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VARIATION OF SOME MECHANICAL PROPERTIES OF 
POLAR SNOW, CAMP CENTURY, GREENLAND 

by 

Austin Kovacs, W .F. Weeks and Frank Michitti 

INTRODUCTION 

A recent review of studies of the unconfined compressive strength of polar snow (Kovacs, 
1967) clearly shows the appreciable differences that ex ist between the results of different investi
gators , These differences are undoubtedly the result of changes in the testing _procedures as well 
as actual differences in the snows tested. In the past the range of snow densities y available at 
a given site has always been somewhat restricted: Butkovich (1958), 0.350 _::: y _::: 0.640 g/ cm 3

; 

Ramseier (19n3), 0.450 _::: y _::: 0.650 g/ cm 3
; Smith (1965), 0.360 _::: y _::: 0.720 g/ cm 3

; Naka:va and 
Kuroiwa (1967), 0.320 ~ y S 0.600 g/ cm 3

• * Therefore, when an attempt was made to examine the 
variation in the strength of polar snow and ice over its complete natural density range , it was 
always necessary to patch together results obtained on hopefully similar samples from different 
locations that were mea9ured using different test procedures and techniques . 

The present study analyzes the results of a large number of measurements of the unconfined 
compressive strength of polar snow from Ca mp Century, Greenland , where it was possible to obtain 
samples with densities varying over essentially the complete natural density range for polar snow 
and ice (0.340 S y S 0.890 g/ cm 3

) . The loading apparatus used was designed specifically for 
the purpose . The variations of the static Young ' s modulus and the ring-tensile strength of the snow 
and ice were also studied . 

TEST SITE 

In selecting a field site for this type of study, it was desirable to choose a location where 
a wide density rahge of naturally densifying snow could be sampled , An ideal location was found 
in the Inclined Drift at Camp Century, Greenland . Schematic vertical and horizontal views of the 
drift are given in Figure L The drift is essentially a chain sawed excavation which starts at the 
bottom of a roofed trench roughly 10 m below the 1966 snow surface . Entrance to the trench is 
through a 70-m-long walkway from the snow surface , From the trench the drift extends 267 m at an 
average inclination of 20° until it reaches a depth of 100 m below the snow surface . The upper 
portion of the drift is roughly 3 x 3 m while the lower portion narrows to 1.6 x 2 m. A view of the 
lower portion of the drift is shown in Figure 2. It was, therefore, possible by cor ing specimens 
from the walls and floor of the drift to systematically vary the specimen density from 0.510 to 
0.890 g/ cm3

, By combining these results with the results of tests on 104 specimens obtained from 
a surface pit, the low end of the density range could be extended to 0.340 g/ cm 3

• The enclosed 

* To change the units used in this paper to Systeme International d'Unites (S.I. ) unit s which have recently 
been recommended for use in gl aciology (Journal of Glaciology , vol. 7, no . 50, 1968, p. 151-153) the follow
ing conversions are used : 1 g/ cm 3 = 1000 kg/ m3 and 1 kg/ cm 2 = 0 .98067 x 105 N/ m2

• 
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Figure 1. Schematic of the Inclined Drift , Camp Century, Greenland. 
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trench at the top of the drift also offered a sheltered location with a constant temperature of 
1
-25C 

where the specimens could be prepared and tested. 

The snow in the drift had an average grain size which increased l'inearly with depth from 
0.95 mm at 10m to 1.95 mm at 100m. The snow from the surface pits had an average grain size of 
roughly 0.5 mm. With the use of a light source behind thick-section slabs of snow, it was possible 
to see a stratigraphy to a depth of approximately 40 m (y "" 0. 720 g/ cm 3

). Below this depth the 
snow was visually completely homogeneous. The snow-ice transition (y between 0.800 and 0.830 
g/ cm 3

) occurred at a depth of between 60 to 70 m. Pronounced ice layers indicating summer surface 
melt occurred at only two locations in the drift : at 9. 7 m, corresponding to the warm summer of 
1954 when surface melt was observed at Site 2, and at 100 m. Therefore , the snow column can, 
with these rare exceptions, be considered as representative of dry polar snow . 

TEST PROCEDURES 

Equipment 

The stand of the hydraulic loading machine is of rigid construction, consisting of three 30.5-
x 30.5- x 2.5-cm steel plates, four 2.5-cm-diam threaded steel rods and appropriate steel spacers 
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Figure 2. View of the lower portion of the drift. 

as shown in Figure 3. A load cell is attached to the upper plate of the stand and a steel pivot 
platen is positioned .beneath the load cell . The bearing surface of this platen is coated with Teflon 
to minimize end constraint . A hydraulic ram actuated by a high pressure hydraulic pump is located 
in the lower section of the loading machine. When actuated , the ram lifts the test specimen upward 
against the platen of the load cell from which the applied force is measured. The ram is also capped 
with a large Teflon-coated steel platen. Initially it was planned to regulate the ram speed. Unfor
tunately this was prevented by the occurrence of a fault in one of the valves during the field study. 

Because this testing machine, like most, has a pivot platen, it is essential that each specimen 
be positioned in the test stand so that the center of the load concentration (center point of the 
pivot platen) is as near as possible to the geomAtric center of the specimen. This eliminates un
desirable bending stresses associated with nonaxialloading which reduce the potential stress
carrying capacity of the specimen. The .position at which test samples should be placed was de
termined in the field with a calibration cylinder having dimensions equivalent to those of the sam
ples . 

Three strain gauges were symmetrically located at 120° to one another on the vertical axis 
of the cylinder. The cylinder was then set at various locations on the ram platen until each strain 
gauge showed identical strains when the cylinder was loaded. The position of the outer edge of 
the cylinder was then inscribed on the ram platen to ensure accurate positioning of the· test 
specimens. Even with these precautions, positioning errors and sample irregularities can give 
nonaxial alignments as large as 1.5 mm. Calculations (Appendix A) show that the bending stress 
developed by such a nonaligned load would decrease the failure strength of the specimen by 14%. 
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Figure 3. Testing apparatus. 

A linear position transducer (LPT) was used to measure the displacement of the ram platen 
and the strain sustained by the specimens under load. Agreement between calibration measurements 
taken before and after the field study indicated that the LPT had responded properly during the 
tests and that the load vs strain response of the load cell had not shifted. A dual-channel, high
speed pen-type recorder was used to provide the graphic record of applied load and strain vs time 
during testing. The test apparatus is field portable and we believe that for its size it has an 
excellent capability of providing a nearly complete history of sample behavior under load up to 
faiiure. 

Unconfined compression tests 

A motorized Cold Regions Research and Engineering Laboratory corer was used to take smooth 
cylindrical core~ 7.6 em in diameter from the walls (horizontal cores) and floor (vertical cores) of 
the drift. The cores were cut to a fixed length and, with the use of a modified table sander, planed 
smooth at the ends. Extreme care was taken to en~ure that the sides of the specimens were 
perpendicular to the ends. Final hand honing of each end face was accomplished with fine-grained 
emery paper to remove minor irregularities on the end faces. Such irregularities and nonparallel 
ends would act as stress risers which would initiate failure at bulk stress levels less than the 
strength of the material. 

Vernier gauges were used to measure specimen length and diameter to .001 in . A.n average 
of at least three measurements was taken to establish each of these values. Final test specimens 
(275) were approximately 7.6 em in diameter and 21.0 em long for a length to diameter ratio of 
2. 75 to 1. This ratio was also chosen to minimize the effects of end constraint and minor end non
parallelism. A triple beam balance was used to measure specimen weight to .1 g. All measure
ments pertinent to each unconfined compression specimen are listed in Appen.dix B. 
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Ring tensti• testa 

'the ring tensile strengths of 255 specimens were determined. In preparing the ring tensile 
specimens, the initial cores were cut into lengths of approximately 7 to 8 em with a band~w. Each 
end was then planed smooth on the modified table sander. The length land the radius r 

0 
of the 

resulting ice cylinder were determined with a vernier gauge. The specimen was positioned in a 
holder and a 1.27-cm coaxial hole drilled through it. The specimen was then subjected to a com
pressive stress by placing a diametrical load on the cylinder. The failure plane was directly be
neath and parallel to the directio.n of the applied load. The ring tensile strength measurements are 
listed in Appendix C. 

The theory for this test was initially developed by Ripperger and Davids (1947) and further 
elaborated by Assur (1958). The equation for computing the ring tensile strength aT is 

a 
T 

KP 
-;;-rT 

0 

where P is the load at failure and K is a stress concentration factor that depends on the external 
geometry of the specimen. The exact value of K is a complicated function of the ratio of the inner 
and outer radii r/r 

0 
of the hollow cylinder. For r/r 

0 
= % which was used in this study the· theory 

predicts K = 7.09. A detailed discussion of the results obtained from this test as applied to lake 
and sea ice and' a general discussion of some problems relating to the test itself can l)e found in 
Weeks and Assur (1968, 1969). The test has also been applied to high density snow and glacier 
ice by Butkovich (1958, 1959). 

