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PREFACE 

This work was prompted by a need for further data revealed during 
preparation of a monograph on engineering properties of snow (Cold 
Regions Science and Engineering, Part III, SectionAl). Tests were 
made by Spc/4James H. Smith under the direction of Mr. Malcolm 
Mellor, Experimental Engineering Division, K. A. Linell; Chief. 
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SUMMARY 

Strength measurements were made on some 650 samples of homo
geneous snow prepared under controlled conditions, primarily to 
investigate the effect of temperature vari?-tion. Comparative measure
ments were made on ice and frozen sand, and the variation of ram 
hardness with temperature was examined. Data for all snow samples 
could be represented by the relation 

a- 8 - o-.o 
= 

0""-10 

where a- 8 is rupture strength at any temperature ac below oc, and o-o 
and o-- 10 are corresponding rupture strengths at OC and -lOC re
spectively. The results are discussed in terms of surface chemistry 
effects at crystal boundaries. Effects of density variation in the test 
samples for a given temperature could be represented by 

-br2 

a- = <r. e 
1 

where o- is rupture strength for snow of void ratio..:.~ O"i is correspond
ing rupture strength for ice, arid b is a dimensionless constant. 
Although this expression fits ~nown boundary conditions, the derivative 
for ice densities is questionable. The constant b might be regarded as 
a "structure index, " The inadequacy of density ~easurements for des
cribing grain structure is discjussed. 



Introduction 

STRENGTH STUDIES OF SNOW 

by 

Malcolm Mellor and James H. Smith 

Dependence of the compressive strength of snow on temperature does not appear 
'to have been studied systematically. Using data from field tests with the Canadian. 
NRC hardness gauge, Gold (1956) proposed an exponential relation which seemed 
satisfactory in form at higher temperatures but less reasonable for very low tempera
tures. From a review of earlier Russian work, Bender (1957}put forward a: relation
ship which, in effect, gave strength as proportional to the one- sixth power. of 
temperature below the freezing point, but again this expression. has some shortcomings 
when the boundary conditions are examined. 

In an attempt to clarify this situation, simple tests were made at CRREL, in. 
which homogeneous samples prepared under controlled conditions were crushed at 
various temperatures. The test adopted was the unconfined compression test which, . 
although difficult to inte._rpret in fundamental terms, provides a, simple and widely used 
strength index. Since it was necessary to test over a range of densities in order to 
separate the effects of temperature and density, some consideration was given to the 
relation between strength and density. It also proved necessary to measure the effect 
of strain rate on rupture stress .. 

There has been some interest in correlation between compressive strength and 
penetration resistance as measured by the Rammsonde {Abele, 1963); the present 
program therefore included a determination of ram hardness variations with tempera
ture. 

To explore further the findings for snow, a brief study was made on the strength 
of ice and ice- bonded sand as a function of temperature. 

Test procedures 

Unconfined compression test. Test samples for unconfined compression were 
prepared by grinding natural age -hardened snow through 1-mm sieves at -10 C and 
collecting the resulting powder snow in cylindrical molds. Lowest density samples 
were made by allowing the snow to settle under its own weight into stainless steel 
sampling tubes (5. 72 em diam, 18.9 em long). Higher density samples were prepared 
in a split-cylinder mold, the snow being compacted in thin layers by counted blows 
from a hammer-piston. Each batch of samples was sintered in an ice-saturated 
atmosphere at a temperature -of -10 C for ·a:t least 3 weeks (21 to 24 days for the 
several batches) . 

. After a batch of samples was judged to be adequately age-hardened it was divided 
into groups, each group containing a representative range of densities. The groups were 
distributed to cold rooms regulated at various temperatures from 0 to -50 C, and a 
minimum period of 6 hours was allow-ed for the samples to reach equilibrium with 
room temperatures before they were crushed. A portable manual screw press, with 
calibrated proving ring and dial micrometer,· was taken to each room in turn, and 
trimmed samples were broken after density had been measured using millimeter 
scales and a triple beam balance. · 

In pilot tests the hand crank ofthe press was used, following- Butkovich's (1956) 
recommendations for loading rate, but at higher temperatures there occurred a rapid 
creep rather than a brittle fracture, and the effective d~nsity at failure was greater 
than the measured value. Press speed was therefore approximately doubled by 
attaching the chuck of a i-in. electric drill to the spindle which is normally turned by 
the hand crank. This gave a press speed of 0. 25 em/ sec, and a strain rate in the 
samples of approximately 2. 4 x lo-z sec- 1 • With a few exceptions, clean breaks 
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were then obtained at all temperatures and all test densities. Controlled tests {see 
below) confirmed that the new press speed was adequate, at least for high density 
(0. 56 g/cm3 ) samples. 

Following the pilot tests, in which 140 samples were crushed, some 500 samples 
in three separate series ("C, D, E"; "F, G"; ''K") were tested. Each series of test 
samples was prepared from a different parent snow. The plan11_ed test prograrn was 
slightly disordered by loss of some samples during a cold room breakdown. 

Influence of·strain rate. The effect of strain rate variations on unconfined com
pressive strength was determined using a variable speed Tinius-Olsen testing machine. 
Snow samples were made in the usual way by grinding and sieving, and were sintered 
at -10 C for 20 days before being sorted into seven groups of six samples each. Density 
range was from 0. 543 to 0. 587 g/cm3 , and the average density of each group was 
0. 56 g/cm3 • After trimming, the samples were crushed at a temperature of -3 C, each 
group at a differe·nt press speed. Press speeds used were 0. 1, 0. 5, 1. 0, 2. 0, 5. 0, 
7. 5 and 10.0 in. /min (0. 00423, 0. 0212, 0. 0423, 0. 0846, 0. 212, 0. 317, 0. 423 em/sec). 

Rammsonde tests. Snow for the Rammsonde tests was sieved through a 1-mm 
mesh into a 60 x qO-cm wooden box and screeded to a depth of 18~ em. After age
hardening for 21 days at -5 C the surface of the snow was marked with a 12 em square 
grid and the squares were numbered. 

The box was finally taken to a room at -1 C and left for 7 hours to permit tempera
ture adjustment; Rammsonde measurements were then made in three squares for the 
layers 0- 5 em, 5- 10 crri and 10- 15 em. (Since only a self-consistent index was 
required, ''surface effects" were neglected.) It was afterwards taken successively to 
rooms at -3, -6, -10, -16, and -34.5 C, and the procedure.was repeated. Test 
squares were assigned so as to randomize the test locations, and some squares were 
reserved for snow density determination. Average snow density was 0. 42 g/.cm3 • 

Strength tests on ice. A set of ice samples was made by freezing water in cylin
drical molds. Although the water had been crudely de-gassed by shaking it in an 
evacuated flask, the samples contained numerous unevenly distributed bubbles. 
Thermal cracks developed over a wide range of freezing rates, and these were not 
completely closed by annealing. The strength of these samples showed no systematic 
variation with temperature. Attempts to produce clear ice free from gross imperfection 
were discontinued, since adequate data were available from the literature (Butkovich, 
19 54). . 

