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A Brief Phenomenology for Non-Sp
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significant economic losses.

SC|ent|f|c reason #1: GraVIty mass flow with many dlffe

size and terrain conditions.

Scientific reason #2: Full-scale experiments are feasi
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valanches:

slab avalanche

ures with



Telemark, East Norway. 28.04.1984




lllhullbekken, Rana, North Norway. 28.04.1994



Fivelstad, Stranda, West Norway. 05.02.1990



stigen, western Norway, 2005-06-21 Photo K. Kristensen, NGl
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Tystigen, western Norway, 2005
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Dorfberg, Davos, Switzerland Photo SLF
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Dorfberg, Davos, Switzerland, 2005-03-20. Photo Hansueli Gubler



Dorfberg, Davos, Switzerland, 2005-03-20. Photo Hansueli Gubler
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regime. Hig

ar in snow



Example: 1995 Albristhorn avalanche, Switzerland

Powder-sno
avalanche
deposits extend
approx. 500 m
to the left

(uphill).



Separation of fluidized layer from dense flow:

-

* Eroded new-snow layer

Deposit of a small mixed avalanche, photo taken in a region not
reached by dense flow (after sharp bend of gully).










Viscoplastic

LU
1

e ertial flow
regime. H

Low density, small particles suspended by turbulence in the air.
Particle collisions negligible. Boussinesq or non-Boussinesq.






Kappenberger
















Large variety | pattern
 Fresh snow often w re oS
« Have a look at the site http://snowflakebentley.com !



http://snowflakebentley.com/

http://www.its.caltech.edu/~atomic/snowcrystals



http://www.its.caltech.edu/~atomic/snowcrystals



http://www.its.caltech.edu/~atomic/snowcrystals



Supersaturation (g/m”)
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Transport

= Constructive meta
gobelets in the course of weeks

Yo ctals, depth-hoar



=

=> Potentia th hoar!




Destructive
metamorphism,
low temp.
gradient:
rounded crystal

Contructive
metamorphism,
moderate temp.
gradient:
faceted crystal

e ———

] |
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Constructive
metamorphism,
strong temp.
gradient: goblet
(depth hoar)

Melting, no temp.
gradient: grain

. cluster with free : e T
water

http://emu.arsusda.gov/snowsite



Alpine snowpac

depth r
buried surfa

poor bonding to thin ice
refreezing)

urface melt and



Snow is close

&S

echanical

buried su

poor bonding to melt and
refreezing)



Slab avalanch
 Majo
1in weak

or spring

« Starts from a point, co
« Usually only small events, relatively harmless



Part of weak layer collapses
where stability is least. Crack . i
propagates in all directions ’
at 30—70 m/s.

Hard slab
(new snow) ‘
Weak layer .
Stress concentration - =
Old snow cover "
: o _ rack propagates in weak layer at
- 30—70 m/s
A




Crack propagation continues until
unsupported part of slab can no

longer be held in place by its
surroundings.

Compressive
stress

Shear failure at lower

Tensile stress

end (“stauchwall”) Sl

Tensile failure at
upper end (crown)



Stauchwall






Short-duration collisional contacts,
, but also
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han Suggested by the schematic.

Parts of the dense flow (front) fluidize when dispersive
pressure from particle collisions and aerodynamic lift ex
1e weight of the flowing mass.

The mass fraction of the fluidized layer varies from O to
30%., depending on snow cohesion, avalanche size




Order-of-magnitude estimates:

Flow type  Density = Concentr. Mean free path Granular

(kg/m3) (—) (particle diam.) regime
Dense 100-500 0.1-0.5 0-1 frictional /
collisional
Fluidized 10-100 0.01-0.10 1-4 grain-inertial
Suspension 1-10 <102 >4 macro-viscous
(turbulent)

Physical properties and transport processes differ substantially
between flow types!



1999 measurements at Vallée de la Sionne
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(see next page for explanations)



Explanation of the preceding slide (1):

Plots A and B show the pressure time series during the passage of
a large mixed dry-¢

« At 19 m, turbulent the suspension layer.
- Small snow grains, low density, moderate velocity.



Explanation of the preceding slide (2):

Plot C is the time- serles of the outut of a proflllng radar looking
upwards from a cav time; ordinate —
dlstance fro

Snow entrair
process in a



spersive pressure collisions between partic
/iercomes normal load.

- Conditions: v" high shear rates,

sufficiently elastic collisions
dispersive shear stresses large

r flow over avalanche creates stagnation pressure ¢
underpressure on the |
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« Typical shear
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Spatial mass balance in a snow avalanche (measured at Monte
Pizzac test site, Italy, in 1998)

| 100
- = erosion integral (1)
. = deposition integral (1)
= mass balance (1)
- < erosion (kg m®)
=+ deposition (kg m™*)

Track length {m)

From Sovilla et al., Annals Glaciol. 32 (2001), 230-236.
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Gobbling:

» No experimental evidence so far. Disregard it in the following.

Ripping:
» Experimental evidence in dry-snow avalanches from ground-radar
measurements.

» Seems to occur in strongly stratified beds if there is a weak layer underneath
a strong layer.

» Can be approximated by continuous entrainment along bottom with sufficient
averaging over bottom area and time.

Scour (abrasion) and impact erosion:
» Experimental evidence strong.
» Can be treated by model for continuous entrainment along bottom.



Impact traces

Ryggfonn 04/06/2003
p. = 120 kg m?







The plowing mechanism:

e Clearly dominant in wet-snow
avalanches.

e Possibly important in dry-snow
avalanches as well, but clear
experimental confirmation is
still lacking.

« Open question for debris flows | 2

and pyroclastic flows. , g ot
. g . "41 & “ i o
* Likely condition for plowing to : ko R
be possible: Flowing material — hERTR

must have higher strength than
bed and sufficient weight.

 In laboratory granular flows,
length of plowing zone = O(flow height).



dification

)eumatic erosion of snow cover at avalanche front /
2rodynamic effects in fluidization:

Particles suspended in turbulent fw, sedimentation and
erosion, modification of turbulence. (Similarity with turbidity
currents and pyroclastic suspension flows.)



