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Summary

1. The author defined, in Article 4 of the English Summary of Paper IX?, ‘curved
surface Cy’ and ‘curved surface Cy’ within a snow cover which flows two-dimensionally down

a sloping ground. Stresses work on a curved surface Cy always horizontally, while they work
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on a curved surface Cy always vertically.

2. Let horiontal coordinate = and vertical coordinate 2 be placed in the vertical plane
parallel to which the snow cover flows. ‘Curve Cy’ and ‘curve Cy’ are respective intersections
of this vertical plane with a curved surface Cy and a curved surface Cy. Figure 1(a) of
Paper X¥ shows curves Cy in an imaginary snow cover uniformly deposited on an infinitely
long plane ground inclined against the horizontal; curves Cy are not shown in the Figure,
becuase théy are simply straight lines parallel to the surface of the snow cover.

3. Twenty years ago, the author obtained theoretically, by regarding snow as an incom-
pressible viscous fluid, possible distributions of stresses in wedge-shaped snow covers and circular
snow covers®. In the present theory of curves Cx and Cy, snow is treated as a compressible
viscous fluid with plastic Poisson’s ratio v of various values of which the greatest is 0.5, and
an incompressible viscous fluid is nothing but a compressible viscous fluid which happens to
have v equal to 0.5. Therefore the above distributions of stresses can well be used as examples
in the present theory.

4. The wedge-shaped snow cover is a snow cover so deposited on a plane sloping ground
in such a manner that its thickness increases linearly upward or downward along the ground.
The circular snow cover is a snow cover deposited with a uniform thickness on a horizontally
long mountain ridge or valley of which the vertical section is semicircular. Curves Cy and Cy
can be drawn if the distribution of stresses is given. The curves in the wedge-shaped snow
covers are shown in the present Paper XII, while those in the circular snow covers will be
shown in the next Paper XIII

5. There are two kinds of wedge-shaped snow covers: ‘upward increasing’ and ‘downward
increasing’. The former increases in thickness upward along sloping ground G as shown in
Fig. 1 of the text, while the latter increases in thickness downward along the sloping ground
as shown in Fig. 2 of the text. In both Figures straight lines S, give the surface of the snow
covers.

6. If polar coordinates (r,#) shown in Fig. 1 (c) and Fig. 2 (c) are used instead of Cartesian
coordinates (x, 2), then Eqs. (3), (4), (5) and (6) in the text give the above mentioned possible
distributions of stresses in the wedge-shaped snow covers. Of the double signs *+ or F in
the Equations, the upper ones are for the upward increasing snow cover while the lower ones
are for the downward increasing snow cover. Angles ag and 8 can be read in meaning from
the Figures. In order to make the Equations dimensionless, a length R is introduced into
them ; any value may be given to R conveniently.

7. Equations (3), (4), (5) and (6) yield differential equations (7) and (8) respectively for
curve Cyg and curve Cy. As it is difficult to integrate these differential equations, curves Cu
and Cy were drawn, in four figures (a) and (b) of Fig. 1 and Fig. 2 of the text, directly from
them by the use of the electronic computer. In each of the four figures, the curves are
similar to one another with respect to origin 0 of the polar coordinates. This is because the
differential equations have their right sides independent of radial coordinate r.

8. Principal stresses are represented in Fig. 1(c) and Fig. 2(c) by two straight segments
crossing each other. The segment with arrowheads at its ends represents a principal stress
that is tension and positive in sign, while the segment with nailheads at its ends represents
a principal stress that is compression and negative in sign. Of the two principal stresses
crossing each other, the algebraically greater (or smaller) one is designated the first (or third)
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principal stress g, (or o3), and the absolutely greater (or smaller) one is designated the strong
{(or weak) component.

9. Let the principal stresses crossing each other be called ‘single principal stress’ ab-
breviated to SP if their weak component is very small in absolute value as compared to their
strong component, and let them be called ‘perfectly single principal stress’ abbreviated to PSP
if their weak component completely vanishes. It is shown that curve Cg and curve Cy pass
a point of SP in almost the same directions and they pass a point of PSP in quite the same
direction, provided that the strong component of the SP and of the PSP is directed apart
from both the horizontal and the vertical.

