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Mobility of large - scale avalanche
by
Kaoru 1ZUMI

( Abstract)

Relations among the total volume (V) of avalanche snow in a rupture zone, the vertical
height (), the total horizontal distance ( L) and the altitude ( 4 ) of the highest point of
rupture (Fig.1) were investigated, using the records of recent 17 avalanches which brought
disaster including several large-scale avalanches (Table 1). The following results were
obtained:

1) The equivalent coefficient of friction(ux=H/ L )decreases with an increase in avalanche
volume (V) (Fig.2). An avalanche larger in scale can travel a longer horizontal distance
for the same vertical height at which it occurs. (The arrow in the figure was put on the
avalanche which went down naturally without encountering structures such as the house, the
bridge and the steel tower.)

2) Large-scale avalanches greater than 1 X 10°m3 in volume are surface avalanches of dry
snow and have smaller equivalent coefficients of friction than any other avalanche (Fig.2).

3) The excessive travel distance ( L¢ ) can be defined as the horizontal distance of the
front of the avalanche beyond the distance one expects from a frictional slide down with a
coefficient of kinetic friction of tan 32°, namely,

Ly, = L — H/ tan 32°
The excessive travel distance ( Lg) of the dry snow avalanche which indicates the mobility of
the avalanche increases with an increase in avalanche volume (V) (Fig.4) and increases
linearly with an increase in altitude ( #) of the highest point of rupture (Fig.5).

4) The minimum value of the angle (6 ) of elevation of the avalanche from the outer end
of debris to the highest point of rupture (Fig.1) is considered to be 18° empirically in

Japan. Figure 3 shows that almost all avalanches meet this criterion.
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Table 1 Dimensions of investigated avalanches.

hGm)| Him)| L(m)|tan & | L,(m}| 0(°} v (nf)
|| JLHEREAR T PG | 1961.1.26 | %5 2R 150 | 220 370 | 0.59 18 31 | 2 x 10* | il (1961)
2 | despEE (o 1961.4. 5 [@%4mM| 80 15| 240 | 0.63 0 34 | 18 x 10" | HME- b (1963)
3| ALmGAUEE ¥ 1961.4. 5 | @%2m| 970 1| 20| 071 | -32 3% 1.3 10 “ 4
4 | dLigETa 1964.4. 1 [RGem| 325 140 20| 067 -15 33 | 3.1 % 10* [Z@H - (1961)
5 | WEFRBEIR + - 1 1967.1.29 |8 %2 | 350 | 8 148, 058 | 10, 30 [ 9.6x107 |skR (1967)
6 | JLnREA 197.4. 4 | BHLK| 80 0| 120 058 | -1 |2 x10° | B 1976)
7| RYFRAREBHA+ -4 | 1978.2.24 (AW 2| 1,210 | 195 | 266 | 0.73 | —46 28 | 1.3x 10 | L8R 4 €1978)
8 | FERFHHAL 19811 7 | B&kRG| 600 | 260 | 70 | 0.34 | 350 19 | 1.5 % 10% | g (1983)

9| ARG SR THL 1981.1.18 |QE M /& pE | 350 125 2350 | 0.50 50 30 | 9.6x10° | semT@ooickk (1981)
10| ftifgiti=ta 4 -1 1981.4.25 | MM 2K [ 1,200 | 510 [ 1,300 | 0.30 | 480 | 225 | 4.2 x 10* | kAL - #b (1981)

1| FEREB 198410 | Bem| 480 | 4| 13| 03| 46| 28 xi0® |semWomsm (198)
12 | WERDBFITRGEM | 1984.2. 9 UMY | 700 [ 330 | 690 | 048 | 160 28 | 4.5x10* v »

13| FERS ABTASLR 1984.2.10 | ST X A6 | 1,000 | 580 | 1,420 | 0.41 49 | 24.5 [ 3 x10° " »

14| FERERBIETRR 1984.2 CRARM| 900 | 280|130 | 022 | 85O 18 | 1.3x10° [XBg- (1985)

15| HRRPEHR/ R 1984.2.15 | &R | 1.720 | 970 | 3.350 | 0.29 1,800 17 | 2.5 x10° | F# (1984)

16 | SFEUNRETIRY) 1984.2.29 (&M | 80 [ 480 | 1100 | 044 | 0 | 24 [ 535x 100 |SHESDITE CI84),
17| FERBRAIBR 198.2.20 | W &M | 50 | 200 [ 500 | 0d6 | 130 | 25 |7 x ot [SORWAMM (1984).
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Fig. 2 Variation in equivalent coefficient of

friction (#) with avalanche volume (V).

(A) surface avalanche of dry snow; (QO) full-
depth avalanche of dry snow; (@) full-depth
avalanche of wet snow; the arrow in the figure
was put on the avalanche which went dawn natu-
rally without encountering structures; the same
notations used in the following figures.
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