Some values for the limiting strength of snow-ice were required, and therefore ·a 
second1 set of ice samples was made b~ soaking cylindrical samples of high-density 
age-hardened snow in water at 0 C, and then freezing them. This method gave ice 
samples which had an apparently unifotm distribution of small air bubbles. The sam-

1 
ples were crushed at the same rate used for the snow samples, and test temperatures 
ranged from 0 to -34. 5 C. ' 

Strength tests on frozen sand. Sar,nples of frozen (ice-bonded) sand were pre
pared by adding a controlled amount of! water to concrete sand, which had previously 
been washed and oven-dried, and then ~reezing the sand in cylindrical cardboard molds. 
The dry unit weight of the sand was 1. iJ g I em? and the water content was 16. 5o/o by 
weight; this was close to saturation. The samples were broken in unconfined compres
sion at the same press speed used for 1snow and ice samples. Temperature range for 
the tests was 0 to -35 C. I 

Note on the OC temperature condit~on. For all tests at 0 C the samples were raised 
to 0 C from a lower temperature, and 1care was taken to ensure that there would be no 
further heat flow to the sample after itl had reached 0 C. In other words, all samples 
had the maximum amount of ice, and the minimum amount of water, which could exist 
at 0 C. 

Strain rate effects 

A press speed of 1 in. /min (0. 0423 em/ sec), corresponding to an axial strain rate 
in the sample of about 2. 5 x 10- 3 sec-1 , proved to be critical (Fig. 1). At 1 in. /min 



STRENGTH STUDIES OF SNOW 

STRAIN RATE , sec-1 

0 0.5x 10-2 2 5x 10-2 

14.-------------.--------------.------~------.--------------.-------------,-. 

12 

~ 8 
(!) 

z 
LLJ 
a:: 
~6 

LLJ 
> 
~4 
LLJ a::. 
a.. 
:::IE 
0 2 
(.) 

J-
1 

I 
If--_._____ CREEP WITHOUT FRACTURE 

AVG. DENSITY: 0.564 g/cm3 

TEST TEMP.: -3.0 C 

I 
I 
I 

BREAKS 

PRESS SPEED, in/min 

Figure l. Effect of strain rate on rupture stress. 
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some samples broke and some flowed; at lower press speeds all samples were ob
served to creep, while at higher press speeds all samples broke cleanly. .The critical 
strain rate may be expected to vary with temperature (directly) and snow density 
{inversely). 

When creep occurs at low strain rates the compressive resistance for any given 
snow density" and temperature should be determined by the strain rate. From pre
vious studies it is expected that the dependence of compressive resistance on strain 
rate will follow a hyperbolic sine function. 

When brittle fracture occurs at high strain rates, the limited data obtained here 
suggest that failure stress decreases with increasing strain rate towards an asymptotic 
limit for the range studied. Some other materials show this type of behavior when the 
major constituent of the material is close to its meltingpoint. 

Studying tensile strength of the bond between ice and stainless steel, Jellinek {1957) 
showed strength rising to a maximum and thereafter declining asymptotically as the 
rate of load application increased. This was attributed to transition from creep to 
brittle fracture control. Curves of similar form were obtained by Khomichevskaia 
( 1940) for the compressive strength of ice and frozen soil. 

Strength as a function of temperature 

Unconfined compression. Initially, relationships between strength and tempera
ture ·were required for a range of densities and for various snow types, as represented 
by different batches of samples. Densities selected for study were 0. 35, 0. 40, 0. 45, 
0. 50, 0. 55 g/ cm3 • To avoid undue dependence on subsequent interpretation of the 

·strength-density relation, log-log plots of strength and density w:ere made {they were 
close to linear) and curves giving local best fit near each of the above densities were 
used to obtain representative strength values at those densities. Basic strength 
data are tabulated in Appendix A, and Figure 2 gives the resulting plots of strength 
.against temperature. 
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The strength values <r 8 from Figure 
2 were normalized with respect to the 
strength at -10 C ( <r _10 ), and the relative 
strengths <r9/<r_ 10 for all batche_s and 
densities were plotted on a single sheet 
(-10 C was chosen as reference because 
it has been widely used as a standard 
test temperature). In one of the batches, 
no test was made at -10 C, but a value 
for that temperature was estimated by 
linear interpolation between the closest 
bracketi:p.g temperatures. Coincidence 
of points and variety of symbols ( 15) 
makes the composite plot too confusing 
for useful presentation but it revealed that, 
over the range tested, there was no 
systematic distribution of relative str'ength 
values with respect to c:!-ensity or snow I 

9 

5 

type at any given temperature. The 
arithmetic mean of normalized values 
(f 8/ (f -10 was therefore taken at each 
temperature, and the graph of Figure 3a 
was obtained. 

Figure 3b. Normalized strength versus 
temperature, linearized in accordance 

with eq 1. 

The general form of the line. representing the test results in Figure 2 can be 
described by . 

(f -
8 <ro ( ). - c/8 

= <roo - <ro e 

where 0" 8 = strength at any temperature, EtC below 0 C (hence 8 always true) 
<ro = strength at 0 C 
<roo = limiting strength at very low temperature 
c = a constant with the dimensions of temperature. 

( 1) 

Dividing both sides of eq 1 by <r _10 , the summary curve of Figure 3a can also 
be described (Fig. 3b). Using the logarithmic form of the normalized equation the 
constants may be determined by linear regression with the imposed condition that 
the line must pass through the referencepoint at -10 C. The resulting relationship is 
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o-8- o-o 

o- -10 
= 
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1. 73 e-4.76/8. {2) 

The 0. 95 confidence limits of the slope care 4. 76 ± 0. 142. With o-0 /o-- 10 0. 41, 
o-0(/o--Io = 2. 14. Since the point of inflection of the curve described by eq 1 is at 
8 = c/2, the inflection of the fitted curve is at 8 = -2.38 C. 

The shape of the curves in Figures 2 and 3a, and in particular the trend of strength 
as temperature increases from -10 to 0 C, is intriguing. It must first be admitted 
that the inflection between -10 and 0 C may not be a direct temperature effect, but 
possibly the result of strength exaggeration at high temperature by a creep failure. 
On the other hand, if the curves are extrapolated to 0 C without regard for the points 
obtained at temperatures higher than -4 C they suggest a strength which is virtually 
zero at 0 C, and this is certainly not true. Measurement of ram hardness as a 
function of temperature may serve as a check on the reality. of this inflection, for 
impact loadings imposed by the Rammsonde should be too fast to permit creep. 

Rammsonde measurements. For each test temperature and each of the three snow 
layers tested, the mean value of the three determinations of ram hardness was found, 
and mean values were then normalized with respect to mean values for -10 C in each 
layer. The mean of the normalized values was taken at each test temperature to 
give the plot shown in Figure 3a (in which each point thus represents nine measurements). 

A curve drawn through the Rammsonde values is very similar to the c.orresponding 
curve for unconfined compressive strength {Fig. 3a); it is almost identical between. 
-6 and -35 C,' but the relative hardness near 0 C is somewhat greater than relative 
strength at the same temperature. The Rammsonde data thus seem to support the 
findings for unconfined compression. 

