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Cover: Thin section photograph of polycrystalline ice
* (magnified x 12) formed from snow compressed
to 72 bars at -10°C. {Photograph by Anthony
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* PREFACE

This study was conducted by Gunars Abele, Research Civil Engineer, Applied
Research Branch, Experimental Engineering Division, U.S, Army Cold Regions
Research and Engineering Laboratory; Dr. Anthony }. Gow, Research Gzologist,
Snow and lce Branch, Research Division, CRREL, performed the microstructural
analysis. The work was performed under DA Project 4A161101891D03, /ri- House
La“oratory Independent Research, Work Unit 189. , | ,

Dr. Malcolm Mellor participated in the formulation of this study and techrically
reviewed the report. Larry Gould designed the sample containers. The Materials
Testing System was operated by Allan George.

The contents of this report are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitute an official
endorsement or approval of the use of such commercial products,
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NOMENCLATURE

Range

W Load (kg) Up to 9500

v Rate of deformation (cm s™1) 40 X
T Temperature (°C) -1to =34
po Initial snow density (g cm™3) 0.28 t0 0.76

p Density at any time during load application (g cm=3)
i p; Final density (g cm™3) upto 0.9

d Sample diameter {cm) 12.7,20.3, 290

i M AR G bt e e L E a0 SR LS iR TN K 2 L7 il DS R £, <t o b Pl ed 2t o

ho Sample height (cm) 5.1,76,10.2
z Vertical deformation of sample (cm) up to 0.7 4,

¢, Major principai stress (bar)
(bar = 0.98 kg cm™2)

o, Final stress (bar) up to 72

t Age (after compaction} 2 hr to 7 days
(Data from three

16-day old samples
not used in analysis)
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COMPRESSIBILITY CHARACTERISTICS
OF COMPACTED SNOW

¢t

Gunars Abele and Anthony J. Gow

INTRODUCTION

B W SR AT D

The behavior of undisturbed, low density snow, when subjected to various rates of loading, has
been studied previously and is discussed in an earlier report (Abele and Gow 1975). This study
yielded some rather surprising results, speciiically: the unexpectedly strong influence of the initial
density on the stress-density relationship, the rather weak influence of snow temperature, and the
weak influence of the deformation rate over the range studied.

The current stucy deals with the behavior of disturbed, higher density snow (compacted to various
degrees) when subjected to uniaxial strain. That the compressibility characteristics of high density
snow can not always be predicted by extrapolating data from low density snow will become evident
from the new data shown in this report,

As in the previous study, the sample diameter to heignt ratio in these tests was from 2.5t0 5,
thus representing the case of a finite snow layer on a rigid base.

DESCRIPTION OF STUDY

' ' . i ey ah NG N ‘ 4 ' T . iy Y " .A:"‘“
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Py BB L ke g v bt it g d el ARSI ) g tadilite Rt Ml htonthe b A b RS ot it Bt tvy (b SR A s S A o bty Bt Y0 4 R
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Sample preparation

Fifty-two snow samples were tested in circular sample containers. The following sizes of con-
tainers were used:

Inside diameter d Height 1, fl
(cm) (cm) sf
127 25
127 5.1
203 5.1 ¢
203 7.6
29.0 10.2

The cylinders of the sample containers were removable from the baseplates to Taviiitate sample
removal for final sample height measurements and preparation of thin sections for microstructural
analysis. Both the baseplate and the inside wall of the cylinder were coated with Teflon. To
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Figure 1. Test setup, .

a. Collection of snow in sample con- b. Top of smow mound removed to
tainer during snowfall. produce a level surface,

¢. Compaction with a steel plate. d. Snow sample before sealing in plastic
bug and storage (sample will be shaved
to be even with container top prior
to test).

Figure 2. Sample preparation.

eliminate any friction: hetween the load plate and the inside of the cylinder, a radial clearance of

0.15 cm was provided (Fig. 1). Small holes were drilled through the load plate to permit air escape

from the sample during compression, A fitted sheet of Pellon, a2 material permeable to air but not

to snow parti.’es, was used between ihe surface of the snow sample and the load plate (Fig. 1). °

Some samples were collected by placing the containers outside during various periods of snow-
fall. Excess snow was allowed to accumulate or, top of the containers. Compaction was done by -
nand with a metal plate, as shown in Figure 2, to varinus degrees of density. The samples were then
sealed in plastic bags and placed in coldrooms with temperatures of ~1°, -10°, or -34°C for periods
of 2 hours, 3 days, 7 days or 16 days (Table I). The temperature during the sample collection and
compaction was between -1° and -7°C. The plastic bag was removed and the top surface of the
snow shaved just before the sample was placed in the test chamber,

The exceptions to this sample preparation procedure were test samples 28-32. These samples
were of snow which had been stored at -34°C for several wecks. The sample preparation and
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3 Table I. Summary of tests,
£ Test  ldentifying Somple size Initial Final Final
il Tenp sample  symbol Diemd Hegh*h, Age density p, density pp shessog
: °ci no. of sample  (cm) fem) (days} (gcm3)  (gemm3)  (bar)
¥ -1 M4 o 23 511 30 80 o) 1
£ 42 a 127 5001 31 91 7 :
& .
P 43 e 127 5.1 7 3 91 72 i
¥ 49 A 12.7 5.1 3 45 89 70
£ 50 v 12.7 5.1 3 41 91 70 g
§ o 52 @ 203 5. 3 49 n 2
5 51 % 203 s4 3 52 7 % :
£ 41 * 127 2.5 7 58 .88 66 ;
§ 1 . 127 5.1 0.1 63 89 68 ;
: 2 - 127 5104 6€ 91 . .
5 A 127 5.1 0.1 66 9 66 :
3 - 127 51 ol 66 9 . H
i 4 v 12.7 5.1 0.1 67 9 66
-4 32 a 2.0 10.2 3 36 62 14 z
28 - 2.0 02 3 37 63 . 3
£ 29 @a 29.0 9.0 3 38 62 14 =
30 ] 2.0 9.6 3 38 61 14
31 ) 2.0 99 3 39 62 14 LR
; 10 16 Py 203 1.6 7 28 66 2
i 13 v 20.3 5.1 1 29 £9 29 :
2 14 a 20.3 5.1 7 a3 £8 2
¥ 18 A 203 1.6 7 3s 67 28
19 a 12.7 5.1 7 35 80 72
z 20 v 127 5.1 7 35 .80 72
17 A4 203 1.6 7 35 66 29
4 1s 7} 203 5.1 7 37 69 28
2 Q 127 5.1 7 40 81 72
H N Q@ 20.3 5.1 0.1 50 77 27
K 12 () 20.3 5.1 0.1 .50 17 27
6 ] 127 5.1 0.1 51 86 72
’ 10 (3] 127 5.1 0.1 51 86 68
9 () 12,7 51 0.1 52 85 66
7 ¢ 12.7 5.1 0.1 52 85 66
. 8 @ 127 54 0.1 .53 87 68
33 . 20.3 76 7 59 75 28
24 (o] 203 51 7 30 65 28 :
34 - 203 5.1 7 30 65 . e
26 A 203 7.6 7 30 67 28 E
37 - 12,7 5116 31 5 7 L
; 38 - 127 51 16 32 74 72 PR
’ 25 a 203 517 33 65 28 ;0
¢ 39 - 127 51 16 34 74 72 o
: 2 ¢ 12,7 5.1 7 34 76 72
4] A 20.3 7.6 7 35 67 28 é‘
: 23 ] 12.7 5.1 7 36 76 72 P
’ a7 A 12.7 513 45 76 70 i 4
46 v o127 s1 3 45 6 70 i
48 @ 127 5.1 3 48 77 70 Y
45 (<) 203 5.1 3 50 69 2 LI
35 '~y 203 76 7 53 72 28 i g
36 " 203 16 7 64 i » ;3
40 L 12,7 2.5 7 7% .79 63 1
}," \

* No oscitloscope trace for test samples 2, 3, 28, 34,
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compaction were done at -4°C, and the samples were stored at tha iemperature for 3 days prior
to testing.

