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INTRODUCTION

The Applied Snow and Avalanche Research Group
at the University of Calgary has been using an in
situ cantilever beam test over the past two winters
in the Columbia Mountains of British Columbia to
study flexural properties of slabs overlying weak
layers that release avalanches.  This report is part
of a larger study focusing on remotely triggered
avalanches and fracture propagation through weak
layers.  The cantilever beam test will give more
insight on slab properties currently measured by
snow professionals that relate to fracture propaga-
tion. Since the cantilever beam test does not involve
the weak layer under the slab, it is not a stability
test.

WHAT IS A CANTILEVER BEAM?

The cantilever beam test is one method used to
measure the flexural strength of a beam.  A
cantilevered beam is fixed at one end and the other
end is free (Figure 1).  In cantilever beam tests
common in engineering, a load is applied to the free
end of the beam until failure occurs.  If the load is
known at failure, the stress in the top of the beam

can be calculated.  The top of the beam is in
tension and the bottom of the beam is in compres-
sion.  Failure is assumed to occur first in the upper
portion of the beam where the tensile stress ex-
ceeds the tensile strength of the snow.  This is
because snow is stronger in compression than in
tension, similar to concrete.

Our in situ cantilever snow beams are self-loaded.
This means that instead of applying additional load
to the free end of the beam, we increase the length
of the beam by undercutting it and let gravity load
it.

PREVIOUS BEAM STUDIES ON SNOW

In 1964, Stearns reported on one of the first studies
using snow beams.  Sample beams were excavated
from the snowpack and then placed in a testing
apparatus.  Both ends were supported and the load
was applied in the middle of the beam.  The beams
were then loaded to failure in less than ten seconds
and the load at failure was measured.  Stearns
concluded that there appeared to be a relationship
between density and flexural strength for snow.  He
also noted that at lower densities, stratification and

Figure 1.  A cantilever beam test fixed at one end and free at the
other. The stress distribution is for homogeneous, linear-elastic
beams. In engineering, most cantilever beam tests are loaded at the
free end. In our tests, we rapidly undercut the beam and the
loading is due to gravity.

crust layers could significantly
affect flexural properties of the
beams.  His test beams ranged
in density from 350 to 500 kg/
cm3, densities that are not
typically encountered in the
upper layers of alpine
snowpacks.

The first use of the cantilever
beam test on snow was by Ron
Perla in 1967.  He performed
approximately 250 tests and
used the test primarily to deter-
mine an index for tensile
strength of the snow.  The
tested layers were 5 cm thick
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and essentially homogeneous, with densities ranging
from 50 to 300 kg/m3. The sides of the beam were
isolated and then a pan was used to remove snow
from under the beam.  The length of undercut
necessary to cause failure was measured.  The test
was carried out quickly in order to cause brittle
fracture (i.e. avoid macroscopic plastic deforma-
tion).  Perla concluded that the test could prove
useful in understanding the strength properties of
the overlying slab.

Art Mears (1998) also used the cantilever beam
test to measure the strength properties of overlying
slabs.  He performed 80 tests on newly fallen snow,
with the thickness of the beams ranging from 10 cm
to 16 cm.  Mears used the same formula as Perla
to estimate the maximum tensile stress at failure.
His tests were performed in less than 30 seconds,
which appeared to be sufficiently fast to place the
failure in the brittle range.

Sterbenz (1998) conducted another more field-
oriented test. The test required no specialized tools
or recording equipment.  He developed a cantilever
test that gave a score depending on the beams
ability to withstand different loading conditions.
The steps range from simply cantilevering a beam
of snow under self-weight to adding additional
weight to the beam to cause failure.  The scoring
system was modeled after the widely used
Rutchblock test, with values ranging from one to

kg/m3 and all slabs consisted of dry snow.  The
number of tests per set ranged from three to thirty,
with an average of eight tests per set.  The goal
was to evaluate the field applicability of the test,
determine the coefficients of variation of the test,
and determine whether results were directly related
to typically measured slab properties.  In order to
eliminate slope affects the tests were performed on
approximately level sites.

Our method was similar to those used by Perla and
Mears, with a few changes.  The first step involves
isolating the beam in the wall of a snow pit (Figure
2).  The width of the beam is 30 cm and the length
before the undercut is 130 cm.  The sides were
excavated by first making two vertical cuts with a
130 cm saw, and then carefully shoveling the snow
out from the sides without damaging the beam.
The beam is then rapidly undercut (less than 5
seconds to fracture) using a saw developed for this
study (Figure 3).  The saw allows the cut to pro-
ceed quickly and at a constant pace. The saw cuts
along a line at the specified depth so that the
overlying slab is cantilevered.  The slot cut by the
saw is 2 cm thick, effectively taking away support
from the beam.  When the beam fails, cutting stops
and the saw is left in place.  The length of the
undercut and the distance from the front of the
beam to the fracture are measured on both sides.
The layering of the snow, densities and hardnesses

seven.  This technique
shows promise of field
applicability, but is more
difficult to quantify than the
method we chose.

