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Summary

A water resistant basin filled with frost susceptible soil was constructed in 1968 at
Tomakomai, Hokkaido, for studies of frost heaving under controlled water conditions.
A schematic diagram of its section and photographs of its construction are shown in
Fig. 1 and Figs. 2 a, b, ¢ and d, respectively. As understood from Fig. 1, the water
level in the basin can be controlled and measured through a pipe laid near by and con-
nected to the basin.

In the winter of 1968-69, a field observation of frost heaving was carried out here
in such a way that no water was supplied after the ground began to freeze {(a closed
system experiment).

The amount of frost heave, the frost line depth and the water level were measured
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on every ten days or so from Dec. 3 to May 15, at which time the ground had melted
completely. The results are shown in Fig. 3. As seen from the figure, the distance
between the frost line and the water level increased almost linearly from 32c¢m to 98
cm and became stationary.

The ground temperatures at several depths were also measured. These and daily
mean air temperature measured at a near-by station are plotted in the upper part of
Fig. 4. The maximum freezing index amounted to 711°C-day.

On Feb. 25, a pit was dug in the ground (Fig. 2 e) and samples were taken from
several layers. The volume of soil particles (vs cm®) and the moisture content (my g) in
1cm® of each layer were obtained from these samples and are shown in Fig. 5¢, where
the ordinate represents the depth from the surface on Feb. 25 and the abscissa one
hundred times the value of vs or my and where the left solid line represents the distri-
bution of vs and the right that of (vs+mw).

The volume of soil particles (vscm?® in 1cm?® of the layer is given by vi=vs (D+
h)/D, where D and D+h are the thicknesses of the layer before and after freezing. The
value of A for a given layer can be estimated from the curves in Fig. 3, but for a small
value of D, the error in the estimation of 2 may be too large for v; to be reliable.
Therefore, the frozen ground on Feb. 25 was divided by the frost lines on Dec. 25 and
Jan. 11 into three layers for further analysis.

Because no water was supplied during the experiment, the following considerations
are applicable for moisture transfer. In fig. 6, let f be the depth of the {rost line at a
certain moment #, ' that at a later moment #;, C the depth of the water line at #, and
C’ that at ¢, Let BE'CC” be a distribution of (vi+my) at £, B'C’'C” that at £, and
GG'G” a distribution of vi at #. Because of moisture conservation, an amount of mois-
ture represented by an area GBE'CC'B'G’G (M g) should be contained at # in a unit
column of a frozen layer, which was found at # between the depth f and f/, and an
amount of moisture represented by an area B'E'CC'B’ (M’ g) should be the amount of
moisture transfer through a unit area of the surface at ' during a period from ¢, to ¢,

No direct observations of the distributions were carried out. But a few measurements
of moisture content immediately below the frost line showed that it was always about
41 wt-% of soil, that is, mw=0.41 Ovg, where =263 g/cm® is the density of the soil
particle. These two relations were used in determining points B’s in the sight side of
Fig. 7, where the distribution of vi, GHG’'H'G”H"”, was plotted by the previously men-
tioned method. The distributions of vi+m, were assumed to be straight lines connecting
eachB to the corresponding C, that is, the air content was assumed to decrease linearly
to zero at the water lever. The agreements between the value M observed in a frozen
state and that computed on the above assumptions in an unfrozen state were rather

good as seen in the following table:

Laver  Freening Period (I (b 3y Joty o oo (gfemieday)
I Dec. 17 to Dec. 25 10 4 0.53 7.5 6.7 2.0 0.25
1T Dec. 25 to Jan. 11 16 5 0.42 12.9 12.8 5.2 0.31
T Jan. 11 to Feb. 25 23 3 0.38 16.5 18.6 8.1 0.18

Total Dec. 17 to Feb. 25 49 12 0.42 36.9 38.1 15.3 0.22