Test equipment and procedure

The compression tests were conducted with a modern 10,000-kg load capacity servocontrolled
MTS machine which is equipped with an environmental test chamber (temperature control to -50°C)
and z closely calibrated ram speed control; the system is capable of any rate of deformation from 0
to 40 cm s~!, The loaa vs ram displacement trace during a test is displayed and stored on the oscil-
loscope screen; 2 Polaroid photograph of the trace was taken after each test (see Appendix). The
load and deformation data were obtained from the photographs,

After the snow sample was positioned in the test chamber, the load plate, which was attached to
a load cell, was moved down to the top of the sample and the oscilloscope trace adjusted to the
zero position, The MTS was set to the desired deformation rate, and the temperature in the chamber
was checked,

Al tests were performed to nearly the maximum load capability of the testing system. The maxi-
mum fina! stress 6_ on the large diameter (29.0 cm) sample was, therefore, approximately 14 bars;
for the medium diameter (20,3 cm) samples it was approximately 29 bars, and for the small diameter
(12.7 cm) samples it was approximately 72 bars (1 bar = 0,98 kg cm~2). The maximum rate of
detormation, 40 cm s~} (producing stain rates in the range of 1 to 10 571} was used for all tests to
simulate the rate of {cad application of a wheel or a track of a moving vehicle.

Immediately after the test, the sample was transferred to a coldroom (~10°C) where the sample
was measured and weighed. The initial density was determined from the sample weight and the
known initial volume; the final deusity was determined from measuring the height of the sample
after the test, The density at any point during the test was computed with data from the joad-
deformation trace photograph,

Sections for the microscopic (thin section) inspection were taken from the samples after the
volumetric measurements and stored at ~35°C.

The test and sample conditions are listed in Table 1. The range of the initial densities of the snow
samples for each test temperature is shown graphically in Figure 3. This plot also serves to indicate
the symbols which are later used in the stress-density graphs (Fig. 5 through 13) and the stress-
deformation graphs (Fig. 20 through 26). The symbols are also shown in Table | next to the test
sample numbers for convenient cross-referencing between the graphs and Table I,

Since the same rate of deformation was used for all tests, temperature was the only controlled,
preselected parameter. Three test temperatures {dictated to some degree by the available cold-
rooms) were chosen: -1°,-10°, and -34°C. A few tests were performed at -4°C,

Snow density was not a closely controllable parameter, By varying the degree of compaction,
a wide range of densities was obtained (from 0.28 to 0,76 g cm~3). However, the density distribu-
tion was uneven, resulting in some gaps for each of the temperatures, such as in the 0.35t00.45 g
cm™3 range for temperatures of ~1° and ~34°C and between 0.4 and 0.5 g cm™3 for the -10°C
temperature (refer to Fig, 3,

The age of the snow samples (the time interval between sample preparation and test), although
technicaily a controllable parameter, was not fully controllable in practice, since the use of the test
equipment (the MTS was shared with other projects) could not always be scheduled for the same
time interval after each snowfall. On a few occasions, equipment breakdown occurred when tests
were scheduled. Consequently, an unplannad variable, the age of the sample, was introduced
unintentionally. The age of each test sample is listed in Table I,
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Figure 3. Range of sample densities (symbols are identified in
Table 1).

DISCUSSION OF RESULTS

Stross-density relationship

The range of the test data for both undisturbed snow (Abele and Gow 1975) and compacted snow
from this study is shown in Figure 4,

The stress-density relationships are shown in the order of increasing initial density p,, and de-
creasing temperature in Figures 5-13. The initial density of each test sample is shown in its relative
position on the p scale at the bottom of each graph. The representative stress-density curves for a
particular initial density were interpolated (or extrapolated) by eye from data on each graph.

The influence of the difference in sample age is noticeable in Figure 10, The curve for g, = 0.5
g cm~3 would lie somewhat higher (between the p, = 0.6 g cm™2 curve here and the pg ~0.4 g cm-3
curve in Fig. 9) if the age of the samples in the 0.50 to 0.53 g cm™3 density range were also some-
where around 7 days, instead of 2 hours. {Data from the three 16-day old samples, showing an even
more noticeable difference, are not included in this set of graphs).

The stress-density curves for the various initial densities and temperatures in Figure S through 12
have been drawn as smooth lines. Closer inspection of the stress-density data for each test reveals
tha the snow samples with an initial density p, between 0.3 and 0.4 g cm™3 show, in most cases, a
noticeable change in the curvature (a slight dip) of the stress-density relationship at a density p be-
tween 0.4 and 0.5 g cm™2. Some of the more tynical examples are shown in Figure 13. This
phenomenon, which seems to appear at all test temperatures (refer to Fig. 8,9, and 11), is masked
to some degree when data from several tests are plotted on the same graph. Inspection of the pre-
vious data in the 0.1 to 0.2 g cm™2 initial density range (Abele and Gow 1975} dogs not reveal the
presence of such a dip or curvature change. It is not clear why this phenomenon would be charac-
teristic only ~f snow with an initial density between 0.3 2nd 0.4 g cm™3 when subjected to stress.
Consequently, in Figures 14-16, which show the effect of initial density on the stress-censity rela-
tionship at a particular temperature, the smooth curve method of representation was chosen.

It should also be noted that there inay be another perceptible break in the stress-density relation-
ship at a density of 0.65 g cm~3, This becomes more evident if the stress-density relationship is
treated as a straight line {on the semi-log plot) in the density range 0.45 to 0.65 g cm™3 (bserve the
data in Fig. 5,5,7,9,11,and 13).
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Figures 14-16 summarize the stress-density relationships of snow with various initial densities at 3 ;
. . . . Yy
temperatures -1°, -10° and -34°C, respectively. To achieve a d=nsity p of 0.6 g cm~3 or less a the ] E
relatively high temperature of -1°C (Fig. 14), the required stress varies inversely with the initial snow 3 é
density (p,). For example, to compact 0.1 g cm™3 density snow to a density of 0.5 g cm™2 requires i 3
a higher stress than that required to compact 0.3 g cm™3 density snow to a density of 0.5 gcm™3, : g
However, to reach densities above 0.7 g cm~3 at -1°C, the required stress increases with an increase 3
in the initial density. This apparent change in behavior at a density of approximately 0.65 g cm=3, { J
; 2

when snows of various initizl densities are subjected to stress at temperatures near 0°C, is a rather

curious developmes... This behavior does not occur at ~10° or -34°C (Fig. 15 and 16); here all the ;
curves, representing the -arious initial snow densities, appear to converge toward a common point,

In Figure 16, for example, an extrapolated stress of 100 bars on snow at -34°C will result in a density

of approximately 0.8 g cm=3, regardless of the initial snow density. Ata temperature of -10°C, the

same stress of 100 bars will compact snow to a density of 0.85 g cm™3 or more (¥ig. 15).

