
PREFACE 

This paper was submitted to the Journal of Glaciology in 1990. 
It was rejected pricipally because the reviewers considered the 
stress analysis of the shovel shear test erroneous. 

This revised paper contains a revised analysis, though it is 
simpler than the reviewers of the first draft had suggested. Figure 
5 was added. 

Because the author is not employed with the National Research 
Council of Canada any longer, and the paper has a limited 
scientific value (it applied more to the practitioner) it will not 
be submitted again for publication. It is presented here as record 
of the work and the results may be used by anybody who has an 
interest. 

Peter Schaerer 
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ABSTRACT 

Field tests which can be performed easily for measurement of the shear strength of snow 

were investigated. They included the shovel shear test, shear frames of areas 0.01 m' and 0.05 

m" the Rutschblock, and a plate pull test. Their applicability and required number of 

observations were determined. 

None of the tests is ideal under all conditions. The shovel test is best for finding the 

location of weak. layers but is not recommended as a strength test. The shear frame of area 0.01 

m2 combines best accuracy. versatility, and a minimum time for observation of the shear strength 

when the location of a weak. layer is known and this layer is not covered with hard snow. The 

shear frame 0.05 m' had no advantage over the 0.01 m' frame in old snow. The Rutschblock test 

proved to be superior as an index of snow stability, but its application is limited to selected 

stopes . The plate test gave information similar ~o the shear frame test, but required bulkier 

equipment and more time. 

The project was carried out when the author was employed with: 

Institute for Researcb in Coostruction 
National Research Council of Canada 
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Vancouver. Be 
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INTRODUCTION 

Snow slab avalanches initiate by a shear failure in a thin snow layer or at the interface 

between snow layers. Commonly this layer or interface is referred to as the weak layer. The 

location and shear strength of weak layers are important for prediction of snow stability . 

Avalanche hazard forecasters usually infer the depth and strength of weak layers from 

index observations and empirical relationships. The index observations include snowfall, wind, 

temperatures. layering and hardness of the snowpack. shape and size of snow crystals. reaction 

from loading by persons or explosives. and in-situ tests of snow strength. An in-situ test supplies 

3D index of snow stability at the test site, but numerous ones at a variety of locations and 

applying empirical relationships. snow stabilities may be estimated for larger areas. 

In-situ tests are experiments with the snow in its natural position. Loading and in-situ 

shear strength tests produce the highest quality information about snow stability. but are not 

applied as extensively as they warrant. One reason is difficult access to representative test sites, 

for example, persons who must predict avalanche hazards for roads usually do not visit sites near 

avalanche starting zones. Another reason is that decisions about snow stabilities are needed 

quickly. for example. a ski guide with an impatient group of clients behind him has little time 

for sophisticated snow tests. Unfamiliarity with the tests. their limitations and interpretation are 

other reasons why in-situ shear tests often are neglected. 
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OBIECDVES: 

In-situ tests are common in the investigation of soils and rocks for the purpose of 

determining stabilities of foundations and slopes. Tavenas (1986) makes the following 

recommendations for a valid in-situ test in geotechnical engineering: 

(\) It must simulate the problem. 

(2) It must be reproducible, simple, quick, and economical. 

(3) The equipment sbould be rugged, simple, and economical. 

(4) The tests must be carried out with care and according to standardized or generally 

accepted procedures. 

Using Tavenas' recommendations and my experience with avalanche hazard forecasting, 

a useful test as an index for snow stability should meet the following conditions: 

(I) It should stress the weak layer in shear. 

(2) The shear force applied must be large enough to stress the snow to failure, 

(3) The area under stress should be as large as possible. 

(4) It should be carried out with the weak layer under load from the overburden snow. 

(5) The test should be suitable for application both on a sloping and a level snow cover. 

(6) The preparation of the test site and the observations should require as little time as 

possible; I consider 30 minutes a maximum. 

(7) The equipment must be simple and portable. 

(8) The test should give unbiased, quantitative, and objective information. 

