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Water-heat-salt interaction of sodium sulfate saline soil during a cooling process

LU Jianguo'*, WAN Xusheng', LIU Li', LI Shuangyang’, YAN Zhongrui', QIU Enxi', WU Songbo'
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2. Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: Affected by the complex engineering environment in cold regions, it is difficult to predict the water and
heat states of saline soil, and the research of the interaction process among water, heat, and salt is the core and
foundation of frozen soil to reveal the mechanism of frost heave and salt heave. In this study, the crystallization
temperature range of sodium sulfate saline soil was obtained through indoor test, the water-heat-salt interaction
calculation model of saline soil during a cooling process was established, and the accuracy of the calculation model
was verified. Results show that the crystallization temperature varied with initial salt content of soil samples; the
salt crystallization for the soil samples with high initial salt content was at positive temperature, while that for the
soil samples with low initial salt content was at negative temperature. The water-heat-salt interaction calculation
model proposed based on the physical phenomena could effectively predict the variations of temperature, unfrozen
water content, amount and distribution of sodium sulfate crystallization during a cooling process. The salt would
migrate through the sodium sulfate saline soil when the crystallization occurred during a cooling process, which
could increase the salt concentration and the amount of crystallization. Besides, the salt migration ability varied
with initial salt content; the soil samples with high initial salt content had more salt crystallization in positive
temperature range, and those with low initial salt content had strong salt migration ability in the temperature range
of =4 C and -6 C.
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Tab.1 Particle gradation
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Fig.1 Test cooling curves
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Tab.2  Crystallization temperature of saline soil with different salt content
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Fig.4  Variation of thermal conductivity and heat capacity of
sodiumsulfate saline soil during a cooling process
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Fig. 10 Contour distribution of soil sample with initial salt content of 3.2% in cross section
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Fig. 12 Contour distribution of soil sample with initial salt content
of 1.0% in cross section
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