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2.2 Study Plot and Sample Collection

For this series of experiments, the samples
were obtained from a study plot near the laboratory in
a sheltered location at an elevation of 1330 m. A
standard snow profile observation was conducted first,
following Canadian Avalanche Association standards
(Canadian Avalanche Association, 2007). The
observation wall of the snow pit was then extended to
provide the necessary room to extract the samples. It
was typically possible to extract and test 15-20
samples in a day. Samples were carried directly from
the study plot to the laboratory on foot. Figure 1
shows a picture of a snow pit after the profile and
sample extraction were carried out.

Figure 1: Photograph of a snow pit after a standard
profile observation and extraction of samples.
Samples of different sizes were taken from a slab
layer that extends from the lower right corner of the
picture.

The samples were excised using stainless
steel rectangular boxes, open on both ends—similar to
an air duct. Three different sample/cutter sizes were
used: 10cmx5cm x20cm; 10 cm x 10 cm x40 cm;
10 cm x 20 cm x 80 cm. The slope-normal dimension
of the samples was always 10 cm, with the two longer
dimensions within the slab layer. Homogeneous slab
layers at least 10 cm thick were targeted in order to
minimize the number of variables being tested.

Figure 2 shows a schematic of the orientation
and relative sizes of the samples. Schwiezer et. al.
(2004) reported that for mode | (tensile) fractures in
field tests, the variation in test results was substantially
reduced by orienting the fracture in a similar manner.
The alternative would be to orient the samples as in
Figure 3. In this orientation, however, it is very difficult
to find homogeneous samples. Slab layers that are 20
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cm-thick without an appreciable gradient in properties
with depth are rare. Even 10 cm layers can be difficult
to find at times over the course of a winter.

Most of the snow samples used in this series
were composed of small, rounded crystals, 0.5-1 mm
in size, in the pencil hardness range. The density of
samples ranged from about 245-330 kg/m®.

Figure 2: Relative size and orientation of snow
samples. The samples are fractured in bending such
that a tensile fracture travels in the direction of the
notch across the sample.
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Figure 3: Alternative vertical orientation of slab
samples. In this case the fracture would travel upward
through the slab and across layers. Higher variability
of results would be expected.

2.3 Testing Methods

A ball-screw driven, computer controlled
bench-top testing machine supplied by Adelaide
Testing Machines was used for the experiments. The
machine was oulffitted with an adjustable three or four
point bending apparatus. This testing orientation
creates a propagating tensile fracture on the tensile
face of the bending specimen (Figure 4).

The computer controlling the testing machine
records the applied force P through a load cell with a
capacity of 250 N. The sampling frequency of the
applied force is adjustable, and was typically set in the
neighbourhood of 1000 Hz. The load-point deflection
was also monitored at the same frequency. Two
external linear variable differential transformers
(LVDTs) were attached to the sample to monitor
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deflection at different points, typically the bottom of the
sample where the fracture originates and on the top of
the sample opposite one of the support plates.
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Figure 4: Schematic of a three-point-bending test
specimen. A tensile fracture originates on the face
opposite the applied force P, and propagates across
the sample. The span to depth ratio S/D was kept
constant for samples of varying volume.

The high speed camera used to film the tests
was a Phantom v4.2 from Vision Research. Camera
control and data acquisition was by an external laptop.
The camera was mounted to a tripod and zoomed in
on the sample as much as the lens would allow
without losing focus. The camera body was
completely insulated with styrofoam to protect it
against the cold temperature.

The camera was capable of filming as fast as
1900 frames per second. At this rate it could record
for about 2 seconds. At the fastest loading rates
possible for the testing machine, a typical test lasted a
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fraction of a second. At slow loading rates, however, a
test can last on the order of a second. In these cases
the camera capture rate was set at 1000 frames per
second to ensure that the entire test was recorded.

The snow samples were seeded with black
peppercorns on a 2 cm grid. This was to provide
contrast for the film and to allow post-processing of the
video images by particle tracking software. The
samples were also back-lit by a lamp to illuminate the
crack as it propagates.

The video images were saved on an external
drive, with each test file composed of thousands of
individual images. A typical test file was on the order
of several gigabytes in size and took around 5 minutes
to save.
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