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Summary

The present author reported in his previous paperV that the hardness of snow
measured by Kinosita’s hardness gauge linearly increased when the temperature of



52 wWoE B OF

snow was lowered from —0.5°C down to —30°C, and no hysteresis was inherent to the
hardness.

In order to study the hardness of snow in a lower temperature range, measure-
ments were carried out in a cold laboratory at different temperatures down to —55°C.
Four kinds of snow were prepared for the study: they were (1) fresh snow of density
less than 0.2 g/cm?, (2) very fine grained snow of density ranging from 0.2 to 0.3 g/cm’,
(3) fine grained old snow of density more than 0.3 g/em®, and (4) artificially prepared
snow by crushing and re-depositing.

The results of the measurements are tabulated in Table-1, some of which are
diagrammatically drawn in the four figures a, b, ¢ and d of Fig. 1 in the text. In
these figures the abscissa and the ordinate give respzctively temperature and Kinosita’s
hardness, and the decimale such as 0.21 or 0.43 attached to each curve are densities
of snow in the unit of g/em® As seen in three figures b, ¢ and d, the hardness of
snow of density more than 0.2 g/cm® linearly increases with decreasing temperature
from —5°C to —40°C, and it is kept constant at temperatures form —40°C down to
—55°C. The fresh snow of density less than 0.2 g/cm® did not follow this as shown in
Fig. 1-a, in which the hardness is constant throughout the temperature range from
—1°C to —30°C.

Recently, Aburakawa® found that the low frequency Young’s Modulus of snow
measured by the “Double Pendulum Method” linearly increased with the decreasing of
temperature until it reached around —40°C, and was kept at a constant value from
—40°C down to —60°C. Young’s Modulus of snow may closely be correlated with the
hardness of snow so that the hardness may be expected to have a similar temperature
dependence to that obtained in Young’s Modulus. The results obtained in the present
study show just the same temperature dependence as was exactly expected.

It was suggested by the present author in his previous paper that the hardness of
snow should be normalized to a specified temperature for the sake of comparison of
hardness of snow measured in different temperatures. —5°C was proposed as the
standard temperature. In Fig. 2, the increasing rate of hardness of snow with decreas-
ing temperature, —dH/d T, is plotted against the hardness H 5 at the standard tempera-
ture —5°C. This shows that the harder the snow is, the greater value the rate has.
The linear relation between the rate and the hardness yields the formula for the

hardness Hr of snow at a given temperature ranging from 0°C to —40°C:
Hy = {1—0.0606 (T+5)}-H ;.

Kinosita® found that the hardness H of snow increases in proportion to the fourth
power of the snow density p. This implies that the increasing rate, --dH/d7, is also
connected with the density of snow. Plotted in Fig. 3 are values of the rate, namely,

—q7T > versus density p, in which the solid line derived from Kinosita’s power law
is shown. The increasing rate in hardness of snow whose density is less than 0.2 g/cm?
is practically zero as seen from this figure. This means that the hardness of snow is

almost independent on temperature of snow, which explains the fact that the hardness

of fresh snow is independent on temperature as shown in Fig. l-a.



