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Summary

1. The author defined in the previous Paper IX curves Cy and Cy in order to use them
in a method for calculating two-dimensional stresses from the strain rates actually measured
within a snow cover lying on a mountain slope. Horizontal coordinate x and vertical coordinate
z are placed in the vertical plane parallel to which the snow cover flows down the slope
two-dimensionally. Curves Cy and Cy lie in that vertical plane (2x).

2. Figure 1 of the text shows in its upper half (a) curves Cy which lie in the vertical
section of an imaginary snow cover uniformly deposited on an infinitely long plane ground
inclined at 30° against the horizontal. Curves Cy are not drawn in the figure, because they
are simply straight lines extending parallel to surface Sy of the snow cover.

3. Crossing straight lines in Fig. 1(b) give principal stresses in the same imaginary snow
cover. The straight lines have respectively an arrow head or a nail head at their ends accord-
ing as the principal stresses which they represent are tension or pressure.

4. The above imaginary show cover is assumed to be uniform in nature and to be
subjected to a tension or a pressure, in the direction of the sloping ground, whose value ¢
is constant throughout the snow cover. Such assumptions make easy the calculations needful
for determining curves Cy and the principal stresses. Let we denote the weight of a vertical
snow pillar of a unit sectional area cut out of the snow cover. Curves Cy and the principal
stresses in Fig. 1 each differ in the value of the ratio ¢=¢5/ws.

5. If figures similar to Fig. 1 are made with angles other than 30° for the slope of the
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ground, it will make a useful means for visualizing the relationship that relates the principal
stresses with ¢ and ¢, respective angles at which the tangents to curves Cg and Cy tilt against
the horizontal. But the relationship cannot be known exhaustively in that way, because there
can be such stresses as called ‘strees N’ in the English summary of Paper VIIL

6. Of the two principal stresses in plane (zx), an algebraically greater one is designated
the first principal stress ¢;, while the other is designated the third principal stress gs. The
second principal stress o; lies perpendicular to plane (zz). The first and third principal strain
rates & and & are defined in the similar manner: & is algebraically greater than &. The
principal stresses and the principal strain rates have their axes in common. Directions of the
axes are given by angle & measured from the horizontal toward the axis of the first principal
strain rate .

7. The subject is here changed to the determination of curves Cy and Cy in actual
snow covers. These curves can be drawn when angles ¢ and ¢ are given, and these angles
can be given by Egs. (4) and (5) in the English summary of Paper IX, when 7" =gifos and «
are known. Angle a and principal strain rates & and & can be determined by actual measure-
ments made on the actual snow covers. Thus there remains a problem of finding a means
for determination of 3’ from £ and &.

8. The snow is assumed, as done in Papers VII, VIII and IX, to be a compressive
viscous fluid of density p, viscosity y and plastic Poisson’s ratio v. Then 7’ can, as shown in
Paper 1X, be determined from ¢ and & by use of the relation

' ={(l—v)r+v}/{(l—v)+vr}, (1)
where y=¢é,/é. If y approaches the value
rn=—1-v)y, (2)

7’ increases or decreases infinitely.

9. It is proved, on the above assumption of compressive viscous fluod, that the first
(third) principal strain rate & (¢;) and the first (third) principal stress ¢;(¢s) have the same axis
in common. The first (third) principal strain rate & (&) never has its axis coincided with that
of the third (first) stress o (gy).

10. Actual use cannot, however, be made of Eq. (1), because v has so far been scarecely
studied with the result that its measured values are at present very few in number. So the
following discussions will be limited to such aspects of Eq. (1) that do not depend upon the
value of v.

11. Equation (1) is graphed in Fig. 2 (a) of the text with different values given to ».
In that figure, all the curves pass through points L and M, at which (,7") equals (1, 1) and
(=1, —1) respectively. Therefore, if v is unknown in magnitude, the value of 7" is determined
as 1 and —1 respectively when 7 is equal to 1 and —1.

