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Summary

The heave amount of the surface of frozen ground, the temperature profile in the
soil, frost penetration, and the heaving force, namely, the force which the ground exerts
when its heave is suppressed completely, have been measured continuously at Kitami,
Hokkaido, throughout each winter since the winter of 1961-1962. For this winter (1967-
1968) maximum values of 5.2cm of the heave amount, 79 cm of frost penetration, and
2700 kg (24 kg/cm?) of the heaving force were recorded.

Several pipes (iron, vinyl, concrete; 100 cm in length, 7.6 cm in diameter) were pre-
viously buried vertically in the ground before winter (Fig. 2a). Because the soil freezes
to the pipes, a tendency to rise together with the ground as it heaves is seen. The rise
depends on the pipe weight. An iron pipe weighted to 58 kg from the beginning of the
winter (the weight of pipe 5.5 kg and the additional load 52.5 kg which was weighted by
means of a lever device (Fig. 2b)) rose more slowly than a 55kg pipe (Fig. 5 (a)).
However, an iron pipe weighted to 86 kg (the additional load 805 kg was weighted by
means of a lever device after January 11) rose in the same way as the pipe weighing
55kg.

Measurements were made on the aggelative heaving force of iron pipe, namely, the
force which the pipe exerts when its rise is suppressed completely. The force reached
about 3 tons at 11 th of January (Fig. 4 (b)). Therefore, it may be said that the additional
load of 80.5kg at the time had no effect on the rise. The maximum value of the ag-
gelative heaving force reached 4 tons at the beginning of March (Fig. 4 (b)).

At 10th of February a pit was dug in the frozen ground as shown in Fig. 2f. From
the measurements of water content and density of frozen soil samples taken from the pit
(Fig. 6 (a) (b)) the volume ratio between ice, soil and air composing the frozen soil was
calculated (Fig. 6 (c)).

The total thickness of all ice lenses appearing in the frozen soil was found to cor-
respond very closely to the heave amount of the ground surface. Therefore, the ratio
dh/dD (where A is the heave amount and D is the frost penetration) is equal to the
volume content of ice lenses (w,) within the soil layer between D and D-+dD. The
average of w, was 9%, while the average of the volume content of ice, w., was 40%.
The difference between w, and w,, namely, 31%, made no contribution to the heave
amount or the volume change of soil at freezing.

Since the air content just above the freezing front was smaller at 5~7% than that
just below it (Fig. 6 {c)), 5~7% of the ice content gave the reduction of air content
within the soil at freezing. Therefore, it is suggested that the remainder, about 25%,
was left unfrozen at freezing, covering the soil particles (180 A in thickness), and that
the soil moisture migrating upwards from below passed through the liquid layer covering
the soil particles, resulting in a segregation into ice lenses (Fig. 8).