TEST RESULTS 

Unconfined compression 

Types of failure. Figures 4-8 show typical specimen failures observed. Figure 4 shows the 
expulsion of grains along a failure surface. This phenomenon was often observed in the open 
structured snow from the surface pit that had a density of less than 0.500 g/cm 3

• In this snow the 
weak layers were orientated horizontally and undoubtedly represented old autumn-depth hoar sur
faces. It is clear in such failures that the strength re·cord does not necessarily represent the 
strength of the average density of the sample but represents the structural strength of the less 
dense snow layer under collapse. Figure 5 shows slabbing of a sample with a density of 0.666 
g/ cm3

• F.igures 6 and 7 show crack initiation and development prior to failure in specimens with 
densities between 0.850 and 0.860 g/ cm3

• Note that "the cracks are orientated vertically and are 
quite straight. For snow with a density greater than approximately 0.500 g/ cm3

, failure was very 
rapid and often explosive in nature , as if all the strain energy within the specimen were released 
simultaneously (Fig. 8). This density corresponds roughiy to the transition den sity (Anderson and 
Benson, 1963) where a stably bonded structure is established in thermally stable in si tu snow. 
Samples having a density below 0.500 g/cm3 also failed in a brittle manner but without the explosive 
nature of the higher density snows. 

Failure strength vs density. The unconfined compressive s trength ac of each specimen is 
listed in Appendix B and is plotted against density in Figure 9. This figure shows that the strengths 
of vertically and hori zontally cored ·specimens are s imilar. This suggests that in the density range 
y > 0.600 g/cm3

, snow behaves isotropically under unconfined compression. It is doubtful that this 
is still true at y < 0.500 g/ cm 3 because the horizontal planes of weakness produced by depth hoar 
formation have not yet been destroyed by the natural processes of compaction and recrystallization. 
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Figure 4. Failure along a horizontal depth 
hoar surface. Note the expulsion of grains. 

F igure 6. Crack in itiation prior to failure . 

Figure 5. Slabbing of the sample. 

Figure 7. Crack in itiation and propagation prior 
to f ailure. 
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Figure 8. Explosive specimen failure . 

The scatter in the unconfined compressive strength measurements does not appear to vary 
with density in the density range _0.340 _s y _s 0.830 g/ cm3

• At densities greater than 0.830 
g/cm\ however, there is a pronounced .increase in the scatter of the ac values. In any event the 
variation of a c with y is clearly nonlinear. The a c values obtained for the vertically cored samples 
can be well fitt~d by the 4th degree polynomial 

ac = 103 (0.1462- 1.179y + 3.441y2 - 4.256y3 + 2.089y4) (1) 

where ac is expressed in kg/cm2 andy in g/cm 3
• Because this relation is cumbersome to use, 

Appendix· D gives ac at -25C for the entire range of densities encountered at Camp Century. In 
addition the depth at which each density occurs is given. The depth-density curve is based on 
data collected by S.J. Mock* and by Langway (1967). The reader should be aware that this 
Appendix will not necessarily apply to other ice cap locations because of changes in. the mean 
annual snow temperature and in the depth-density profile. 

Stress and strain. The stress and strain at failure for each unconfined compression specimen 
are also listed in Appendix B. Groups of representative stress-strain curves for samples of 
different average densities are shown in Figure 10 . . Examination of these curves shows that in all 
cases there is an initial curvature prior to Hookian behavior. Careful laboratory checking showed 

*Personal communication. 
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that this large initial change of the elastic modulus with stress was definitely not the result of 
seating-in deformation of the equipment. Adams and Williamson (1923) showed that the flaws 
inherent in a material close under stress . This idea has been widely applied and offers a qualita
tive explanation for the large initial change in the elastic ·moduli with stress observed in this 
study. Another poss·ible reason for this change in slope lies in initial seating deformation of the 
ice . Because the precise shapes of the curves in ·this nonlinear region are difficult to ascertain, 
we do not suggest ·that initial tangent moduli be determined from these curves. The curvature which 
appears in the stress-strain curves following the Hookian behavior is typical of mixed mode fracture, 
due to non-Newtonian viscous deformation at crack tips or the motion of line defects associated 
with creep. 
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Figure 11 graphically shows the linear relation observed between strain at failure and sample 
density . Isotropic behavior is again manifested by the similar failure strains obtained from hori
zontally and vertically cored samples of comparable densities when the densities are greater than 
0. 600 g/ cm3

• 

Young's modulus. The tangent and secant moduli in unconfined compression were obtained 
from the stress-strain curves and are listed in Appendix B. Modulus values for snow with densities 
greater than 0.500 g/ cm 3 are plotted against density in Figure 12. · Specimens with densities less 
than 0.500 g/ cm 3 are not included in the analysis because as mentioned previously these samples 
often failed across horizontal planes of weakness, presumably former depth hoar layers. The 
stresses and strains obtained at failure from these specimens are therefore of questionable value 
because the true density of the snow that actually failed is not known. ·. 

At densities greater than 0.600 g/ cm 3 isotropic behavior is again indicated inasmuch as both 
horizontal and vertical specimens give similar relations . The relations between both the tangent 
and secant moduli and density appear to be linear . An increase in the scatter of the Young's 
modulus values is again apparent at densities greater than roughly 0.830 g/ cm 3

• 

Time effects. The time to failure for each sampl.e is also listed in Appendix B. The values 
varied betwe.en the extremes of 0.2 to 1.4 sec and, as might be expected, showed a systematic 
increase with increasing density (Fig. 13). Because of a valve malfunction it was not possible 
to maintain the same ram speed from test to test . · Fortunately, however, the ram speed remained 
constant during individual tests . For the low density samples (y < 0.620 g/ cm3

) ram speeds were 
as high as 23 .6 cm/ riiln . At sample densities higher than this value, the ram speed in general 
remained close to 8.6 em/ min although occasional fluctuations between 5.1 em and 9.9 em/ min 
were noted. Because of these variations no detailed conclusions can be drawn from the shape of 
the curve in Figure 13 . 
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Figure 14 plots the unconfined compressive strength of the samples (y~0 . 830 g/ cm 3
) vs 

strain rate E-. Within the ( range studied there is no obvious dependency of a c on (. As would be 
expected from Figure 9, the higher density specimens give higher failure strengths. Although the 
lack of dependence of a on (is in agreement with a general rule of thumb used at CRREL (a ~ 

. c c 
f(t) at head speeds above 2.54 em/ min), it is in disagreement with the results of Korzhavin (1962) 
who found a systematic decrease in the compressive strength of cubes of lake ice as ~ increased 
through the same range of val.ues. Results similar to those of Korzhavin have also been reported 
by Korzhavin and Ptukhin (1966) and Peyton (1966). Direct comparisons, however, . are difficult 
because these authors analyzed their results in terms of stress rates instead of strain rates. Never
theless their results are quite convincing . It is possible that the differences between our results 
and those of these authors are produced by · changes in the structure of the ice (fine-grained glacier 
ice as compared with lake and sea ice). This is clearly an area in which further experimentation 
is needed. 
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Ring tensile test data are listed in Appendix C. Values of the ring tensile strength aT are 
plotted vs sample density and porosity in Figure 15. It is again apparent that at densities greater 
than 0.600 g/ cm 3 both horizontally and vertically cored specimens give similar results, indicating 
isotropic strength behavior. The relation between aT and density is essentially linear with a 
slight ·but gradual increase in the scatter as density increases from 0.400 to 0.830 g/cm3

• For 
density values higher than 0.830 g/ cm 3 there is again a pronounced incr~ase in the scatter toward 
higher strength values. 

DISCUSSION 

As remarked earlier, considerable care was taken in the present study to produce unconfined 
compression specimens with ends that were flat , parallel and perpendicular to the axes of the 
specimens. We believe that it will be difficult under field conditions to significantly improve the 
quality of the specimens being tested. An attempt was also made to reduce end constraints and to 
cause rapid failure of the specimens under a constant head speed. These efforts to achieve 
optimum testing procedures were apparently at least partially successful. Our observed scatter is 
small for snow and ice unconfined compression results. In short, we believe that the primary cause 
of scatter in the test data is associated with the singular or combined effects of nonaxially loaded 
and/ or irregularly surfaced specimen ends, and to a lesser degree due to inherent crystalline or 
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structural flaws. If indeed the scatter is related to the above, then the highest strength values 
recorqed are those obtained from tests in which the samples had most careful preparation and 
alignment within the testing machine. It then follows that the more realistic unconfined compres
sive strength vs density relationship would be similar to that indicated by the dashed curve which 
skirts through the higher strength values in Figure 9. 

We were surprised to find that when we corrected our results to -10C using Bender's (1957) 
temperature correction, our results were, on the average, -18% lower than published results froJ)l 
similar Greenland snow (Kovacs, 1967, Fig. 3: based on data of Butkovich, 1958, and Smith, 1965) 
and 33% lower than apparently similar Antarctic snow (Ramseier, 1963). There are two possible 
explanations for this. Possibly Bender's temperature-correction is inadequate. Also this decrease 
may be the result of the high strain rates which were applied to our -samples. If the latter is true 
then our results can be taken to be in overall agreement with the results of Korzhavin (1962) and 
Korzhavin and Ptukhin (1966) on lake ice and Peyton (1966) on sea ice. 

