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Theoretical soil—water characteristic curve for unsaturated soils
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Abstract: Based on thermodynamics, nonlinear formulas were established and numerically programmed with an iterative approach for
defining equation of meniscus between two regular ball-type soil particles with equal diameter. Therefore the matric suction could be
determined accordingly. Considering effective action area of matric suction on granular media, the concepts of equivalent matric suction
and generalized soil—water characteristic curve were presented. It was shown that equivalent matric suction depended on saturation and it
started from zero for zero saturation and would gain its peak value for a certain saturation where the soil would mobilize its maximum
strength and then weakened. The computations and discussions were made for the loosest assembling pattern of soil particles with equal
diameter. It was demonstrated that both matric suction and equivalent matric suction would rapidly reduce with the increase of spacing of
particles and the soil—water characteristic curves respectively based on both concepts were highly associated with the variation of contact
angle of particles.
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Fig. 1 Wetting capability and contact angle
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Fig. 2 Geometry of ball-type particles and meniscus
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Fig. 3 Mechanical effect of surface tension
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Fig. 4 Additional pressure of liquid below meniscus
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Fig. 5 The loosest arrangement of regularball particles
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Fig. 6 Volumetric relationship of ball particles, pore water and
air in an element under consideration
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Fig. 7 Theoretical soil—water characteristic curve obtained
by the proposed method
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Fig. 8 Generalized theoretical soil—water characteristic curve
obtained by the proposed method
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Fig. 9 Theoretical soil—water characteristic curve in semi-log

coordinates obtained by the proposed method
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Fig. 10 Theoretical general soil—water characteristic curve in

semi-log coordinates obtained by the proposed method
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Fig.11 Relationship between tensile strength and water content of

soil for low saturation obtained from experimental tests
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