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Summary

Stresses within a snow cover on a slope were calculated on the assumption that
a finite homogeneous strain was exerted on the creeping movement of snow. Figure 1
shows a longitudinal profile of a snow cover on a slope of inclination #. If a slope is
sufficiently wide in its transversal direction, compard with the thickness of a snow
cover, the creeping movement of snow must take place in the X—Y plane; that is,
a strain in the snow cover can be analysed as a plane strain.

A snow cover is composed of a number of snow layers, whereby the physical
properties of snow is uniform in each layer. Besides, in each snow layer, snow deforms
in the mode of a finite homogeneous strain in a short period of time. A straight line
marked in a snow layer remains straight and two parallel lines marked remain parallel
after the deformation of snow.

The directions of the principal axes of a strain are obtained as sollows. Three
points X;, Y; (i=1,2,3) are marked on the X—Y plane of a snow layer. After a short
period of time, for example, one or two weeks later, the marked points will be moved
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to X}, Yi by the deformation.of snow. And the center of the circle passing through
the three points changes its coordinates from X, Y, to X;, Y. The assumption that
a strain is finite and homogeneous gives eq. (2), where a, b, ¢, d are constants charac-
teristic to the deformation of snow and 7 is the radius of the circle. Equation (3) gives
the directions of principal axes of strains «, a+90° and those of the major axes of
strain ellipse o’ measured counterclockwise from X-axis.

Snow is mechanically isotropic, except for a case of depth hoar, and the directions
of principal axes of strains coincide with those of principal axes of stresses. Then, in
Fig. 1, the equilibrium of the tetragon ABCD along the direction o; gives eq. (5) the
magnitude of o; and the same procedure along the direction o; gives eq. (7) the magni-
tude of 0;. As ¢, is taken so as to be larger than o, algebraically, « in egs. (8) and
(7) must be changed by a«—90° when o,<0;.

The normal stress ¢ and the shear stress r on the plane parallel to the slope are

Y
and A, ¥, p, and g are the y- coordinate of the snow surface, that of the point P (Fig.

/.
calculated from ¢, and g3 as — ' (y,) cos #, w’(y,) sin f, respectively, where 'w’(yo)=g pgdy

1) in the snow cover, the snow density and the acceleration of gravity, respectively.
The value of o is taken positive when it is extensive.

The values of g, and ¢; obtained in this way can be applied to the surface layer
{first layer) of a multi-layer structure of the snow cover. In the second layer, the direc-
tions of g; and 75 can be determined from the creeping movement of three points marked
in this snow layer. The equilibrium of the tetragon ABCD along the direction of o,
(Fig. 4) gives the magnitude of o, (eq. (9)). As the plane CD is parallel to the sloep, ¢
and t on this plane are expressed by eq. (8) with the replacement of y, with w1, the
y-coordinate of the boundary between the first and the second layer. The same pro-
cedure gives the magnitude of g3 (eq. (10)). Equations (5) and (9), or (7) and (11} are
very much the same.

Now, ¢, and o3 in any snow layer can be determined by simple equations, and have

the following characteristics :
2
Firstly, ¢; and ¢; in a snow layer of a snow cover are determined by w’ <=S pgdy)
A

and « in that layer without any dependence on the principal axes of stresses or strains
in neighbouring layers.

Secondly, o, is extensive when —0<a<0, and rapidly increases with the decrease
of a from 0 to —4.

A snow layer is broken when the tensile stress @, overcomes the tensile strength

of the snow layer, possibly resulting in an avalanche.