Our ring tensile results are similar in both the low density (0.450 _s y S 0. 700 g/ cm3
, -10C; 

Butkovich, 1958) and the high density (0.860 S y _s 0.880 g/cm3
, -5C; Butkovich, 1959) range 

to previous results from Greenland. Because the ·temperature dependence of the ring tensile strength 
of ice has not been thoroughly studied, these results have not been corrected to a common tempera
ture. ·This similarity then is a bit surprising inasmuch as the headspeeds during our ring tensile 
tests were undoubtedly significantly higher than those used by Butkovich and, at least in sea ice 
studies, increases in heads peed are associated with decreases in ring tensile strengths (Paige and 
Kennedy, 1967; Weeks and Assur, 1969). This suggests to us that the effect of temperature on 
ring tensile strength in the range -5C to -25C is probably significant and should be added as a 
correction before meaningful comparisons are made. 

The nonlinearity of the unconfined compressive. test results when plotted against density is 
quite striking. This is in apparent contradiction. to the results of several previous investigators 
(Butkovich, 1958; Smith, 1965; Ramseier, 1963) although Nakaya and Kuroiwa (1967) obtained 
similar nonlinear results at Site 2. This can easily be explained by the observation that most 
inveBtigators have had snow of a limited range of densities available for testing. In the range of 
their data a linear relation quite adequately represented the data . However, when the essentially 
complete natural density range is examined, the relation is clearly nonlinear. 

It is interesting to speculate on possible causes of this nonlinearity. If at a given temperature 
the·strength of snow is governed by the total area of ice bonds per unit area of failure surface, and 
if the effective porosity on the failure surface n 1 is also linear with bulk porosity n, the strength 
will be a linear function of the density of the specimen (Ballard and McGaw, 1966) . This is , of 
course, provided that the level of internal stress concentration , no matter what its value, is 
unchanging with density. 

In actuality we would expect that, as pointed out by Ballard and McGaw, the ratio nl n 
1 

would 
gradually increase, approaching 1 as the porosity approaches zero. We would also expect that as 
the porosity decreases the geometry of the voids would become more regular with the voids , 
approaching randomly distributed spheres at very low porosit~es ~ Because a spherical void will 
produce a lower stress concentration than irregularly shaped voids , we would expect that if stress 
concentrations are produced by the voids, the stress concentration will be a maximum in low 
density and approach a minimum at higher densities. Either of these effects could produce the 
observed nonlinearity. It should also be remembered that our_ tests were performed at low tempera
tures and high strain rates which would minimize any plastic relief at l~cal stress concentrations . 
However, the density dependence of our ring tensile results was quasi-linear. We would expect 
that if there were significant changes in the degree of internal stress concentrations it would also 
be apparent in the ring tensile results. This was not the case . 
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Another interesting feature of these test results is the apparent increase in scatter at den
sities close to those of pure ice. This effect is very pronounced in the plot of ring tensile strength 
vs density (Fig. 15). It also is apparent in the plots of unconfined compressive strength and 
Young's modulus vs density (Fig. 9 and 12). Examination of these ·figures suggests that the 
lower bounds of the data envelopes are continuous up to the highest densities tested. · The upper 
bounds of the data show a similar regular increase until a density of roughly 0.830 g/cm3 is reached. 
At densities higher than this value, appreciably higher strength or Young's modulus values are 
observed than would be expected by extrapolating the upper bound of the data from lower densities. 
It is natural to associate this effect with the snow-ice transition which is produced by "close-off" 
of the air bubbles in the ice. This occurs at a bulk density between 0.800 and 0.830 g/cm 3

• At 
densities higher than this, the ice ·can be considered as a "sealed-cell' material with no communi
cation between the cells. 

The increase in the failure strength at densities above the ''close-off" density can possibly 
be explained as follows. It is known from studies of ceramics (Kingery, 1960) that for a given 
porosity, Young's moduius will be higher for spherical voids than for irregular interconnected voids. 
This increase in Young's modulus will, therefore, cause an ·increase in the stress required to 
produce a given strain at failure. 

The problems pointed out by this study are, in the most part, similar to problems encountered 
in the testing of all types of snow and ice (Kovacs, 1967; Weeks and Assur, 1969) . There is an 
inadequate understanding of the actual failure mechanisms involved. There is also insufficient 
information on the effects of changes in test conditions such as temperature, sample size and shape 
and str-ain rate on the results. Also inadequately understood is how changes in the microstructure 
of the specimen (grain size, total volume anJL arrangement of pores, and crystal orientation) affect 
the observed strengths. To answer these questions careful testing designed to resolve specific 
questions is required. We believe that the Inclined Drift at Camp Century is an ideal site for such 
studies inasmuch as it offers uniform, homogeneous snow and ice specimen.s of almost any density 
that is required. 

LITERATURE CITED 

Adams, L.H. and Williamson, E.D. ( 1923) The compressibility or minerals and rocks at high 
pressures. Journal of the Franklin Institute, vol. 195, p. 475-592. 

Anderson, D.L. and Benson , C.S. ( 1963) The densification and diagenesis of snow. In Ice 
and Snow, Properties, Processes and Applications (W.D. Kingery , ed.). Cambridge, 
Mass. : The M.I.T ~ · Press, p. 391-411. 

Assur, A. ( 1958) Composition of sea ice and its tensile strength. In Arctic Sea Ice, U.S. 
National Academy of Sciences-National Research Council Publication 598, p. 106-
138. Also U.S. Army Snow Ice and Pennafrost Research ~stablishment (USA SIPRE) 
Research Report 44 ( 1961), AD 276604. 

Ballard, G. E. H. and McGaw , R. W. ( 1966) A theory of snow failure. In International 
Symposium on Scientific Aspects of Snow and Ice Avalanches. International 
Association of Scientific Hydrology , Commis&ion of Snow and Ice, Publication 
no. 69 , p. 160-169 . Also U.S. Army Cold Regions Research and Engineering 
Laboratory (USA CRREL) Research Report 137 ( 1965), AD XL6e4198. 

Bender, J.A. (1957) Testing of a compacted snow runway .. American Society of Civil Engineers, 
Journal of the Air Transport ·Division, vol. 83 , no. AT 1, paper 1324. 

Butkovich, T.R. ( 1958) Strength studies of high-density snows. Transactions, American 
Geophysical Union, vol. 39, no. 2, p. 305-312. Also USA SIPRE Research Report 
18 ( 1956), AD 122665. 



MECHANICAL PROPERTIES OF POLAR SNOW, CAMP CENTURY, GREENLAND 17 

LITERATURE CITED (Coot' d) 

Butkovich, T.R. (l959) _Some physical properties of ice from the TUTO Tunnel and Ramp, 
Thule, Greenland. USA SIPRE Research Report 47, AD 225569. 

Kingery , W.O. (1960) Introduction to ceramics. New York: J. Wiley and Sons . 781 p. 

Korzhavin, K.N. ( 1962) Vozdeystviie 1' dana inzhenemyie sooruzheniia (Action of Ice on 
Engineering Structures). Novosibirsk : Izdatel ' stvo " Nauka" Sibirskoe 
Otdelenie, 202 p. 

_______ and Ptukhin , F .I. ( 1966) Kotsenke predela prochnosti l' dana szhatie pri 
kratkovremennykh bystro vozrastaiushchikh nagruzkakh (Evaluating the compressive 
strength of ice under short-term rapidly increasing loads). Materially VIII Vsesoiuz. 
mezhduvedomstvennogo soveshchaniia po geokriologiia (merzlotovedeniiu), Vyp. 5, 
Yakutsk , p . 61-72. 

Kovacs , A. (1967) Density , temperature and the unconfined compressive strength of polar 
snow. USA CRREL Special Report 115. 

Langway, C. C. ( 1967) Stratigraphic analysis of a deep ice core from Greenland . USA CRREL 
Research Report 77, AD 655264. 

Nakaya, U. and Kuroiwa, D. (1967) Physical properties and internal structure of Greenland 
snow. In Physics of Snow and Ice , Sapporo Conference , vol. 1, part 2, p. 953-971. 

Paige, R.A. and Kennedy, R.A. ( 1967) Strength studies of sea ice - effect of load rate on 
ring tensile strength . U.S. Naval Civil Engineering Laboratory Technical 
Report R545. 

Peyton, H.R. (1966) Sea ice strength. Geophysical InstitUte of the University of Alaska, 
Report No. NR 307-24717-6-55. 

Ramseier , R.O. ( 1963) Some physical and mechanical properties of polar snow. Journal 
of Glaciology, vol. 4, no. 36 , p. 753-769 . Also USA CRREL Research Report 116 
( 1966), AD 631685. 

Ripperger, E.A. and Davids, N. ( 1947) Critical stresses in a circular ring. Proceedings, 
American Society of Civil Engineers, vol. 12, p. 619-635. 

Smith, J.L. (1965) The elastic constants , strength and density of Greenland snow as determined 
from measurements of sonic wave velocity. USA CRREL Technical Report 167, 
AD ~32357. 