PRI

The effects of temperature on the stress-density relationship for snows with iritial densities of 0,1
- (previous data), 0.3, and 0.6 g ¢m=3 are compared in Figure 17,

0 A mah e i e A0 8

Figure 18 shows a summary of the stress-temnerature relationships with density as a parameter
for snow with initial densities of 0.3 and 0.5 g cm™3. The data from only the 3- and 7-day old sam-
ples were used (the points in Figure 18 are frum the curves shown in Figures 5, 6,9, 11 and 12),

The effect of the initial snow density on the resulting density at a particular stress is shown in
Figure 19. The new data for p, > 0.3 g ¢ n3 invalidate the assumption of Abele and Gow (1975)
(an extrapolation made i1 the absence of any data) of how the p vs P, relationship approaches the
upper boundary condition p = pg = p,, (refer to Fig. 8¢ and 8d in Abele and Gow 1975).
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Figure 20, Yield envelopes for snow for a stress range
between 0.5 and 50 bars.

sity with stress as ¢ pa-ameter.

The lines, in Figure 19, representing the
p vs p, relationship at the various stress
levels, intercept the p = p, envelope after a
gradual, asymptotic-like approach. There
is a point in the stress-density relationship
which defines the stress required to initiate
any deformation of snow of a particular
density when load is upplied at a rapid rate
{40 cm 571}, This is not applicable to a con-
stant load condition or load application at
alow rate. As load is applied at a constant
rate of deformation, there is an instantaneous
buildup in stress to a specific, critical point
at which the resi: tance to stress of snow
with particular characteristics {density, struc-
ture, age, tempera.ure, etc.) is exceeded, De-
formation then occurs, which may be graduai
{e.g. Fig. 6 and 10), or display collapse be-
havior, as illustrated in Figure 13.

The scale of the oscilloscope traces used
in these tests does not permit an accurate

determination of this yield point. Consequently, the intercepts of the p vs p, curves with the p = p,,
envelope in Figure 19, which define the density ax which aeformation begins to occur for a particular
stress, were estimated by eye and are plotted at the mean value between ~1°C and -34°C in Figure 20.
The estimated intercept values for the p vs p,, data at the | ® and -34°C temperatures are also shown
individually in Figure 20, but these estimated values are even less reliable than the mean values. The
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lines in Figure 20 represent the envelopes which define the approximate yield point of snow of a
particular density (between 0.5 and 0.8 g cm™3) in the temperature range of -1° to ~-34°C.

For example, to cause any deformation in compacted snow of several days age tv a density of
0.5 g cm~3 would require a stress of approximately 0.5 bar at a temperature of about -16°C {mean
curve in Fig. 20); for 2 0.8 g cm~3 density the required stress would be 50 bars.

Stress-deformation relationship

The stress-deformation (pressure-sinkage) behavior of snow, which is of a more practical signifi- .
cance for snow trafficability analyses than the stress-density relationship, is shown in Figures 21-27
for the various initial densities and temperatures. Since the initial plotting of stress vs vertical
deformation (sinkage) z for the various sample heights A, in the 5.1 to 10.2 cm range did not show
any noticeable influence of the sample height, it was possibie to collapse the data into a nondimen-
sional deformation/sample height (i.e. engineering strain) form, which is also the inverse of the
ratio of initial density to resulting density, The curves in Figures 21-27 for a particular initial den-
sity were interpolated (or extrapolated) from the data on cach graph.
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The effect of temperature on the stress-deformation relationship is shown in Figures 28-31 by E
plotting consolidation (z/h ) vs temperature with initial density as a parameter for various stress 3
. levels (1, 5, 10 and 50 bars). The data for the 0.50 to 0.53 g cm™3 density range at ~10°C are also E
shown, although the data do not fit very well because of the low age of 2 hours. The interpolated
: lines for the z/h,, vs T relationship, as a function of p, show the lack of any significant tempera-
: . ture effect. (Plotting stress vs the ratio of p,/p as in Figures 21-27, instead of stress vs p, results in
: sinimizing the cvidence of the temperature effect).
H The stress-deformation (consolidation) relationships for the various initial densities for the ~1°

to -34°C temperature range are summarized in Figure 32. The curves for 0.1 and 0.2 g cm™3 initial
density are from previous data (Avele and Gow 1975).

Consolidation as a function of initial density, witl stress as a parameter, is plotted in Figure 33,
The dashed lines, for p, < 0.2 g cm™3, are again from the previous data. The intercepts on the p,
axis (density at which no deformation occurs at a particular stress), which have to be estimated by
eye as in Figure 19, correspond to the points on the mean envelope in Figure 20,
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SUMMARY AND CONCLUSIONS _

,§

Laberatory tests, using a modern 10,000-kg capacity MTS machine equipped with an oscilioscope é

with load-deformation trace storage, were conducted on shaliow, compacted snow samples on a 5

rigid base under uniaxial load to determine the stress vs density and stress vs deformation relation- 3

ships as influenced by temperature (-1° to -34°C) and initial density {0.28 to 0.76 g cm™3) in the E
;’23 pressure range of 0.5 to 72 bars at a defrrmation rate of 40 cm ™! (producing strain rates in the :
E! range of 1 to 10 s71), 3
é A decrecase in temperature increases the resistance to stress and deformation, the temperature

effect increasing with applied pressure and snow density, At stress levels below 10 bars, the tem-
perature effect is evident only at temperatures near 0°C. The effect of temperature during load
application at a high rate is not evident or has very little influence in the temperature range of -10°
to -34°C at stresses below 10 bars.

Ty

e 8 . B i M

Previous work (Abele and Gow 1975) showed the effect of the initial density of undisturbed snuw i
at low stress levels (< 10 bars) at temperatures near 0°C, the resulting density at any stress increasing
with initial density. This effect becomes less evident for higher instial densities and higher stress ;
levels.

T N LA

The general behavior of snow under increasing stress as a function of ini. 1] density and tempera-
ture is illustrated in Figure 34,

PIN T

The estimated yield envelopes, which define the stress required to initiate deformation of snow
of a particular density during rapid load application, are shown in Figure 35 superimposed on
Mellor's (1974) Figure 13 (also Figure 2 in Abele and Gow 1975). The envelopes appear to agree
when extrapolated with region A (natural densification), the lower limit for the 21 .1ily of compressi- .
bility curves.

