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Summary

1. As mentioned in Article 4 of the English summary of the previous Paper XII?, curves
Cu and Cy in circular snow covers will be drawn and discussions will be made upon them in
the present Paper XIII. Circle G of radius R in Fig. 1(a) of the text represents the surface
of a long cylinder made of earth lying horizontally, and circle S, of radius S represents the
surface of a tubular snow cover which surrounds the earth cylinder. Gravity produces stresses
in the snow cover. The upper half of the snow cover thus stressed makes ‘convex circular
snow cover’® of which curves Cy and Cy should be discussed in this Paper.
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2. In Fig. 1(b) of the text, circle G of radius R represents the inner surface of a long
tunnel of a circular section horizontally dug in the earth. A tubular snow cover is attached
to surface G with circle S, of radius .S as its surface. The lower half of this snow cover
makes a ‘concave circular snow cover’™. Cartesian coordinates (z, 2) and polar coordinates
(r,8) are placed as shown in both the figures of Fig. 1.

3. If snow is regarded as an incompressible viscous fluid, stresses in the circular snow
covers are given by Egs. (1), (2), (3) and (4) of the text. Double signs at the head of their
right sides should be so used as + for the convex snow cover and — for the concave snow
cover. Differential equations (7) and (8) are for curves Cp and curves Cy respectively. These
differential equations can equally be applied to both convex and concave snow covers, but the
interval of variable ¢ in which they are available differs according as the snow cover is convex
or concave.

4. 1t is difficult to integrate differential equation (7), whereas differential equation (8) gives
Eq. (9) of the text as its solution in which C is the constant of integration. Curves Cy in
Fig. 2(a) and Fig. 3(a) of the text were drawn directly from differential equation (7) by the
use of the electronic computer, while curves Cy in Fig. 2 (b), Fig. 3(b) and Fig. 4 were drawn
from Eq. (9), using different values for C of which some extracts are listed in the Figures.

5. Discussions will be made in this and the next Articles on the directions of curves
Cu and Cy in the neighbourhood of surface S, of the circular snow covers. As seen from
Fig. 2{(c), [ and dI/dx’=dI/5df defined in Article 13 of the English summary of the previous
Paper XII? are respectively positive and negative in case of the convex snow cover of Z=
R/[S=3/4. Figure 3(c) shows that I turns negative whereas dI/dx’ = —dI/Sd§ keeps negative
in case of the concave snow cover of Z=R/S=4/3. In both cases of the above convex and
concave snow covers, one and the same Eq. (13) of the text gives Fy which is positive through-
out the whole range of 4.

6. If the above results are compared with Table 1 of the previous Paper XIIY, it is
seen that the fifth and sixth relations of the Table should be true for the circular smow
covers. In the neighbourhood of their surfaces S, the tangents to curves Cy and Cy should
be so directed as shown at points P; and P; of Fig. 3 of the previous Paper XII in respective
cases of the convex and concave snow covers. Actually, in figures (a) and (b) of Figs. 2 and
3 of the present Paper, the curves have such tangents in the neighbourhood of surfaces S.
Angles ¢’ and ¢/ in the circular snow covers are shown in Fig. 1 of the text, in which dotted
lines T are perpendicular to lines OP, while vectors fu and fy may respectively be read as
the tangents to curves Cg and Cy.

7. Broken curves By, B; and B; in Figs. 2, 3 and 4 of the text are of the following
natures.

Curve B,: Curve of PSP. Principal stresses are, at every point on this curve, PSP defined
in Article 4 of the English summary of the previous Paper XII. Curve Cy and curve Cy
contact with each other when they pass this curve, with their common tangent coinciding in
direction with the strong component of the PSP.

Curve B,;: Curve of pure shear. Ratio ' =0i/0; equals —1 with the result that snow is
undergoing pure shear at every point on this curve. Curve Cu and curve Cy intersect each
other at a right angle on this curve.

Curve B,: Curve of horizontal and vertical principal stresses. Of the two principal stresses
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o1 and o3, one stands upright while the other lies horizontally at every point on this curve,
with the result that curve Cyx and curve Cy pass this curve respectively in the vertical and
horizontal directions. Angle a between the first principal stress ¢; and the horizontal is equal
either to 0 or to a right angle.

These three kinds of curves are seen in the form of straight lines also in the wedge-
shaped snow covers of the previous Paper XII: curve By in its Fig. 1 while curves B, and B,
in its Fig. 2.

8. As stated in the English summary of Paper IX*; curves Cy and Cy were introduced
for the purpose of calculating internal stresses in a snow cover on the mountain slope from
the strain rates® which are actually measured in its interior. The strain rates are measured
at points sparsely scattered on a sectional plane of the snow cover standing in the steepest
direction of the mountain slope. The measurements give principal strain rates ¢ and & together
with angle a at the points. If plastic Poisson’s ratio v of snow is known in addition, Egs.
(1), (2), (3) and (4) in the English summary of Paper IX? determine the directions of tangents
to curves Cy and Cy at the points of measurements.

9. The measurements of strain rates thus yield a diagram in which tangents to curves
Cyu and Cy are shown by short segments at the points of measurements on the sectional plane
of the snow cover. Let such a diagram be called ‘diagram of tangents’. By use of the method
of interpolation, curves Cg and Cy will be generated from the diagram the more exactly, the
nearer the points of measurements are positioned one another.

10. Figures 5(a) and 5(b) of the text are respectively the diagrams of tangents to curves
Cyx and Cy in the convex snow cover of Fig. 2. Curves Cy can be expected to be reproduced
from Fig. 5(a) in the shape fairly like those in Fig. 2 (a), but it seems hopeless to reproduce
from Fig. 5(b) the complicated aspects of curves Cy in the upper part of the snow cover.
This suggests that more detailed studies should be made about the natures of curves Cy and
Cy.

11. TItis not easy to have the exact value of plastic Poisson’s ratio v of snow at the points
of measurements of the strain rates. But v is needless in drawing curves B; and B, because
angle « is directly determined by the measurements of strain rates while 7" =a/a; is equal to
—1 when y =¢,/¢; equals —1 independently of v as shown in Fig. 2 of Paper X». Thus curves
B, and B, can exactly be drawn and the directions in which curves Cy and Cy pass them are
also exactly determined. This will make a good support for generating curves Cy and Cy
from the diagrams of tangents.

12. A curve Cg can intersect another curve Cy at a point of horizontal PSP, while a
curve Cy can intersect another curve Cy at a point of vertical PSP, although the converse are
not always true. In each of Figs. 2 and 3 of the text, point A is a point of horizontal PSP
and vertical straight line AA’ which is a curve Cy has its end on surface S, of the snow
cover which is also a curve Cy. Point K and point K’ in Fig. 2 are points of vertical PSP.
A curve Cy intersects another at point K, while curve Cy reduces to a point at point K’

13. It is contrastive that curves Cy grew complicated in shape as the snow covers changed
from uniform ones in Paper X to wedge-shaped ones in Paper XII and then to circular ones
in this Paper, whereas curves Cy kept simple and like forms in spite of such changes in the
SNOW COvers. '



