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Summary

Huzioka and his coworkers measured actual internal strains within a snow cover lying
on a wide and long sloping ground, and they succeeded in deriving internal stresses from the
measured strains with no reference to the quantitative relationship that should exist between
stress and strain of the snow®?. They first observed the deformations undergone by the snow
during periods of two or three weeks and then calculated the internal strains from those defor-
mations. Therefore the obtained stresses were mean values averaged over the periods. The
stresses were expressed in the form of pairs of principal stresses as shown in Fig. 1 of the
text which gives stresses obtained in 1974 in the neutral zone of the snow cover. In case of
this Figure, the time of measurement ranged from January 9 to March 27, and it was devided
into five periods (A), (B), --- (E). The principal stresses shown by black stripes are pressure
while those shown by double lines with an arrow head at their tip are tension. Coordinate
z is the distance above from the ground in the direction perpendicular to the surface of the
snow cover. At each of the points attached with starred letters such as a*, *b, ---, one of
the paired principal stresses stands nearly vertical while the other lies nearly horizontal, and
the nearly horizontal principal stress ¢y is much smaller than the nearly vertical principal
stress o5. Let such a pair of principal stresses be called ‘single vertical principal stress’.

The snow cover is a stratification composed of many snow layers each of which is isotropic
and homogeneous in nature. Experiments of compressing a pillar cut out {from a snow layer
show that it behaves like a compressive viscous fluid of enormously large viscosity, when the
compressing force does not change in magnitude or when it changes in magnitude very slowly
if it does. In the present paper the single vertical principal stress is theoretically studied on
the assumptions that the snow layers composing the snow cover on the sloping ground are
compressive viscous fluids and that the relationship between stress and strain velocity of the
snow layers is formally the same as that between stress and strain of isotropic and homo-
geneous elastic materials. The snow layers are each characterized by their own values of
density p, coeflicient of viscosity  and plastic Poisson’s ratio ». The value of v serves as a
measure for the compressibility of the snow layers: it is zero at v= +0.5 and increases as v
decreases below 0.5 to become infinitely large at v= —1. Experimental values of v lie in the
range from —0.1 to +0.4*71Y,

Let coordinate x be placed, as in Fig. 2 of the text, parallel to the surface S of the
snow cover which makes angle # with the horizontal, and let the inside of triangle PB’D” of
that Figure be called ‘upper neighbourhood’ of point P which is arbitrarily chosen in the
snow cover. State of the snow in the upper neighbourhood of point P changes as the snow
cover flows down the sloping ground. But there can happen such a case that stress and
strain in the neighbourhood continue to be invariable in the direction of z with no change
in @ in spite of the flow of the snow cover. Point P shall be said to be in ‘state A’, when
stress and strain change in this manner in its upper neighbourhood.

It is shown that, if a point is in state A, the following formulas hold for the principal

stresses at that point:

oy cos 0 —JN 2{1—v)
= = ¥ tan 2 (8 = ——tanf,
r g3 cos@+4N "’ an 2(0+a) 1-—-2v an

with N = (1+3sin?6)—4v (1 +sin28) + 42,
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where « is the angle between principal stress ¢; and the vertical 2’ as shown in the upper
half of Fig. 4. Curves I, I, III in the same Figure show the relationship of y and a versus
v respectively for three values 25°, 30°, 35° of . In case of Fig. 1 the value of 6 is 30°
and curve II of Fig. 4 turns out to restrict values of y and a respectively within the ranges
from —0.27 to +0.17 and from —7° to +7° because v is limited within the aforementioned
range from —0.1 to +0.4. If a stress has its y and « restricted as above, its two principal
stresses o, and o3 are nearly horizontal and nearly vertical respectively while ¢, is much smaller
than g;. Thus state A makes a sufficient condition for a stress to be a single vertical principal
stress.

When stress is not a single vertical principal stress at a point, this point is not in state
A. Tt seems to be generally believed that stress in the neutral zone of a sloping snow cover
is the same as that in an infinitely long sloping snow cover in which every point must be in
state A due to its own translational similarity. But such a belief is not always sound, because
the actual stresses shown in Fig. 1 fail to be single vertical principal stresses throughout
February and early in March in the lowest third of thickness of the snow cover, whereas
they were all given rise to in its neutral zone.

Although there may be other causes which are effective in bringing about single vertical
principal stresses, it is very likely that state A will work most widely. Plotted against density
p of the snow layers in Fig. 5 are values of their v which are determined through curves II
of Fig. 4 from the values of y and « read on the single vertical principal stresses shown in
Fig. 1. Thus determined values lie in the experimental range from —0.1 to to -+0.4 of v
mentioned before.