TEST METHOD

During the first winter of
this study, over 150 canti-
lever beam tests were
performed on beams with
thicknesses of either 25 cm
or 50 cm.  The thicknesses
were fixed so that we could
compare different slabs
using the same sizes of
beams.  Slab densities
ranged from 60 kg/m3 to 250

Figure 2. Schematic for the cantilever beam test.  The beam is
undercut along the bold black line using the saw from Figure 3.
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are also recorded in accordance with the Canadian
Avalanche Association guidelines (CAA, 1995).  In
all cases, the fractures occurred rapidly with no
noticeable deflection prior to failure.

VARIABILITY OF THE TEST

The coefficient of variation of the length of under-
cut was calculated for each set of tests.  The
coefficient of variation is a measure of the precision
of a test, and is calculated by dividing the mean by
the standard deviation for a set of tests.  A total of
twenty sets were performed, ranging from three to
thirty tests per set. Eleven sets were performed on
slabs 50 cm thick and nine sets on slabs 25 cm
thick.  The average coefficient of variation for all
tests was 7.8%, with a maximum of 12.6% and a
minimum of 2.0%, respectively.  The largest set (30
tests) had a coefficient of variation of 9.9%.  One
noticeable trend was that the coefficient of varia-
tion improved with experience of the operator.  The
average for the first six tests was 8.7% compared
to 6.4% for the last six tests performed later in the
winter.  From this first year of data, appropriate
sample sizes can be estimated from repeated tests
on the same overlying slab.  With 90% confidence,
the mean length of undercut can be determined
with a precision of 15% from three repeated tests.

FIELD APPLICABILITY

The test requires approximately the same amount
of time as other tests routinely performed in snow
stability analysis. We used two custom saws for the

test.  The first is a 130 cm folding saw used to cut
the sides of the beam and the second is a custom
saw designed to undercut the beam.  Additional
shoveling of the sides adds time to the beam prepa-
ration, but the test itself takes very little time,
making the overall duration similar to that of the
compression or shovel shear test.  After two
complete seasons, the test has demonstrated that it
can routinely be performed while working in alpine
conditions.  We focused on level test sites to
eliminate the affect of slope angle.  With more
research this test could be applied to slabs on an
incline.

There does appear to be a limited slab thickness for
which the test can be performed.  As the thickness
of the cantilever beam increases, the length of
undercut increases.  This requires more snow to be
removed from either side of the beam.  As the
beam is lengthened by removing snow, the probabil-
ity of damaging the beam with the shovel increases,
and more time is required.

One variable that is very difficult to control is the
speed at which the undercutting takes place.  The
undercut speed determines whether the beam fails
in a brittle or ductile manner.  The saw designed for
this study reduces the variability of undercut speed,
by allowing for a smooth sawing motion.  This
means that the speed is relatively constant during
an individual test, but can vary from test to test and
between different operators.  The sawing method
for undercutting the beams improves upon the two
methods used by Mears and Perla but does require
a specialized saw.

RESULTS FROM THE CANTILEVER BEAM
TEST

A beam number for each set of data was calcu-
lated using the formula developed by Perla (1969).
The beam number can be considered an index for
the flexural strength of the overlying slab.  The
beam number is the calculated tensile stress at the
top of the beam, assuming the beam behaves as a
homogeneous and linear elastic material.  Since
beams of natural snow are rarely homogeneous and
the fracture may not start in the intergranular bonds
at the top of the beam, the beam number is consid-
ered an index of flexural strength rather than a

Figure 3.  Saw developed to remove support
from under the snow beams.  Wide teeth create a
2 cm thick saw path.
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Improvements were made that increased precision
and helped ensure that the test was in the brittle
range.  The average coefficient of variation for the
length of undercut was 7.8%, with three tests being
required for a precision of 15% with 90% confi-
dence and approximately five test required for
precision of 10% with 90% confidence.

The calculated beam number correlated well with
overall slab density measurements.  In contrast to
what Stearns (1964) proposed, we observed little
affect of layering on beam numbers. However, the
properties of the layers within the beams in his
studies may have varied more than ours.

WHAT IS NEXT?

Complete results from two winters of field work
using the cantilever beam test, along with results
from the larger study focusing on fracture propaga-
tion and remotely triggered avalanches will be
presented at the 2000 International Snow Science
Workshop.

measure of tensile strength (Perla, 1969). The beam
number is plotted against the bulk density of the
slab on semi-log scale in Figure 4.  The results
show less scatter than most strength studies of
snow.  The following factors could contribute to
these consistent results.  The method developed
allows for repeatability, the sides of the beams were
cut with a saw to minimize imperfections, and the
testing was restricted to a few operators.

Several unusual slabs were also tested in this study
(i.e. upside-down snow).  The results from these
tests lie along the same line as the rest of the slabs
tested.  For the limited range of slabs tested, we
observed no substantial affect  of layering on beam
numbers.

CONCLUSIONS

A new method for the cantilever beam test was
developed and tested during the winter of 1998-99.
The test takes about the same time as other
snowpack  tests used in avalanche forecasting.
The method can easily be applied in the field.

Figure 4.  Beam numbers calculated in this study along with the limits calculated by Perla (1969) plotted
against overall slab density.  The beam thicknesses range from 5 cm for Perla’s results to a maximum of
50 cm thick for this study.
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The cantilever beam test looks promising for other
studies involving slabs overlying weak layers.  For
example, one could use the test to observe the
affects of daytime warming on the flexural strength
of a slab.
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