Discussion of temperature effect. The results indicate that at temperatures within 
a few degrees of the melting point strength is low and it varies only slightly with 
temperature. Between -4 and -10 C strength increases with decreasing temperature 
rather abruptly. Although a smooth curve was drawn below -10 C, data for both 
unconfined compression and ram hardness leave open the possibility of another "jump" 
in strength between -20 and -30 C. 

It is well known that soluble impurities in ice concentrate in aqueous solution at 
grain boundaries; Renaud ( 1949) found melt water from the surface of glacier crystals 
to have electrical conductivity 30 to 60 times greater than melt water from the interior 
of the crystals. It is therefore conceivable that the strength of a snow mass might be 
influenced by brine films at the grain boundaries, for the thickness and continuity of 

. such a film would affect the area availdble for direct bonding between ice molecules. 
Falling temperature would reduce the volume of brine in a boundary film so as to 
preserve phase equilibrium, and eventually any remaining brine would be concentrated 
in discrete and insignificant pockets. The rate of brine diminution with falling 
temperature might be expected to change abruptly at the eutectic temperatures of 
constituent salts. , 

Bowden and Tabor ( 1964) demonstJated an effect of chemical impurity on the 
bond between ice and stainless steel. After deliberately contaminating ice with a salt 
they measured the shear strength of th~ adhesive bond as a function of temperature and 
found an abrupt increase of adhesion aJ temperature decreased through the eutectic 
temperature for the contaminating saltl . I 

Snow samples used in the present tests were not chemically analyzed, but 
electrical conductivity measurements dn melted fragments showed conductivities of 
19 - 51 x I0- 6 mho/em at 20 C. Measbrements by Dickinson and Osborne {see Dorsey, 
1940) suggest that this is about the min1imum level of contamination at which apparent 
specific heat of ice is detectably affected by latent heat effects at" temperatures down 
to -10 C or so. 

As a matter of interest, mean impurity concentrations for precipitation at Hanover, 
New Hampshire {where the test snow was gathered) were roughly estimated from charts 
published by Junge and Werby (1958). Estimated ion concentratio~s were: 
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Na 0. 25 mgl i., Ca 0. 55 mgli., K 0. 12 mgl i., Cl 0. 35 mg i., S0 4 2. 5 mg i.. 
Other analyses of snow suffest that Mg++ may also be present at approximately the 
same concentration as Ca . It may be noted in passing that the eutectic temperatures 
of pure solutions of Na2 S04 and MgS0 4 ar.e -3.55 and -3.9 C respectively; the eutectic 
for KCl is -11.1 C, and for NaCl and MgC1 2 -21.1 and -33.6 C respectively. 

Comparative strength tests on clear ice proved awkward and were abandoned, but 
Butkovich's ample data for clear lake ice and commercially prepared clear ice were 
normalized and plotted. Over the whole temperature range the variation of unconfined 
compressive strength for ice is broadly similar to the variation for snow (Fig. 4), 
but there is apparently no inflection in the curve as temperature approaches the melt
ing point. This may be due to interlocking of crystals in solid ice, and a preponderant 
dependence on the elastic properties of the crystals themselves. However, so.r:ne grain 
boundary slip effects might be expected in tensile tests, or possibly in shear tests with 
zero normal stress. Butkovich's tensile data are scanty, but his values for torsional 
shear strength have been normalized and plotted in Figure 4. They show linear 
temperature dependence below -10 C, but suggest a high-temperature inflection similar 
to that found for snow. 

Studies of snow strength have some bearing on corresponding problems for other 
ice-bonded aggregates, particularly frozen soil, for which existing relationships 
between strength and temperature are not wholly satisfactory. Results of the compara
tive tests made on frozen sand are shown in Figure 5; the curve sketched is almost 
identical to Butkovich.' s curve for the compressive strength of clear ice between 0 and 
-28 C, but there is a sharp increase of strength as temperature falls from -30 to -35 C. 
Although this latter feature appears real, it will not be discussed further here. When 
normalized, the data of Tsytovich and Sumgin (1937) for compressive strength of sand 
between -1 and -20 C agree very closely with the curve of Figure 5, as do the results 
of Khomichevskaia (1940) for the range -1.5 to -12 C. The only other known data for 
frozen sand (SIPRE Report 8) are not in good agreement. If it is assumed that failure 
of frozen sand occ·urs by fracture of the ice cement, then correspondence between the 
strength curves for sand and ice is not surprising. If, on the other hand, a·dh.esion 
between ice and sand grains limits the strength, there are problems of surface 
chemistry at the ice-quartz interface, and questions of contamination again arise. 
This matter seems to merit further study. 

Strength as a function of density 

In previous investigations (Butkovich, 19 56; Ramseier, 19 63) linear relationships 
between unconfined compressive strength and snow density have been developed for 
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Figure S. Normalized strength of frozen sand as a function of temperature. 

restricted ranges of density. While satisfactory for many practical purposes, these 
expressions cannot describe density dependence in the 11transition range 11 where the 
weak density dependence of low density snow (say less than 0. 3 g/cm3 ) changes sharply 
to the strong density dependence of high density snow (above 0. 4 g/ cm3 ). 

Although available data can be well represented by power functions very high 
exponents result, with consequent dimensional complication, and extrapolation pre
dicts unreasonably high strength for densities approaching the ice limit. It seems 
preferable for curve-fitting to express density in dimensionless form as porosity or 
void ratio, and of these void ratio (r) is perhaps the more tractable, as it ranges be
tween zero and infinity rather than zero anq unity. The boundary conditions to· be met. 
are 

r -o, 
r-oo, 

(}" - (}". 
1 

(}" -o, 
where (J"i is the unconfined compressive strength of ice. at the appropriate temperature. 

The most satisfactory expression for representing the present limited data and 
fitting the above co1;1ditions was found to be 

I 

(}" 
-br2 

<T· e 
1 

(3) 

where b is a dimensionless constant. ; Figure 6 sum_marizes the data linearized ac
cording to eq 3. This relation was chosen partly because extrapolation of simpler 
curves towards r = 0 (i.e. y = y .. ) gave values of CJ'. appreciably higher than those 1ce 

1 

1 . 
measured by Butkovich for clear ice. (It is doubtful whether bubble-free ice represents 
a valid limit for snow densification, but it should certainly provide maximum strength 
values when compared with ice contairi.ing highly compresse.d bubbles.) In Figure 7, 
values of <Ti from eq 3 are compared ~ith measured strength for bubbly ice at low void 
ratios. The derivative of eq 3 for icei densities seems questionable, but this point can 
only be cleared up by testing strength las a function of density in the ice range. The 
average correlation coefficient for individual sets of data fitted to eq 3 ·was 0. 939. 
Data of. Butkovich (1956), Ramseier (1J963) and J. L. Smith (1964) were replotted with 
log <T. against r 2 , and they gave good fits by inspection. 