(9) The test result should be available immediately without complex analysis. 
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With the objectives of judging how well selected tests meet these conditions and assisting 

their application. I have investigated several in-situ tests for snow. Special attention was given 

to the shovel shear test because it has been applied in Canada and the U.S.A. for many years, 

yet its limitations have not been defined completely. Comparative measurements were made for 

shear frame tests, the RUlSChblock, and a plate pull test. The investigations concentrated on 

layers of old snow, because in-situ tests are more important in the evaluation of stability related 

to weaknesses deep in the snowpack than to new snow. 

The observations were carried out in the Selkirk, Purcell, and Coast Mountains of 

Western Canada between 1980 and 1989. Observe", of ski areas, highways, and helicopter 

skiing operations cooperated by taking measurements and making suggestions. 

MEASURE OF STABILITY 

The stability index is an expresion of the stabiHty of snow on a slope. It is the ratio of 

a shear strength index and the shear stress of an inclined plane (Fohn,1987a). 

In Canada, a special stabjh,y factor S has been used (Avalanche Research Centre,1989) : 

s= <:.. 
zy 

(I) 

c is the cohesion (shear strength index under zero normal stress) of a weak. snow layer and 

measured at a level study site, z is the depth and y the average unit weight of the snow above 

the weak layer. 
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Snow safety operations in Canada have observed S routinely for new snow. and I made 

26 observation series in old snow by measuring c with a shear frame of area 0.01 m1 and z y 

by weighing samples of snow. The observed values for c ranged between 250 N m·' and 2000 

N m·' , and those for S were between 1.0 to 1.8 when avalanches could be released. Because 

of the sample size effect, the cohesion on a area larger than 0.01 m ol, for example the cross 

section area of a shovel shear column, likely would be lower. 

The shear strength K. of a deep snow layer increases with normal stress on the shear 

plane, approximately according to the Coulomb-Navier equation: 

(2) 

tanq, varying with snow type and loading, seems to range between 0 .6 and 1.0 (Roch 

1966a; Perla, personal communication). 6 is the slope incline. 

SHOVEL SHEAR TEST 

Description 

The standard shovel sbear test, which is used widely in Canada and the U.S.A. , consists 

of cutting a venical rectangular column of snow with length "a" in the direction of slope and 

width lOb" across the slope from the snow surface to below a suspected weak layer (Figure 1). 
A suspected weak layer is found from visual observation of the side of a snow pit. Holding 
a shovel with both hands, the observer applies a shear force by pulling the shovel blade parallel 
to the snow 'surface until a failure occurs. The location of the failure plane is identified and the 
force required to break the column rated subjectively either as very easy, easy, moderate, or 

hard. 
Of interest are the optimum dimensions of the snow column, the limitations of the test, 

and its effective application. With these objectives in mind, I have investigated the stresses in 

the snow column and the failure plane. 
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Stresses in the weak layer 
Let the snow column on a slope with incline 6 have a vertical distance z = ZI + lz 

between the surface and the weak layer, and an average unit weight y above the weak. layer. 
(Figure 2) . The weight of the snow column and the shovel force F parallel to the weak layer, 

stress the column in a combination of axial load, bending (column acts as a cantilever), and 
sbear. The maximum normal stress theory for beams may be applied if it is assumed that; a) the 

sbovel force is distributed uniformly over the shovel blade and the friction between the shovel 

and the snow column is negligible; b) the snow behaves as an elastic material and the column 
fails in a brittle manner in the weak layer; c) the column is short. In reality the distribution of 
stresses is more complex than was assumed, but the simple approach is justified for 
identification of the limitations of the test. With these assumptions the following stresses develop 
in the weak layer: 

Normal stress due to axial load: 
Shear stress due to axial load: 

Average shear stress due to shovel force F: 

a, ~ z V cos' 6 

T, ~ Z V cos 6 sin 6 

(3) 

(4) 

(5) 

Tension stress at the back edge of the column due to F, according to the structural theory for 

bending of rectangular beams: 

(6) 

The maximum shear stress T. occurs in lhe centre of the column cross section (Merritt.1976): 

't =2 (1' +'tt) m 2 n 

(7) 

A failure in shear (a condition for an in situ test for snow stability) over a failure in 

tension occurs when, a) the shear stress T. exceeds the shear strength K. and, b) the combined 
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normal stresses do not exceed the tensile strength K.. The condition may be expressed as: 

(8) 

The relationship between the tensile strength and the shear strength of thin, weak snow 
layers and interfaces between snow layers is not known. Various investigators have reported 
va1ues between 2 and 7 for the ratio tensile strength K. over cohesion c. The value 2 
seems to be a reasonable assumption for weak layers (Mellor,1975; McClung, 1979; Perla et 
al. ,1982; Buser and Good, 1987). 

