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Dimensions of dry snow slab avalanches from field measurements
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[1] Dry slab avalanches release by a sequence of propagating fractures. In this paper, I
provide field measurements of the important length parameters resulting from fractures for
hundreds fallen slabs including depth, length, and width. The field data show wide
variations in these parameters. Probability plots of all dimensions (length, width, and
depth) suggest they approximately obey log normal probability density functions. Given
slab dimensions, two applications are considered on the basis of the field data. These
applications are: (1) Estimates of total fracture energy consumed around the perimeter of
the slab are given, where it is presumed fracture is mostly mode I, and along the base
(weak layer) of the slab, where shear fracture (mode Il and III) is expected. For average
characteristic dimensions, the analysis suggests that energy consumed on the perimeter
is somewhat less than in the weak layer. Even though fracture energy around the perimeter
is expected to be higher than in the weak layer, the larger area fractured in shear at the base
of the slab compared to area fractured in tension around the perimeter results in a
comparable amount of total energy needed around the perimeter. (2) Approximate
estimates of avalanche mass for average characteristic dimensions based on slab depth D
(the only length possibly known prior to avalanching) are made. The mass is considered
related to destructive potential and simple guidelines are given to estimate mass in relation

to D with validation by considering concurrent size and estimates of D by mountain

guides.
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1. Introduction

[2] Field observations and measurements show conclu-
sively that propagating shear fractures (mode II and mode
III) within a thin weak layer underneath a thicker, stronger
snow slab are responsible for dry snow slab release
[McClung, 1979, 1981]. Prior to avalanche release of the
fundamental lengths B, L, and D (slab width, length, and
thickness, respectively), the only one that can be estimated
prior to avalanche release is depth to the weak layer, D since
the weak layer can be found from snow profiles and field
tests.

[3] Field measurements show that the ratio of slab width
(B) to length (L) is, on average, approximately B/L ~ O(1)
[Brown et al., 1972; Jamieson and Johnston, 1990, 1992;
McClung and Schaerer, 2006]. The fractures determining
the ratio B/L are formed entirely on the slab perimeter.
These include tensile fracture at the crown along a distance
and tensile or shear fractures along the sides (or flanks). One
reason to expect that the ratio B/L should be of order 1 is
that the fracture energy for slab material, whether in shear or
tension, is expected to be similar [McClung, 2007a].
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[4] Field observations show that the shear fracture prop-
agates upslope from the initiation point underneath a slab of
thickness D for a distance L after which tensile fracture
initiates through the body of the slab at nearly a right angle
to the weak layer [Perla, 1971; McClung, 1979, 1981].
Field measurements and observations show that the ratio of
slab length to thickness L/D >> 1 but wide variations in the
ratio are observed. I suggest that the value of the ratio (L/D)
is linked to the ratio of slab tensile fracture energy (G,) to
weak layer shear fracture energy (Gy). McClung [2007a]
determined that, on average, the ratio is 10 < (G/Gy) < 16
with a range between about 1-300, derived from field
estimates hundreds of dry snow slabs.

[5] A fundamental question in regard to fracture energy is
the relationship between the energy needed to entirely
fracture the weak layer compared to the energy required
to fracture the slab around its perimeter. In this paper,
simple estimates are derived for the ratio of energy con-
sumed around the perimeter to that within the slab base.
Given the avalanche dimensions presented in this paper
combined with a simple model for slab geometry and
suggested values for G/Gy;, it is possible to estimate the
ratio of energy to form fractures on the perimeter to the
weak layer. For average or median values of slab dimen-
sions, the ratio is found to be less than one but approaching
or exceeding one for extreme cases.