I 

In Figure 8 sets of strength-density curves have been drawn from: eq 3 using con
stants evaluated from the test results. It can be seen that, while <Ti is clearly a 
temperature-dependent factor in eq 3, the constant b does not vary systematically with 
temperature. There is, however,_ a marked differe~ce between the average values of 
b for the three test series and, since grain size and shape differed for these series, 
perhaps ~might be interpreted tentatively as an index of grain structure: 
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To illustrate the effect of variations in b on the familia.r strength-density curve, 
Figure 9 has been drawn. The values ~aken for .b span the observed range of values; 
the present tests gave values from 0. 7 to 2. 2, Butkovich 1 s data gave L 7, Ramseier 1 s 
2. 3, and J. L. Smith 1 s 1. 8. It ~an be seen from the figure that in the high-density 
snow region large .strength differences .at a given density result from changes of b 
through the observed range. In the ice region the effects of variations in b become 
rather insignificant. Another effect of !variation in~ is a change in the ••transition 
density, 11 where the slope of the strength-density curve changes abruptly. 

One way to test the. usefulness of bJ a,s a structure index would be to make strength
density determinations during the age.:-hardening process; it ought to change with time 
from a high value for unbonded snow toj a stable minimum value after age-hardening. 
This could not be arranged in the present program, and no suitable data have been 
found in the literature. I 

I . 

Although grain structure is known ;to influence strength and other physical properties, 
there is no simple test for quantifying grain structure. A simple experiment was made 
to check the usefulness of capillary ris:e as a field test complementing density 
measurement. Fifty homogeneous snow samples (average density 0. 52 g/ cm3 ) were 
made by grinding and sieving into cylin,drical molds, and they were then left to sinter 
at -10 C. Groups of five samples each: were selected at intervals and placed in a 
shallow tray of red..:dyed kerosine; the height of capillary rise was measured from the 
liquid surface in the tray to the soaked limit of the snow after 5 minutes of immersion. 
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Figure 8. Strength as a function of density according to eq 3, 
with constants evaluated from the test results. 
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0.8 
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as a function of density, from data fitted to eq 3. 
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Figure 10. Capillaryrrs·e versus time for sintering snow cylinders 
set in a tray of kerosine. 
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Measurements were made at 0, 1, 2, 3, 5, 7, 10, 15 and 21 days after casting of the 
samples, and one group of five samples was allowed to remain in the tray for the en
tire test period. The results (Fig. 10) were disappointing, but a few tests shou-ld be 
made with other fluids and shorter soaking times before the idea of using capillary 
rise as a grain structure indicator is discarded. Actually the curves of Figure 10 are 
interesting for their own sake, but their implications will not be explored here. 

In another paper some possibilities for using optical scattering and absorption as 
indicators of grain size and structure will be suggested. 

Conclusions 

The tests yielded a relationship between compressive strength and temperature 
which seems preferable to older expressions. The relationship appears to be valid 
for variation of ram hardness with temperature. Although the. influence of t~mpera
ture on strength was represented by a relatively simple function over the range 0 to 
-50 C, there is a possibility that the true behavior is more complicated due to chemical 
effects at crystal boundaries. Further study of the surface chemistry of ice crystals 
is indicated, since impurity films, as distinct from a "liquid-like" layer of surface 
molecules, may significantly affect a number of physical properties for snow and ice. 

There is a close relation between strength problems in snow, ice and frozen soil, 
but so far studies ofthe three materials have not been well coordinated. 

The ~uggested relationship between strength and void ratio adequately represents 
available data, and seems to have some merit when the complete range of snow and 
ice densities is considered. The parameter tentatively identified as a grain structure 
index is of special interest, since structural variation has not previously been 
accommodated in expressions for the strength of snow.~:~ Further work will be re
quired to establish the validity of this parameter, and to devise a suitable field test 
for its measurement. 

~:~In a new theoretical consideration of S!lOW failure, Ballard and McGaw (private 
communication) take account of structural variations. · 
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Table AI. Unconfined compressive strength of snow. 

Rupture Ruptare 
Density Temperature stress Density Temperature stress 

Sam_p~ (g/cm:l __ (_"_C_) __ (kg/c~j_ Sample (~/Cm3) __ j~_C_) -- (kg/cm.:l 

Press speed = 3. 64 in. /min. 

lA 0.466 -32 3.36 16B . 525 -2 4.57 
2A • 424 -32 2.61 17B . 517 -2 3. 18 
3A . 426 -32 3.04 18B . 526 -2 4.47 
4A . 435 -32 1. 70 19B . 532 -2 3.09 
SA . 478 -32 3.52 20B . 534 -2 3. 36 
6A . 454 -32 3.79 21B . 519 -2 3.44 
1A . 465 -32 3.68 22B . 515 -4 7.97 
8A . 433 -32 2.32 23B . 528 -4 7.97 
9A . 432 -34 2.47 24B . 530 -4 5. 56 

lOA . 419 -34 1. 46 25B . 520 -4 8.85 
llA . 460 -34 2.74 26H . 521 -4 8.00 
12A . 472 -34 3.80 27B . 527 -4 6. 10 
13A • 461 -34 2.37 28B . 514 -4 10. 66 
14A . 426 -34 3.35 29B . 528 -4 6. 78 
15A . 433 -34 2.52 30B . 521 -4 9.27 
16A . 440 -34 3.43 31B . 515 -4 9.35 
17A . 437 -20 2. 62. 32B . 503 -4 5.30 
18A . 391 -20 2. 66 33B . 524 -5 13.80 
19A . 437 -20 2.42 34B . 523 -5 11. 70 
20A . 447 -20 2.38 35B . 541 -5 13. 72 
21A . 440 -20 2.66 36B . 515 -5 12. 10 
22A . 418 -20 2.44 37B . 532 -5 5. 60 
23A . 445 -20 2. 66 38B . 536 -5 12. 73 
24A . 410 -20 2.38 39B . 514 -5 12. 81 
25A . 461 -7 0. 77 40B . 527 -5 12.55 
26A . 444 -7 1. 61 41B . 530 -5 9. 65 
27A . 413 -7 3.95 42B . 528 -5 13. 15 
28A . 441 -7 0.755 43B . 538 -8 19.62 
29A . 440 -7 0. 550- 44B . 514 -8 16.80 
30A .396 -7 0.412 45B . 522 -8 16. 10 
31A . 444 -7 0.870 46B . 536 -8 18.90 
32A . 425 -4 0.552 47B . 540 -8 19. 10 
33A . 435 -4 0.646 48B . 537 -8 17.64 
34A ~ 406 -4 0. 460 49B . 523 -8 14. 18 
35A . 424 -4 . 0. 460 SOB . 526 -8 20.40 
36A . 436 -4 0.493 SIB . 523 -8 20.40 
37A . 413 -4 0.443 52B . 533 -8 22. 65 
38A . 404 -4 0. 477 53B . 525 -8 19.33 
39A .399 -4 0.443 54B . 514 -20 19.30 
40A . 404 -2 0.443 55B . 519 -20 17. 15 
41A . 437 -2 0.443 56B . 528 -20 19.20 
42A . 442 -2 0.443 57B . 521 -20 17. 18 
43A . 428 -2 0.443 58B . 530 -20 19.49 
44A • 417 -2 0.443 59B . 520 -20 18. 21 
45A . 395 -2 0.425 60B . 512 -20 18.80 
46A . 430 -2 0.443 61B . 526 -20 17. 65 
47A . 452 -3 0.493 62B . 511 -20 17. 18 
48A • 451 -3 0.460 63B . 522 -20 18.59 
49A . 434 -3 0.493 64B . 513 -34 19.02 
50 A . 420 -3 0. 460 65B . 512 -34 13.88 
51 A . 452 -3 0. 477 66B . 520 -34 11.90 
52 A . 436 . -3 0.527 67B . 523 -34 16.23 
53 A . 462 -3 0.510 68B . 502 -34 15.86 