Combining equations (3) to (6) with (8) and K, = 2 c: 

where (equation 2), 

...£. = 1 
K. 1 + zycos2 p tan. 

c 

(9) 

(10) 

Equation (9) describes the condition that the column fails in shear (not in tension); Z, is 

the distance of the shovel centre from the weak layer. 

Cross section area of the coluwn 

Measurements by different observers at the crown of avalanches and on study sites have 
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shown that about 4000 N m-' is an upper limit for shear strength when avalanches have released. 

A perwn pulling the shovel handle with one hand and balancing by pushing with the other hand 

can transfer to the snow a maximum shear force of 400 N. These values suggest that the loading 

area should not exceed, 

4Q ON =O .lm2 
40 0 oNm-2 

Stethem and Tweedy (1981) experimenting with a variation of column sizes confirmed 

this approximate limit. They determined that a square column with sides between 03 m (area 

0.09 m') and 0.35 m (area 0.12 m') was optimal for cutting and ease of force application. 

The following considerations apply to the selection of the optimal widths of the column. 

a) For elintination of tensile failures, the length "a" in direction of the slope should be as 

great as possible (equation 9j , but is lintited, as a wide column does not allow a uniform 

distribution of the force F. 

b) The width "b" across the slope should be not greater than the flat part ofa portable shovel 

(about 0.25 m), but not less than 0.2 m to allow accurate preparation of the column. 

c) The column should be wider at the front than at the back to prevent wedging and friction. 

The dimensions a = 0.4 m , b = 0.28 m at the front, and b = 0.22 m at the back seem 

to meet best these conditions. 
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Column heiKht 

The height of the column above the weak layer should not exceed z = II + Z, for a 

failure to occur in shear. For most ponable shovels ZI is approximately 0.13 ID. The distance 

Z, depends on the slope incline 6, the shear stress T, that is applied with the shovel, and the 

weight of the snow column (equation 9), but the snow conditions in which the shovel shear test 

is applied, limit the parameters. Tf reaches a maximum with the maximum force F that can be 

applied and the aHowable column height z limits the values for zy. ~ decreases with Tf,therefore 

would reach a minimum when Tt would be at the maximum of 4000 N m-2; in most applications, 

however, r, would not exceed 2000 N m-2• 

Figure 5 shows the maximum column heights for shear to occur when the length "a" in 

the direction of the shovel pull is 0.4 m. On level ground (8 = 0) the column height should not 

exceed 0.26 m which is about the usual length of shovel blades. On inclined snow 

covers the column height may be greater (but not much). 

Snow that is weak in shear is also weak in tension, therefore, for the purpose of 

identifying locations of weaknesses, it is of little significance whether tensile or shear failure 

occurs. In long columns, however, deep weak: layers are more likely to fail in tension than 

layers close to the shovel, because the tensile stress increases with depth Z:i (equation 6). In such 

cases, upper weak layers may remain undetected even if they are weaker than deeper ones. 

For the same reason, and because the tensile strength between the snow and a smooth ground is 

low, columns that are cut to ground level often pull away from the ground rather than break in 

a weak: layer above. 

As a conclusion, the shovel shear test is suitable for identification of weak layers on snow 

columns with a height not greater than about 0.7 m, but for estimation of the shear strength the 

test should be applied on shon columns only. 

Table I was omitted in the revised paper and replaced by Figure 5. 
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. Influence of snow hardness 

The snow fails in compression with irregular shear planes developing In the column rather 

than In the weak layer when the shovel is applied against soft snow. With a maximum shear 

force F = 400 N, a column width 0.22 m at the back, and a shovel blade length 0.26 m the 

maximum unit shovel pressure is 7 kN m·2. 

