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ACCELERATING STRAIN PRECEDING AN AVALANCHE 

By RICHARD A. SOMMERFELD 

(United States D epartment of Agriculture, Forest Service, Rocky Mount<\i!1s Forest and R a nge 
Experiment Station , 240 W est Prospect Street , Fort Collins, Colorado 80526, U .S.A. ) 

ABSTRACT. Strain gages set in the snow on an avalanche track recorded accelerating stra in for four hours 
preceeding a na tura lly released avalanche. On a second occasion when the strain-rate was simila r, the ' 
stra in decele+'a ted and no avalanche occured. 

RESUME. AceeUratioll du jluage priddanl mu avalanche. Un capteur de derormation place da ns la neige dans 
un couloir d 'avalanches a enregistre une acceleration du ftuage penda nt les quatre heUl'cs precedant un 
declenchement naturel d 'avalanche, En une seconde occasion qui presenla it un diagramme de ftuage 

, analogue, a deformation s'est ralentie et il n'y a pas eu d'avalanche, 

ZUSAMM'EN FASSUNG. Beschleulligte Dehnung vor dem Abgallg eiller Lawille. Dehnungsmesscr im Srhnce einer 
Lawinenbahn zeichneten einc beschleunigte Dehnung wahrend vier Stunden \ '01' dem natlirlichen Abga ng 
einer Lawine auf, In einem zweiten Fall mit ahnlichen Dehnungsraten wurde die Dehnung verzogcrt und 
keine Lawine ging ab. 

ON 23 January 1975 two slope-parallel deformation gages (Sommerfeld , [1975] ) were installed in the 
Cliffs avalanche path at Berthoud Pass, Colorado, just prior to a large storm. A 24 h period was allowed 
for the gages to bond to the snow. They were connected to a recorder on 24]anuary, about 19.00 V .T. 

(zone time + 7 h ). On 25 January about 02 .30 U.T. , a natural avalanche released in the area . It tore 
out the down-slope ga ge (H-6) but left the up-slope gage (H-7 ) in place. Figure I shows a highly 
sch ematic representation of the snow stra tigraphy d etermined at the crown , about 19.00 U.T. 26 January, 
and the approxima te gage location . 
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Fig. 1. Schematic represelltation of the snow-pack alld gage locations 25 Jalluary 1977. 
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SHORT NOTES 

HOURS 

Fig. 2. Strain in units of 10-4 versus time in hours on 25 January 1977. 

HOURS 

Fig. 3. Strain in units of 10-4 versus time in hours on 2l February 1977. 
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Figure 2 shows deform a tion records from these two gages. The pOSItive Y-axis indicates gage 
extension . Because of the recording techniques, there are 10 S running m eans of the d eformations. The 
deformation ra te on each gage increases for almost 5 h preceding the a valanche. After the avalanche the 
rate on H-7 decreases slightly. Also note that the strain-rate on H-6 averages 2. 3 X 10 - 4 h - I and does not 
exceed 3.9 X 10 - 4 h - I (the strain-rate just prior to failure) at any time. 

On 12 February 1975 another gage (H-4) was placed vertically abo~e the previous position ofH-6 
on a bout 40 cm of additiona l snow. A storm during the period 20- 21 February resulted in the deform a­
tion shown in Figu re 3 . There was no avala nche during the second storm. The average stI'ain-rate was 
2.8 X 10 - 4 h - I but a t no time was there an increasing strain-rate . 

It is impossible to dra w a ny sweeping conclusions from one pair of observa tions. However, it has 
been shown in the laboratory that snow exhibits accelerating strain before failure (personal communica­
tion from W. St. Lawrence) . Figure 2 shows that snow in the field also exhibits accelerating strain prior 
to fa ilure, at least under som e circumstances . If this phenomenon is typical of snow it could form the 
basis for a short-term avafa nche wa rning system. 

Another interesting point is that the stra in , as m easured by the 3 m long gage, never exceeded 
3.9 X 10 - 4 h - I. R. L. Brown (persona l communication) found that a strain-ra te of at least 10 - 2 h - I 

was necessary to achieve snow failure in tension: 1.5 orders of magnitude higher than m easured by H-6. 
Therefore, the strain leading to failure must have b een concentrated over a much shorter distance than 
that sampled by the strain gage. This observation supports the idea that snow fails at flaws which 
concentra te the stress and the strain . 
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