Ao

In a stress-deformation (or pressure-sinkage;j piui, ihe bohaviar of a shallow, confined snow sam- . )
ple on a rigid base corresponds to the compaction case {Assur 1964) for all densities {0y p. *rrdon
arithmetic scale), as would be expected in the case of a high load size vs snow depth ratio {#/h, > -
In the case cf a load on deep snow, where the d/h, ratio is very small, the snow behavior corresponds
to the fluidization case for snow densities below 0.45 g cm™3 at low z/h, ratios (Abele 1970). A
comparison of the two test condition cases is shown in Figure 36,
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Figure 35, Yield envelopes for compacted snow cornpared with various stress-density data.
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Figure 36, Comparison of stsess-deformation relationships
for two different test conditions, where o Is the principal
stress, d the sample diameter, h the sample height, and z
the vertical deformatlon,
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MICROSTRUCTURAL EXAMINATION OF
ARTIFICIALLY COMPACTED SNOW

Any appreciable compression of snow will produce some crushing of the individual snow grains.
At higher compressive stresses this crushing will also be accompanied by significant changes in the
size, shape and orientation of the corstituent grains and/or crystals, Studies conducted by Abele
and Gow (1975) demonstrated that the extent to which artifically compacted snow recrystallized
increased with both an increase in the compactive pressure and the temperature, especially as
temperatures approached 0°C. This earlier work also indicated that a significant transition in the
physical and mechanical properties o7 compacted snow may occur at about -10°C. A principal
objective of the present study was to determine if 2 crystal structure transition also exists at or near
this temperature.

Analytical techniques

The techniques used to investigate snow structure were essentially the same as those described by
Abele and Gow (1975). The basic method involves impregn iting the permeable snow sample with
water-saturated aniline to facilitate the mounting of the sample on a glass slide, and then sectioning
the aniline-filled sample with the aid of a microtome. Analvsis of the thin section is most conven-
iently accomplished with photomicrographs obtained with a Bausch and Lomb bellows camera
fitted with polarizers. Full details of this technique are to be found in Gow (1969),

Results and discussion

Examination of structure was confined to samples tested at two stress levels at temperatures of
~1°,-10° and -34°C. Structural characteristics of some representative compacts are illustrated in
Figure 37.

None of the samples tested at the lower stress (26-29 bars) attained densities in excess of 0.72
g cm™3, Of these the highest vaiues were only obtained with samples that had been precompacted
to more than 0.50 g cm~3. The microstructural characteristics of these samples are compatible
with appreciable crushing of grains and incipient recrystallization of the kind that feads to sub-
stantial rounding of grain outlines but little growth of crystals. The sizes of grains averaged only
about 0.2 mm in diameter. All samples possessed an open bubble structure that was thoroughly
permeable to aniline. The structure of the original snow is demonstrated in Figure 37; it is cor-
posed mainly of broken crystals and angular particles that frequently clump together in cluswers.

All samples compacted at the higher stress (70-72 bars) possessed ice-like texture, though from
density considerations only the ~1°C compact (sample 43) could be said to have recrystallized to
ice per se. The density of ice is generally set at values greater than 0.82 g cm™3, at which density
the compacted sample is no longer permeable, though it may still contain abundant numbers of
disconnected air bubbles.

The crystal-bubble reladonships of the -1°C compact (sample 43) are essentially the same as
those obtained under similar conditions in the tests conducted earlier by Abele and Gow (1975).
The texture is composed largely of equidimensional grains which frequently intersect one another
at equilibrium angles of 120", This condition would suggest that substantially complete post-
deformationa! recrystallization has occurred in this particular compact. The mean crystal diameter
is about © 5 mm, Tntrapped air bubbles are composed mainiy of squat, tubular and well-rounded
inclusions that do not usually exceed 0.1 mm in diameter, The porosity of sample 43 cannot

exceed 1% an- additional tests indicate that the gas contained in the bubbles is under some pressure.

The sore-crystal refationships in sample 43 simuiate very closely those observed in hot-pressed
compacts of metallic powders.
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Qriginal

snow Figure 37, Thin section photographs of the structure of artificlally compec.ed snow samples,

Magnification as Indlcated for sample 51, Small black Inclusions In the samples compressed to
70-72 bars are alr bubbles trapped within the crystals of Ice,
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The density of sample 21, tested at ~10°C, is very close to that of ice, and the textural properties
of this particular specimen, as observed in thin section (Fig. 37), certainly confirm the dense con-
dition of this compact. This particular compact contains abundant rounded bubbles of app: oxi-
matelv the same dimensions at those in sample 43, but the constituent crystals in sample 21 are
very much smaller. This condition is even more apparent from a comparison with the textural
characteristics of sample 44, tested at -34°C. Whereas the crystalline structure of sample 46 stifl
bears the imprint of incomplete recrystallization (crystal boundaries are imperfectly developed in
many insta~ces), the sizes of the crystals are measurably larger than in sample 21. The unusually
fine-grained nature of sample 21 is not peculiar just to this particular specimen; two additional
samples tested under identical conditions (compacted to 72 bars at ~10°C) also yieided essentially
identical textures. just why the crystal size of the ~10°C compact should be significantly smaller
than that tested at -34°C is not known, especially since both sets of samples were prepared from
the same parent material. We can only suspenct that pos.-deformational crystallization is in some
way involved, and that this has led tc a larger grain size in the ~-34°C test piece. However, it should
be emphasized that apart from its smaller size of grain, the texture of the ~10°C compact is still
much more extensively recrystallized. The larger grain size in sample 46 might be linked to the fact
that all samples were returned to the -8°C coldroom for density measurements, and this substantial
elevating of the temperature of sample 46 following testing could have promoted the growth of
larger crystals,

A comparison of this year's studies by Abele and Gow (1975) (Fig. 38) demonstrates that the
course of recrystallization can vary appreciably in two separate sets of samples subjected to much
the same test conditions, In the earlier tests at the highest stresses, all samples compacted at tem-
peratures of ~5°C and colder were characterized by growth of a few large crystals in a fine-grained
matrix. It would seem in this particular set of samples that the energy of recrystallization was
concentrated at just a few scattered locations within the deformed matrix. In this year’s tests, on
the other hand, it would appear that post-deformational recrystallization has led to the formation
of textures of more uniform grain size within the deformed matrix.

Conclusions

This study confirms the earlier work of Abele and Gow (1975) that the compaction of snow can
lead to extensive recrystallization of the deformed aggegate. However, the nature of the recrystalli-
zation, especially the crysia growth factor, can vary with different sets of samples tested under
similar conditions. The exact reasons for these variations in the course of recrystallization are not
completely understood, though small differences in test procedure, purity of the parent snow and
temperature history of the compacted sample are probably all involved. At the nominal pressure
of 70-75 bars it would appear that the transformation to ice ceases at some temperature between
-5°C and -10°C. This transformation is not clearly reflected in the recrystallization textures.

LITERATURE CITED

Abele, G. (1970) Deformation of snow under rigid plates at a constant rate of
deformation. USA CRREL Research Report 273. AD 704708,

Abele, G. and A,}. Gow (1975) Compressibility characteristics of undisturbed snow.
USA CRREL Research Report 336,

Assur, A. (1964) Locomotion over soft soil and snow. Proceedings, Automotive
Engineering Congress, Detroit, Michigan, no. 782F .