Weeks, W.F. and Assur, A. (1968) The mechanical properties of sea ice. In Proceedings, Con
ference on Ice Pressures Against Structures, (Laval University), National Research 
Council of Canada, Associate Committee on Geotechnical Research, Technical 
Memo. No. 92, p. 25-78. Also USA CRREL Cold Regions Science and Engineering 
Monograph II-C3 (19'67), AD 662716. 

___________ ( 1969) Fracture of lake and sea ice. In Treatise on Fracture 
(H. Liebowitz, ed.) New York: Academic Press. Also USA CRREL Research 
Report 269 ( 1969). 



APPENDIX A. CALCULATION OF THE EFFECT OF NONAXIAL LOADING OF 
UNCONFINED COMPRESSION SPECIMENS. 

The stress distribution (a) over a uniformly loaded specimen at failure is: 

where 

P A axial load 

R radius of specimen 

A end surface area. 

(A1) 

19 

Nonaxialloading reduces the ultimate failure stress by an amount equal to the bending stress 
(a8 ) which is directly related to the degree of eccentricity e: 

where 

MR 
I 

M moment, PEe 

P E eccentric load 

moment of inertia, rrR 4/4. 

(A2) 

If a is the ultimate stress a uniformly loaded specimen will sustain, a nonuniformly loaded 
one will therefore support a - a8 = ac (the observed unconfined compression strength as deter
mined from P E/ A). The percent of reduction in failure strength due to an eccentric loading is 
then: 

aB 
X 100. (A3) 

From eq A3 the reduction in the failure stress for a 3-in. (7 .6-cm) diameter sample subjected 
to a load applied 0.06 in. ( 1.5 mm) off center is 14%. 
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l2V-2 12 39 · 532 12.01 4.73 -295 .00192 354 106o 10.61 151 787 55 -34 . 543 930 65.4o .642. 
12V- 3 12 39 -534 11-33 4.46 .230 .00131 354 78o 7-8o 110 84o 59.07 . 58o 1120 78.76 -773 tx:l 
12V-4 12 39 -525 N/A N/A . 255 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
12V-5 12 39 -525 N/A N/A .2:>5 N/A N/A N/A N/A N/A N/A N/A N/A Njf.. N/A N/A 
12V-6 12 39 -508 8 .97 3-54 -255 .00081 386 850 8 .50 121 68o 47 . 82 . 469 830 58.37 -572 
12V-7 12 39 -529 N/A N/A .225 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
12V-8 12 39 -536 N/A N/A .28o N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
12V-9 12 39 ·533 9-78 3-85 .2~ .ooo88 431 950 9 -50 135 1530 107 .6o 1.056 204o 143.46 1.4o8 
12V-10 12 39 -5 30 9 -22 3-63 -305 .00174 490 l08o 10.8o 154 885 62 .23 . 611 108o 75-95 .745 
12V-12 12 39 -536 N(.A N(.A -255 N(.A N(,A N(.A N(.A N(.A N(.A N(,A N(,A N(,A N(,A N(,A 
12V-13 12 39 -527 .24o 
12V-14 12 39 -526 .l8o 
20V-l 20 66 . .621 .445 
20V-2 20 66 .622 -375 
20V-3 20 66 .612 N/A N/A .425 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
20V-4 20 66 .6o8 7 .49 2-95 -390 .00117 771 1700 21.50 242 2070 145.57 1.428 2520 177 .22 1.739 
20V-6 20 66 .619 10 -57 4.16 .450 .00202 1043 2300 23.00 327 1620 113.92 1.118 2420 170.18 1.670 
20V-7 20 66 .617 N/A N/A .415 N(,A N(.A N(.A N(.A N(,A N(,A N(,A N(,A N(,A N(,A N(,A 
20V-8 20 66 .6o8 N/A N/A · 36o 
20V-9 20 66 .6o4 N/A N/A .430 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
20V-10 20 66 .611 9 .02 3· 55 .4oo .00168 889 196o 19.6o 279 166o 116.74 1.145 246o 173.00 1.697 
20V"-11 20 66 .622 N/A N/A ·330 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
20V-12 20 66 .617 N/A N/A ·375· N/A N/A N/A N/A N/A N/A N/A NjA N/A N/A N/A 
20V-15 20 66 .588 8.64 3·4o ·34o .00144 790 174o 17.41 248 1720 120.96 1.187 234o 164.56 1.615 
20V-33 20 66 .617 12.37 4.87 .3QO .00154 1043 2300 23.00 327 2120 149.09 1.463 26o0 182.84 1.794 
20V-34 20 66 .620 16.51 6.50 .1~ .00147 916 2020 20.20 287 1950 137.13 1.345 2450 172.29 1.690 
20V-35 20 66 .610 11.02 4.34 ·350 .00175 8o7 l78o 17 .8o 253 1450 101.97 1.000 248o 174.41 1.711 
20V- 37 20 66 .623 12.8o 5.04 .4o0 .00237 1020 2250 22.50 320 1350 94.94 -931 2100 147.68 1.449 
20V-38 20 66 .6o9 N/A N/A N/A N/A N/A "N/A N/A N/A N/A N/A N/A N/A N/A N/A 
20V-39 20 66 .618 10.18 4.01 ·34o .00149 8o7 178o 17.8o 253 1700 119-55 1.173 2642 185.65 1.822 



Time to Strain Load at Stress at Secant modulus Ta111e11 t modulus 
Spec DeptlJ 

~;~:at~ 
Press spHd failure at failure failure psi lrl l cm' dya / cm' psi lrll cm' d)'JJ / cm' 

110, (m} (It} (cm/ mla} (1•./mln) (aec} failure (lrl) (lb) (lrll cm'J (psi) XlO' XlO' x1o•• Xl 02 Xl0 2 JC1010 

20V-4o 20 66 .615 12 .22 4 .81 ·38o .00242 912 2010 20.10 286 ; 118o 82 .98 . 814 1970 138.54 1.359 . 
20V-41 20 66 ·599 9·37 3 .69 ·335 . 00166 744 164o 16 .4o 233 14oo 98 . 45 . 966 258o 181.44 1.78o 
20V-42 20 66 .616 N/ A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
20V-44 20 66 ·595 11.18 4.4o .365 .00184 721 1590 15.90 226 1230 86 . 50 . 849 2230 156. 82 1. 539 
20V- 45 20 66 . to3 N(,A N{.A N(,A N(.A N(,A N(,A N(,A N(,A N(.A N(.A N(.A N(,A N(,A N(.A 
20V-46 20 66 ·595 
20V- 47 20 66 .622 
20V-48 20 66 ·595 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A t~/A 
20V-50 20 66 .621 11.02 4 .34 .4oo .00197 1ll6 24to 24.6o 350 l78o 125 .18 1 . 228 2520 177.22 1 . 738 
20V- 51 20 66 · 593 11.:fJ 4.45 ·370 .00178 930 2050 20.50 292 164o 115 ·33 1.125 2670 187.76 1 .842 
20V-52 20 66 .616 9 .09 3·58 ·390 .00148 916 2020 20.20 287 194o 136 .43 1.339 248o 174 .4o 1.711 
20V-53 20 66 · 590 9 .24 3·64 ·348 .00121 698 154o 15.4o 219 1810 127 .29 1.250 2820 198.31 1.946 
30V-1 :fJ 98 .674 9·50 3·74 .435 .00184 1093 2410 24.10 343 1860 130.80 1.283 2880 202.53 1.98T 
30V-2 30 98 .666 8.61 3·39 .485 .00185 1302 2870 28 .70 4o8 2200 154 .71 1.518 3460 243.32 2.387 
30V-3 30 98 .667 9·17 3.61 .470 .00159 1211 2670 26.70 38o 2390 168.07 1.649 3710 260 .90 2 . 560 
:JJV-4 30 98 .669 N/ A N/A ·500 N/A 1388 306o 30. 6o 435 N/A N/A N/A N/A N/A N/A 
30V-5 30 98 .679 8.48 3·34 . s46 .00173 1479 32to 32 . 6o 464 2680 188.47 1 .849 4100 288.33 2 .829 
30V- 6 30 98 .665 8.81 3·47 .475 .00162 1179 26oo 26.00 370 2290 161.04 1 .580 3530 161.04 1.580 
30V-7 30 98 .678 9 .19 3.62 ·505 ' . 00242 1370 3020 30 .20 429 1770 124.47 1.221 2620 184.25 1.808 
30V-8 30 98 .666 8 .43 3·32 .435 ! .00136 1225 2700 27.00 384 2820 198 . 31 1.946 4100 198.31 1.946 
30V-9 30 98 .666 7.95 3-13 .450 .00162 1170 258o 25 .8o 367 2260 158.93 1. 559 3450 158 .93 1.559 
30V-10 30 98 .674 9.91 3·90 .470 .00203 1274 2810 28 .10 4oo 1970 138.54 1.359 2930 138 . 54 1.359 
30V-11 30 98 .677 8.81 3 ·47 .385 ' .00132 ·1157 2550 25.50 363 2750 193-39 1.897 4180 293 -95 2.884 
30V-12 30 98 .670 9 .47 3·73 .475 ' .00196 1365 3010 30.10 428 2180 153-30 1 . 504 3200 225.04 2.208 
30V-13 30 98 .679 9 ·30 3.66 .485 .00220 1467 3230 32 ·30 46o 2090 146.98 1.442 3110 218.71 2.146 
30V-14 30 98 .666 9 ·35 3.68 .4to .00172 1293 2850 28.50 4o5 2360 165.96 1 .628 3420 240. 51 2 .360 ~ 