In Table II my observations of the compressive yield strength of a wide range of snow 

types, measured with a circular plate of area 1000 mm' (Canadian Hardness Gauge), are 

compared with the hand hardness ratings of different observers. The internationally used hand 

hardness test applies subjective ratings of hardness (Avalanche Research Centre, 1989). 

Table II: Hardness Ratings 

Compressive Strength from 
Canadian Hardness Gauge 

Number of 10 90 
Observations Hand Hardness Mean Percentile Percentile 

kN m" kN M"' kN m" 

34 Fist - very soft 1.46 0.5 3.5 
39 Four Finger = soft 4.7 1.8 17 
41 1 Finger = med. hard 15.5 8.5 28 
7 Pencil ::z hard 50.6 40 >100 

According to Table II a pressure of 7 kN m·2 could result in a compressive failure when 

it is applied against snow with -Fist- and -Four Finger· hardness. The shovel shear experiments 

confirmed this. All shovel applications in very soft snow (Fist) and approximately half of those 

in soft snow (Four Fingers) produced a compressive failure. 

Very hard layers above weak layers did not impede the shovel test when the column was 

cut with a sharp, fine-toothed carpenter or pruning saw. 



11 

Summary of conclusioos for shovel shear test 

a) The shovel shear test cannot be applied in new snow, because a failure in compression 

occurs when the shovel is pressed against very soft (Hand hardness "Fist") and soft snow 

(Hand hardness "Four Fingers") . 

b) A width a = 0.4 m in the direction of slope and an average width b = 0.25 m across the 

slope meets best the conditions for cross section area. 

c) The column length should not exceed about 0.7 m for testing of weaknesses and 0.26 m 

for measurements of strength. 

Recommended technique 

1. Remove very soft and soft snow from the surface. 

2. Cut a column with the widths 0.4 m in direction of slope, 0.28 m at the front and 0.22 m 

at the back, and not longer than 0.7 m. The low end of the cut should be in medium 

hard to hard snow. Use a saw for accurate cutting. 

3. Insert the shovel at the top of the back cut, hold it in both hands and apply a pull force 

in slope direction. 

4. Observe and note the location of the weak layer where failure occurred (could be in 

shear or tension). 

5. Repeat by cutting another column deeper in the snowpack. 

6. At the side of the flfSt column remove the snow to between 0.2 m and 0.3 m above the 

weak layer. 

7. Cut a column with widths given under step 2 to a depth slightly below the weak layer. 

8. Apply the shovel, pull with both hands, and rate the force necessary to produce a failure. 
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PLATE SHEAR TEST 

In order to improve on the subjective rating of the shear force. I have substituted the 

shovel with a steel plate 300 mm wide and 250 mm high and pulled It with a pull gauge 

(Figure 3). The plate shear index Is the measured pull force at failure divided by the cross 

section area of the column (0.4 m x 0.25 m = 0.1 m'). On inclined terrain the shear component 

of the weight of the snow column above the weak layer was added to the observed failure shear 

force. In addition to yielding quantitative observations the test allowed measurement of the shear 

strength of the weak layer under the full weight of the snow column. 

The conditions for the shovel shear test with respect to the prevention of failures In tension 

and compression apply to the plate shear test. A rough plate surface that prevents the plate from 

slipping below the weak layer and transfers the pull force to the snow block parallel to the slope 

incline is required. 

SHEAR FRAME TEST 

Observation technique 

The test consists of removing the snow to a depth about 40 mm above the weak layer. 

placing a rectangular steel frame into the remaining snow with the tower frame edge just above 

the weak layer. and pulling the frame rapidly with a pull gauge. The equipment was described 

by Perla and Beck (1983). Sommerfeld (1984). and FOhn (1987a). It was assumed that the 

frame, through a series of crossribs, distributes the shear force uniformly across the weak layer. 

The shear frame index is the pull force at failure divided by the frame area. On slopes the 

observed pull force must be adjusted for the component of the shear frame weight in the slope 

direction. I have. used a shear frame of area 0.01 m' (100 mm x 100 mm with 2 crossribs. 

