed water film corresponding to each suction in the formula are calculated by the method
introduced in unsaturated soil mechanics. The measured data are used to fit the three parameters in the formula.
The matric suction corresponding to each water content of sodium sulfate saline soil with different salt content is
calculated by the semi empirical formula, and the soil-water characteristic curve is drawn. The results show that
the calculated curve is in good agreement with the experimental curve, which shows that the formula can well de-
scribe the relationship between different salt content and matric suction in saline soil. In this paper, the law of the
influence of sodium sulfate content on the matric suction of loess is obtained through experiments, and the law is
expressed quantitatively by theoretical derivation and semi empirical formula, which provides certain theoretical
basis and data support for the future engineering practice in this area. The semi empirical formula obtained in
this paper can also be applied to the calculation of soil-water characteristic curve of other saline soils, but it
should be noted that the formula will not be applicable when the concentration of salt solution in soil reaches the
saturation concentration.

Key words: soil-water characteristic curve; filter paper method; sodium sulfate saline soil ; matric suction; salt

content
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