30V-15 30 98 .675 N/A N/A .'365 N/A 1463 3225 32.25 459 N/A N/A N/A N/A N/A N/A 
"'0 
"'0 30V-16 30 98 .665 9 -4o 3·70 .475 .00202 1279 2820 28 .20 4ol 1986 139-94 1.373 3050 214 .49 2.104 ~ 37V-1 37 121 .704 9 .4o 3·70 ·515 .00180 1370 3020 30.20 429 2380 167 ·37 1.642 3890 273-56 2 .684 <: 

37V-2 37 121 .700 N/A N/A . 58o N/A 1610 3550 35 .50 505 N/A N/A N/A N/A N/A N/A ~ 
37V- 3 37 121 .665 6.91 2 .72 .415 .00124 11052 2320 23.20 330 2660 187 . 06 1 .835 4150 291.84 2.864 -:>< 
37V- 4 37 121 .665 7 .49 2 .95 .404 N/A 1052 2320 23 .20 330 N/A N/A N/A N/A N/A N/A . 

37V- 5 37 121 .692 8 . 56 3-37 .445 .00143 1229 2710 27 .10 385 2690 189 .17 1. 856 4400 309-42 3.036 tx:l 
37V-6 37 121 .691' 8 .30 3-27 .495 N/A 1492 3290 32 .90 468 N/A N/A N/A N/A N/A N/A 

37V-7 37 121 -700 6.96 2.74 -533 .00181 1597 3520 35 -20 501 2770 194.80 1 .911 4200 295 .36 2 .898 
37V-8 37 121 .709 9 .68 3.81 .56o .00252 1746 3850 38 . 50 549 2200 154.71 1.518 3090 217.30 2.132 
37V-9 37 121 .708 N/A N/A ·575 N/A 1814 4000 40 . 00 569 N/A N/A N/A N/A N/A N/A 
37V-10 37 121 .703 N/A N/A ·550 N/A 1678 3700 37-00 526 N/A N/A N/A N/A N/A N/A 
37V-11 37 121 .700 9 .80 3.86 ·555 .00238 1690 3730 37 ·30 531 2230 156 .81 1.539 3310 232.77 2.284 
37V-12 37 121 .-roo 8.69 3.42 .525 .00171 1519 3350 33 . 50 476 2780 195.50 1.918 4270 300 .28 2.946 
37V-13 37 121 .703 9 .80 3.86 .560 .00210 2182 3810 38.10 541 2580 181 .44 1.780 3820 268.64 2.636 
37V-14 37 121 .721 N(,A N(.A . 425 N(.A 1365 3010 30.10 428 N(,A N(,A N(,A N!,A N(,A N(.A 
37V-15 37 121 .727 .465 1610 3550 35.50 505 
50V-1 50 164 -755 N/A 2182 4810 48.10 684 
50V-2 50 164 .765 .650 1905 4200 42.00 597 
50V-3 50 164 . 758 .650 2009 4430 44.30 630 
50V- 4 50 164 .740 N/A N/A .675 N/A 2023 4460 44.60 634 N/A N/A N/A N/A N/A N/A 
50V- 6 50 164 -760 7 .04 2 .77 .659 .00177 2154 4750 47-50 675 3820 268 .64 2.636 5500 386.78 3·795 
50V-7 50 164 .655 7.47 2.94 .. 655 .00241 2114 466o 46 .60 663 2750 193-39 1.898 3970 279.18 2.739 
50V-8 50 164 .745 8 .41 3-31 .635 .00187 1964 4330 43.30 616 3300 232.07 2.277 4890 343.88 3-374 
50V-9 50 164 ·752 8 .61 3·39 . 697 .00238 2140 4720 47.20 671 2820 198 -31 1.946 4130 290 . 44 2.850 
50V-10 50 164 . 787 N/A N/A . 685 N/A 2335 5150 51 . 50 732 N/A N/A N/A N/A N/A N/A 
50V-ll 50 164 ·758 9 -07 3·57 .635 .00246 2041 4500 45 .00 640 2600 182 .84 1.794 3640 255.98 2 . 512 
50V-12 50 164 -760 8 .36 3-29 -575 .00171 1737 3830 38 .30 545 3190 224.43 2.201 4680 329.11 3.229 
50V-13 50 164 .742 8 .33 3.28 .580 .00185 1769 3900 39-00 555 3000 210.97 2.070 4450 312.94 3·070 
57V-1 57 187 ·796 N/A N/A .745 N/A 2771 6110 61.10 869 N/A N/A N/A N/A N/A N/A 
57V- 2 57 187 ·791 9 .22 3.63 . 615 .00242 2048 4520 45 .20 643 266o 187 . 06 1.835 3900 274 .26 2.691 ro 
57V-3 57 187 .810 N(,A N(.A .no N(.A 3039 6700 67 . 00 953 N(,A N(.A N(.A N(.A N(.A N(.A ~ 

57V-4 57 187 -796 ·550 2100 4630 46.30 658 
51'1- 5 57 187 .8o9 . 66o 2545 .5610 56.25 800 
57V-6 57 187 ·797 . 600 2767 9100 61 . 00 868 

57V-7 57 187 ·775 N/A N/A . 6oo N/A 2302 5075 50 .75 722 N/A N/A N/A N/A N/A N/A 



Time 10 StraiD Load at Stress at Secaat modulus TaateDt modulus 
Spec DepiJJ 

~;~:!t~ 
Preasapeed failure at failure failure p•l ttl em• d.YDicm• ·p•l ttl em• dTDicm• 

DO. (m) (It) (em/miD) (ID.Imla) (sec) failure (kl) (I b) (tt/ cm"J . (psi) Xltf x1o• Xl010 Xlo' Xl0° . Xltf4 

5TV-8 57 187 ·777 N/A N/A ·550 N/A 1987 4380 43.8o 623 N/A N/A N/A N/A N/A N/A £\:) 
5TV-9 57 187 .814 8.43 3.32 .615 .00181 2304 5080 50.8o 723 3990 28o.59 2.753 5900 414.90 4.on· ~ 

5TV-10 57 187 .{90 N(.A N(.A .680 N(.A 2612 5760 57·75 821 N(.A N{,A N{.A N{.A N{.A N{.A 
5TV-ll 57 187 .805 .685 2536 5590 55·75 793 
5TV-12 57 187 .{90 .660 2490 5490 54.90 781 
5TV-13 57 187 .776 .6o5 2041 4500 45.00 640 
5TV-14 57 187 .778 .655 "2368 5220 52.20 742 
5TV-15 57 187 .807 N/A N/A .679 2177 4800 48.00 683 
72V-1 72 236 .830 8.38 3·30 .830 N/A 3257 7180 n .Bo 1021 N/A N/A N/A N/A N/A N/A 
72V-2 72 236 .833 8.61 3·39 .{45 .00219 2930 6460 64 .6o 919 4250 298.88 2.932 6100 428.97 4.209 
72V-3 72 236 .832 N/A N/A N/A N/A 2985 6580 65 .80 936 N/A N/A N/A N/A N/A N/A 
72V-4 72 236 .828 8.46 3·33 ·750 .00247 3220 7100 71.00 1010 4100 288.3~ 2.829 ,670 3~8 .{ 3 3.912 
72V-5 72 236 .825 9·75 3.84 .839 .00318 3561 7850 78 . 50 ll20 3520 247 ·5 2.429 840 3 0.37 3·340 
72V-6 72 236 . .830 9·75 3.84 .835 .00319 3601 7940 79.40 1129 3540 248.94 2.443 468o 329 .11 3.229 
72V-7 72 236 .832 9.04 3·56 .{80 .00269 3352 7390 73.90 1051 3910 2{4 .97 2.698 5310 373.42 3.664 
72V-9 72 236 .830 N(.A N{.A .{25 N{.A 2767 6100 61.00 867 N{.A N{.A N{.A N{.A N{.A N{.A 
72V-10 72 236 .827 N/A 2767 6100 61.00 867 
72V-11 72 236 .831 .•750 2626 5790 57.90 823 
72V-13 72 236 .834 .725 2708 5970 59 .70 849 
72V-14 72 236 .844 N/A N/A .680 N/A 2385 526o 52 .60 748 N/A N/A N/A N/A N/A N/A 
80V-1 80 262 .859 8.84 3.48 .no .00235 2907 6410 64.10 912 3890 273.56 2.684 5650 397 ·33 3.898 
80V- 3 80 262 .860 9-19 3-62 -715 .00238 2846 6275 62 .75 892 3750 263 .71 2 .588 5600 393 .81 3.864 
8ov-4 80 262 .853 9 .02 3·55 .800 .00260 3266 7200 72 .00 1024 3940 277 .07 2.719 5900 414-91 4. 071 
80V-9 80 262 .852 9-32 3-67 .6oo N/A 28)8 6300 63.00 898 N/A N/A N/A N/A N/A N/A 80V-11 80 262 .861 9-73 3-83 .{04 .00238 3084 68oo 68.00 967 4050 28lf .81 2.794 5000 351 .62 3.450 
80V-1 5 80 262 .849 N/A N/A .675 N/A 2685 5920 59 -35 844 N/A N/A N/A N/A N/A N/A 