20 mm high) in 26 test series, each containing eight measurements. In eight series a frame with 
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an ar~a 0.05 m' (200 mm x 250 mm with 5 crossribs, 30 mm high) was used in addition. All tests 

were In dry snow with temperatures ranging between ·O.8°C and -12°C and grain shapes partially 

decomposed, facetted, or surface hoar with sizes between 0.5 mm and 1.5 mm. 

Size effect of frames 

Perla (1977), Sommerfeld (1980), Stethem and Tweedy (1981), and Perta, et al. (1982) 

found a size effect of shear frames. The shear frame index had a tendency to be lower with 

Increasing frame size. FOhn (1987a) found an erratic correlation among frames with areas 

0.05 m' and less. 

Statistical tests showed no significant difference (on the 95% level) between means and 

variances of the two shear frames in my studies. The probable reason for equal performance of 

the 0.01 m' and the 0.05 m' frame is that the greater errors caused by aligning the large frame 

on a slope. are about equal to the stronger variations due to snow strength obsBlVed with the 

small frame. The careful placing and the removal of greater amounts of overburden snow 

required more time per measurement for the large frame than the small one. 

Perla and Beck (1983) and Sommerfeld (1984) recommended a frame of area 0.025 m'. 

Stethem and Tweedy (1981) and myself (unpublished) found no difference in ease of using the 

0.025 m' or the 0.01 m' frame. 

Pull direction 

Comparative tests Indicated no significant difference in the shear frame index whether the 

frame was pulled in the direction of slope or perpendicular to it, and the difficulties in aligning the 

shear frame were about equal. The pull direction along the slope, which is the direction of the 

shear force due to loading by a snow slab, seems to be more logical. 
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Conclusions for Shear Frame Test 

a) The 0.01 m2 shear frame was found preferable to the 0.05 m2 frame because there was 

no significant difference among the measured shear frame indices and the larger frame 

Is bulkier,' requires more time, greater care, and more powertul pull gauges (a 

consideration for field wOrk). 

b) The shear frame test Is not applicable when the weak layer Is overlain by very hard snow, 

such as crusts. because the frame cannot be inserted without causing a premature failure 

of the weak layer. 

c) The shear frame test has the disadvantage of measuring the strength without the influence 

of the overburden snow. 

d) The shear frame test requires more skill than the shovel shear and the plate shear tests, 

as it depends on the careful removal of snow above the weak layer, placing the frame 

closely and parallel to the weak layer, without causing a premature local failure. and 

pulling at a standard, uniform rate. An observer needs experience in order to produce 

reliable data. 

RUTSCHBLOCK TEST 

The Rutschblock (Dslide block) test involves the cutting of a rectangular slab of snow 

(1.5 m x 2 m) on a slope from the surtace down as deep as weak layers are suspected and 

loading it to failure in a series of steps with the weight of a person. The test was described by 

FOhn (1987b). The Rutschblock test supplies simultaneously information about the location of 

a weak layer and a rating of the snow stability. The test has a higher quality than the shovel, 

plate, and shear frame tests because a larger area is tested and the load reserve and safety is 
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determined rather than the failure strength of the snow. The need to make the test on a safe 

slope that has an incline at least 30° is a serious disadvantage, however. 

I have carried out several Rutschblock tests together with the shovel, plate and shear 

frame tests. Time and space limitations usually allowed two to five Rutschblock tests at a given 

site. 

VARIABILITY OF OBSERVATIONS 

Observed variations 

The measurements of the shear force at failure vary owing to measuring errors and 

variations of snow properties. The principal sources of measuring errors are inaccurate cutting 

of snow columns, local premature failures when the shovel is applied or the shear frame is 

inserted, Inconsistent application of the shear force, and the subjective judgements of the shear 

force. Variations of the snow properties may be the result of non-uniform snow deposition due 

to wind, Irregular ground surface, and flaws In the snow pack. 

