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Toshioc KURODA 1985 Theoretical Study of Frost Heaving —Kinetic Process at a Water
Layer between Ice Lens and Soil Particles— Low Temperature Science, Ser. A, 44.

(With English Summary P. 189)
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Summary

In this paper we investigate thermodynamical properties of a water layer between an ice
lens and soil particles, e.g. the chemical potential 4u(d) of the water layer as a function of
the layer thickness d, the supercooling 47T and the overburden pressure p, the equilibrium
thickness e of the layer, and so on. Then we discuss the kinetic process of frost heaving
at the layer, i.e. the process of freezing and the process of suction of water, and derive the
rate Ry of frost heaving under steady state conditions for given 47 and p. This paper is
based on the study® presented at the 4th International Symposium on Ground Freezing (Sapporo,
1985).

We can draw the following concluding remarks :

1. The chemical potential 4y (8) of the water layer between an ice lens and soil particles
against ice increases with an increase in layer thickness §. It is negative for § smaller than
the equilibrium thickness deq, zero at 6 =0eq and reaches the chemical potential of bulk water
for §—oo.

2. Since the chemical potential dp(r) of pore water is larger than 4u(5) of the water
layer, the pore water is drawn towards the layer and consequently the layer thickness tends
to become larger than de, The rate Rs of thickening of the layer by the suction of pore
water is an increasing function of the chemical potential difference 4y (rp)—4p (8) in a distance
of the order of the mean radius of soil particles.

3. The chemical potential 4 (d) of the layer with the thickness § larger than &eq is
positive. Therefore, freezing occurs at the interface between the ice lens and the water layer
so as to reduce the layer thickness. The thinning rate R¢ of the layer by freezing is a in-
creasing function of 4y (d).

4. From the balance equation Ry=R;=Ryn, we can derive the layer thickness dy, the
chemical potential 4y (ds) and the rate Ry of frost heaving under steady state conditions.

5. It is shown that dg is fairly close to deq because of a large kinetic coefficient of the
freezing rate and that the rate Ry is actually controlled by the rate of suction of pore water
at the water layer, so long as the supercooking 47 and overburden pressure p are given and
soil is saturated with water.