::t.. 80V-16 80 262 .849 7.11 2 .80 .769 .00292 3311 7300 73.00 1038 3560 250 -35 2.456 5000 351.62 3-450 
85V-i 85 279 .880 N/A N/A .800 N/A 3300 7275 73 .13 1040 N/A N/A N/A N/A N/A N/A '"0 

'"0 85V-2 85 279 .873 8.76 3-45 .805 .00221 3640 .8025 80 .25 1141 5170 363 ° 57 3·567 7700 541 .49 5-313 ~ 85V- 3 85 279 .856 8. 76 3.45 .869 .00290 3515 7755 77-70 1105 3820 286.64 2.636 5560 391.00 3-836 <: 85V-4 85 279 .862 8. 76 3-45 .685 .00224 2635 5800 58.00 825 3680 258.79 2-539 6070 426.86 4.188 t:l 
85V- 5 85 279 .870 N/A N/A .867 N/A 3254 'r175 71-75 1020 N/A N/A N/A N/A N/A N/A -85V-6 85 279 .871 8 51 3· 35 .{64 .00199 3209 7075 70-93 1008 5050 355.13 3.484 7490 526.72 5•168 ~ 

85V-7 85 279 .863 8.05 3·17 .775 .00200 2948 6500 65.00 "924 4620 324 .90 3.188 7530 529.54 5.196 OJ 
85V-8 85 279 . 863 8.61 3· 39 .925 N/A 4105 9050 90 -50 1287 N/A N/A N/A N/A N/A N/A 
85V-9 85 279 .8615 8.66 3.41 .890 . 00250 3850 8490 84 .90 1211 4850 341 .07 3.346 6890 484.53 4.754 
85V-10 85 279 .868 8.86 3.49 .989 .00308 4400 9700 97.51 1387 4500 . 316.46 3.105 6430 452.18 4.437 
85V-ll 85 279 .872 9. 35 3. 68 .884 .00312 3855 8500 85 .22 1212 3900 274.26 2.691 5550 390.30 3.830 
85V-12 85 279 .856 9·55 3.76 .{50 . 00278 2957 6520 65 .20 927 3340 234.88 2.305 5270 370.60 3.636 
85V-14 85 279 .856 {. 62 3.00 . 794 . 00224 2821 6225 62 .25 888 3960 2{8.48 2.732 5300 372 .71 3.657 
85V-16 85 279 .863 7.06 2.78 .869 .00219 3390 7475 74.75 1066 4880 343.18 3·367 6100 428.97 4.209 
99V-1 99 325 . 883 N(,A N{,A 1 .365 N(.A 3592 7920 79.40 1129 N{,A N{,A N{,A N{.A N(.A N{,A 
99V-3 99 325 .883 N/A 4636 10220 102.46 1457 
99V-4 99 325 .878 N/A N/A N/A N/A 5114 11215 112.15 1650 N/A N/A N/A N/A N/A N/A 
99V-5 99 325 . .878 8. 33 3.28 1.329 .00446 5490 12100 121.00 1716 3850 270.74 2.656 5430 381 .86 3.747 
99V-6 99 325 .885 8.71 3.43 1.017 .00315 4071 8975 89 .75 1276 4060 285.51 2.801 5910 415.61 4.078 
99V-7 99 325 .887 N/A N/A 1.040 N/A 3969 8750 87.96 1251 N/A N/A N/A N/A N/A N/A 
99V-8 99 325 .883 N/A N/A .975 N/A 4003 8825 88.50 1258 N/A N/A N/A N/A N/A N/A 
99V- 9 99 325 .879 7.67 3.02 .. 989 .00284 4082 9000 90 .90 1280 4500 316 0 46 3-105 6450 453.59 4.450 
99V-10 99 325 .879 8. 56 3. 37 .924 . 00329 3334 7350 73.50 1045 3180 223.63 2.194 4850 341.07 3.346 
99V-11 99 325 . 881 8.18 3.22 1.159 .00320 5375 11850 118.50 1685. 5280 371 .31 3.650 6860 482.42 4.733 
99V-12 99 325 .885 8. 56 3·37 .989 .00336 4230 9325 93-25 1326 3950 2TI .78 2.{26 6450 453.59 4.450 
99V-13 99 325 .885 9.14 3.60 .929 .00382 3799 8375 83 .75 1191 3120 219.41 2.153 4670 328 .41 3.222 
99V-15 99 325 .886 9.65 3.80 .890 N/A 3447 7600 76.20 1081 N/A N/A N/A N/A N/A N/A 
99V-18 99 325 .876 7.92 3.12 1.025 .00282 3050 6725 67.25 956 4800 337.55 3.312 6740 473.98 4.651 
99V-19 99 325 .879 7·37 2.90 .824 N/A 3504 7725 77.25 1098 N/A N/A N/A N/A N/A N/A 
99V-21 99 325 .885 8.00 3.15 .845 .00266 4853 10700 107 .00 1522 5730 402.95 3.954 6970 490.16 4.809 
99V-22 99 325 .883 N/A N/A N/.A N/A 3935 8675 86.75 1234 N/A N/A N/A N/A N/A N/A 
99V-23 99 325 .883 7.90 3.11 1.399 .00420 5375 11850 118.50 1685 4ooo 281.29 2.760 5450 383.26 3.760 
99V-24 99 325 .879 8.18 3.22 .980 N{.A 4513 9950 ~9.50 1415 N{.A N(.A N{.A N(.A N{,A N(.A 
99V-25 99 325 .883 7.34 2. 8<) .970 4479 "9850 98.49 1401 
99V-26 99 325 .879 N/A N/A N/A 3118 6875 68.75 978 
99V-27 99 325 .880 7.62 3.00 .884 N/A 4o4o 8900 89.00 1266 N/A N/A N/A N/A N/A N/A 



Time 10 Juala Loa4 at Suess at Secant modulus Taa,eot moclulus 
Spec Depllll 1;;:!t'> Press speed faJiure at fall rue failure pal lrll cm' dyolcm' psi lr1lcm1 dya/cm2 

DO. (m) (ft) (c• l rala) (la./mla) (aec) failure (lrl) (I b) (lrll cm 2
) (psi) Xlo' XJO' XJ010 Xlo' XJ02 . JCJOil) 

20H-1 20 66 .637 7.21 2.84 . 465 .00155 1043 2300 23.00 327 2110 148.38 1.456 3390 238.40 2.339 
20H-2 20 66 .630 8.43 3.32 .400 .00162 Boo 1765 17.65 251 1560 109.71 1.076 2750 193.39 .1.898' 
20H-3 20 66 .648 8.61 3-39 .520 .00259 1397 3o80 30.80 438 1690 118.85 1.166 2500 175.81 1,725 
20H-4 20 66 . 624 10.44 4.11 .440 .00219 1029 2270 22.70 323 1470 103.38 1. 104 2220 156.12 1.532 
20H-5 20 66 .622 10.16 4.00 .450 .00229 1134 2500 25.00 356 1550 109 .00 1.070 2320 163.15 1.601 
20H-6 20 66 .612 11.15 4.39 .450 .00200 1043 2300 23.00 327 1680 118.14 1.159 2490 175.10 1.718 
20H-7 20 66 .626 7.42 2.92· .395 N/A 952 2100 21.00 299 N/A N/A N/A rJJ/ N/A N/A 
20H-9 20 66 .635 9.45 3.72 .46o .00146 1197 2640 26.4o 375 2570 180.73 1.773 3 0 259.49 2.546 
20H-10 20 66 .614 9.24 3.64 .415 .00175 986 2175 21.75 309 1770 124.47 1.221 2640 185.65 1 .822 

~ 20H-12 20 66 .646 11.02 4.34 .465 ,00238 1238 2730 27.30 388 1630 114.63 1.125 2350 165.26 1.622 "tl 20H-13 20 66 .628 9.75 3.84 .385 .00162 970 2140 21.40 304 1870 131.51 1.290 2510 176.51 1.732 "tl 80H-1 80 262 .867 9.22 3.63 .774 N{.A 3515 7750 77.70 1105 N{.A N{.A N~A N{.A N(,A N{.A ~ 
80H-2 80 262 .851 10.72 4.22 .498 2347 5175 51.88 738 <= 
80H-3 80 262 . .856 10.34 4.crr .612 2322 5120 51.33 730 \:) 
8oH-4 8o 262 .850 10 .26 4.o4 .774 3300 7275 72.75 1034 -80H-5 80 262 .864 11.00 4.33 .702 2912 6420 64.20 913 ~ 

