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Summary

1. General observations. Heave amounts of the ground surface, ground temperature
profiles, and air temperatures were measured throughout the winter at appropriate inter-
vals both in Kitami and Mombetsu, Hokkaido. The results are shown in Fig. 2 (Kitami)
and Fig. 6 (Mombetsu). For easy reading and for comparison with the rises of loaded
pipes, the heave amounts are also shown in (c) of Fig. 4 (Kitami) and Fig. 8 (Mombetsu)
by black dots. The maximum valuse of {rost penetration and freezing index amounted
to 85 cm and 852°C-day in Kitami, and 75cm and 584°C-day in Mombetsu (See (a) of
Fig. 3 (Kitami) and Fig. 7 (Mombetsu) for the freezing indices).

2. Aggelative heaving forces of a pipe. A pipe buried in ground rises with the
frost heaving of the ground because of its adhesion to the frozen ground. A force
which the pipe exerts on the ground when the rise of the pipe has been completely
suppressed is called the aggelative force of the pipe. Iron pipes, each 7.6 cm in diameter,
and a vinyl pipe, 98 cm in diameter, were buried vertically to a 95cm depth in the
ground and their aggelative heaving forces were continuously recorded (for details of the
method, see Literature®). The recorded total forces are shown in (b) and the forces per
unit area of the contacting surface of the pipe with the frozen ground are shown in (c)
of Fig. 3 (Kitami) and Fig. 7 (Mombetsu), where the solid lines are for the iron pipes
and the dotted lines for the vinyl pipes.

3. Rise of pipes of various weights buried in the ground. In contrast to the
measurements described in the previous section, rises of a pipe pressed down by a
constant force were measured for iron, vinyl and concrete pipes, each 7.6 cm in diameter
and buried vertically to a 95 cm depth in the ground; the constant forces were up to
536 kg-wt (Figs. 1a, b and ¢). The weight of the pipe and a load on it were used as
the force. The results are shown in Fig. 4 (Kitami) and Fig. 8 (Mombetsu), where (a)
is for the iron, (b) for the vinyl, and (¢) for the concrete pipes. The maximum rises
in the winter are plotted against the weights in Fig. 10, where the circles are for Kitami,
the triangles for Mombetsu, the solid ones for the iron, and the open ones for the vinyl
pipes. The end points of the curves in the figure, in which the solid ones are for the
iron and the dotted for the vinyl pipes, were determined on the basis of the date of
the maximum aggelative forces in the corresponding cases. It may be seen from the
figure that the force necessary to reduce the rise increases very rapidly with the increase
in the amount of the reduction.

4. Composition of the frozen ground. Pits were dug in Kitami on Nov. 28, Jan. 9
and Feb. 12 (Fig. 1d) and in Mombetsu on Jan. 8 and Feb. 14, and soil samples were

taken from the walls at intervals of several centimeters. For the frozen sample, its
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mass in air (M,) and that in kerosene (M) of known density (£} were measured imme-
diately after sampling, while its dried mass (M) was measured later in a laboratory.
The following quantities were obtained :

Weight percentage of moisture to soil particles in the sample: W=100(M,—My)/M,.

Density of the sample: £=0 M /(M,—My).

Mass of soil particles in a unit volume of the sample: 725=0 My/(M,— My).

Mass of moisture in a unit volume of the sample: mm="~0k(M,— My)/[(M,— M).
Volumes of soil particles (vg), moisture (vm) and air {v.) in a unit volume of the sample
are given by ve=my/ls, vn=k/Py+(1—F)/P) my and vi=1—v,~Tm, where P is the
desnsity of the soil particles, #y that of water, ©; that of ice and % the ratio of unfrozen
water to total moisture. Values of P were determined as 2.43 for Kitami and as 2.64
for Mombetsu. For £=0, almost all values of v, in Mombetsu were negative. This
means that a certain amount of unfrozen water remained in the frozen ground.

5. Increase of moisture content in a layer during freezing. For the unfrozen
samples taken from the pits, Mk was not measured and only W was calculated. However,
because the total amount of soil particles in a layer does not change during freezing,
the total mass of moisture in the layer before freezing (M,;) can be estimated by use of
the values of W before freezing and those of m, after freezing. The comparisons of M,
with the total mass of moisture in the layer after freezing (M,) were made for two

layers in Kitami, as shown in the following table:

After freezing Betfore freezing Moisture
Soil particles Mass of Mass of transfer
Free;igg Heave Thick in a unit column| moisture Mtian moisture
perio amount . in a unit| value in a unit Mass Rate
of layer ness Vc()%}xme l?/[l\;ss column | of W column a8
s) S LB (W) (M= Mo X W) (My— M) (g/em?-
fcm) | {em) [em¥cm?) (g/cm?) | (g/cm?) {g/cm?) (g/cm?) day)
Dec. 14 to
Jan. © 38 44 19 47 21 0.34 16 5 0.19
Jan. 9 to | 54 23 23 1 9.5 0.28 75 2 0.06
Feb. 12 ’ ' : : :

The rate of moisture transfer through a unit area of the lower frozen surface on Feb. 12
for a period from Jan. 9 to Feb. 12 was a mere 0.06 g/cm?-day. In the experiment in
Tomakomai, increases of moisture content of a layer were computed by another method!®.
The rate of moisture transfer through a unit area of the lower frozen surface on Feb.
26 was 018 g/cm?-day for a period from Jan. 11 to Feb. 25, The large difference is
probably due to the fact that the water level is much deeper in Kitami than in

Tomakomai.



