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Résumé
This report deals with fundamental as well as practical studies on the snow
damages on forest trees, caused by snow pressures.

Introduction

In our country there have been many fragmentary reports on the studies of
snow damages in the past, but they have not been systematized, so the writer
tried to systematize the studies on the mechanical characters of snow and the
mechanism of snow pressure based upon many investigations and observations
for the sake of better forestry techniques, and also tried some discussions on
the application of these fundamental studies for practical methods of prevention
against mechanical snow damages.

The greater part of forests in Japan is situated in snowy districts. Especially
the central mountain ranges and the regions on the coast of the Japan Sea are
the districts of heavy snow in winter.

The forests in these regions are covered by deep snow of more than two
meters every winter.

But in the summer vegetation period, most of all these districts are in
temperate climatic zone, so the forest trees distributed there are not adapted to
the pressures of snow and a large number of trees are damaged by snow every
winter.

In these snowy districts a very small portion of deposited snow thaws by
air and earth temperature, a still smaller portion sublimates from snow surface
throughout the winter, and thus the greater part of snow remains on the earth
until the next spring comes.

So the forest trees there pass the winter buried totally or partially under
the snow and when it snows every tree in the forest catches the fallen snow
by its crown and is totally covered with snow frequently.

Owing to these phenomena, forest trees are influenced by snow directly or
indirectly and damaged by snow occasionally. The deposited snow is also
influenced by forests and trees, and its properties, quantities and conditions are
subject to various changes.

The mechanical damages of forest trees by the snow pressure are the most

important of all snow influences.

Strength and Force of Deposited Snow

The static snow pressure can be classified into three sorts; the weight of
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crowned snow on the object, the settling force and the creeping pressure.

The force of avalanche is a dynamic force, so from this paper the avalanche
is excluded.

It is most necessay to make clear the stdtic characters of snow for the
studies of mechanical damages on forests and trees by snow pressures.

For this purpose, we must have full knowledge in the composition and the
construction of deposited snow as physical properties, first of all.

There are many factors in deciding the composition and the constfuction of
snow, but the specific gravity (or density), the free water content (or humi-
dity), the grain shape, the grain size and the strength of snow are the important
factors among them.

By the shape and size, deposited snow can easily be divided into three main
types; new snow, settled snow and granular snow.

Measurement of the specific gravity of snow is easy too, but measurement
of the free water content of snow was very difficult, as the snow is very
changeable by pressure and by heat. The writer improved the measuring method
of free water content of snow with a hand-driving centrifugal separater, and
made this method easier and more accurate.

The improved points are as follows:

a. Gasoline kept at 0°C is used as medium for separating free water from ice
grains. '

By this medium the water content in snow is easily separated.

b. Each of glass separators is covered with snow jacket for the purpose of
isolating the test snow piece from air temperature, and keep it at 0°C con-
stantly.

The measuring method of strength of snow was also difficult, as the snow
is changeable in its character and structure by external force.

The writer discovered a new simple measuring method of strength.

- This method is as follows:

Taking out a sample from snow profile by cylindrical glass tube with three
to five centimeter in diameter, the bending strength is measured of it. (Fig. 24)

This method is easier than other methods for all types of snow.

Between the above-mentioned four physical factors of snow, namely, specific
gravity, free water content, snow types and snow strength, the writer found
very close relations, which are shown in Fig. 30.

It was made clear from these relations that the snow strength becomes very
large, when the snow has little water content and high density, and the diffe-
rence of strength between the snow types can be distinguished clearly; namely
new and settled snow type and granular type are in different series of types
with each other, and strength of settled snow is the strongest. The specific
gravity of snow increases naturally by the weight of the over-lying snow and
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by aggregation of ice grains with the lapse of time, and generally the proportion
of settled snow becomes large according to the depth of snow deposit, so in a
heavy snow winter or location the specific gravity becomes high and its strength
becomes also large in its deeper layer. As result of this, snow damages increase
severely in a heavy snowed winter and location.

Between the water equivalent, specific gravity and strength of snow the
writer also found constant relations (see Fig. 17, Fig. 31).

The mass, character and strength of deposited snow are influenced by
climatic factors, geographical features of the ground, obstacles on the ground,
angle of slope, direction of slope and other factors, so the strength of deposited
snow is changeable by location with the consequence that damages by the
snow pressure increase remarkably in specific localities.