In my experiments the variation of the shovel shear test was determined in 30 series of 

6 to 12 shear tests by different observers who applied the procedure recommended in this paper 

(Section "Shovel Shear Test"). The test sites, each covering areas between 5 m' and 100 m' 

included level study plots, open slopes, slopes sheltered from wind, and avalanche starting zones 

and a variation of snow types. For analysIs numerical values "R" were assigned to the subjective 

shovel shear strength ratings (Table III). The shovel shear ratings correlated poorly with the 

shear frame index (0.01 m' frame) at the same location. Broad ranges of correlation, however, 

could be identified (Table III). 
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The variations of the shear frame and the plate shear tests were determined In series 

. containing eight measurements. The ~umber Of Rutschblock tests was Insufficient for making 

conclusions about its variation. 

Subjective 
Rating 

very easy 
easy 
moderate 
hard 
no break 

Number of test sites 

Coefficient of variation 

min value 
max. value 
mean 
st. deviation 

Table Ill: Ratings of Shovel Shear Test 

Numerical Value of 
Subjective Rating (R) 

Table IV: 

Shovel 

30 

0.2 
0.41 
0.28 
0.08 

I 
2 
3 
4 
5 

Observed Variations 

Plate 

9 

0.05 
0.3 
0.15 
0.077 

Shear Frame Index 
(Nm-') 

0-100 
100 - 1000 
1000 - 2500 
2500 - 4000 

>4000 

Frame Frame 
100 cm' 500 cm' 

26 8 

0.12 0.14 
0.42 0.26 
0.22 0.21 
0.06 0.045 

Figure 4 is an example of the variations observed with the shovel shear test within the 

small area of a snow profile pit for three different test series. For all methods the measurements 

within a test series were found to be nonnally distributed around a mean X with a standard 
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deviation S, . The coefficient of variation C, = SIX varied In narrow ranges (Table N). Other 

investigators found similar values for C, In shear frame tests (Table V). 

Table Y: Variations of Shear Frame Tests 

Shape and 
Size of size of snow Number of Coeff. of 

Investigator Shear frame grains tests in a variation 
(m') (size in mm) series C, 

Perla (1977) 0.01 v 10 25 0.2 
0.025 v 10 100 0.18 
0.025 v 10 25 0.29 

Sommerfeld and King (1979) 0.01 ) 50 0.51 .$~ 
0.01 ) no information 50 0.51 7: 
0.01 ) 71 0.62 

Fiihn (1987a) 0,01 000.5 - 1 47 0.35 
0.01 0 1 52 0.32 
0.01 00 1 - 2 24 0.18 
0.05 o lV~ 2 23 0.18 o v 2 
0.05 variable 28 0.23 
0.05 40 series @ 10 0.25 

Sommerfeld and King (1979) obtained high vaiues for C, by making measurements across 

wide avalanche starting zones. The other investigators observed low values by working within 

individual test pits. The standard deviation of my own observations had a tendency to increase 

with the number of measurements in a test series. One explanation may be that a greater 

number at tests required a larger area which, in turn, had a stronger variation of snow properties 

than a small area. In conclusion, a great number of measurements does not improve the 

accuracy at a study site, but could give a better index of the snow stability of a whole area. 
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Number of tests required 

The values for Cv allow calculation with a t-distribution for the number of tests required to 

estimate the mean shear strength. A confidence of 90% is adequate for observations that 

concern avalanches, because avalanche hazards are not evaluated solely on the basis of index 

observations of shear. 

WIth a value Cv = 0.28 and a 90% confidence limit, the number of observations necessary 

so that the Shovel Shear Test does not deviate more than one half of a step in the rating scale 

(R ± 0.5) is three when the strength is very easy, six when easy, and ten when moderate. In 

practice it would be sufficient to determine whether the strength is either easy and less or 

moderate and greater. Six tests would give this answer. 

It is reasonable to assume that the observed mean of shear frame indices should vary not 

more than ± 20% from the true mean. The following considerations support this hypothesis: 

(a) Experiences in avalanche hazard forecasting suggest that observations of the stability 

factor S (equation (1)) in the range ± 20% do not affect decisions. 

(b) Perla (1977) and Sommerfeld and King (1979) recommended a 15% margin for the shear 

frame index. Sommerfeld (1984) concludes that a 0.01 m2 frame requires at least 51 tests 

tor a 95% confidence limit. This number of tests needs an unreasonable long time, 

therefore, the margin must be chosen wider (20%) and the confidence limit be lowered 

(90%). Because both frames of my tests had about equal coefficients of variation, using 

a large shear frame - as Sommerfeld recommended - would not increase the accuracy of 

the estimates. 