21

s

3
E:
3
>
K
X
3
E
5
3

V“-*E.,ue

PPN ~L.,J%

T T i

s

#

At e 3 AT TR

o

D e D S

GO 2k AT e A B Wanatiehd Rty

A

%Jg.m;umm“m ! R Sk i e <ot B, SRS A S BIDLAE




e R 2 e L L I e

= e ny A RS L Wrheey o W Amu erhe s 4w SN Sn T2

Gow, A.J. (1969) On the rates of growth of grains and crystals in south polar firn,
Journal of Glaciology, vol. 8, no, 53, p. 241-252.

Mellor, M. {1974) A review of basic snow mechanics. Proceedings, International
Symposium on Snow Mechanics, International Commission of Snow and Ice,
UGG, Grindelwald, Switzerland.

B A O T ey

i B
Y

22

. T P PR AT

s

(

'3

»

S et it B oy b B

N
&,

B, 5 SR e ] i

L

e

L vl il S0l 2 p o




3
¥

ERTrEp

R LR R e Y

o RN AL e

R g 00 Ry

Tt g o

R ey

APPEND!X: PHOTOGRAPHS OF OSCILLOSCOPE TRACES

Py

Pe

NOMENCLATURE
Temperature
Sample diameter
Initial sample height
Sample height after compression
Sample area
Initial sample volume
Sample volume after compression
Sample weight
Initia! sample density

Sample density after compression
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Date: 72 &Re'n S

Sample

L

2 Snow type: 2. \Wgs

'i T ¢ = -\
d (em) = 12.7
ho (cm) = 5, |
A (em® =\26.06
V, (em”) = 643
Wo(®) = 407
Po Eem™d= 624
vy (emd) = 450
,o!. (gcm"3)= B

Test No. ‘. Rate of deform. (em sec'l) = Ao
load: Vert., scale: 1 div. 2215 (kg

Stroke: Horiz. scale: 1 div. O. 64 (cm)

Date: 24 Tel S

Sample

Snow type: Z Wrs
T (°¢) = -\

d (em) = 2.7
hy (cm% = S0
A (em®) =\26.0
Vo (emd) =64
W (g = 430

Test No. A Rate of deform. (cm sec’l) = Ao

1115 (kg)
o064 (em)

Load: Vert, scale: 1 div.
Stroke: Horiz. scale: 1 div,

L ]

CRREL Form 42 (OT)

15 May 74
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Test No.

Rate of deform.

Load:
Stroke:

Horiz. scale:

non

(em sec'l) = 4o

W38 (ke
O.04& (cm)

Test No.

Rate of deform.

Load:
Stroke:

CRREL Form 42 (01)
15 May 74

2LV S (kg
0.4k (cm)

sample

Snow type: Z Wrs

oy = -\

(em) =12.7
(cm) = 5,1
(cmz\ =\206.6
(em?) =GAD
(8) =426
(gem )= b3

nn i
o
Beo,
®9

(gcm"3) .

Date: > (has \S

Sample
Snow type: Z Wwrs

“ay =-\0o
(cm) = (2.1
(cm% = <.\
(em®) =\206.0
() =220
(gcm‘3)=.-5o’l
(cm = 30
(em?) =380

o
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Date: B Mas 1%
Sample j
Saow type: ZWrs
o =-\o
(em) =1\2.7 :
(cm® =\26.6 . ;
iy (md) =GA4D ;
(8) =323 ;
Lo (gem =218 3
} (cm:),‘ =35 \o
i (cm )3 =392
,0!‘ (gem™)=, g0
=
$ Test No. | Rate of deform. (cm sec'l) = 4o ;
Load: Vert, scale: 1 div. = 271% (kg)
Stroke: Horiz. scale: 1l div. = O6G& (cm)
Date: > Mas 15
Sample

Snow type: Z Uss

-\o :
2.

T (°C)
d (cm)
b )
Vv

h; (cm_)’ = 3.\0
) =392 - E
ﬂ* (8“‘"3)= , B0 E

Test No. é Rate of deform. (em sec™l) = 40O

Load: Vert, scale: 1 div. = 2115 (kg)
Stroke: Horiz. scale: 1 div, = .25 (cm)

R L B LA

CRREL Form 42 (OT)
15 May 74




Date: > Mas 1S g

Sample 3;:

Snow type: 7. Ucs “i

K|

T ) = -\0 ]

d (em) =\z.1 3

ho {cm) = S,

A (em?) =\16. 6 :

Vy (end) = GAD 3

v (g) =53b2 3

/o (gem™3)= . S\b 3

hy (em) = 31O 3

v (em3) =222

Ay (gem™dH)=. & 47 g

.

Test No. 2 Rate of deform. (cm sec'l) = Ao : “’
Load: Vert. scale: 1 div. = 72Z721S (kg)
Stroke: Horiz. scale: 1 div. = .25 (em)

o s By e

Date: 5 wasr s

Sample
Snow type: Z. \hes

T (°¢) = -\O
d (em) = 1\7.7
h, (cm% = <,
A (m) =\26.6
Vo (emd) = 643
W (8 = 320

/’o (gcm'3)= S0

h} (cm; =D, O
) =380
ﬁx (Scm-3)= 5%

Test No., 'O Rate of deform. (cm sec™ly = 4O

Load: Vert, scale: 1 div. = 2715 (kg)
Stroke: Horiz. scale: 1 div, = 9,75 (cm)
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Date: 3 tAas 1S

Sample
Snow type: Z Ws

T (°c) = -\O
d (em) =03
ho (cm) = 5,)\
A (em®) =273 2
v, (em?) =\6323
W (®) = &
o (gcm"3)= A2
v (em3) =\wso

Ay (gem™H=, 112

Test No. || Rate of deform. (cm sec”l) = 4O

Load: Vert, scale: 1 div. = 2213 (kg
Stroke: Horiz, scale: 1 div. = 0,25 (em)

Date: 3 s "\

Sample

Snow type: Z \nes
T (°¢) = -\o
d (em) =703
hy (cm% = 5,4
A (emS) = DLd 3D
Vo (emd) =633

h; (cmg = 3, Zo
V‘ (cm”?) =\Obo
p; (gem=3)= 1162

Test No. \<Z Rate of deform. (em sec’l) = 4o

Load: Vert. scale: 1 div. = 2272 (kg)
Stroke: Horiz. scale: 1 div. 0, 7% (cm)

CRREL Form 42 (0OT)
15 May 74
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pate: (A \Was S
¢ wple
Snow type: | daxys
T 00 - -\o
d (em) =203
h, (em) = 3.4
2
A (emdr =223 3
v, (ed) =\Ge33
W o(g) = &\
P gem™)=.288
h* (em) =72.\2
V* (cm") = 66>
,o¥ (gen~ 3=, 6 S
Test No. ‘2 Rate of deform. (cm sec'l) = 40
Load: Vert. scale: ldiv. = ZU1% (kg)
Stroke: Horiz. scale: 1l div. = \\27 {(em
pate: \Lk WarS
Sample
Snow type: | Aays
T (°¢) = -\o
3 a (em) = 0.3
hy (cm% = 5,1
Ei A (em7) =323
; Vo (emd) = \633
i ¥ @ 3 = SAZ
Lo sem )= . DB 2
] by (em) = 2.4
: V; (em”) = 92

Test No. ‘4 Rate of deform. (cm sec™l) = Ao

Load: Vert, scale: 1 div. = TZ71% (kg)
Stroke: Horiz. scale: 1 div. = LT (em)

- " Ll wqu B

CRREL Forax 42 (OT)
15 May 74
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Test No.

