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Résumé

Since the heaving of frozen ground occurs very slowly, consequently with an extremely
small acceleration, if any, the force with which the ground lifts a thing placed upon it is
equal to the weight of that thing. It is well known that the amount of heave is reduced
when the thing on the ground becomes heavier, which means that the heaving force changes
with the amount of heave as shown schematically by the curve in Fig. 1 of the text. The
present authors were interested in the greatest heaving force, represented by point A of
Fig. 1, which the ground exerts when its heave is suppressed completely. In the following
the phrase “heaving force” will be used in the sense of the above “greatest heaving force”.

Measurements of the heaving force were made by the use of the equipment shown in
Fig. 2 (a) in the campus of the Kitami Technical College, Hokkaido, where the ground
freezes more than 50 cm deep in winter. Two meters below the ground surface was laid
a concrete plate A (30 cm thick) which held firmly six iron rods B (4 cm in diameter) at
their feet. Fig. 2 (b) shows the device for measuring the heaving force attached to
the tops of two iron rods standing near the left end of the concrete plate. ~An iron disc
E (15¢m in diameter ; 2 cm thick) placed on the ground surface carries a load cell of which
the top touches the bottom surface of the channel fixed to the iron rods. Under the iron
disc the ground cannot heave, but instead it exerts the heaving force upon the disc. The
load cell transforms the force into an electric current which can be measured at a con-
venient distance. The other four iron rods have each a pipe of different materials (vinyl—
outer diameter : 75 mm, concrete—94 mm, concrete coated with furan resin—94 mm, steel—
72 mm) around their upper half as shown in Fig. 2 (a). Each pair of rod and pipe is
connected at its top by a force measuring device of the structure like the above one.
Since the soil freezes to the pipes they try to rise together with the ground as it heaves.
But the rise is suppressed and the heaving force is exerted against the force-measuring
device. This sort of heaving force shall hereafter be called “adfreezing force” while the
former one shall be called “basal heaving force”.

The temperatures of the soil were measured by electric thermometers of Carson type
at the levels 0, 12, 22, 50, 82 and 120 cm below the ground surface. The depth at which
the ground temperture was 0°C gave the position. of the freezing front.

The heaving forces, the soil and air temperatures were read twice a day during the
period from December, 1961 until April, 1962. The results are graphed in Fig. 5 of the
text. The meaning of the graphs will be understood by the indications attached to each
except those marked A and B in the middie part of the figure. They give the values of
vertical temperature gradients counted in unit °C/cm just above (graph A) and just below
(graph B) the freezing front. As indicated by the graph showing the depth of the freezing
front (the thick broken line in the middle part of the figure) the ground began to freeze
at the surface on December 6th. The frozen layer got thicker and thicker to reach 57 cm
in the last decade of March. On April 2nd, the ground began to melt from the surface
and there remained only a thin frozen layer (lcm thick) 50 em deep at the end of the same
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month, ;

The graph of freezing front in Fig. 5 shows that the frozen soil kept growing in
thickness although sometimes the actual increase might have stopped. It was expected
that the heaving force would go parallel with the thickness of the frozen soil, but the
graphs of heaving forces in the lower part of the figure repeatedly rise and fall keeping
parallelism among themselves. The clue to this problem can be found in the courses of
graphs A and B. The heaving forces rose when graph A lay below graph B while their
falls occurred in such periods as when graph A neared or got over graph B. Let the
following quantities be each denoted by the symbols put to their right:

downward speed of the freezing front - seoeereersererrerremiemieereintsisieians v
temperature gradient just above the freezing front «-ceoeooerrerieiiinnn Ga
temperature gradient just below the freezing front ««-eerverreereneeniininn. Gy
heat conductivity of the frozen soil above the freezing front «-+vveerren k4
heat conductivity of the unfrozen soil below the freezing front «----e------ kg
amount of water contained in unit volume of the s0il +++ reorrerreriinnnn o
latent heat of SOlIdIfiCAtION Of WALET «+«-rrrrreesserrrsrriererresiersrremnsrneeesrsnn L

Then v is connected with the other quantities by the equation
1
v = —Tl;(kAGA—‘kBGB). (1)

Since k4 and ks are not very different from each other, v is large when G.<Gp, that is,
when graph A lies below graph B, while v is very small or equal to zero when G.4~Gjp
or G1>Gp, that is, when graph A nears or gets over graph B. Then it is concluded that
the heaving forces rose while the freezing front was advancing downwards and dropped
when the advance of the front slowed down or stopped.

One of the authors made the following experiment in his low temperature experimental
room. He caused a thick plate of wet soil pierced by an iron rod at the centre to freeze;
the iron rod stuck firmly to the frozen soil. Then he pushed the iron rod at a very small
constant speed. The force necessary for pushing kept rising while the rod was moving
slowly through the plate, but the force began to relax and fell to half in one day when
the push was discontinued. On the basis of that experimental result he derived the

following formula for the heaving force:

. ¢ a
F() = C[h(t)— {7 % h) dt’] , (2)
o t—t
where
T oeeeins time
F() «-een heaving force
h(t) +ooree amount of free heave, that is, the amount of heave which will occur if
no weight is placed on the ground surface,
a,C - constants ’

& seeens a small constant introduced to avoid divergence of the integral.
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When the freezing front advances rather fast, 2(¢) will also be increasing rather quickly
and Eq(2) will give an increasing function for F(¢). But, when the freezing front stops
advancing, the free ground surface will also cease to heave; 2(f) in Eq(2) becomes a con-
stant &, Then F(¢) is given by Lo

F(t) = Ch,[l—aln(¢/e)],
which is a decreasing function. In this way the above described rise and fall of the

heaving forces can, though not exactly in the quantitative sense, be explained by the use
of Eq(2).