On Snow Pressure

a. Weight of Snow Crown

The mass and weight of snow crown on trees are changeable by the form
of the tree crown, climate—mainly air temperature and wind—and conditions
of the fallen snow.

The snow crown of the tree grows large and heavy at night, when the air
temperature falls to about 0°C and the air is calm, with no radiation. Beside
these, when the intensity and duration of snow-fall become heavy and long, it
grows remarkably.

Depth of snow crown on an object grows according to the width of the
object, so each of the fine branches and leaves can catch a small amount of
the fallen snow, but after they have caught the snow, it creeps to both sides
and then adjacent snow cap draws close to each other, and as the result, the
base of snow cap become wider and the depth deeper. In this way when the
snow-fall continues, the crowns of trees become covered with one large and
deep snow crown at last. Such object as a tree crown, which is constructed
with pilings of many branches and leaves and has many spaces in it, can catch
a lot of the fallen snow in ‘the crown.

Especially when the snow is shifted through the tree crown spaces by weak
wind, the snow crown unusualy grows large and heavy. The mass of the
crowned snow also has a relation with the form of the object. The sharper
the external form of the objects, the less the mass of snow crown.

These phenomena the writer studied by model tests and by actual observa-
tions of the snow crown on the tree.

Putting the above-mentioned phenomena together, under some bad conditions
forest tree can catch a great mass of snow on its crown, and with this
crowned snow weight the tree stem is broken or bent frequently.

And as all these bad conditions apply to a heavy snow-fall which ocea-
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sionally occurs in warm districts, the forest snow damages by the weight of
crowned snow sometimes happen in districts which are on the front line of the
snow drifts region in Japan.

b. Settling Force

The writer studied the settling force of deposited snow mainly by model
test and has found the below-mentioned mechanism of its origin.

The settling force of snow originates in the settling of snow. Inmediately
after it has fallen, the snow changes its crystal form and begins settling by
sublimation and by the pressure of overlying snow to vertical direction, and the
thickness of the newly deposited snow layer decreases with the time.

When the settling of snow is intercepted by some object buried under the
snow, snow layers lying on this object are supported, deformed and compressed
by it. This deformed and compressed snow layers on the object exercise the
settling force on it. »

It was found that this force is nearly equivalent to the weight of deformed
snow layers, or this force can be considered as the sum of internal stresses of
deformed snow layers over the object.

The settling force increases in proportion to the water equivalent of snow,
(HSW) within some limit, immediately after the object is buried under the
snow. The dimension of settling force changes in proportion to the heigat,
perimeter and form of the force-receiving surface of the object. In such case
that the snow is deep enough regarding the hight, perimeter and form of the
force-receiving surface of the object, the settling force reaches a maximum value.

From a large number of tests the writer has concluded that the maximum
settlig force of snow (F.) can be expressed with the function of average
shearing stress (s,) of deformed and compressed snow layer, which acts on the
perimeter of the object, (P) and the actual hight of the object (Z¢w—n) (see
Fig. 68).

This formula is as follows:

Fi=06:.P «Zu-ny

F.....Max. settling force (g).
os....Average shearing stress of deformed and compressed layers, (g/cm?),
generally 150 g/cm?.
P ....Perimeter of force-receiving surface of the object (cm).
Zu-1y=Zu—2Zs....real hight of the object (cm)
= hight of the object from the ground (Z /) —depth of the base snow (Z..)
In this formula, the maximum settling force grows with the shearing stress,
actual hight and perimeter of the object, so in heavy snowy districts or winters,
with the object which has a long perimeter in comparison with its force-receiving
area, or with the object which stands high under the snow, the settling force
becomes very large.

But generally the depth of snow is not so deep as the settling force of
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snow acting on the object reaches the maximum. .

Actually, the settling force becomes largest at a certain hight of the object
in relation to snow depth.

By the above-mentioned fundamental researches it was made clear that such
a tree crown as has a long and complex perimeter suffer a remarkable settling
force in a heavy snow region or winter, when it is buried under the snow.

But the stress of stem of general tree species which are used in forestry is
not so strong as to bear the force of settling, and they are often damaged
by it.

c. Creeping Pressure

Creeping pressure of snow is originated in the creeping of snow along the
inclination of slope.