3 Load:
! Stroke:

Rate of deform. (cm sec”

scale:

Horiz. scale:

Test No.

CRREL Form 42 (OT)
15 May 74

E. T

/ Load:
Stroke:

Vert. scale:
Horiz. scale:

Rate of deform.

30

1]

Date: 14 Uar 15

Sample

Snow type: do,..\_g,

= &O
= 2U1S (kg

T oy = -\O
d (em) = 202
h, (cm) = <,
A (em®) = BB D
V, (emd) =\b33
W () = GO
fo (Bem™dH= .32
h} (cm) = 2,10
i (md) = 81D
Py (gem~d= 625
{em)

Date: \& Vas 15
Sample

Snow type: "} doﬂb

T (°¢) = -\O

d (cm = 20.3
h, (cm% = 1. b
A (emf) =323,
V, (emd) =240

W () 26
o (Bem™H=.2 63

h* (cm = 5.2‘5

Py (gem™3)=.063

= 4o

(kg)
(em)




Date:

Sample

<P T
o [+

D=

DsE

Rate of deform. (cm sec”
= 211

Horiz. scale:

W\ Was %
Snow type: | Aauy s
o = -\O
(em) =20, %
(em) = 1,0
(em®) =323 3
(em?) = Z46O
(g) = 55
(gem )= .24 8%
(emy = &.0
(em3) =172\

gm™H= 662

Date: \ f U af 1S

Sample

Rate of deform.

Vert. scale;

L}

A it

CRREL Form 42 (OT)
15 May 74
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Snow type: 7 a'{a.U\.s
(OC) = -\O
(em) =703
(cm = 1 b
(cm3) =323, 3
(em?) = 2460
(8) 3" &4
(gem™ )= ., 345

(cma = 3@95
) =\
(gen=d)= , LGS
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pate: \& Wlos 15
sample
Snow type: "\ dO-q‘b
T o0 =-\o
d (em) = 2.1 °
ho (cm) = &,
A (em®) =\206.6
V, (em?) = 4>
W (g) = 212
/o (gem™ )= . 3406
h* (cm) = 2.20
/0} (gem™ )= .\ 8
Test No. 19 Pate of deform. (cm sec™l) = ho
Load: Vert. scale: 1 div. = TZTI1S (kg
Stroks: Horiz, scale: 1 div., = 0.51 (cm)

b i i b s

Date: \& Uas 1S

i s

Sample
Snow type: | Aoy s

T (OC) = -\O E
d (em) = \2.1 §
b, (cm% = =, §
A (emd) =\26.6 i
Vo (emd) = 043
W (g) =173

Al T s Bt 3 S et e,

o
-
3

Vw
(]

)

o

Q

oot drcalenLrrannaide

Test No. 20 Rate of deform, (cm sec™l) = 4O
Load: Vert, scale: 1 div. = Z2171%5 (kg)
Stroke: Horiz. scale: 1 div, = 0,5\ (cm)

CRREL Form 42 (OT)
15 May 74
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Date: \& Masr\S q
3
Sample é
Snow type: 1 clo.u\é
T €0 = -\O ]
d (em) = \721 ;
hO (Cm) = =, 3
A (em®) =\26.6 3
v, (emd) =042

/o {gem~)= .06
hy (m) = 2.90 :
vt (emd) = DG 2
Ay gem=H=, Blo !
Test No. 2! Rate of deform, (cm sec'l) = 4o wﬂ
load: Vert. scale: 1 div, = Z271%S (kg) ﬂ

Stroke: Horiz. scale: 1l div. = 0,5{ (cm)

Date: \& Mas 15

0 et e 5

Sample 3

Snow type: 7} 0\0446 ;
T (°0) = -4 ;
d (em) = \2.7 ]
hy (em) = . ;
A (emf) =\26.G 3
V, (em?) = G4 a
W (®) = 22\
/o (gem~3)= 4 4 ;
hl' (cm% = 2.%0 -
Vi (em”) = 291\ ;
/ai (gum‘3)= 0—‘60 7
2
3
_-;h Test No. 2% Rate of deform. (cm sec'l" = 40
; Load: Vert, scale: 1 div. = 2Z227% (kg) ;
Strcke: Horiz. scale: 1 div. = 0,51 (cm)

CRREL Form 42 (OT)
15 May 74
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Date: \A Mas 1S

Sample

Snow type: 1 Ak ay s

]

s T 0 = -3&

E d (crn) = \Zc’\ !

i hy (em) = &S,

. A (ed) =\206.06

Vo (01“3) =642

W ® 3 =732

_1 o (Bem™)= . 36\

hy (em) = 2.40

, vy (emd) = 204
A gem=H= M0 4

1 Test No. ¢5 Rate of deform. (em sec'l) =40

p Load:  Vert., scale: 1ldiv., = 2213 (kg)

E | Stroke: Horiz, scale: 1 div. = ¢ &| (em
Date: \ & Mar 1S |
Sample
Snow type: 1 da_q_:,

T (%) = -34&

B d (em =202

;; ho (cm% = s-‘

3 A (em®) = BLrX 3

Vo (en?) =633

£ W (g .= 46

1 P (gem™3)= . 301

; h‘l’ (em = 2.30

V}(cm)="14‘b )

p* (gem=3)= , 655

L Test No. C 4 Rate of deform. (em sec™l) = 4O
Load: Vert, scale: 1 div. = 17115 (kg)
Stroke: Horiz, scale: 1 div, = .51 (cm)

CRREL Form 42 (OT)
15 May 74
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Date: \& Mar 1% i
§
Sample g
g
1
Snow type: 1 &O.Kb %
T P0 = -34& q
d (em) = 20.3
h (em) = &0
° 2 ;
A (em®Y = 3723 3 ‘
V, (emd) =133 :
v o(g) = SBS 2
o Bem™ = 528 1
h* (em) = 2.9 ;
i () = B4 :
p; (gm.‘ )= 16‘50 g
Test No. .= Rate of deform. (cm sec™l) = 4O . ;
Load:  Vert. scale: 1div. = 2215 (k) 3
Stroke: Horiz. scale: 1l div. = p.={ (cm)
A
Date: \4 U as 1S
Sample :
Snow type: | da.«-(.s
T (°0) = -4 3
d (em = 290,% 2
hO (cm% = "1l j
3 A (em%) =373 :
- Vo (cm3) =240 3
§ W) = 142 ;
1 Po (Bem™7)=. Do 4 4
3 h; (cm = %: &‘5 g
- "1, (em?) =\W\\3 ;
| Py (gem~d)=, o6 I
c ;
4 Test No. Z @ Rate of deform. (cm sec™l) = 4O
1 £
: Load: Vert. scale: 1 div. = 2Z27277% (kg)
i Stroke: Horiz. scale: 1 div. = 0. (cm)

CRREL Form 42 (OT)
15 May 74
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Date: \ kM as 12

Sample
Snow type: ") a a.«.‘:;

