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Summary

The purpose of this investigation was to determine the conditions required to release
an avalanche on a slope of concave cross section shown by curve G of Fig. 1. The plane
of the paper represents a section perpendicular to the steepest direction of the slope. Let
coordinates x and y be taken as shown in the figure. It is assumed that both curve S,
the section of the surface of the snow cover lying on the slope, and curve G are sym-
metrical with respect to the y-axis, and that the thickness of the snow cover, A, decreases
as x increases. The forces acting on that portion of the snow cover which extends from
the origin to x, are expressed as W, F, and K.

x
W is the component of gravity in the direction of the slope, as given by #g sin dg h dzx,
0

where 0, g and 6 are, respectively, the mean density of the snow, acceleration of gravity
and inclination angle of the slope. Curve W, in Fig. 2 A shows how the component W
varies with x.
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F is the critical value of resistance at the ground surface, that is, the largest value
which the resistance can have. This resistive force increases in proportion to the length,
8 of curve G, extending from the origin to point x. Critical resistance, F, changes with
x as is shown by curve F, in Fig. 2 A.

K is the critical value of the shearing force with which the snow lying to the right
of point x, holds the portion of snow in question. For the sake of convenience this
shearing force will be called “side shearing force”. Curve K in Fig. 2 A gives the critical
value, K, of the side shearing force in relation to the abscissa, z.

As long as P=F+K is greater than W for any value of x, the snow on the slope is
stationary since the resistance and the side shearing force cancel the gravitational force,
W. In Fig. 2 A, curve P’ is the curve P, inverted with respect to the x-axis. Curve P’
lies entirely above curve W, proving that P>W. If the thickness of the snow cover in-
creases with the fall of new snow, curve W will rise to the position of curve W, and come
into contact at x=»5 with curve P;, which is the curve P’ corresponding to the new state
of thicker snow cover. Then the portion of snow cover to the left of point z=5& will
start sliding down the slope, because the gravitational force, W, acting on that portion,
just exceeds the largest value which the sum of side shearing force and resistance at the
ground surface can attain. Contact between curves W and P’ may also occur, with no
increase in the thickness of snow cover, by a reduction in the strength of the snow
resulting from a rise in the snow temperature or infiltration of melt water. In this case,
as is shown in Fig. 2 B, curve P’ descends to the position of curve P;, touching curve W
which undergoes no change. For the reason previously given, the portion of snow cover
to the left of the contact point begins to fall. In this way, the condition under which an
avalanche starts is illustrated by the contact of the two curves, W and P

The foregoing may be expressed mathematically as follows. We assume that thickness
h of the snow cover and length, 8 of curve G of Fig. 1 are given by

h(z) = h(l—mxz), (1)
s(x) = z+nx®, (2)

where m and n are constants. Then we have, if shear strength of the snow is denoted

by TO »
Wi(x) = g sin ngh dx = 0gh,sin d(x — } mxz) s (3)
[}
Kxz) = —vh = —14h(1 —mzx), and (4)
Flx) = —krys = —kr(x+nx?). (5)

The critical specific resistance, that is, the critical resistance per unit area of the ground
surface, will not the same as 7, but will vary in proportion to it. For that reason, in
equatjon (5), the critical specific resistance is expressed as % 7, with £ as a constant. The
conditions under which curves W and P’ come into contact are given by equations

W(x) =P ‘(z) and dW(x)/dx = dP'(z)/dx, (6)
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where P'(x)= —K(x)—F(x). By solving the simultaneous equations (6), we get

Ogh, sin ¢ m + 2n

B h,
To E+N2m+2n)kh,—m*h? for O<h,< 2= g 1)
and
= 27,0,
‘/mﬁgh sin 0-}-2ka0 (8)

As long as 7, is greater than the right side of equation (7), the snow is in a stable state
and remains on the slope. But as soon as equation (7) holds true, by an increase in A,
or a decrease in 7, that portion on the snow cover of width 25 given by equation (8)
starts to slide down the slope as an avalanche.

In Fig. 4 A the curves give the relationship between 7, and &, which satisfy equation
(7). Equation (2) gives such forms for the ground surface as those of the curves in Fig. 4 B.