[6] The field data presented below (Table 1) show that, on
average, the ratio of slab length to thickness is L/D ~ 100
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Table 1. Descriptive Statistics for Measured and Estimated Length Ratios

Ratio Number of Avalanches Median Range Comments

B/L 26 2.1 1-5 Unconfined avalanches

BIL 63 1.2 0.25-5 Mix of confined and unconfined avalanches

B/D 130 113 6-875 Mix of confined and unconfined avalanches

B/D 3470 85 3-2000 Data are estimated, not measured; confined
and unconfined avalanches; value of B is

estimated as minimum width
L/D 63 100 17-750 Mix of confined and unconfined avalanches

and the ratio of width to length is B/D ~ 1 with wide
variations in both ratios. Given these ratios, it is possible to
estimate avalanche volume for simple models. Since ava-
lanche volume is related to mass and destructive potential, it
is suggested that a knowledge of D prior to avalanche
release can help to estimate expected avalanche mass. In
this paper, avalanche mass is estimated on the basis of
simple modelling and field measurements, as a function of
D. The mass is then related to a five part scale for size on
the basis of destructive potential used in the Canada and the
United States [McClung and Schaerer, 2006, p. 322] and
verification is provided by use of size estimates and
measurements of D provided by mountain guides.

2. Length Dimensions of Dry Snow Slabs From
Field Measurements and Field Estimates

[7] In this section, I report length dimensions from fallen
snow slabs measured in the field and similar data for which
the dimensions are estimated but not precisely measured.
The three important length scales are defined according to
Figure 1. The length D slab is depth, measured or calculat-
ed, through the slab perpendicular to the weak layer. There
is some lack of precision in estimates for D since in the

a)

< B >

Figure 1. Schematic of slab geometry for either (a)
elliptical or (b) rectangular shape. The three length scales
D, B, and L are shown. For the elliptical model, the
semiminor and semimajor axes are @ = L/2 and b = B/2,
respectively.

field, observations show that slab depth varies around the
crown where tensile fracture has taken place. For this paper,
values of D will be taken to be the mean crown thickness.
The parameter D is a fundamental scaling parameter in
relating fracture mechanical size effects [Bazant et al.,
2003] for slab initiation.

[8] The parameter L is taken to be the mean distance
between the crown and the lower portion of the slab, called
the stauchwall. Length data for slabs are much more scarce
than crown height or width because the lower boundary
(stauchwall) is often obscured by downslope slab motion in
the initial stages of motion. The parameter B is taken to be
the mean distance between the flanks. As with D, the values
of B and L are normally single representative measurements
rather than mean values taken from multiple estimates.

[o] Field observations show that there is no precise form
for the outline of the fracture pattern from a slab avalanche
taken as a plan view. Perla [1971] suggested on the basis
of a small number of slabs, that the crown is not straight
in the majority of cases but instead, it takes a curved
form. Sometimes the plan view form is nearly elliptical
(Figure la) with hardly any visible straight flanks. In this
paper, I will consider two simple forms for the fracture
pattern in plan view: rectangular and elliptical as illustrated
in Figure 1. Figure 2a contains a photo of a slab with
approximately elliptical shape but there are others with nearly
rectangular shape with length greater than width relatively
unconfined with respect to terrain features. Figure 2b shows
avalanches with length greater than width and dimensions
affected by terrain features.

Figure 2a. Slab avalanche cut free by fractures. In this
case, the slab geometry is approximately elliptical and the
slab geometry does not appear affected by terrain features
(unconfined) and slab width is greater than slab length.
Photo courtesy of T. Salway.
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Figure 2b. Two slabs with length longer than width.
Terrain features affect the dimensions in these cases
(confined). Photo courtesy of A. Roch.

2.1. Slab Length Parameters From Field
Measurements

[10] Figure 3 contains a probability plot for values of D
measured for 191 slab avalanches. The ordinate is a
logarithmic scale so that the plot suggests that values of D
follow a log normal probability density function. The range
of values is from 0.1 to 4.2 m with median 0.66 m and mean
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Figure 3. Probablity plot for values of D for 191
avalanches. The plot suggests D follows a log normal
probability density function.
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Figure 4. Probability plot of the ratio L/D from 63 slab
avalanches similar to Figure 3.

of the log normal distribution is 0.67 + 0.07 m. The wide
range of values approximates the expected range for most
applications. Figure 3 is for avalanches with a mix of
triggers (natural, explosives, skier triggering) and similar
patterns are found for data sets for one trigger only (skier
triggering, natural). I conclude that the length parameter D
approximately follows a log normal probability density
function regardless of trigger.