TR il i B ol NI o B NN i o SO s R SN v Yo ol Bisioscad Vi i\ “

T P =-34&
d (em) =203 ;
hy (em) = 1.6
A (em®) = H2H,B . 3
V, (emd) = 2460 f
v (g = b3 3
o (gem D)= 35 ;
hy (em) = 4. O :
Vt (cm )3 = \1DV z
,0“ (gem™2)= , 668 ’
L 2
| , |
] Test No. 271 Rate of deform. (cm sec™i) = &2 ‘%
4 Load: Vert, scale: 1 div. = 22715 (kg) 4
3 Stroke: Horiz. scale: 1 div. = 0.1 (cm) 3
| ;
Date: 20 U as 1%
4
- Sample :
i Snow type: > Raus ;
2 ‘ T (OC) = - A" 3
d (em = 29.0
E hO (cmi = 60 35
: A (em?) = 658
2 Vy (emd) = SBBO
1 W (g _=1t04
E Lo Bem™DH= vs
3 hy (em) = S .40 :
3 Vi (o) =3550 <
Pl (sen= oz g;
; Test No. 29 Rate of deform. (cm sec™ly = 4o
Load: Vert. scale: 1 div. = 221%  (kg)
1 Stroke: Horiz. scale: 1 div., = O0.64& (cm)
CRREL Form 42 (OT) ’
15 May 74 E
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Date: 20 Uels S
Sample
Suow type: 2 GQOA\.b
T ¢ =-4&
d (om) =120
ho (cm) = 955
A (emd) = 65%
Vv, (emd) =680
W (g =13293
o (gcm“3)= 33
h* (cmg = (.O
,o“ (gem™ )= , 00
Test No. D Rate of deform. (cm sec'l) =40
Load: Vert. scale: 1 div. = Z21%S (kg ‘
Stroke: Horiz. scale: 1 div. = 0.4 (cm)

Date: 20 Was 15

Sample

Snow type: 3 0\0-4-\.‘2

T (°¢) = -4&

d (cm) = 19.0
Z

A (em®) = ©58&

Vy (emd) =G4S

W (® = 1520

) =401
p} (gem=3)= .6\ D

Test No. &} Rate of deform. (em sec™l) = A©
Load; Vert. scale: 1 div. = 22715 (kg)
Stroke: Horiz. scale: 1 div. = ©.64 (cm)

CRREL Form 42 (OT)
15 May 74
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Date: 20 Was 15
Sample
Snow type: B> axch-\b
T o0 = -A
d (em) =290
hy (em) = vo.2
A () = L2g
Vy (emd) = 66D
W (g) = 24%0
Lo Bem™d= B4
h,‘ (¢m§ = 95
‘-"_ (cm )3 = 30\0
,0" (8em™ )= 522
Test No, >2 Rate of deform. (cm sec”l) = 4O
Load: Vert., scale: 1 div. = 2715 (kg)
Stroke: Horiz. scale: 1 div., = O0.64 (cm)

Date: 1.4 Was 1&

Sample
Snow type: 7] daﬂs
T () =-\o
: d (cm =20.%
= hO (cm% = 1.&
1 A" (emS) =323.3
2 Vo (end) =460
: W (g 3 =\4AS
Lo (Ber )= S8

Test No. 2 2 Rate of deform. (cm sec™ly = Ao

Load: Vert, scale: 1 div. = 2Z7271% (kg)
E Strokc: Horiz. scale: 1 div, 0.25 (em)

b e

s S

CRREL Form 42 (OT)
15 May 74
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Date: 70

Sample

Snow type:

o)
(cm)
(cm)
(cm<)
(em3)
(8)
(gem™3)

< P> 7 .
(=]

[«

D=

(cm)
(cm3)
(gan"3)

N <

ey

Rate of deform. (cm sec'l) = ho
= 121 (kg

Vert.
Horiz.

scale:
scale:

1 div.
1 div.

0.25 (cm)

e

4 Test No. 25
-=' Load:

E Stroke:
-_-!

1

(mnvmmwmmmm

Date: 14

Sample

Snow type:

(°c)
(cm)

T

d

ho (cmi
A (em<)
Vo (cm3)
W (g 3
o (Bem™)
hy (cm

Vt (cmg)
Py, (e

Test No. @

Rate of deform. (cm sec'l) = 4o

Load:
Stroke:

CRREL Form 42 (OT)
15 May 74

Vert,
Horiz.

scale:
gcale:

1 div.
1 div.

211%S (kg)
0,15 (cm)

vas s

1 doys

-34
20.5
g N
Y A
2460
\3071
SBN

o nnwn

S.00
1Sl 0
=.712

| B}

vars\s

Tdoms

= -34
= 20,3
= "l'a
=2L3H D
= 1460
= 1317
= .04\

= 6,90
= 2221
=.04




Date: 7 b,(;\' 1%

Sample

Ccr = -34
(em) = \2.1
(ecm) = S|
(emd) =126.6
(md) = 64>
(g) =199
{gem~3)= . 310

(em) = 2.\O
(c0d) = 266
(gem~)= .1 49

_;Q<:r )s::::»oz'n.ra

Test No. 271 Rate of deform. (cm sec”l) = Ao

Load: Vert. scale: 1 div. = 72721 (kg)
Stroke: Horiz. scale: l div. = 0725 (cm)

Date: 2 APC 1%

Sample

T (°C) = -34
d (em = 37,1
h, (cmé = 35,1
A () =126.6
Vo (cd) = 643
WV (® = 206

Lo (gBen™H= 320

h* (Cmg = 2.20
Vi (em”) = 218
/"I (8em=3)= .44

Test No. 25 Rate of deform. (em sec'l) = 4o

Load: Vert, scale: 1 div. = 22715  (kg)
Stroke: Horiz. scale: 1 div, = o0.64 (cm)

CRREL Form 42 (OT)
15 May 74

Snow type:\f@ da,‘.s

Snow type:lo Aoys
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;
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Test No. 9 Rate of deform. (cm sec'l) = Ao

load: Vert, scale: 1 div.
Stroke: Horiz. scale: 1 div.

= Z221% (k)
0.64 (cm)

|
|
|
|
|

. b
o BTy

Test No. 4O Rate of deform. (cm sec”

load: Vert. scale: 1 div.
Stroke: Horiz. scale: 1 div.

