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Summary

1. Some of the staffs of the Institute of Low Temperature Science calculated internal
stresses arising in a snow cover on a mountain slope from the strain rates which they actually
measured in its interior. But, as their method of calculation had such drawbacks as described
in the English summary of the previous Paper VIII®, a reformed method is presented in this
Paper IX as will be explained below. The reformation consists in the use of two planes
respectively conjugate to a horizontal plane and a vertical plane crossing each other at a point
in the snow cover.

2. The snow cover flows down two-dimensionally parallel to a vertical plane, which
stands in the steepest direction of the mountain slope. In this vertical plane are placed
coordinates = and z in horizontal and vertical directions respectively, with axis of coordinate
y lying perpendicular to the axes of x and 2. The plane of the paper will be regarded as
plane 2z and terms such as ‘plane AB’ or ‘curved surface CDE’ will be used to mean a plane
or a curved surface, which extend one unit length in the direction of ¥ from straight line
AB or curve CDE drawn on the paper.

3. Vectors fq and fr in Fig. 1(c) of the text show respectively stresses on planes QPQ
and RPR, while these planes lie respectively parallel to vectors fr and f. Thus plane QPQ
and plane RPR are conjugate to each other, while vectors fy and fr make a couple of con-
jugate stresses. Any combination of a plane and a stress upon it has a corresponding combina-
tion of a conjugate plane and a conjugate stress upon it; a plane conjugate to a combination
of a horizontal plane and a stress upon it shall be called ‘plane Cy’, while a plane conjugate
to a combination of a vertical plane and a stress upon it shall be called ‘plane Cy. Let ¢
and ¢ denote respectively the angles at which a plane Cy and a plane Cy tilt against the
horizontal. As will be shown later, angles ¢ and ¢ can be determined at a point in the snow
cover if strain rate of snow is given at the point by the measurement.

4. If curve CDE touches planes Cu everywhere it passes, that is, if its tangent makes
angle ¢ with the horizontal at all points upon it, curved surface CDE will be named ‘curved
surface Cy’. ‘Curved surface Cy' is defined in the similar manner. Stresses work on a curved
surface Cy always horizontally, while they work on a curved surface Cy always vertically.

5. In Fig. 2(a) of the text, curves G and Sp show respectively surfaces of the ground
and the snow cover. In the same figure curved surfaces AA’A” and BB'B” are both curved
surfaces Cy starting upwards from the side edges of plane APB which is horizontal and of
a unit area. Let ‘snow ] denote the snow which is bounded by curved surfaces AA’A”
and BB'B” on either side. Stresses on these curved surfaces work horizontally and so do the
stresses on the vertical planes which make front and back surfaces of snow J. Therefore,
if the weight of snow J is denoted by 1, vertical component of the force exerted on plane
APB must be equal to a pressure of magnitude w, namely, a, at point P is given by —w.
From this and by the use of angles ¢ and ¢ at point P, three components of the stress at
point P can be determined as

g; = —wcotpceoty, 0. = —w, T, = —wceote (1)

6. A snow cover is composed of many snow layers which are each isotropic and homo-
geneous in nature. It was assumed in Papers VII® and VIII® that the snow layers are made
of compressive viscous fluids of enormously large viscosity and that the relationship between
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stress and strain rate of the snew layers is formally the same as that between stress and
strain of elastic materials. Each snow layer is characterised in physical nature by its own
values of density p, coefficient of viscosity 5 and plastic Poisson’s ratio v. These assumptions
are preserved in the present paper.

7. Figure 1(a) of the text shows an example of the first principal strain rate & and the
third principal strain rate & calculated from the strain rate measured in the snow cover ; the
second principal strain rate stands perpendicular to plane zz and its magnitude & is always
equal to sero. Angle @ shown in the same figure fixes in plane zx the directions of the first
and the third principal strain rates.

8. As the snow layers are isotropic and homogeneous, strain rate and stress must have
common principal axes in them. Therefore the first principal stress ¢, and the third principal
stress g3 corresponding to the principal strain rates of Fig. 1(a) will appear as illustrated in
Fig. 3(a). The principal strain rates are related to the principal stresses by Egs. (8) of the
text, and from them is derived the equation

7= {(l—v)r-l—V}/{(l—v)ﬂr}, (2)

where
y =&/é and ¢’ = aifos. (3)

9. If 6, denotes the stress vector on horizontal plane at point P in the snow cover, g,
and plane Cy at the same point have their directions coincided, that is, they make the same
angle ¢ with the horizontal. As o6, is a component of the stress at point P, its direction
should be determined by 7’ and «, which are two out of the three quantities necessary for
characterising the principal stresses at point P. Thus angle ¢ turns out to be given by

tan g = (7' tana +cota)/(y’—1). (4)
The following equation can likewise be derived for angle ¢:
tan ¢ = (' = 1)/’ cot a+tan a) . (5)

If the measurement of strain rate is done at point P in the snow cover, angles ¢ and ¢ are
determined at point P by the above two equations, because their right sides can be changed
by Eq. (2) into functions of y and @ whose values are known from the measured strain rate.

10. The section of the snow cover shown in Fig. 2 (a) is copied in Fig. 3 (b) with bounda-
ries of the snow layers added. The snow layers are numbered I, II, III,, --- from below and
strain rate is measured in each of them at points P, Py, Py, --- which are located on vertical
straight line PP” starting upward from point P. Let angles ¢ determined at those points be
denoted by ¢, ¢, ¢m, . If it is assumed that angle ¢ does not change its magnitude within
one and the same snow layer in the neighbourhood of vertical line PP”, curved surfaces Cu
starting from the both sides of plane APB will be given in the form of two angular lines
A, Ay - A” and B, By, - B”.

11. Weight w of snow ] defined in Article 5 is approximately given by the weight of
the snow which is of a unit thickness and lies between the above two angular lines. Now
that ¢, ¢ and w are known in magnitude at point P in Fig. 3 (b), three stress components
can be calculated at the same point by the use of Egs. (1. The three stress components

can similarly be obtained also at the other points Py, Pry, -