‘When some object like a tres stand on the slope, the cresping of snow is
disturbed by it and some area of snow around it remains without creeps. This
remaining area of snow around the object produces the creeping pressure.

This pressure is quite similar to the settling force in its character, but it
is concluded that the creeping pressure is proportional to the square of water
equivalent of snow (HSW), while the settling force is in proportional to HSW.

The creeping pressure is more powerful than that of the settling force, but
for the tree the settling force chiefly acts upon the crown of tree, while the
creeping pressure acts on the lower parts of stem or root side, so the efficiency
affecting the tree is different and the efficiency of the settling force is larger
than that of the creeping pressure.

Therefore the strength of trees becomes strong enough to stand against the
creeping pressure in an early stage.

The creeping pressure is also influenced by the quantity and strength of
snow, as well as by other factors, such as the amount of creeping length of the

snow and inclination angle of the slope, etc.

Forest Tree Damages and their Prevention Methods

The writer classified the damages by snow pressures into 12 standard sorts
(see Fig. 10).

From the type of damages they can be divided into 4 types; bending,
breaking (normal to tree fibers), splitting (parallel to tree fibers) and falling
down or pulling out.

From the damaged parts of tree, they can be divided also into 4 types;
tops, stems, branchs, and roots or root sides.

By the combination of both classifications 12 sorts of tree damages are
composed.

In these damages the stem and root breaking or splitting are most dangerous.

The trees in forest are subject to the danger of being buried under the snow
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until they grow up to the hight about twice the deposited snow depth, so the
trees in this stage are very succeptible to snow damages caused by the settling
force and the creeping pressure, especially to the former. On the other hand,
the trees that have grown to the hight over twice the snow depth are in danger
of stem bending or breaking by the snow crown weight.

As a result of the above-mentioned relations, we must change the method
of treatment of forest and tree at the time when the forest has grown to twice
the height of snow depth.

Young short trees, which are inevitably buried under the snow cannot stand
ageinst the snow pressures, must be treated to grow frexible and tough, and to
have stems with a large form coefficient for the purpose of standing against
the breaking by snow pressures.

After the trees have grown up to the height that cannot be buried under
the snow any more, the method of treatment must be changed and the thickness
growth must be accelerated, and the stem must have a small form coefficient
to stand against the weight of snow crown and not to be buried under the
SNOW.

These are the writer’s principles and conclusions about treating method of
forests and trees in snowy districts.

From these principles, different methods of forest breeding and numerous
methods of damage prevention which are characteristic in snowy regions will
come into existence.

For instance, inclined planting is safe from snow damages, because the
bending angle of tree stem by snow pressures become small, and damages
decreased by this method.

Dense planting is good against snow damages, too.

The reasons for this planting method is that, by close planting forest crown
becomes closed early and the interference between individuals begins accordingly.

In consequence, the form coefficients of individuals become large and the
stems gain elasticity and damages by snow pressures are reduced.

In the early stage when the height of trees are under twice the snow depth,
cleaning and thining must be carefully practised and it is neccesery for the
prevention of snow damages to keep moderate density and uniformity of forest
and large form coefficient. ,

Tending at this stage may be said a stand tending.

After this stage, forest stand must be gradually dismantled and the thickning
growth of individuals must be promoted by thining, until stems of individuals
gain a small form coefficient enough to stand against the crowned snow weight.

Tending at this stage may be said an individual tending.

To find out a suitable location for planting is also necessary to reduce the
snow damage.
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For this purpose, we must know the place where the snow pressures are
low by the survey of the distribution of depth and qualities of deposited snow
geographically and topographycally.

Finding of adaptable tree species against snow pressures is necessary, too.

As properties of adaptable tree species, quick growing in young stage, small, °
sharp and uniform tree crown, strong and elastic stem, short and thin leves
and branches, etc., are to be considered.

The intensiveness of all these above-mentioned planting and tending methods
generally depends upon the geographical distance and the facilities of trans-
portation to the stands, so the artificial reforestation in snowy region must be
planned in consideration with the distance and transportation of the stand.
Forests which have an unfavorable transportation at far-away location are
always in the mountain regions having deepest snow. And treatment of stands
in these regions are very difficult, so that the damages by snow are difficult
to eliminate in this case.
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