CRREL Form 42 (OT)

15 May 74 4

- bo

121%  (kg)
0.l (cm)

o A

At 48N

Date: 7 QNe< S
Sample
Snow type:\& c‘loup

E
;
|
&E
:
4
]

T oy = -34
d (em) = 3\z2.1
h, (cm% = 5,
A (em® =1\726.6
Vo (emd) =643
W () = 170
o Bem =342
hy (em) = 2,35
Vz (em?) =208
Ay Ea™H= 140

————— ﬂ\

Sample

Snow type: ‘1 cQaA1.b
T (°C) = -4
d (emy = \2.7
h, (cmi = 1L.54
A (em?) =\26,06
Vo () =>zi,S

W () , =44
Lo Bew )= M60o

= D}

h‘ (cm.)’ = 2.40
Vy (cm”)
pt (gem=3)= .1 8%




Date: 4 bpe 15

Sample

Snow type: 71 Aoms

T oy = -\ )

d (em) =127

h (em) = 2.5
(cm YV o= \26.6 -

V (md) =321

W ®) = (9%

o &n™d)= a0

,' (cm‘) = b
,’ (m3) = 242.5
Py ™= . 815

Test No. & | Rate of deform. (cm sec™l) = Ao

load: Vert, scale: 1div, = (21 (kg)
Stroke: Horiz, scale: 1l div. = 0,15 (em)

pate: & A(;‘.' 1S

: S e e e e Y} Sample
Snow type:~] daﬂé
T (°C) = -\
d (cm) =12.1
% = S,
A (cm®) =176.6
V, (emd) =643
W (g) =199
po gen™dH= .30

3 = \010
=72\S
,at (gcm"3)' . O

S 1

Test No. &2 Rate of deform. (cm sec’l), = 4o

Load: Vert. scale: 1 div. = TS (kg)
Stroke: Hor{iz. scale: 1 div., = 0.2% {(cm)

A

CRREL Form 42 (OT)

15 May 74 "
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Date: A A@f 15
Sample
Snow type: 7] o\m.\s

T o0 = -\
d (em) =1\7.1
hy (em) = 5.4
A (em®>) =1720.6
V, (emd) = 64>
W (g) = 201
o Bem D= 313
hy (cm) =\10O
vt () = S
Ay (gem~H)= | o

Test No. 43

Load-

Stroke:

Rate of deform. (cm sec”l) = 4O

Vert, scale: 1div, = Z7\%S (kg)
Horiz. scale: 1 div. = 0,64 (cm)

Date: 4 AEcNS

Sample
Snow type:“} o\a.\ S

(°c) = -\
(cm) = 29, %
o (cm% = S|
(cms) = D3>
o (cmd) = \e33
W (® = 4957
Lo (Bem 3= . 301

hy (em = .90
v;‘ (cm?’) - Gl 4
P (gewm=3)= , B0\

Test No. & A

Rate of deform. (cm sec™l) = 4o

load:

Stroke:

CRREL Form 42 (0OT)
15 May 74

Vert., scale: 1 div. = 27219 (kg)
Horiz. scale: 1 div. = ©.64& (cm)

+3
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Test No. 45

Load:

Stroke:

Rate of deform. (cm sec”l) = 4O

Vert. scale:
Horiz. scale:

1 div.
1 div.

Date: \Q 0«9#‘19&
Sample
Snow type: 3 A aub
T 0 = -34&
d (em) =703
h, (em) = 5,1
A (emd =323,3
Vy (emd) =133
W ® = $\1
fo (Bem™d= 300
h (cm-z’ =3 6%
V¢ (cm”?) = W\ 9D
Ay gem~H=. 624

= 2ZUVS (kg)

= 9.2% (cm)
Date: \0 ot 1S
Sample
Snow type: 3 o\oq‘e,
T (°C) = ->4
d (em) = \2.1
h, (cmi = 5,0
A’ (cm3 = \206,. 0
Vo (em”) = G4
W () =290

Test No. 40 .

Load:

Stroke:

CRREL Form 42 (OT)
15 May 74

Vert. scale:

Horiz. scale:

Rate of deform.

Po (Bem =, 4=

(
e

= D,0
=d80

/-vt (gem=3)= .16 4

(cm sec™l) = Ao
1div. = 2215 (kg)
ldiv, = 0,29 (em)

-

v

i i

)

el e

P e P04 W

mem'm et e b




.
Date: \Q b(\u\' S
Sample

] Snow type: 3 Ao4S

- 34

T (0 =
. d (em) = \2.7

h, (cm)2 = 5,1
A (cm YV = 1(26.06
Vo (cm ) = 64>
w (& =72®1

: /o (gem=3)= . 441

h (em) = »,.0

’: (cm3) = 380

‘ (gem™ )= =Y~

! Test No. '4&7] Rate of deform. (cm sec”ly = 4O v

:’ Load: Vert, scale: 1div. = 2215 (kg)

3 Stroke: Horiz, scale: 1 div. = 0,25 (em)

z

4

A
i
i
.
!
W
P ot . o . " PRe— PR " i " . oy
) O i e s, R ST et il v it s S 0, il et it it SN il i St

Date: LO AeS S

5 Sample
E Snow type: 3 cﬂau\.s 3
T (9¢) = -34 f
d (em) =1\Z,1
3 h, (cm% = =,
| A (em®) =\26.C
; Vo (cmd) = 643
1 W (g) = B\
ﬂ Po (gem™d)= 4% 4

h,' (cmg = 3,20
; = A’O%
p,’ (gcm‘3)= e

1est No. 4 & Rate of deform. (em sec’l) = Ao

Load: Vert, scale: 1 div. = 121S (kg)
g Stroke: Horiz. scale: 1 div, = 9.1 (em)

CRREL Form 42 (0T)

15 May 74
45
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Date: \Q Lpe S

Sample
Snow type: 3 o\a.;.\;,
o

T = -

d (em) =1\2,q
h, (cm% = 5,1
A (em®Y =\106.6
V, (em?) = 643
W (g = 191
/o (gem )= . A

(m) =72.6%
(md) =32
(gmdH= 828

ST

Test No. 49 Rate of deform. (em sec'l) = Ao

Load: Vert. scale: 1 div. = L2715 (kg)
Stioke: Horlz. scale: 1 div. = 0. Z&8 (em)

Date: |0 Apt 1S

Sample
Snow type: 3 Aaus

T (°¢) = -}

d (Cm) = \2.1

hO (cm% = 5,0
() =\106.6

o (emd) = 643

W (g , =>ol

/o (gem=3)=, 468

hl, (cm3 =72.00
Vy (em?) = 329
,at (gem=3)= . 2|

Test No. S O Rate of deform. (em sec’l) = 4o

Load: Vert, scale: 1div. = 2Z271% (kg)
Stroke: Horiz. scale: 1 div, = ©.25 (cm)

CRREL Form 42 (OT)
15 May 74
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”“'W‘%’W ,,.”.m.,, X

Date: \Q PpeS s

Sample
Snow type: D Ao s

T ROV

0 = -\
(em) =710.3
(cm = =5,\
(cméy =323, 3
(emd) =1\033>
(8) = $4A7
(gcm"3)-.~—3\6

(em) =13%,65
(em3) = w9
(gem=3)= , 112

TRTWTLL Tar B G ELReT (TS o #0094y

_}_‘f_‘_:r } SRR L

Test No. o) Rate of deform. (cm sec™l) = bo

load: Vert., scale: 1div. = 11D (kg)
Stroke: Horiz. scale: 1 div. = 0,25 (cm)

{

:
]
78]
=
!

¢

i

s

Date: \O A@f 1%

b it A AL

Sample
Snow type: 3 da“é

o) = -1
(cm) = 20.3

™ i hn e e b it g

(cm% = 5.1

(em?) =3723.3 1
o (ed) = 1633

v () = %01 E
Po @m"H)=. 404 z

(t:xu?i = 3,50
(em”) =\\W3O

P} e ik

Test No. 572 Rate of deform. (cm sec~l) = AO

Load: Vert. scale: 1 div. = 221%S (kg)
Stroke: Horiz. scale: 1 div, = 0.5 (cm)

bt

CRREL Form 42 (OT) 7
15 May 74 ) ;
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