























2 MECHANICAL PROPERTIES OF ALPINE SNOW, MONTANA 1964-66

Figure 1. Goose Lake Basin, 1964: view north toward Wolf and Sawtooth
Mountains.

Figure 2. Goose Lake Basin, 1965: view west toward Mount Fox,
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Figure 4. View west from the summit of
Bridger Range.
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Figure 5. View east from the summit of Bridger Range.
















MECHANICAL PROPERTIES OF ALPINE SNOW, MONTANA ’964-66 9

ot = 1.166 x 10-? M N? (2)

where oy is the failure strength (kg/cm?), M is the mass of the sample and N is
the number of revolutions per minute at failure. A nomograph for determining
values of oy is given in Bader et al. (1951).

Figure 9. Centrifugal tensile tester.

Figure 10 shows a plot of oy vs porosity for new and winter snow from both
the 1964 and 1965 seasons. The plot appears linear up to a porosity of roughly
0. 60 when the o, values "tail off" towards a porosity of 0.87 at oy = 0, An extra-
polation of the lsnear portion of the curve to o = 0 yields a porosity of 0,65
which is somewhat higher than the n, of 0. 56 which Ballard and McGaw (1965)
obtained from the data of Butkovich 1956). This discrepancy is probably par-
tially due to the range of porosities covered as this will affect the graphical
appearance of the data.

Because of the obvious '"tail" in Figure 10 it was decided to fit the relation
o

c—: = exp I-]z_—nnl (3)

where oj is the strength of fine grained bubble-free ice with a random orientation
and n is the porosity, This relationship is a theoretical one suggested by Ballard








































22 MECHANICAL PROPERTIES OF ALPINE SNOW, MONTANA 1964-66

" "

A -
o ooe o 02e

O . LARGE SHEAR VANE, he/em?

Figure 28. Large shear vane strength Figure 29. Recording head of snow re-
vs shear box strength (Goose Lake, 1965). sistograph.

Resistograph shear strength

During the seasons of 1965 and 196k some comparative measurements of shear
strength were taken using the large shear vane >. 1 a snow resistograph. The snow
resistograph, ¢isigned and developed by Dr. Charles C. Bradley of the Montana
State University, is a blade un a long probe, which is first inserted in the snow, then
drawn upwards through the snowpack at a constant rate. The resistance encountered
by the blade is balanced by a spring in the handle and transmitted to a scribe which
records on a paper roll (Fig. 29). The paper unwinds at a rate controlled by the
rate of withdrawal of the probe. The instrument is more fully described by Bradley
(1965).

The curve plotted by the instrument, called a ""resistogram,'’ bears a strong
resemblance to a ram profile. If the instrument is calibrated, the x axis can be
read as strengih and the y axis as depth. The instrument has been used to give a
predictive index for avalanche hazard by determining the strength of the weakest
layer. When this figure is compared with the load on this layer (determined by
density measurements), the ratio of strength to load provides an indication of sta-
bility (Bradley and Bowles, 1966).

It was initially believed that the comparison of shear vane measurements to

resistograph measurements should show a one to one correspondence; however,
this does not appear to be the case. Figure 30 shows ""shear" strengths measured





































































