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-Résumé

The behavior of viscous flows of snow deposited on a uniform slope was studied.
Axes, Or, Oy and Oz, were taken in such a situation that the bed surface of the slope
was the xy-plane ; Ox was directed downwards, Oy directed horizontally and Oz directed
upwards perpendicular to the surface of the slope. Since the flow can be assumed as
uniform along « direction and independent of the coordinate g, velocity of flow of any
part of the snow depends only on the height z above the bed. Let 2- and z-components
of displacement of snow at a height z during a time interval 4¢ be denoted by 4du(z)=
wu(z) 4t and by dv(z,)=1(z,) 4f respectively, and let those of snow at a height z,+0z be
denoted by du(z,)+ d4du and 4v(2,)+04v respectively. d4v is equal to decrease in thickness

of the snow layer existing between z,and z,+0z during 4¢ and 6251515 represents strain
rate ¢ of compression of the layer. The gradient of velocity (;AZ? of flow at the layer

represents the rate in shear strain 7. ¢ and 7 were assumed to be respectively in pro-
portion to normal stress ¢ and tangential stress r exerted across the z=z, plane which
is parallel to the slope. If the weight of snow overlying the layer is w gr on a horizontal
unit area, then ¢=w cos’a and r=w cos a sin a, where a is the angle of the slope. The
following relations may be introduce_d:

. O0dv 2

Q—az.Al——v;wcosa (1)
) odu 1 .

7= 62-47_—713 wCcosasina, (2)

where 7, is a coefficient of viscosity in compression and 7%, is that in shear deformation.
¢ and 7 and w were measured in 1959 and 1960 on each of snow layers deposited on
two different slopes of different angles. 7%, and %, of those snow layers were calculated
by eqs. (1) and (2). One slope was constructed artificially to have an area 12mx10m
and an angle 9°10’, the other one was a natural slope with an angle between 27° and 29°.

The following method was used to measure ¢ and 7 of the snow layers. A wide pit
was made in the snow cover and a vertical flat wall parallel to zz plane was made. A
plane cut vertical and perpendicular to the wall was made in the interior of snow layer
by means of a saw. At first, a vertical line was marked on the wall along a string with
a plumb bob at its end. Then a cut was made in such a way that the cut plane con-
tained the vertical line marked on the wall. The plane was cut perpendicular to the
wall. A saw was devised for this purpose with a length of 110 cm. Positions of boundaries
between every two snow layers and their densities were measured on the wall of snow.
After 4¢ days another new vertical wall was made being parallel to and somewhat distant
from the first wall. The cross section between the plane cut by the saw and the second
wall was found to present a curved line bent downwards as shown by photographs in
Figs. 6, 7,9 and 10 of the text. Relative displacement d4u and Jddv at two points, 2, and’
z,+0z, lying on one and the same line Oz perpendicular to the bed were calculated from
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the meaurements of displacement from the first position of the vertical cut line.

The values of 7, & 7, and 7; of each snow layer decided in the way described above
are shown in Tables 1, 3 and 4. Deformation of the vertical cut plane and displacement
of each portion of snow observed in every case are shown by diagrams in Fig. 8 and
Fig. 11 of the text. Fig. 12 shows the relation between the}coeﬂ‘icient of shear viscosity
7, of any snow layer and its density ¢.. It was found that log 7, increases in proportion
to the increase in 0. The ratio 7;/%, of snow observed at Sapporo was within a narrow
range 2.5~3.5 though each 7, and %, changed within in a wide range 5.7~2750 and 2.0
~850 gr-day-cm~* respectively. It should be noticed that several snow layers composed
of depth hoar had somewhat larger value of 7./%, than ordinary compact snow or granular
snow. The coefficient of viscosity of compression 7, of each of the snow layers on
horizontal flat ground was compared with that of a corresponding layer on the neighbouring
slope. That is, the comparison was made between every two layers deposited at the same
time on the level ground and on the slope. The considerable difference between them
could not be found. The direction of displacement of every part of the snow cover on
a slope was found to be almost parallel. The angle B(<90°) between the direction of
the displacement of any point and the normal Oz can be approximately represented by

B =tan"'[xtanadj,

where & is an average value of the ratio 7,/%,=x of all the layers on a slope and « is
the angle of the slope. )