[11] Figure 4 contains a probability plot of the ratio L/D
from 63 slab avalanche measurements. Similar to Figure 3,
the plot suggests that the ratio follows a log normal
probability density function. The median value for L/D is
close to 100 with the mean of the log normal distribution
being 103 but the range has nearly 3 orders of magnitude
from approximately 10—1000.

[12] Figure 5 contains a probability plot of the ratio B/D
from field measurements of 130 avalanches. Conclusions
similar to Figure 4 follow: log normal dependence with
nearly 3 orders of magnitude range. The median value is
113 and mean of the log normal distribution is also 113 but
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Figure 5. Probability plot of the ratio B/D for 130 slab
avalanches. The data are from terrain which is a mix of
unconfined and confined.
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Figure 6. Probability plot of the ratio B/L for 63 slab
avalanches. The data are from terrain which is a mix of
unconfined and confined.

similar to Figure 5, nearly 3 orders of magnitude range for
the ratio are evident.

[13] Figure 7 contains a probability plot of measurements
for B/L from a limited data set where all the avalanches are
unconfined by terrain features. Again, the ordinate is
logarithmic so the plot suggests a log normal probability
density function is followed. However, only 26 data points
are plotted so firm conclusions are not available. The plot
shows that the ratio varies from just over 1 to about 6 with a
median near 2. The plot is congruent with the suggestion by
Brown et al. [1972] that slabs are wider than they are long.
Figure 6 contains a plot of B/L for 63 avalanches similar to
Figure 7. These data are for slabs which may be confined or
unconfined so that some slabs may be influenced by terrain
features. The mean of the log normal distribution is 1.2 for
this data set. The plot shows that slabs may have width as
low as 20% of the length.

[14] There are examples of slabs with length greater than
width when gully walls or other terrain features prevent
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Figure 7. Probability plot of the ratio B/L for 26 slab
avalanches. The data are from terrain which is unconfined.
The data are contained in Figure 6.
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lateral extension of fractures as in Figure 2b see also
[McClung and Schaerer, 2006, p. 94]. Thus, terrain features
can have significant effects on slab dimensions. The mean
of the log normal distribution and median sample values
from Figure 7 are both 2.1, which suggests that, on average,
unconfined slabs are about twice as wide as they are long.

[15] From Figures 4 and 5 the mean value of the log
normal distribution of B/D (113) is about that for L/D (100)
for data from the same set. These values suggest that B and
L, on average, are comparable, given a value of D, at least
for this larger set of slabs, which contains mixed confined
and unconfined terrain. Schweizer and Liitschg [2001]
analyzed 69 human triggered avalanches (confined and
unconfined). They found a median value B/L = 0.8 which
confirms that B and L are comparable.

[16] An important factor is that an initial slab can expand
laterally or downslope to engulf other slabs which can
produce widths and lengths which are unreasonably large
for single slabs [McClung and Schaerer, 2006]. Unfortu-
nately, it is not possible to isolate those cases from the data
in this paper but they are important to explain the upper limit
of the distributions of the ratios L/D and B/D in the data
presented, as well as the range of 3 orders of magnitude.

2.2. Dimensions From Fallen Avalanches Estimated
But Not Measured

[17] In this section, I report data from fallen avalanches
for values of D, B, and B/D for fallen avalanches with part
of the data estimated by field observers rather than mea-
sured. The values of D may be regarded as more accurate
than the values of B since the slab depth is often estimated
from known depth to the weak layer whereas B is normally
estimated by simple, visual observations. The observations
have been recorded by the mountain guides of Canadian
Mountain Holidays who are generally skilled field observ-
ers. The data consist of more than 3000 slabs and the results
confirm some of the conclusions of section 2.1.

[18] Figure 8 contains a probability plot of values for D
(2758 slabs) and Figure 9 contains a similar plot for B/D
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Figure 8. Probablity plot for values of D for 3258 slab
avalanches. The plot suggests D follows a log normal
probability density function. The data are estimated, not
measured.
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