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Abstract: A large area of deep residual deluvial expansive soils is distributed in seasonally frozen soil regions in China. Its
unique ‘frost heave-thaw settlement’ and ‘expansion-shrinkage’ characteristics induce many engineering diseases. Aiming at
the problem of frost heave mechanism of unsaturated expansive soils in seasonally frozen soil regions, taking Yanji expansive
soil as the object, the experimental studies on the frost heave characteristics of expansive soils are carried out, and it is proved
that the expansion characteristics of the expansive soils due to water absorption have a significant influence on its frost heave
characteristics. Then the freezing-swelling/shrinkage mechanism of unsaturated expansive soils considering the phase change
kinetic area is put forward. Based on the multi-field coupling ~
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model for unsaturated expansive soils, named FH_ex Model, o
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is established and verified. The proposed model can inverse the frost-heave deformation component and the expansion

deformation component in the frost heave process of unsaturated expansive soils. In addition, according to the above

researches, it is suggested that attention should be paid to the high freezing-induced expansion deformation in the initial

freezing period in the expansive soil engineering site, and the deformation in the area below the stable freezing depth should

not be ignored.

Key words: seasonally frozen soil region; unsaturated expansive soil; frost heave test; freezing-induced swelling and shrinkage

mechanism; multi-physical field coupling; frost heave model
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Fig. 1 Particle size distribution curves of expansive soil and silty

clay soil
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Table 1 Physical properties of test soils
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IR e fkgm®) LG, w % wpl% % F /%
figz i 1660 2.63 534 384 60
Wt 1910 2.75 29.8 182 0
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Fig. 2 Frost-heave test system of expansive soils
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Table 2 One-dimensional frost-heave test conditions of soils
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S1 21 1.8 -5
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Fig. 3 Time histories of frost heave amount of expansive clay and

silty clay samples
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Fig. 4 Time histories of frost-heave amount of expansive clay

samples with different initial mass water contents
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Fig. 5 Cryostructures of unsaturated expansive clay (left) and silty
clay (right) (Luo et al., 2018)[6]
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Fig. 6 Pore environment of expansive soils at different stages of

frost heave
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Table 4 Physical parameters of frost heave of expansive clay
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