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Tests of the Repeated Loadings on Snow.
(With English Summary p. 66)
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Summary

Snow accumulated on the road is so frequently and heavily compressed on to the
road by running vehicles that it finally transforms into icy snow. This makes the road
so slippery as to entail a serious danger to all the traffic. In order to investigate in
detail the densification process of snow on the road by vehicles, experimental studies
were made on the compression of both dry and wet snow by applying a large number
of periodically repeated load. The apparatus used in the experiment is schematically
shown in Fig. 1. -The snow S in a cylindrical acrylite container A was periodically
compressed by the head B which was driven up and down 36 times per minute by
a repeated loading device through C and P. The load applied to the snow ranged
from 1.3 kg/cm? to 3.9 kg/cm?®.

The snow S subjected to repeated loadings by this apparatus was compressed very
easily by the first 10 strokes of loading, and thereafter it became very hard to com-
press the snow. The observed shortening of the height A of the snow against the
number N of loadings is shown by the curves in Fig. 2. Since the snow was confined
by the walls of the acrylite container, the density of the snow was inversely propor-
tional to its height at any stage of repeated loadings. The density G of the snow
thus converted from the height of the snow was plotted against the number N of
loadings in Fig. 4. The density G increased very rapidly by the first 10 strokes
of loading. The increasing rate of density became very small there after, and the
density G increased linearly with the logarithm of the number of repeated loadings:
G=Fklog N+Gy(N=10) where & and G, are constants.
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Curves 1 and 3 in Fig. 4 respectively show the changes in density of a fine gramed
compact snow and a solid-type depth hoar snow under a repeated load of 1.3 kg/fcm?
Curves 2 and 4 respectively give those for each of the snow under a repeated load of
39kg/cm?®. Curves 1, 3 and 2, 4 are parallel with each other. This means that the
value of %, a measure of the compressibility of a snow, is independent of the quality
of the snow used in the present experiments. The value of % linearly decreased with.
the lowering of the temperature of snow as shown in Fig. 5. The repeated-compres-
sion tests were also made on a wet snow at 0°C. The densification curves obtamed
for the snow with different free water contents are shewn in Fig. 6. The wet snow
was much easier to densify than the dry snow, and the snow with higher free water
contens was easiest to compress. The snow saturated with water became to a bubbly.
ice by 1.000 strokes of a load of 3.31 kg/cm?.

A rapid increase in density of a wet snow was observed until the 20 strokes were
made, and then the increasing rate of density decreased markedly. The density- G in
the later stage of the compression increased in proportion to the logarithm of the
number N of strokes, which was the case for a dry snow. The compressibility % of
a wet snow, however, was three times larger than that of a dry snow.

Kojima studied the densification of a natural snow cover and defined the coefficient

of viscosity 7 of a snow for compression by the formula: v=r/<% j—f), where & is

the thickness of a snow layer and dhA/dt is the compressing rate of the snow cover
under the compressive stress z. The dashed line in the upper-left in Fig. 8 shows the
relation between the coefficient of viscosity and the snow density G obtamed by Kojima
for dry snow layers. The broken line in the figure is that for a wet snow obtained
by Kinosita in his experimental studies on compression of a wet snow.

The coefficients of apparent viscosity of both dry and wet snow in the present
compression tests were calculated by the use of the formula defmed by Kojima. The
relation between the obtained viscosity 7 and the density G of the snow was shown
by the solid curves in Fig. 8. Although the value of 7 is much smaller than those
obtained by both Kojima and Kinosita, it increases strikingly with the increase of the
snow density. This strongly suggests that the texture of snow was heavily broken in
the early stage of the repeated loading, but separated snow grains must have been
rebonded very quickly with each other by the sintering during the later stage of the
repeated loading.

Thin sections of snow were cut out from the snow to examine their microscopic
texture at a different stage of the repeated compression. Three photographs a, b
and ¢ in Fig. 3 respectively show the texture of snow after 2, 10 and 1,000 strokes of
loading were made. Heavy compaction of snow grains was made by the first 10 strokes
of loading as seen in Photo b. It was observed in Photo ¢ that the snow grains were
connected with each other by ice bonds developing between the grains, theugh the
compaction did not proceed further after the first 10 strokes were made.

These processes of break-down followed by the recovery of the texture of snow
during the repeated loading were more clearly observed in a model experiment.
Namely a large number of artificially made ice spheres were packed into the acrylite
container (A in Fig. 1) in place of snow; they were subjected to repeated loadings.
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Photos a and b in Fig. 9 respectively show the vertical and horizontal thin sections of
the ice spheres cut after the 2,500 strokes of loading. It is seen in these photographs
that most of the ice spheres were not broken, but just compacted by the repeated
loadings. These ice spheres were connected with each other by the thick ice bonds
which had grown during the repeated compression, as shown in Photo c.



