Joogtdbobobgtdubotdd-0bogguood
Juooduootdt-

00 OO0 OO0

Oo0o0O Oo0Oo00o0Oo0Oo000ooan

O 3

000 3-28

ood 1965-03-31

URL http://i1d.nii.ac.jp/1625/00002500/




BB EANBSHERY £3F 1965537

551.578.48

Tt ORLEEBBERCET 5 BFE
— U 2T L L ARTRCTER O E—

S S
BT

Studies on the Mechanism of Occurrence of Avalanches

——Qbservation by Helicopter of the Avalanche of New-Snow Type—

By Mikio Shoda

Railway Technical Research Institute, Japanese National Railways, Tokye

Abstract

This paper presents the results of studies conducted during the winter of 1963-1964, the second winter
of a three-year project covering the observation of natural avalanches by helicopters at the request of
the National Research Center for Disaster Prevention attached to the Science and Technology Agency of
the Japanese Government.

The object of the ohservation, which in the first winter* was confined to the formation of ground
avalanches, was concerned with new-snow type avalanches in the second winter.

Observations and photographs show mainly various avalanches occurring in the mountainous region
within a radius of 50 km from Shiozawa, central Japan (altitude: 1,000-2,000 m), and they were made
from a Bell-KH 4 helicopter stationed at the Research Station. Flights were made immediately after
each snowfall and on some other fine days during the period from January 29 to March 31, 1964 (Photos
1-9).

These photographs show that the recorded avalanches can be classified roughly into four groups ac-
cording to the shapes and patterns of the avalanche traces, which coincide with the following classifica-
tion used by the author.

Avalanche classification :

Various classifications of avalanches have been published both in this and other countries, and the
following coemments are offered by the author on the basis of avalanche studies during the past decade
and partially with reference to the draft of the Swiss Federal Institute for Snow and Avalanche Research
presented by Professor R, Haefeli at the Toronto Assembly (1957).

(1) The type of rupture and forms of subsequent movement are hetter treated separately in avalanche
classification.

(2) Typical ways in which avalanches start can be classified roughly into four categories according to

* M. Shoda (1963) : Studies on Avalanches (I) (written in Japanese).
Published jointly by the Railway Technical Research Institute and the Smence and Technology
Agency, Tokyo.
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the dryness, wetness, looseness and hardness of the snow in the rupture zone.

Snow condition Loose Hard
Dry DL DH
Wet ! WL WH

{3) The movement of snow in the avalanche can be classified into two main categories according to
the external form of the flow, which is closely connected with the relationship between the mass of
the elements composing the fiow {crystals, flakes, particles, pieces or lumps of snow) and the air re-
sistance acting on them ; therefare, these categories depend chiefly upon the snow conditions along
the avalanche path.

Symbols Composition of mass in motion
A : Airborne flow type Very light crystals or flakes of snow
S : Surface flow type Large grains, pieces or lumps of snow

The airborne type flow, which in fact is always associated with a surface flow type, is characterized
by a moving cloud of fine snow particles, dragging with them the surrounding air in the direction
of the avalanche. This type of flow of snow particles in suspension in a turbulent air mass often
extends several hundred meters across level land, although the associated surface flow is left behind
at the foot of the slope.

The surface flow type consists of larger and heavier particles which do not rise above the snow
surface but slide down the slope in a body; these particles which were thrown up into the air rapidly
fall back on the snow surface again by their weight, and are not kept in suspension.

—
1Y
—

Combinations and transitions are possible between these two classes,

—
=

Essential factors contralling avalanche phenomena are the snow conditions at the rupture zone and

along the path; other factors are regarded as the secondary.

Besides, it was ascertained that under natural circumstances almost all avalanches are triggered directly
by small or large sections of snow falling from cornices, cliffs or branches of trees, except in the case
of most WH type avalanches {ground avalanches), or are caused by disturbances from another avaldnche.

When during the chservation flights by helicopters a fracture line of the DH type of avalanche was
noticed close to a ridge that was approachable, a landing was made on the summit and samples and cross
section photographs of the rupture surface were taken for profile investigation of the stratification,
gradient and thickness of the snow layers (Photos 1§, 11, 12), and density measurements were made at
the same time.