lB . 501 0 2.84 
69B . 532 -34 19. 30 
70B . 512 -34 20. 60 

2B . 514 0 4.40 71B . 507 -34 20. 65 
3B . 540 0 3.90 72B . 492 -34 21.40 
4B . 534 0 3.09 73B . 519 -34 19.94 
5B . 517 0 2.· 75 74B . 527 -34 21. 55 
6B . 525 0 5.85 75B . 512 -50 16.41 
7B .- 521 0 2. 71 76B . 528 -50 16. 30 
8B . 535 0 5.98 77B . 5~ 1 -50 17.52 
9B . 532 0 4.84 78B . 523 -50 20.70 

lOB . 532 0 12. 60 79B . 528 -50 17.40 
liB . 519 0 5.99 SOB . 533 -50 16. 62 
12B . 506 -2 3.44 81B . 528 -50 18.05 
13B . 525 -2 5.32 
l4B . 525 -2 4.81 

82B . 547 -50 21. 62 

15B . 544 -2 4.33 
83B . 528 -50 18.42 



16 A~PENDIX A 

Table AI (Contid). Unconfined compressive strength of snow. 

Rupture Rupture 
Density Temperature stress Density Temperature stress 

Samp]~ t.s.Lcm3J (OC) (_kg/ cm:J ~ampl~ igjcm3 ) __ (~9.._- ~cmO!.) 

84B . 493 -50 15.45 5D . 400 0 l. 13 
85B .527 -50 21.70 6D . 412 0 l. 65 

lC .. 537 0 4.23 
7D . 379 -2 l. 80 

zc . 525 0 6.03 
8D . 364 -2 o: 52 

3C . 507 0 8. 69 
9D . 406 -2 0. 72 

4C . 514 0 8. 32 
lOD . 402 -2 l. 13 

5C . 510 0 4.63 
liD . 411 -2 '0. 76 

6C . 510 0 6.03 
lZD . 392 -2 0.82 

7C . 507 0 8. 69 
13D . 383 ..:z 0.93 

8C . 512 -2 5.28 
14D . 408 -6 2.99 

9C . 518 -2 6.95 
15D . 403 -6 3.09 

lOC . 515 -2 7.20 
16D . 409 -6 3.44 

llC . 512 -2 l. 30 
17D .392 -6 2. 66 

12C . 522 -2 3.29 
18D .422 -6 4.48 

13C . 522 -2 3.43 l9D . 405 -6 3. 10 

14C . 529 -2 3. 30 
ZOD . 397 -5 l. 75 

15C . 539 -2 5. 15. 21D . 415 -5 l. 38 

16C . 514 . -4 11. 01 22D . 408 -5 l. 81 

17C . 520 -4 6. 8.7 23D . 415 -5 2. 75 

18C . 525 -4 8. 78 
24D . 386 -5 0. 72 

19C . 533 -4 10.83 25D .392 -5 l. 55 

zoe . 529 ;..4 7.96 
26D . 404 -5 l. 82 

ZlC . 524 -4 11. 15 
27D . 398 -8 3.26 

zzc . 533 -4 13. 41 28D . 385 -8 2.24 

23C . 530 -4 11. 04 29D . 370 -8 4.57 

24C . 530 -5 6.05 
30D . 416 -8 3. 78 

25C .537 -5 3. 74 
31D .394 -8 l. 89 

26C . 535 -5 7. 68 . 32D . 393 -8 5.33 

27C . 525 -5 6. 15 
33D . 389 -20 3.86 

28C . 529 -5 6. 60 
34D . 402 -20 3.83 

29C . 528 -5 9. 70 
35D . 402 -20 3. 51 

30C . 522 -5 6.32 
36D . 420 -20 3.41 

31C . 527 -5 5.90 
37D . 407 -20 3.47 

32C . 538 -8 12'. 65 
38D .396 -20 l. 89 

33C . 534 -8 6.00 39D . 415 -34 3.42 

34C . 531 -8 11. 80 
40D . 424 -34 6. 35 

35C ._540 -8 9.25 
41D .385 -34 5.45 

36C . 528 -8 11. 30 42D .396 -34 4.55 

nc . 534 -8 12.40 43D .399 -34 6.37 

;sc . 526 -8 6.48 44D . 392 -34 6.00 

39C .524 -8 9.96 
45D . 401 -36 6.06 

40C . 526 -20 15.60 46D . 385 . -36 5.82 

41C . 5 30 -20 10. 70 47D .376 -36 4.36 

42C . 541 -20 17.50 48D . 398 -36 5.95 

43C . 534 -20 12.93 49D . 392 -36 5. 10 

44C . 525 -20 12. 65 SOD .396 -36 4.80 

45C . 53 3 -20 15.22 51D . 404 -36 5. 76 

46C . 528 -20 16. 72 Press speed = 5. 77 in. /min. 
47C . 540 -20 19. 10 
48C . 525 -36 21. 58 IE . 319 -6 1. 46 

49C . 542 -36 16.00 2E . 314 -6 l. 16 

soc . 542 -~6 18.85 3E . 314 -6 l. 51 

51C . 553 -36 19.00 4E .324 -6 0.93 

52C . 542 -36 15.95 · 5E . 290 -6 0..43 

53C . 525 -36 17.50 6E . 322 -6 l. 14 

54C . 550 -36 22.55 7E .316 -6 0.84 

55C . 544 -36 16.88 BE . 340 -5 0. 79 

56C . 545 -34 21. 58 9E . 333 -5 0. 77 

57C . 531 -34 16. 12 l.OE . 325 -5 l. 16 

58C . 547 -34 20. 35 llE .345 -5 l. 02 

59C . 534 -34 17. 91 lZE . 301 -5 0. 75 

60C . 535 -34 15.50 13E . 318 -5 l. 19 

61C . 540 -34 19.78 14E .322 -8 l. 50 

6ZC . 537 -34 18. 60 15E . 315 -8 l. 48 
16E .324 -8 l. 91 

lD . 406 0 l. 20 17E . 328 -8 1. 88 . 
ZD . 430 0 l. 13 18E . 325 -8 0.97 
3D . 400 0 0. 72 19E .329 -8 l. 32 
4D . 407 0 l. 20 ZOE .320 -8 l. 80 
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Table AI (Cont'd). Unconfined compressive strengt~ of snow. 