80H-6 80 262 .870 8.48 3.34 .750 4513 9950 99.50 1415 tl:J 
80H-9 8o 262 .852 9.40 3.70 . • 738 N/A 4345 9850 98.50 1401 N/A N/A N/A N/A N/A N/A 
99H-1 99 325 .885 8.56 3.37 1.124 .00379 454o 10020 100.20 1425 386o 271.45 2.663 5470 384.67 3.774 
99H-3 99 325 .883 8.26 3.25 1.159 .00340 5205 11475 114.44 1628 4800 337.55 3·312 6170 433.90 4.257 
99H-4 99 325 .885 8.53 3.36 l.o84 .00322 4967 10950 109.50 1557 484o 340.37 3.34o 6350 446.55 4.381 
99H-5 99 325 .883 8.86 3.49 .899 .00295 3685 8125 81.03 1157 3910 274.97 2.698 5550 390.30 3.830 
99H-6 99 325 .884 8.94 3.52 .884 N/A 5239 11550 115.50 1638 N/A N/A N/A N/A ~A N/A 
99H-7 99 325 .887 8.69 3.42 1.049 .00319 4729 10425 104.25 1483 4650 327 .oo 3.208 6350 44 .55 4,382 
99H-9 99 325 .883 8.36 3.29 .959 .00270 4071 8975 89.75 1276 474o 333·33 3.271 6720 472.57 4.637 
99H-10 99 325 .886 8.20 3.23 .886 .00217 3663 8o75 80.96 1151 5330 374.82 3.678 7150 502,81 4.934 
99H-ll 99 325 . 879 8.20 3.23 .879 .00238 4o7l 8975 89.75 1276 536o 377.34 3.698 7150 502.81 4.934 
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APPENDIX C. CAMP CENTURY RING-TENSILE STRENGTH DATA AT -25C. 
Snow samples, 7.6 em (30 in.) in diameter. 

SlraiD Load at Suess at 
.Spec . DttptA Lea6f.]J DensitY . Press speed at failure fail ure 
ao. (• ) (It) (CIII) (Ju.) (&l cm') (cm l mlu ) (iu.lml u) failure (lc&) (lb.) (tsl cm'J (psi) 

P-1 From s ur!ace pit 6.9 1.84 -537 N(,A N(,A N(,A 78 172 6.70 95 
P-2 7·3 2.22 . 482 63 139 5-09 72 
P-3 7.4 2. 32 .523 101 223 8.08 115 
P-4 7-3 2.22 .471 47 104 3.84 55 
P- 5 7.0 1.92 . 471! 74 163 6.19 88 
P-6 7-5 2.42 · 533 101 223 7-99 114 
P-7 7.1 2.02 .475 63 139 5.24 74 
P-8 6.7 1.62 .483 56 123 4.96 71 
P-9 7.2 2.12 . ~76 N/A N/A N/A N/A 
P-10 7.6 2.52 . 507 28 .2 11 .10 -55 6o 132 4.68 67 
P-ll 7·7 3.03 .506 36.9 14.53 · 53 64 141 4.97 71 
P-12 7.6 2.99 -513 N(,A N(,A N(,A 72 159 5. 56 79 
P-13 7· 9 3.11 -518 69 152 5.20 74 
P-14 6.8 2. 67 .485 56 123 4.93 70 
P-15 6.3 2. 48 . 500 28 .9 11 .38 .86 53 117 4.89 69 
P-1'6 8.1 3.18 .512 N(.A N(.A N(.A 67 148 4.95 70 
P-17 7·3 2.87 .472 50 llO · 4.07 58 
P-18 5·3 2.08 . 4&> 37 82 4.15 59 
P-19 8.0 3.14 .423 44 97 3.24 46 
P-20 7·3 2. 87 . 419 38 84 3.09 44 
P-21 8.0 3-15 . 507 23 .6 9.29 .40 73 161 5.46 78 
P-22 7-7 3·03 . 516 N(,A N(,A N(,A 82 181 6.34 90 
P-23 7.1 2.79 .442 37 82 3.12 44 
P-24 8.9 3·50 .467 58 128 3.88 55 
P-25 7.5 2.95 .444 28.2 11 .10 . 52 1;6 101 3.68 52 
P-26 6.8 2.67 .436 N(,A N(,A N(,A 39 86 3.41 48 
P-27 6.5 2.56 . 506 56 123 5-17 73 
P-28 8.0 3.15 . 501 63 139 4.69 67 
P-29 7·5 2.95 · 550 74 163 5.91 84 
P-30 6.9 2.72 .482 56 123 4.81 68 
P-31 7·3 2.87 .520 28.7 11.29 -53 64 141 5.14 73 
P:-:32 8.2 3.22 .516 N/A N/A N/A 92 203 6.61 94 
P-33 From surr,ace pit 6.9 2 .72 .483 N(,A N(,A N(,A 47 104 4.07 58 
P-34 6.7 2.64 .518 61 134 5-4D 77 
P-35 8.4 3· 31 . 503 27.3 10.74 .49 66 145 4. 66 66 
P-36 7·5 2. 95 . 518 N(,A N(,A N(,A 65 143 5.15 73 
P-37 7.4 2.91 .496 56 123 4.49 64 
P-38 5.3 2.09 .489 47 104 5-29 75 
P-39 8.1 3.19 . 522 83 183 6.13 87 
P-4D 6.1 2.4D . 483 47 104 4. 62 66 
P-41 h.7 1.85 . 516 22.9 9.02 .27 48 106 6.04 86 
P-42 6.8 2. 68 . 476 N(,A N(,A N(,A 50 110 4.36 62 
P-43 5.8 2.28 . 509 47 10L 4.81 68 
P-44 6.6 2.to . 502 58 128 5-23 74 
P-45 7.2 2.83 .475 27.8 10.94 -97 62 137 5-10 72 
P-46 6.4 2.52 .484 N(,A N(,A N(,A 44 97 4.09 58 
P-47 8.0 3.14 .482 6o 132 4.43 63 
P-48 7.1 2.79 .418 27· 8 12.20 . 62 34 75 2.82 ~0 

P-49 6.1 2.4o .508 N(,A N(,A N(,A 50 llO 4.83 69 
P-50 8.7 3.42 .508 50 110 4.83 69 
P-51 1.7 3.03 .527 27.3 10.79 .35 85 187 6.58 93 
P-52 7·3 2.87 .495 N(,A N(,A N(,A 56 123 4. 56 65 
P-53 7.8 3·07 .482 55 121 4.23 to 
P-54 6.4 2.52 . 534 73 161 6.71 95 
P-55 7.2 2.83 . 550 24.6 9.68 .29 79 174 6. 48 92 
P-56 6.5 2.56 .418 N(,A N(,A N(,A 30 66 2.74 39 
P-57 7.2 2.83 .486 53 ll7 4.31 61 
P-58 7.2 2.83 .426 34 75 2.85 4D 
P-59 6.7 2.64 .5()6 27.1 10.67 . 43 62 137 5-50 78 
P-6o 7·7 3.03 ·552 N(,A N(,A N(,A 82 181 6. 31 90 
P-61 6.7 2.64 . 474 47 104 4.17 59 
P-62 7 .4 2.91 . 470 46 101 3. 69 52 
P-63 7.4 2.91 .503 64 141 5.11 73 
P-64 8.1 3·19 ·510 81 179 5·92 84 
P-65 7·7 3.03 ·505 25.7 10.12 .66 72 159 5. 54 79 
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Su aia Load at Stress at 
.Spec Deptb L.,.~ Deaillty Press s peed at !allure !aJiure 

(Ill ) (tt) (ca) (Lil.) (I / em') (cml mla) (111 ./lllia) !allure (kl) ( lb.) (kll cm') (psi) 

20V-1 20 66 7 .6 2.99 .612 22 .2 8.74 .25 111 245 8.67 123 
20V-2 20 66 7 .8 3.07 . 610 H(.A N(,A N(.ll 102 225 7 .83 111 
2'JV-3 20 66 8.3 3.27 . 588 120 265 8. 57 122 
20V-4 20 66 6.5 2.56 N/A N/A N/A N/A N/A 
20V- 5 20 66 7.6 2.99 . · 599 101 223 7.84 111 
20V-6 20 66 7.1 2 .80 .612 22 .4 8.82 .23 95 209 7.94 113 
20V-7 20 66 8.2 3·23 . 6o6 N(,A N(.A N(,A 125 276 9 .05 129 
20V- 8 20 66 7 .6 2 .99 .606 109 240 8. 53 121 
20V-9 20 66 7.3 2.87 .619 20 .6 .19 113 249 9.19 131 
20V-10 20 66 6.9 2.72 .585 N(,A N(.A N(.A 109 240 9· 33 133 
20V-11 20 66 6.6 2.60 . 578 75 165 6.73 96 
20V-12 20 66 7·9 3·11 . 586 l o8 238 8. 09 115 
20V-13 20 66 8.0 3.15 .617 19 .9 8.11 .46 104 229 7 .78 111 
20V-14 20 66 7·3 2.87 ·597 N(.A N{,A N(.A 83 183 6.71 95 
20V-15 20 66 7.7 3. 03 . 591 109 240 8. 38 119 
20V-16 20 66 7 .6 2.99 · 590 92 203 7.18 102 
20V-17 20 66 5·7 2.24 . 581f 71 156 7.41 105 
20V-18 20 66 7.3 2.87 . 592 92 203 7 .49 106 
20V-19 . 20 66 5.4 2.12 . 602 11.8 4. 6h .38 91 201 9.92 141 
20V- 20 20 66 7 .5 2 .95 . 6o4 N/A ll/A N/A 102 225 8. 07 115 
20V-2l 20 66 5·5 2 .16 . 588 20 . 5 8 .0'7 .60 74 163 7 .91 112 
20V-22 20 66 7 · 5 2 .95 . 585 N/A f!/A N/A 103 227 8.18 116 
20V-23 20 66 7 .6 2.99 . 612 10. 4 4.09 .34 116 256 9. 06 129 
20V-24 20 66 8. 3 3.27 . 617 n(.A N(.A N(.A 137 302 9.85 140 