12. Let the whole ranges of y and 7’ be each divided into the following intervals:

AG>1), BA>yr>0), CO0>r>—1), D(=1>7)
and A >1), BI>r>0, CO>7>-1), D(-1>7).

This division into intervals serves for relating y” with y if loosely. Equations (25) to (45) of
the text determine the interval or intervals to which 7 should belong when y is found to lie

in any of its intervals.
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13. Some of the staff of the Institute of Low Temperature Science made 361 measure-
ments on the strain rates (¢, &) which a snow cover induced within itself by flowing down
a mountain slope. The angle of the slope was about 30° and the period of the measurements
was ten years from 1973 to 1981. They calculated stresses from the measured strain rates
by a method which is not always correct as pointed out by the present author in the previous
Paper VIII. A stress thus calculated by them shall be called ‘stress A’

14. The above measurements give 361 values of y=¢/é. Table 1 of the text shows
the distribution of the obtained 7’s among intervals A, B, C and D, n being the number of
7’s which belong to any one of the intervals. The majority of 7’s, 83% of the total, lies in
interval C.

15. As stated in Papers VII and VIII, more than half of the stresses A are found to
be ‘single vertical principal stresses’, stresses characterized by y” which is small in absolute
value and, in addition to it, by a third principal axis which stands nearly vertical. It was
shown in the same Papers that a stress A can be correct if it happens to be a single vertical
principal stress. As seen from Fig. 2(a), if v is positive, 7' can be small in absolute value
only when 7 lies in interval C. Thus the presence of numerous single vertical principal stresses
makes the main cause for the dominant presence of y in interval C.

16. Ratio 7' =ai/os is greater than 1 on those portions of the curves in Fig. 2 (a) that
are drawn by broken lines, and, as seen from Eq. (26) of the text, for 7’ greater than 1 both
oy and ¢ are positive, that is, the snow is subjected to tension in all directions. It is shown
that y” is greater than 1 for all allowable values of v when 7 lies between 1 and 2 (Eqg. (45)
of the text), and, such a y, if only one at all, is really found in the 361 measurements of
(61, €) ¢ it is (8.74, 5.54) x10~*day which gives y equal to 1.58. It is noted that a stress A
can never have 7’ greater than 1.

17. The stress corresponding to point L of Fig. 2(a) may be called ‘two-dimensional
hydrostatic pressure’, because the equation o, =¢;<<0 results when 7" approaches 1 in increasing.
As 6;=v(61+ay) is not of the same value as ¢; and ¢; unless v is equal to 0.5, the above
stress is not generally a true hydrostatic pressure. Equation ¢1=0;<0 can be valid only when
¢, =£§<0. But, among the 361 measurements mentioned above, there is no case in which
€ and & are both negative and are equal to each other even approximately. The two-dimen-
sional hydrostatic pressure seems unlikely to occur in a snow cover on a mountain slope.

18. The flowing state of snow represented by point M of Fig. 2(a) is a pure shear,
because Eq. y = —1 gives Eq. —¢ =¢6<0. The snow is making a Couette flow in the direction
which bisects the right angle between the two principal axes of stress or of strain rate.
Angles ¢ and ¢ are found to be 2a—90° and 2a respectively by putting 7’ equal to —1 in
Eqgs. (4) and (5) of the English summary of Paper IX.

19. Among the 361 measurements of strain rates, there are seven cases shown in Table
2 of the text in which —¢, is nearly equal to ¢, the difference between them being less than
5% of their magnitude. In that Table ¢ is the sloping angle of the ground at the spot of
measurement. Angles gy and ¢y are respectively equal to 2a¢—90° and 2a calculated from
the measured angle @ shown in the Table.

20. Angle ¢ turns out to be equal to —4, if the stress of snow is in ‘state A’ defined
in the English summary of Paper VII, while the stresses A defined in Article 13 above are
stresses calculated on the assumption of state A. All the angles ¢y much differ from —§ in
Table 2. Therefore stresses A cannot make correct stresses in these seven cases of pure shear.