In order to get more definite information of the structure of the layers where rupture occutred, thin
sections were made from the samples which were taken directly above the fracture lines and brought
directly to the cold rooms in the Research Station by helicopter (Photos 12, 13).

A typical DH type avalanche, about 2km long, was successfully released by detonating only 2.5 kg of
explosives placed behind a snow cornice protruding from the northern ridge of Mt Karasawa (1,900 m)
on March 13, 1964 (Photo 8}

Preparations for the explosion were completed within 20 minutes through the skilful work of three

— 4 —
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men brought from Shiczawa by a double-trip flight of the helicepter,

The author recorded the formation of the avalanche from the time of detonation with a 16 millimeter
film camera.

A few seconds after the nose of the cornice broke away and as soon as a zigzag line of fracture ap-
peared from the explosion point along the avalanche, ancther crack some 200m long developed across
the upper part of the slope, which in turn led to a slab avalanche to the left of the original airborne
type avalanche. The newly failen snow overlying older snow sheared off at the houndary plane and
moved down simultaneously as a broad slab with a crumpled zone along the lower edge. The slab
changed successively into a mass of snow lumps under compressive stress. Finally, all the avalanching
snow fell into a ravine at the bottom of the mountain slope, where it raised a tremendous snow cloud
more than 50m high, and moved down so fast that the observation helicopter flying after it at 75 miles/
hour could not get ahead of it until the movement ceased.

It is necessary to obtain more exact knowledge of avalanches, and to observe them as often and closely
as possible, However, as long as this depends on ground observation by skis or snow vehicles, it will
be restricted by the variable weather in winter, remoteness and steepness of the locations, efc. Helicop-
ters have the advantage of rapid and unrestricted movement, which is quite favourable and effective for
making avalanche surveys and removes those difficulties mentioned above. These methods of aerial
observation and sampling have been tried out in practice and they have been found very satisfactory
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General view of the regions investigated.
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Map of an area mainly investigated. (Black lines: Main courses of flight L : Landing
spots, with numbering. S: Spots of sampling, with numbering.)
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FH—1 glefeA

Trigger action.
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HHE—2 DL Rlisry® WL #¥4—DL: a,b,d,e; WL:c,f
Occurrence of DL and WL types.
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HP—3 il
Occurrence of medium type.
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HH—4 DH #FEE
Occurrence of DH type.

— 19 —



delEt Hic B S BT A0F (4 2H) MEHEEmRaTERYE $35% 1965

FH—5 DHEOMPE®EL 2RI

Effect of topography on the DH type occurrence, and secondary occurrence.
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HEHE—6 #@ARERER
Very heavy avalanches.
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FE—T PHARKRELEROFFY
Debris of heavy avalanches of new-snow type.
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TH—8 AThkih
Artificial avalanche at Mt. Karasawa, 13 March 1964.
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FE—9 WH B (Foieiih) R4—2L0)K
Occurrence of WH type (ground avalanche), one winter compared with another.
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FH—10 DH B DEOFFIW—L 10 : a,b,c (2H16H); H52[: d,e,f,g (2H19H)
Sampling of snow from the slide surface of DH type.
1st sampling : a,b,c (on Feb. 16)
2nd sampling : d,e,f,g (on Feb. 19)
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H#E—11 DH B4+~ 0foSEH—5 30 : c,d (2R19H); #40: e, f (2A21H)
Sampling of snow from the slide surface of DH type.
3rd sampling : ¢,d (on Feb. 19)
4th sampling : e, f (on Feb. 21)
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SAMPLE NUMBER : 322
H¥—12 DH WY HOTMIM—E 5+ 6 (1] BAIAI—&, EOMHET

Operation of snow sampling from the slide surface of DH type—the 5th and the 6th on
March 3—and tracing photograph of thin pieces of the snow.
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THIN PIECE NUMBER: 321G-2 321H 321]

FH—13 0 TASEOW ) of (LE135mm, FES0mm, Vv LET)
Examples of thin pieces showing the particle structure of the snow of slide surface.
Upper ones: nearby photographing with 135-mm lens, and lower ones : with 50-mm lens.



