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INTRODUCTION

The most common uses of explosives in avalanche control operations include hand
placed/launched charges, nitrogen gas gun launched projectiles (Avalauncher) and 75 mm
& 105 mm artillery gun systems. Of these, it is the avalauncher projectile that was chosen
as the reference for this research study. The projectile contains a simple bulk charge of
900 g of pentolite high explosive cast into a cardboard tube fitted with a plastic nose cone
and base cup. A plastic tail fin assembly, carrying the detonator, safe arming and firing
mechanism is fitted immediately prior to firing. 

EXPERIMENTS

Fifteen different charge designs were used in the experiments. The diameter of the
charges was held constant at 76 mm and the length was adjusted to match the explosive
mass of the avalauncher round. The casings were fabricated from polyester resin/fiber-
glass and were machined to the required dimensions. Four bulk explosive charges were
used consisting of C4 (RDX based), DM12 (PETN based), Trigran (TNT/Aluminum pel-
lets) and FIXORTM (flammable liquid + inert powder = binary explosive). The remainder
of the charges consisted of various shaped charge designs hand stemmed with C4 plastic

Shock and blast energy emitted from a simple explosive charge is rapidly atte-
nuated by the porous structure of snowpack. For a small mass penalty, the jet
from an appropriately designed shaped charge can induce an additional highly
energetic reaction between the jet and target material. The highly directional
and penetrative characteristics of this reaction can significantly increase the re-
sponse of unstable snowpack when positioned above or below the surface, and
has recently been shown to be particularly effective at disrupting ice formations
within established cornices. Comparisons of experimental results for fifteen
charge configurations and the reference avalauncher round are presented.
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explosive. The experimental liners consisted of loose aluminum (15 micron standard
powder or 2–3 micron fine powder) or copper powder (17 micron) contained between 
1.3 mm polyester resin/fiberglass skins. The liner assembly was vibrated during loading
to consolidate the powder. Hemispherical, cylindrical and conical (30 and 45 degree)
liners were tested. The 45 degree loose powder conical liners were compared to conven-
tional 45 degree solid copper and aluminum liners with the same mass. Both central and
peripheral initiation on the conical shaped charge designs were tested. 

The experimental firings were conducted in a stable 2 m deep snowpack in a level
mountain basin area at Alta Ski Resort. The experimental procedure consisted of placing
the charge to be tested horizontally at the bottom of a pre-formed borehole at a depth of
1.2 m. The charge was fired and the resulting crater was sectioned and the profile measu-
red. Cracking of the snow layers and heave was also recorded.  

DISCUSSION

Due to the near blizzard conditions during the trial series it was difficult to record the
data. In the crater profile images (not scaled) shown on the right side of the figures pages
the major cracking was highlighted with fluorescent orange spray paint. Scaled plots of
the profiles and the cracks are given to the left of the images. The approximately horizon-
tal straight line represents the snow level prior to the charge firing. The shaped charges
were fired with the resulting jet travelling from right to left.

CONCLUSIONS

The performance of the bulk explosive charges w.r.t. crater size is similar. The alumi-
nized explosive composition Trigran produced cracking to the furthest extent. The peri-
pheral initiation shaped charge results in similar sized craters as for central initiation ex-
cept there is significantly more cracking. The powder liner shaped charges resulted in
larger craters than the solid metal liners. All shaped charge designs resulted in more da-
mage compared to the bulk explosive charges.
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