Rupture Rupture 
Density Temperature stress Density Temperature stress 

Sample_ w~m3l ___ _j~~l __ (kg/_c~:l Sampl~ w-~~L _j~~j ___ ~gj_~~_L 
ZlE . 325 -20 1. 20 49F . 434 -36 4.25 
ZZE . 313 -20 1. 55 50F . 416 -36 3. 64 
23E . 316 -20 0. 72 51F . 409 -36 4.80 
24E .320 -20 1. 6Z 52F . 408 -36 4. 84 
25E . 327 -20 1. 51 53F . 412 -36 4.82 
26E . 352 -20 2. 06 54F . 407 -36 4. 90 
27E . 325 -20 1. 40 55F . 393 -36 3. 64 
28E . 328 -34 1. 75 56F . 374 -36 2.04 
29E .324 -34 2.08 57F . 351 -36 3.00 
30E . 332 -34 1. 97 58F . 418 -36 3. 91 
31E . 325 -34 2.03 

lG . 527 0 6.80 32E . 328 -34 2. 22-
33E .324 -34 1. 05 2G . 585 0 3.93 

34E . 318 -34 1.77 3G . 570 0 2.40 

35E .320 -36 1. 54 
4G . 559 0 2.56 

36E . 330 -36 2.09 5G . 577 0 2.09 

37E . 317 -36 1. 17 6G . 580 0 3. 22 

38E .324 -36 2.02 7G . 537 -7 4. 53 

39E .316 -36 1. 85 8G . 555 -7 6. 15 

40E . 289 -36 0.89 9G . 574 -7 . 4.97 

41E . 317 -36 1.77 
lOG .584 -7 4.88 
llG .586 -7 6.80 

lF . 413 . -4.5 0.88 12G . 543 -7 7.20 
2F .397 -4.5 0.65 13G . 564 -7 6.80 
3F .386 -4.5 0.48 14G . 570 -7 9.85 
4F· . 440 -4.5 1. 39 15G . 585 -7 6.33 
5F . 415 -4.5 L 61 16G .586 -7 7. 78 
6F . 389 -4.5 0.50 17G . 556 -7 5.54 
7F . 445 -4.5 1. 63 18G . 545 -4.5 4.B8 
SF . 418 -4.5 0.55 19G . 574 -4.5 4.53 
9F . 425 -4. 5 0. 52 20G . 5 71 -4.5 4.03 

lOF . 444 -7 3. 63 21G .596 -4.5 4.88 
llF . 415 -7 1. 54 22G . 572 -4. 5 3.26 
12F . 407 -7 1. 58 23G . 532 -4.5 3. 75 
13F . 433 -7 1. 68 24G .596 -4. 5 4. 53 
14F . 412 -7 1. 3 7 25G . 600 -4. 5 4.01 
15F . 445 -7 1. 97 26G . 600 -4.5 4.24 
16F . 443 -7 2. 21 27G . 591 -4.5 4.46 
17F . 408 -7 1. 01 Z.8G . 583 -4.5 3. 32 
18F . 401 -7 0.86 29G . 593 -4. 5 4. 35 
19F . 425 -10 2.58 30G . 595 -10 9. 68 
20F .353 -10 1. 52 31G . 568 -10 9. 54 
21F . 328 -10 0. 74 32G . 581 -10 12.00 
ZZF .376 -10 1. 41 33G . 57Z -10 8. 32 
23F . 430 -10 2.26 34G .. 584. -10 11. 60 
24F . 404 -10 2. 13 35G . 588 -10 9. 01 
25F . 404 -10 1. 56 36G . 585 -10 8. 23 
26F . 424 -10 2.55 37G . 594 -10 8.06 
27F . 360 ..:10 1. 44 38G .585 -10 15. 32 
28F . 405 -10 2.06 39G . 593 -10 10. 30 
29F .397 -20 2. 69 40G . 585 -10 10. 51 
30F . 392 -20 2. 21 41G . 574 -10 12.98 
31F . 437 -20 3. 79 42G . 596 -10 9.86 
32F .320 -20 1. 20 43G .586 -10 14.88 
33F . 400 -20 3.08 44G . 580 -10. 10.84 
34F . 395 -20 2.06 45G . 595 -10 9. 57 
35F . 428 -20 2.95 46G . 563 -10 9.46 
36F . 32 7 -20 1. 10 47G . 585 -10 12. 93 
37F . 400 -20 2. 59 48G . 575 -10 10. 77 
3SF . 348 -20 1. 89 49G .586 -10 12.87 
39F . 415 -27 4.03 50G . 5 61 -10 7. 72 
40F . 415 -27 4.82 51G . 587 -10 11. 46 
41F . 391 -27 2.88 52G . 574 -10 8.44 
42F . 434 -27 3.48 53G . 590 -10 10. 53 
43F . 407 -27 3. 81 54G . 562 -10 9.26 
44F . 410 -27 3.89 55G . 544 -20 11. 52 
45F . 377 -27 2. 75 56G . 563 -20 12. 71 
46F . 41 z -27 3. 33 57G . 562 -20 7.70 
47F . 417 -27 3. 29 58G . 594 -20 19. 65 
48F . 427 -27 4. 18 59G . 570 -20 10. 53 
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Table AI (Cont'd}. Unconfined compressive strength of snow. 

Rupture Rupture 
Density Temp·::!rature stress Density Temp·::!rature stress 

Sampl~ ~Jcm~l -~g ___ (_k_gj__c_r:;:.J ~_!21-_p}~ ~j_c_:::l_ __ c_g_ ___ J.~{_<2_m2) 
60G . 552 -20 9.08 28H .340 -10 3.29 
61G . 573 -20 20.40 29H . 361 -10 4.08 
62G . 581 -20 15.80 30H . 360 -10 4. 12 
63G . 550 -20 9.38 31H .356 -10 3.38 
64G. . 570 -20 13. 77 32H .329 -10 3. 78 
65G . 569 -20 11. 70 33H .340 -10 4.03 
66G . 578 -20 12. 35 34H . 360 -10 4.35 
67G .556 -27 11. 00 35H . 374 -10 4. 61 
68G . 581 -27 14. 74 36H . 3 63 -10 4. 15 
69G . 590 -27 13. 20 37H . 360 -10 4. 11 

. 70G . 595 -27 14.00 3SH . 346 0 0. 86 
71G .585 -27 14.30 39H . 333 0 0.81 
72G . 559 -27 10.82 40H . 342 0 0.99 
73G . 572 -27 13. 15 41H .326 0 l. 10 
74G .590 -27 7. 72 42H . 350 0 0.96 
75G .593 -27 1 7. 11 43H . 321 0 0.89 
76G . 591 -27 21.02 44H .296 0 0.81 
77G . 591 . -2 7 14. 60 45H . 328 0 J. 71 
78G .596 -27 15. 09 46H . 332 0 l. 23 
79G . 543 -36 18.82 47H . 357 0 l. 20 
BOG . 560 -36 18.42 48H . 318 0 1. 13 
81G . 585 -36 13. 38 49H . 292 0 0.93 
82G . 590 -36 13. 62 SOH .354 -27 4.07 
83G . 542 -3 6 14.25 SlH . 377 -27 4.58 
84G .596 -36 13. 66 52H . 3 51 -27 4.82 
SSG .597 -36 17.02 53H . 363 -27 3. 92. 
86G . 5 51 -36 17.60 54H . 360 -27 4.47 
87G . 564 -36 12.40 55H- . 360 -27 4.25 
88G . 569 -3 6 13. 61 56H . 367 -27 4. 10 
89G . 583 -36 14. 10 57H . 370 -27 4.38 
90G . 531 -3 6 14. 21 58H . 333 -27 3. 64 
91G . 56'J -50 16.98 59H . 358' -27 4.46 
92G . 559 -50 13. 52 60H . 3 70 -27 4.02 
93G . 553 -50 13. 12 61H . 332 -27 3.96 
9-lG . 554 -50 17.10 6?.H .366 -3 6 4.95 
9:JG . 551 -50 16.00 63H . 360 -36 4.03 