(c) The rating steps of the Rutschblock test appear to be an acceptable scale for stability 

evaluation. F5hn (1987b) found that the stability index, hence the shear frame index, 

increases on the average by a factor of 1.5 between Rutschblock steps (±50%). 



19 

With C, = 0.22 (Table IV) the estimated mean of 5 tests would be within ±18% for a 

0.01 m2 shear frame. Similarly 4 tests of the plate shear test (C, = 0.15) would be adequate. 

The recommended number of tests refer to index observations at a well selected location, but are 

not necessarily those numbers required to determine the stability of a specific slope. 

TIME REQUIREMENTS 

The average time spent per test (cutting a snow column; applying the shovel, plate, or 

frame; making observations of the depth and properties of the weak layer) are listed in Table VI. 

The tests for strength with the shovel, plate and frames require two prior shovel shear tests for 

confinnatlon of the location of a weak layer, which adds about 8 minutes to the total time. A short 

time for tests is Important because the results usually are needed immediately for decisions. 

Table VI: Times for Tests 
(In minutes) 

Number of tests Total time 
Method needed Avg. time per test (Incl. layer identification) 

Shovel 6 3.1 27 
Plate 4 5.4 29 
Frame 0.01 m2 5 1.7 17 
Frame 0.05 m2 5 2.5 21 
Rutschblock, 

(1 person) 2 (min) 19 38 
Rutschblock, 

(2 persons) 2 (min) 14 28 

CONCLUSIONS 

None of the investigated methods fully meets the objectives and conditions for in situ tests 

as an index for snow stability. Only the Rutschblock test is a stability test. It proved to be 

superior as an Index of snow stability, but has the serious disadvantage of requiring a test slope 
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that is steep enough and safe. Compared with the other tests it is time consuming and, when 

carried out regularly on a study slope, requires much area. In practice, I have found these 

disadvantages to be too restrictive for using the Rutschblock test as a regular index observation. 

The shear frame and plate shear test yield Information about the shear strength and 

require consideration of the weight of the overburden in order to determine stability. The shear 

frame (area 0.Q1 m') proved to combine best versatility with respect to location, minimum time, 

and accuracy. Its principal disadvantages are the need to know the location of the weak layer 

and a certain skill. The shear frame with area 0.01 m' has been applied successfully in new 

snow for many years (Avalanche Research Centre, 1989). The observations reported in this 

paper suggest that it can be used as well for measurements of the strength in old snow layers. 

The shear frame 0.05 m' had no advantage over the 0.01 m' frame in old snow, but is heavier 

and bulkier. 

Like the shear frame test the plate shear test gives quantitative information of the snow 

strength. It has the advantage of allowing the testing of a large area under the weight of the 

overburden and with a very hard layer above the weak layer. These advantages, however, do 

not compensate for the long time, bulky equipment, and difficulties when the snow is soft above 

the weak layer. 

The shovel shear test is well suited for finding a weak layer when the column under test 

is not longer than about 0.7 m and the snow above the weak layer is at least soft to medium 

hard. For this purpose it is versatile. simple, quick. and gives immediate results. The shovel 

shear test is a poor observation method of strength and stability. The low accuracy of the 

, measurements would require an unreasonably large number of tests. 

Because none of the tests is applicable under all conditions of terrain and snow, it is 

recommended that they be used in combinations as follows: 
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a) Determine the location of weak layers with the shovel shear test. 

. b) Observe the strength of the weal< layers with the 0.01 m' shear frame and, together with 

observations of the loading on the weak layer, calculate the stability factor. 

c) Substitute the shear frame by the shear plate when the snow above the weak layer is too 

hard to insert the shear frame. 

d) Apply the Rutschblock test when a suitable slope and time are available. 

The in situ shear tests are part of the index observations for snow stability evaluation and 

decisions must not be based on the test results alone. One supplementary observation following 

the tests is the examination of the type and size of the snow grains in the weak layers. 
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