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Résumé

As a skirunner advances the heads of his ski depress the snow and the bodies (flat
part) of the ski slide on the depressed snow. In order to learn how the snow was
deformed by the depression and the sliding, two groups of coloured planes “horizontal”
and “vertical” were placed in the snow before it was traversed by the skier. (Here and
hereafter the words “horizontal” and “vertical” will respectively be used in the sense
“parallel” and “perpendicular” to the snow surface.) They served as reference planes
in that they revealed the deformation of snow by their own deformation. The snow is
of stratified nature and that stratification itself gave horizontal planes. When the snow
was cut vertically and the cut plane was sprayed with coloured water and blazed with
fire, the stratification showed as many coloured lines on that plane. The vertical planes
were placed artificially. A metal plate was pushed vertically into the snow to make a
crevice in it. In that crevice was dropped red-coloured powder (iron oxide). The powder
stuck to the walls of the crevice making a red-coloured vertical plane.

Photo. 1 of PL I shows the vertical section cut in the snow along the track of ski.
The line marked A is the section of the red-coloured vertical plane described above.
The line is bent forwards in its top part above point B. The ski depressed the snow
to line SS and compressed it down to the level of point B. The bent part of line A
lies in this layer of compressed snow ; it is divided into three segments at two kinks
CC’ and DD’. When the above section of snow was sprayed with coloured-water,
horizontal coloured lines made their appearance in Photo. 2. They show that the layer
of compressed snow is divided into many parallelogrammic domains by a train of oblique
white lines. The kinks CC’, DD’ of line A of Photo. 1 are coincident with two of these
white lines. It should be noted that the coloured horizontal lines are straight and
parallel to one another within any one parallelogrammic domain. Those lines had been
straight and parallel also before the snow was deformed by the ski. Therefore the
strain undergone by the snow was of the type which is called “homogeneous strain”.

What could be learned in the way described above was the deformation left behind
in the snow by the ski which had traversed it. In order to know in what way the
deformation was developed at the head of the ski the author made the following ex-
periment. A man stood on skis on a horizontal (in the acutal sense) surface of snow
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and another pulled him with a rope two or three meters. Then the snow was cut
where the skis stopped. Photo. 3'of Pl. I and Photo. 4 of Pl. II show the cut surface
of snow in this case. From them it is clear that the order of .change from the head to
the tail of the ski in the forms of the coloured lines shows how the deformation of the
snow was developed under the ski. Except under the bent head of the ski the ge-
ometrical arrangement of the coloured lines is almost the same as in the cases of Photos.
1 and 2. The deformation of the snow is finished almost completely by the time when
the body—flat part of the ski—passes over it; the body needs only to slide upon the
snow layer depressed by the head. But the body causes a slight shear deformation in
the snow. The white lines dividing the depressed layer of snow into parallelogrammic
domains as shown in Fig. 4 come gradually to stand .perpendicularly towards the tail
of the ski. ‘

On the basis of the theory of finite homogeneous strain, the deformation of snow
was analysed near points (1, 1), (1, 2), (2, 1), (2, 2) of Fig. 4. Fig. 4 is a diagrammatic
copy of Photos. 3 and 4. The analysis was achieved by the use of the slopes of and
the spaces between the coloured lines. The ellipses of strain at those points are shown
in Fig. 5. 'The oblique white lines of Fig. 4 (here represented by oblique dashed lines)
dividing the layer of compressed snow into domains must be something like cracks or
sliding planes. In Fig. 5 the directions of maximum shear and those of the white lines
are shown respectively by dashed lines marked CC and DD. The two kinds of dashed
line do not coincide; the white lines in the snow are not the results of shear strain.
The white lines DD stand perpendicular to the major axis AA of the strain ellipses
which is the direction of maximum elongation. Therefore the white lines most likely
represent the cracks caused by the internal elongation of the snow. The direction of
the white lines coincides with the minor axis BB of the strain ellipse which is the
direction of maximum contraction. After all the skis advance on snow by dividing it
into small blocks and giving them a simple compression.

The energy needed for the compression of snow can be known by the experiment
of dropping a cylindrical weight upon the snow. From that energy the work done by
the head of the ski to compress the snow was calculated, which gave the resistance of
snow to the head of ski (=the total resistance minus the sliding resistance of the body
of ski). That resistance was found to be lkg-wt in the case of Fig. 4. The total
resistance of ski is generally composed of two parts: a nearly constant part and small
fluctuations superposed upon it. The constant part is caused by the compression of
snow at the heads of skis as well as the sliding resistance to their bodies. The fluctua-
tions are supposed to be due to the intermittent occurrence of the above noted cracks.
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