,96G . 569 -50 12.98 64H .366 -36 4.46 
97G . 5 62 -S'J 11. 3 z 65H . 352 -36 4.05 
98G . 575 -50 14.52 · 66H . 336 -3 6 4. 65 
99G . 554 -50 12.48 67H . 339 -36 4.57 

lOJG . 554 -5'J 1 z. 52 68H . 365 -36 4.46' 
101G . 546 -50 11. 60 69H .366 -36 4. 13 

1H . 363 -7 2.40 
70H . 364 -36 4.45 
71H . 3 70 -36 4.27 

ZH . 3 6.:1 -7 2. 78 
72H . 363 -36 4. 61 

3H . 3 70 -7 2.92 73H .327 -3 6 3.89 
4H . 3 69 -7 2.93 
SH . 316 -7 z. 74 1K . 503 -10 9. zo 
6H . 3 6') - 7 3.0J ZK . 53 7 -10 11. 95 
7H . 359 -7 2.92 3K . 553 -10 13. 55 
SH . 355 -7 z. 79 4K . 558 -10 16. zo 
9H . 357 -7 3. 1 z 5K .576 -10 17. 75 

10H .318 -7 2.26 6K . 567 -10 16. 85 
11H . 3 61 -7 3. 22 7K . 433 -10 3. 2 3 
12H . 352 -7 2. 26 SK . 516 -10 9;45 
13H . 318 -7 2.23 9K . 508 -10 11. 65 
14H . 380 -4. 5 3.39 10K . 503 -10 9. 63 
lSH .320 -4. 5 2. 74 11K . 489 -10 8. 08 
16H . 352. -4. 5 2. 78 12K . 454 -10 3. 21 
17H . 340 -4. 5 l. 22. 13K . 508 -10 9. 70 

· 18H .306 -4. 5 2.04 14K . 466 -10 4. 78 
19H . 3 60 -4. 5 2.44 15K . 467 - 1 f) 4. 76 
20H . 366 -4. 5 2.01 16K . 457 -10 4. 26 
ZlH . 369 -4.5 2. 38 17K . 470 -10 4.50 
22H . 348 -4. 5 1. 90 18K . 55'J -10 13. 90 
23H . 357 -4. 5 2.44 19K . 482 -10 6. 70 
24H . 363 -4.5 1. 89 ZOK . 456 -10 4. 12 
25H .334 -4. 5 2.44 ZlK . 470 -10 5.29 
26H • 3 31 -10 3. 63 22K . 503 -10 9. 34 
27H .333 -10 3. 65 23K . 570 -10 19. 10 



APPENDIX A 19 

Table AI (Cont'd). Unconfined compressive strength of snow. 

Rupture Rupture 
Density Temperature stress Density Temperature stress 

~ampl~- (g/cm3l _c:_g_ __ _Lkg/ cm2 J Saz.:?.P~ (g_l_cffi_:l _.-i.: c) ___ J.kg/cm2~ 

24K .550 -10 15.48 94K . 586 -23 19.55 
25K . 538 -10 15.40 95K .. 569 -23 18.00 
26K . 474 -10 5.84 96K . 493 -23 9.33 
27K . 540 -10 15.·00 97K . 600 -23 21.90 
28K . 503 -10 7. 77 98K . 576 -23 19.40 
29K . 484 -10 6.88 99K . 483 -23 7. 75 
30K .529 -10 10.59 lOOK .. 433 -23 3.90 
31K . 515 -10 10.38 101K . 475 -23 5.68 
32K . 582 -10 16. 62 102K . 482 -23 7. 74 
33K . 437 -10 3.75 103K . 430 0 1. 87 
34K . 462 -10 5.37 104K . 572 0 5. 21 . 
35K . 550 -10 18.80 105K .354 0 0.82 
36K . 513 -10 8. 68 106K . 423 0 3. 18 
37K . 543 -10 19.50 107K . 527 0 8.22 
38K . 421 -10 3.02 108K . 432 0 2.07 
39K . 511 -10 11. 22 109K . 372 0 2.06 
40K . 510 -10 10.82 110K . 475 0 3.94 
41K . 460 -10 1. 89 111 K . 369 0 1. 76 
42K . 403 -10 1. 06 112K . 437 0 2.76 
43K . 381 -10 0.38 113K . 577 0 9.94 
44K . 439 -10 1. 65 114K . 431 0 2.50 
45K . 405 -10 0. 69 115K .366 0 1. 8 7 
46K . 433 -10 1. 24 116K . 522 0 3.56 
47K • 378 -10 0. 65 117K . 510 0 4. 71 
48K . 439 -10 1. 78 118K . 525 0 6. 16 
49K . 421 -10 1. 17 119K . 567 0 9.00 
50K .390 -10 0. 76 120K . 501 0 4.92 
51K . 512 -4 4.06 121K . 574 0 7.37 
52K • 523 -4 4.78 122K • 484 0 3.35 
53K . 469 -4 2.86 123K . 535 0 5.27 
54K . 478 -4 1. 48 124K . 476 -50 7.21 
55K .587 -4 6.36 125K . 491 -50 10. 65 
56K . 484 -4 3.27 126K . 549 -50 J h. 45 
57K . 553 -4 4. 37 127K . 574 -50 25.40 
58K . 482 -4 1. 62 128K . 561 -50 25. 30 
59K . 555 -4 4.82 129K . 474 -50 9.93 
60K . 463 -4 2. 68 130K . 459 -50 6.85 
61K . 555 -4 7.95 131K .384 -50 2.91 
62K . 490 -4 4.04 132K . 574 -50 25.80 
63K .574 -4 10.00 133K . 438 -50 5. 12 
64K . 486 -4 3.06 134K .584 -50 25.02 
65K . 485 -4 10.25 l35K . 427 -50 2. 74 
66K .396 -4 0. 62 136K . 560 -50 25.80 
67K . 445 -4 1. 39 l37K . 578 -50 26. 50 
68K . 404 -4 0.45 138K . 470 -50 12. 32 
69K . 521 -4 4.26 139K . 393 -50 l. 33 
70K . 375 -4 0.41 140K . 489 -50 ·13. 45 
71K . 456 -4 l. 51 141K . 484 -50 12.86 
72K . 484 -4 3.99 142K . 420 -50 3.42 
73K . 473 -4 2. 13 143K . 459 -50 8. 14 
74K . 584 -4 7.57 
75K . 555 -4 4.51 
76K . 408 -4 0.62 
77K .387 -23 1. 10 
78K . 426 -23 3.43 
79K .'384 -23 0.96 
80K .447 -23 5.05 
81K .350 -23 0.95 
82K .544 -23 15. 12 
83K . 520 -23 11. 88 
84K . 431 -23 3.40 
85K . 448 -23 4.37 
86K . 485 -23 5.08 
87K .526 -23 9..25 
88K .540 -23 14.30 
89K . 421 -23 l. 44 
90K . 514 . -23 10.95 
91K .354 -23 0. 79 
92K .544 -23 14.05 
93K . 593 -23 20.40 
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Table AI I. Frozen soil samples. 

