


Unlike f, L increases when slab loads increase 
or decrease, albeit caused by different 
phenomena.  Thus, L cannot stand alone as an 
indicator of a change in strength or stability. 
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Figure 5. Microstructural element length L.  The 
loaded column (III) possessed the highest L values 
and the natural column (II) maintained the smallest 
L values 
 
3.5 Micro-scale Strength S (N/mm2) 
 

The micro-scale strength (f/L2), yields 
interesting differences between the loaded and 
unloaded columns.  While S drops significantly 
under the increased load on Column III, it 
remains unchanged by the decreased load on 
Column I (Figures 6 and 7).  This shows us that 
if f decreases and L increases, as observed for 
the loaded column, S becomes small, which we 
would expect.  If, on the other hand, f and L both 
increase, S does not change dramatically 
because the higher residual strength is 
distributed over slightly larger structure lengths 
(or fewer bonds per volume). 

Micro-strength S may prove very useful 
in characterizing changes in weak layer strength 
(Figure 7).  An S value of 0.112 N/mm2 
differentiates 75 % of Column III’s sample 
values from 91 % and 93 % of the sampled 
micro-strength values from Columns I and II.  
This indicates that S alone very effectively 
distinguishes the loaded weak layer from the 
natural and unloaded weak layers.  Pielmeier 
and Marshall (2008, this issue) found this 
parameter to be the most significant in 
distinguishing Rutschblock stablility.  This 
parameter distinguishes Column III data 
(unstable, CT=5) from Column I and II data 
(stable, CT=23, 20) with much more accuracy 
than f and L alone. 
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Figure 6. Micro-scale strength S. Horizontal lines 
approximate depth hoar boundaries. 
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Figure 7. Micro-scale strength S (N/mm2) of weak 
layer.  The loaded column (III) possessed the 
lowest S values while the unloaded and natural 
columns (I and II) were indistinguishable. 
 
3.6 Time-Effect on Weak Layer Properties 
 

No changes were evident in micro-
strength of Columns I and II. In Column III 
however, S increased significantly over the 35 
minute sampling duration (Figure 8), mainly due 
to a decrease of L.  This indicates that distances 
between structures have become smaller, or 
that bonds near failure regained strength.  In 
either case, at the micro-scale, some amount of 
strengthening appears to have occurred in 
Column III.  Caution is needed in this 
interpretation since each time is represented by 
20 samples from a single SMP profile which may 
have been influenced by the pre-existing holes. 
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Figure 8.  Weak layer micro-strength of Column III, 
grouped by sample (SMP profile) order 
(approximately 8 minutes between profiles). 
 
3.7 Effectiveness of Individual SMP Profiles at 
Identifying Changes Due to Loading Event 
 

The profile-based Wilcoxon Tests reveal 
that each profile from the unstable column (III) 
produced significantly (p <= 0.05) lower S values 
than each profile in both stable columns (I and 
II) (Table 3).  This means that for this field study 
only one profile would be necessary per column 
to identify that a significant decrease in micro-
strength occurred in the artificially loaded 
column.  This high degree of representativity 
would not be expected for thin weak layers, 
where less microstructural information is 
recorded, or for smaller loading events.  These 
more subtle conditions are examined by Lutz (in 
preparation). 
 
Table 3.  Count and percentage of profile 
comparisons yielding results that are 
representative of the column results. 

Was the expected change  
observed in profile 

comparisons? 
Yes No 

Expected change 
due to loading 

(based on column 
comparisons): 

Count (%) Count (%) 
Significant ↓ of f 49 (98% 1 (2%) 
Significant ↑ of L 41 (82%) 9 (18%) 
Significant ↓ of S 50 (100%) 0 (0%) 

 
4.  CONCLUSIONS 
 
4.1 Observed Phenomena 
 

Microstructural profiles and boxplot 
comparisons indicate that distinct differences in 
L, f, and S existed in the weak layer under 

different loads.  Increasing stress by adding an 
artificial load caused f and S to decrease, and 
resulted in an apparent increase of L.  Viewed 
over a short time window, L appears to slightly 
decrease which may be evidence of 
strengthening. 

Decreasing slab stress by removing 
much of the natural slab coincides with slight 
increases in f and L.  While the overall micro-
strength S did not change, these two observed 
changes may be the result of elastic rebound.  
Under a reduced load, elastic deformation of 
microstructures would be reduced, returning the 
structures to a state of less stress and strain, 
evident in increased of f and L, respectively.  On 
a larger note, elastic deformation persists within 
the weak layer days after loading events. 

Changes in f occur at the same force 
magnitude as the calculated slab force, 
suggesting that the two phenomena may be 
related.  To our knowledge, this is the first 
evidence that explicitly shows that changes in 
weak layer strength occur at the same 
magnitude as changes in slab stresses related 
to a loading event.  Large significant changes in 
S indicate that this microstructural estimate may 
be a good indicator for changes in weak layer 
residual strength, which plays a large role in 
snowpack stability.  For thick weak layers and 
large loading events, fewer profiles may be 
necessary to characterize changes in micro-
structure than are needed for thin weak layers 
and small loading events. 
 
4.2 Field Method 
 

This field technique is useful for 
obtaining microstructural estimates of existing 
stratigraphic features under varying loads.  It 
can be applied over larger time frames as well, 
to deduce rates of strengthening or weakening.  
For near-surface instabilities, testing on flat 
terrain may be easier and allow for properties of 
the entire slab to be recorded.  Most importantly, 
this field test allows us to record changes in 
microstructural properties associated with 
instabilities long before or after any natural 
instability exists.  Researchers can identify 
changes in microstructure associated with 
instabilities and, with enough datasets, should 
be able to calibrate the recorded values to 
stability indices. 

Despite these interesting results, the 
SMP and other penetrometers will not replace 
existing testing techniques, but will rather 
strengthen the diverse tools employed by 
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researchers and practitioners.  Haefeli, who 
developed the Ramsonde and recognized the 
potential of improving penetrometer technology 
(e.g. Bradley, 1966:260), warned of overrating 
any one observation type:  “The factors 
determining avalanche danger are of such 
diverse nature, that each method which 
measures only one characteristic of the 
snowpack must be considered partial and 
therefore insufficient” (transl. Bader et al., 
1939:150). 
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