10. The principal stresses crossing each other are SP with their strong component ob-
liquely directed everywhere in Fig. 1(c), except on broken straight line B, where they are
PSP. In this case of an upward increasing snow cover, curve Cy and curve Cy should pass
every point in it in almost the same directions, with the result that curves Cy in Fig. 1(a) are
nearly smilar in shape to curves Cy in Fig. 1(b).

11. If the tangent to curve Cu makes angle (p—¢) at a point with that to curve Cy,
then (p—¢) satisfies Eq. (11) of the text, where ' =a)/o; and a is the angle between first
principal stress g; and the horizontal. Angle (¢ —¢) is a right angle, if /= +1 or if & equals
0 or a right angle. In case of the downward increasing snow cover of Fig. 2, y"=—1 on
broken straight line B; and a=0 on broken straight line B,

12. As stress components always vanish on the tangential plane to the surface of a snow

cover, principal stresses must be PSP on surface S, and their strong component coincides in
direction with the tangent to it. This is true as long as the surface is stressed. Curve Cg
and curve Cy both pass a point of PSP in the same direction as that of the strong component
of the PSP. Therefore curve S, representing the surface of a snow cover becomes, if it is
stressed, a curve Cy and a curve Cy simultaneously.
13. Let I denote the value of the strong component of PSP on surface S, and let dI/da’
denote the rate of change in I downward along it. Curves Cy and Cy can be determined in
directions in the neighbourhood of surface S, from I, dI/dx” and &, if I does not vanish, that
is, if surface S is stressed.

14. In Fig. 3 of the text, four lines S; represent the surface of a snow cover inclined
by angle & against the horizontal. Though not shown in the Figure, each of points OQ; (/=
1,2, ---,10) on lines Sy has its own coordinates (z, z) and (z’, 2') originating from itself, just
in the same manner as point Oy does as illustrated in the Figure. Points P; are each positioned
very near points O;: their coordinates are (O, dz2’), d2’ being negative in sign and very small
in absolute value. Curves Cy and Cy passing points P; are shown respectively by full and
broken lines with arrowheads at their ends. Angles ¢" and ¢’ give their directions at points
P..

15. In case Is0, angles ¢’ and ¢ are given by Eqgs. (18), (19) and (20) of the text, in
the right sides of which parentheses are used to show the value at points 0; of the paren-
thesized quantity. For instance, (I} is the value of I at points 0;. Letters p and g are respec-
tively for density of snow and acceleration of gravity. As ¢’ and ¢ are proportional to dz’,
they are both very small and decrease in absolute value as points P; approach points 0,
Therefore curves Cu and Cy lie nearly parallel to surface S; in its neighbourhood, and, if I

does not vanish in some extent of surface Si, they continue nearing it in that extent.
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16. Signs (+ or —) of ¢" and ¢’ are related in ten different ways to those of (I), (Fy)
and (dI/dz’). These ten different relations are listed and illustrated respectively in Table 1
and Fig. 3 of the text. The second relation is realized in the upward increasing snow cover
of Fig. 1, while the first relation is realized in the downward increasing snow cover of Fig. 2.
It is noted that the curves in these Figures may change substantially in shape and the above
relations may shift to those of other numbers when ag and g are changed to angles other
than 30° and 18° respectively.

17. When I=0, angles ¢ and ¢’ are respectively given by Egs. (21) and (22) of the text.
As the angles are independent of d2/, curves Cu and Cy reach surface S, in making with it
an angle of finite magnitude including zero. In case of Fig. 1(a) of Paper X¥ referred to in
Article 2, ¢ can be written I/wg, because ¢, can be replaced with Iin Eq. (17) of that Paper.
In the same Figure, curve Cg of ¢=0.0 makes an angle of ¢’= —66.6° with surface S; on
reaching it, while curve Cy of ¢=0.0 never reaches the surface, because angle ¢’ equals 0
everywhere in the snow cover of whatever value ¢ may be.

18. As I does not change along surface S in Fig. 1(a) of Paper X, dI/dx’ turns out to
be zero. Therefore, the third and fourth relations of Table 1 are true for the curves in that
Figure when g differs from 0. The third relation holds for g greater than 0: ¢’ is positive
and curve Cy approaches surface S, downward. The fourth relation holds for g smaller
than 0: ¢’ is negative and curve Cy approaches surface S, upward. Curve Cy lies parallel
with surface S, because ¢ vanishes always as noted at the end of the previous Article.