Rupture Rupture 
Density Temperature stress Density Temperature stress 

Sample ( g/cm~ __ (~9_ __ Lkg I ~m.-:.1 Sample ig/ cm3 r· _(OC) __ ( kg/~~:_L _ 

Water content = 16. 5%. Press speed = 5. 77 in. /min. 

1L 1.802 0 12.90 32L 1. 822 -10 47. 70 
2L 1. 779 0 11. 20 33L 1. 731 -10 2 7. 15 
3L 1. 741 0 9.86 34L 1. 770 -10 49.80 
4L 1. 795 0 13. 65 35L 1. 751 -10 46.00 
5L 1. 714 0 8.96 36L 1. 682 -10 29.82 
6L 1. 792 0 23.87 37L 1. 786 -10 30.25 
7L 1. 752 -1 19.05 38L 1. 803 -12 31.40 
8L 1. 738 -1 25.75 39L 1. 787 -12 30.38 
9L 1. 721 -1 27. 15 40L 1. 715 -12 32. 50 

10L 1. 742 -1 28. 65 41L 1. 745 -12 31.60 
11 L 1. 725 -1 22.40 42L 1.769 -12 37. 60 
12L 1. 782 -4 32.75 43L 1. 821 -18 48.40 
13L. 1. 744 -4 20. 18 441,- 1. 796 -18 54.90 
14L 1. 710 . -4 27.25 45L 1. 740 -18 57. 20. 
15L 1. 722 -4 24.68 46L 1. 727 -18 38.00 
16L 1. 772 -4 28.22 47L 1. 739 -18 37. 75 
17L 1.785 -4. 5 24.20 48L 1. 789 -27 72.80 
18L 1. 745 -4. 5 24.20 49L 1. 687 -27 31.40 
19L 1. 681 -4. 5 23.90 50L 1. 698 -27 44.40 
20L 1. 685 -4.·5 26. 10 51L 1. 741 -27 45.90 
21L 1. 788 -4. 5 32. 50 52L 1. 705 .-2 7 32. 73 
22L 1. 800 -5. 5 31.40 53L 1. 782 -30 58. 60 
23L 1. 787 -5. 5 30.38 54L 1. 812 -30 50. 50 
24L 1. 715 -5. 5 32. 50 55L 1. 799 -30 49. 30 
25L 1. 745 -5. 5 31.60 56L 1. 720 -30 56.80 
26L 1. 769 -5. 5 37. 60 57L 1. 810 -30 52. 70 
27L 1. 753 .-7 47. 10 58L 2.015 -35 95.80 
28L 1. 721 -7 25. 55 59L 1. 772 -35 70. 70 
29L 1. 810 -7 .26. 45 60L 1. 810 -35 79. 70 
30L 1. 722 -7 36. 55 61L 1.800 -35 59.45 
31L 1. 686 -7 24. 68 6ZL 1. 797 -35 72. 25 

I 
Table Alii. Ice samples ~ade by saturating snow sam.ples. 

Rupture Rupture 
Density Temperature stress Density Temperature stress 

Sam_pJ~· (g/ cm3l _c:_g __ (2s.g_/..£..r:::J . ~~IE~- J.gLcm3 )_ __rc) -- D.~.BL ST ..:._t 
Press speed= 5. 77 in. /min. 

lN . 847 0 21.40 15N . 854 -4 14. 15 
2N . 785 0 13. 30 16N . 872 -10 15.42 
3N . 788 0 17. 6') 17N . 840 -10 21. 30 
4N . 853 0 17. 15 18N. . 857 -10 17. 15 
5N . 832 0 12.00 19N . 797 -10 27.30 
6N . 853 -1 13. 30 20N . 847 -10 24.00 
7N . 864 -1 21. 30 ZlN . 869 -27 14. 60 
8N . 780 -1 11. 30 ZZN . 847 -27 29.20 
9N . 698 -1 24.30 23N . 895 -27 30.00 

lON .844 -1 17.85 24N . 868 -27 21. 30 
llN . 844 -4 18.20 25N . 847 -35 19.70 
12N . 824 -4 21.30 26N .830 -3 5o 24.40 
13N . 793 -4 9.95 27N . 818 -35 22.30 
14N .836 -4 20.90 28N . 783 -35 12.00 

29N . 855 -35 26.40 
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Table AIV. Unconfined compressive strength as a function of press speed ( 9 = -3C). 

Press Rupture Press Rupture 

speed Density stress speed Density stress 
(in. /min) ~--.:1 i_k_gj_c_~ !lE.:..i~inJ ·~j_c~~l ~~:J 

0. 1 . 543 7. 75 2.0 . 568 6.54 
0. 1 . 549 6. 54 2.0 . 575 4. 56 
0. 1 . 559 6.88 2.0 . 581 4. 13 
0. 1 . 568 7.32 5.0 . 545 2.67 
0.:1 . 578 7.06 5.0 . 553 3.36 
0. 1 . 587 7.06 5.0 . 564 4. 13 
0. 5 . 544 10.81 5.0 . 567 2.75 
0. 5 . 549 10.33 5.0 . 574 3. 44 
0.5 . 561 10.33 5.0 . 580 3.96 
0. 5 . 568 11. 19 7. 5 .. 544 3.96 
0. 5 . 578 11. 53 7. 5 . 550 2. 50 
0. 5 . 585 10.67 7. 5 . 563 4.82 
1.0 . 544 7.83 7. 5 . 568 3.01 
1.0 . 550 7. 14 7. 5 . 577 3.36 
1.0 . 563 6.80 7. 5 • 582 3.44 
1.0 . 568 13. 68 10.0 . 545 2. 50 
1.0 . 577 13.43 10.0 . 557 3. 70 
1.0 . 582 2. 67 10.0 . 564 3. 79 
2.0 . 544 5.34 10.0 . 567 2.32 
2. 0 . 551 5.59 10.0 . 573 3.96 
2.0 . 563 4.13 10.0 . 580 2.24 

Table AV. Ram hardness (y =. 419) 

Temperature R(kg) R(kg) R(kg) 
__ ('09_ __ 0-5 em 5-10 em 10-15 em --- ------

-1 8 18 14 
-1 8 20 20 
-1 6 14 16 
-3 6 18 18 
-3 6 14 18 
-3 8 24 24 
-6 10 32 32 
-6 6 18 18 
-6 6 28 26 
-10 18 28 34 
-10 18 42 48 
-10 10 20 26 
-16 8 30 32 
-1'6 14 44 40 
-16 14 50 52 
-34. 5 22 88 84 
-34.5 24 48 52 
-34. 5 20 80 66 
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