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Seiiti KINOSITA 1972 Experiments on Heaving Force of Freezing Soil. Low Temperature
Science, Ser. A, 30. (With English Summary p. 200)
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Summary

Frost heaving of soil accompanies a force which often causes severe damage to
constructions. The force, so called “heaving force”, is attributed to the coexistence of
ice and water in micro-pores among soil particles and, in principle, can be computed
thermodynamically. Since the shapes of pores may change during soil freezing in
a complicated manner depending on various factors including freezing velocity, con-

straining conditions for the soil as a whole, and size of soil particles, the heaving



WL R % 201

considered to depend on these factors. Measurements of heaving force were carried
out of various soil samples (sand, sandy loam, sandy clay loam and two kinds of clays)
under various freezin conditions (Freezing velocity, mode of water supply and constraints
for soil were changed). In every experiment, soil was packed in a cylindrical container
with a diameter of 11 cm and a height of 10 cm (Soil was constrained completely in the
radial direction and at the bottom: Constraining conditions at the bottom for water
depended on the mode of water supply from below). A disk was placed on top of the
soil contained in the cylinder to constrain the sample either rigidly (a complete axial
constraint) or through a spring (a loose axial constraint). Main results of the meas-
urements were as follows:

(1) Under the condition of the complete axial constraint, the heaving force de-
creased with the decrease in freezing velocity and with the increase in the size of soil
particles.

(2) Without the constraint, the heaving amount was almost independent of the
freezing velocity (The heaving amount was called the free heaving amount).

(3) The heaving force decreased very rapidly with the loosening of the axial
constraint (with the softening of the spring).

The results indicate that it is practical to treat the heaving force phenomenolo-
gically as a kind of resistive force exerted by freezing soil on a body constraining from
without. Because of a volume increase due to the transformation of water into ice at
the freezing front, both unfrozen and frozen parts of soil suffer some strains, if the soil
is somehow constrained. The strains cause stresses, which appear as the heaving force.
A formula for the heaving force was given where both the frozen and the unfrozen

soil were treated as visco-elastic bodies.



