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Summary

A numerical model was constructed for a snow avalanche motion in a three-dimensional
topography. Just as other models this model treats the motion of a center-of-mass of an
avalanche, but substantial improvements were made in many points: for example, velocity
dependence was considered in the rate of snow entrainment and friction, viscous resistive force
was taken into account, and the running route of an avalanche is automatically computed at
every point on a given real three-dimensional topography. Short explanation of the model is

given in the following :

1) The motion of the center-of-mass of an avalanche on a given plane, 2=f(z,¥), is pro-
jected and treated in a horizontal zy-plane; z-axis is vertical. Equations of motion are as

follows,

dy

dm do dm dx nd -
and “qr

de —F _p _gy4m  dxT
—Fx“‘RX—Zt*’d't—, m—dt——Fx Ry v i di =1u,

m —i - =v,
dt

where m is the mass of the avalanche, F' and R are respectively the driving and resistive

forces, and # and v are the velocity components in the x and ¢ directions. The 2-component,

w, is written as w=ufx+vfy, where f5x=0f/dx and fy,=0f/oy. Analytical expressions of F and

R are
Fy = —mfiG, Fy = mf;G, Ry =u/V, and Ry = vR/V,
_ St +2fzyuv +fyy7)2+g (2 2 2172
where G=": 1’*‘fx2+fy2 , V= + o+ wh)',

Jex=0]0x2, fyy =018y, fiy=0%]0x0y, and ¢ is the acceleration of gravity.
2) The snow entrainment is taken into account as follows:
k=dm/dr =1/ V)({dm/dt) = apDW ,

where p, D and W are respectively the density, depth and width of the fresh snow to be

entrained in the avalanche. The entrainment rate, a, is dependent on the velocity (Fig. 1) as
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o =a, <l—eXP(—V/Vm)>,

where a.. is the rate at large velocity and Vi, is a constant. Constants & and @ were estimated
for a large dry-snow avalanche, which occurred at Maseguchi on January 26, 1986, as k=
(2.4—7.0)x 10° kg/m and a=0.12—0.47.

3) Three resistive forces were considered: R=uN+ BV +CV?% where the first term is the
Coulomb force, g is the friction coefficient, N is the normal force (=mG), BV is the viscous
force and CV? is the turbulence force.
The friction coefficient of the Coulomb force was assumed to decrease with velocity as
U= po+—p) exp (= VIV,
where u and p.. are respectively the friction coefficients at velocities of 0 and infinity and V,
“is a constant. Viscous force appearing in the boundary shear-layer near the bottom (Fig. 2)
is important, though it has been neglected in most numerical computations. The constant B
was of the order of Su/i, where S is the area of the avalanche bottom, 4 and v are respec-
tively the height and kinetic viscosity of the shear layer. The value of B was estimated to
range from 10% to 10*kgfs. The turbulence force includes air drag, internal turbulence and
snow ploughing and compaction, and the constant C is of the order of 10 —10°kg/m. Typical
examples of the three resistive forces are shown in Fig. 3, in which the relative importance

of the three forces is clear depending on the velocity.

4) The above equations of motion were solved by a numerical computation (Runge-Kutta
method), its time step being 0.1 or 0.2s in most cases. The initial condition (2, vy, Zo, Ys, M),
the topography f(z,y) and various parameters must be given before the operation; in the
computation on real moutainous slopes heights are digitized on a map and put in a computer
program.

Two examples of computation are shown for the Maseguchi-avalanche (Figs. 4 and 5)
and the Shiai-dani-avalanche (Figs. 6 and 7). Selected values of parameters are shown in the
legend of the figures and the same for the two computations. Units of mesh are 25m. It
should be noted that the turbulence coefficient C (set to be 100 kg/m) must be much smaller
than values frequently used, if the viscous force is taken into account, B having been put to
be 3000 kg/s.