20V-25 20 66 8.3 3.27 .618 126 278 9.05 129 
20V-26 20 66 6.8 2 .67 ·593 90 198 7 .86 112 

20V- 27 20 66 6.6 2 . 60 · 597 84 185 7. 64 109 
20V-28 20 66 7.1 2.79 . 593 22 .7 8 .93 . 56 107 236 8.96 127 

20V- 29 20 66 6.5 2. 56 . 586 N/A N/ S N/A 101 223 9·23 131 

20V- 30 20 66 7.2 2.82 . 614 22 . 3 8 .78 . 48 111 245 9.13 130 

20V- 31 20 66 6. 4 2. 52 . 590 N{l\ N(.A N(.A 102 225 9·37 133 
20V- 32 20 66 7.5 2.95 . 586 101 223 8. 02 114 

20V- 33 20 66 7 ·3 2.87 . 625 21.2 8. 35 . 38 121 267 9.82 140 

20V- 34 20 66 6.9 2.72 . 589 J:!{,A H(,A N(.A 95 209 8.18 116 
20V- 35 20 66 7.1 2 .77 · 590 100 220 8.41 119 
20V- 36 20 66 5·9 2 .31 .608 91 200 9 .18 130 
20V- 37 20 66 6.6 2 .59 .6o8 22 .7 8.93 . 42 101 223 9. o6 129 
20V- 35 20 66 7.1 2.78 · 588 H(.A H(.A N(.A 102 225 8.52 121 
20V- 39 20 66 6.7 2.64 . 585 64 141 5. 68 81 
2ov- 1~o 20 66 8.1 3.18 . 583 21.3 8. 38 .48 109 240 7 .98 113 
30V-1 30 98 8.1 3.18 .662 19 .1 7 . 52 . 52 158 348 11 . 59 165 
30V-2 30 98 7 .4 2.92 .659 H{,A N(.A N(,A loS 238 8. 63 123 
30V-3 30 98 8.0 3.16 . 668 125 276 9.26 132 
30V- 4 30 98 8.0 3.16 .661 18.3 7.20 .46 161 355 11.93 170 
30V- 5 30 98 6.8 2. 67 .658 N(.A N(,A N(.A 120 265 10.48 149 
30V-6 30 98 7. 5 2.94 . 666 154 339 1~ .23 174 
30V-7 30 98 7.2 2.80 .659 128 282 10.63 151 
30V-8 30 98 8.4 3. 31 .664 132 291 9.27 132 
30V-9 30 98 7 ·7 3.04 .666 163 359 12 . 53 178 
30V-10 30 98 8.5 3. 34 .661 203 448 14 .18 202 
30V-11 30 98 6. 3 2.47 . 669 124 273 11.74 167 
30V-12 30 98 7 ·5 2.95 .672 17 .6 6.93 . 38 126 278 9·97 142 

30V-13 30 98 7 ·9 3.09 . 655 N/A N/A N/A 134 295 10.13 144 

30V-14 30 98 7 .6 2.97 .673 21,, 8 9 .76 .56 136 300 10.68 152 

30V-15 30 98 8.2 3·23 .6($ 19. 5 7 .68 . 56 198 436 14 .31 203 

37V-1 37 121 8.3 3.25 .727 15.8 6.22 .30 188 414 13 . 50 192 

37V-2 37 121 8.0 3.14 . f$8 NjA N/A N/A 132 291 9·TI 139 

37V- 3 37 121 7.6 3.00 .685 23 . 4 9.21 . 42 125 276 9 .70 138 

37V- 4 37 121 6.5 2. 55 . 685 N/A N/A N/A 127 280 11.64 165 

37V- 5 37 121 7 ·7 3.04 .709 18.6 7 ·32 , lj.o. lTI 390 13.59 193 

37V- 6 37 121 7.1 2.78 .700 N(.A N(.A N(.A 116 256 9.70 138 

37V-7 37 121 8.2 3.22 .706 154 339 11.18 159 

37V-8 37 121 7 ·7 3.01 .694 20. 8 8.19 .48 147 324 11.43 162 

37V-9 37 121 7.2 2.81 .689 N/A N/A N/A 118 260 9.80 139 

50V-l 50 164 6.9 2 .72 .724 17.9 7 .05 .84 154 339 13 .28 189 

50V-2 50 164 7 ·7 3.04 .731 N/A N/A N/A 168 370 12 .90 183 
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Suain Load a t Suess at 
Spec DeptJI l.engtb Denillty Press speed at failure failure 

(m) ( it) (em) (i n.) ( ti l em') (em/ min) ( iu .lmin) failure (ktl) (lb . ) (k&l cm') (psi) 

58V-3 50 164 8.2 3.21 ·739 NjA N/A N/A 116 256 8.40 119 
50V-4 50 164 7 .2 2.82 -738 20 .1 7 -91 1.02 179 395 14 .80 210 
50V- 5 50 161; 7 -1 2.78 -741 N(,A N(,A N(,A 138 304 11 . 61 165 
50V- 6 50 16h 8.8 3.16 -736 136 300 10.24 146 
50V-7 50 164 8.1 3-16 -731 21.0 8 .27 .78 156 344 11.55 164 
58V-8 50 164 7 .8 3.10 .743 N(,A N(,A N(,A 163 359 12 . 39 176 
50V-9 50 164 6.7 2 .64 .768 113 249 10.01 142 
50V-10 50 164 7-3 2.87 .no 17 .5 6.89 1. 06 229 505 18 . 64 265 
50V- ll 50 164 7-0 2.74 .741 N(,A N(,A N(,A 127 280 10.81 154 
50V-12 50 164 7-7 3.02 . 752 177 390 13 .68 194 
58V-13 50 164 7 .1 2 .80 .772 186 410 15 .49 220 
50V-14 50 164 7-7 3.02 .no 20 .2 7 -95 .80 147 324 11 .40 162 
57V-1 57 187 7-1 2 .80 .808 19 . 5 7 .68 1.28 231 509 19.24 274 
57V-2 57 187 7.6 2.98 .801 N(,A N(,A N(,A 193 425 15 .11 215 
57V-3 57 187 7.4 2 .91 -754 186 410 14.93 212 
57V- 4 57 187 8 .1 3-19 .786 16 .6 6. 53 .84 220 485 16.09 229 
57V- 5 57 187 6.6 2 .58 .800 N(,A N(,A N(,A 181 399 16 .38 233 
57V- 6 57 187 8.3 3-19 .802 244 538 17 -51 249 
57V-7 57 187 8.1 3-19 .774 177 390 1~. 96 184 
57V-8 57 187 8.0 3.14 .767 18.7 7-36 1.16 200 441 14 .82 211 
57V-9 57 187 6.9 2.72 .n6 N(,A N(,A N(,A 138 3o4 11 .86 169 
57V-10 57 187 7-7 3-03 .806 245 540 18.87 268 
57V-11 57 187 7-9 3.10 .800 16.9 6. 65 .86 227 500 17 .10 243 
72V-1 72 236 7.1 2 .79 .833 18.1 7.12 1.12 272 6oo 22 .74 323 
72V-2 72 236 7-1 2.79 .828 N(,A N(,A N(,A 172 379 14 .40 205 
72V- 3 72 236 6.6 2.61 .837 258 569 23.13 329 
72V- 4 72 236 5.8 2.27 -798 147 324 15 .15 215 
72V- 5 72 236 7 -2 2 .83 . 81;6 244 538 20 .18 287 
72V-6 72 236 8.2 3.21 .831 227 500 16.47 234 
72V-7 72 236 7-3 2.87 .821 16.6 6. 53 .84 227 500 18.45 262 
72V-8 72 236 6. 3 2.!17 .838 N(,A N(,A N(,A 290 639 27 .46 390 
72V-9 72 236 7. 0 2.75 .812 488 900 34 .64 493 
72V-10 72 236 7 .8 3-07 .821 16.1 6. 34 .8o 229 505 17.lt..o 247 
72V-ll 72 236 7 .6 2 .99 .816 NjA NjA N/A 218 481 16.99 241 
72V-12 72 236 8.3 3-25 .818 16.1 6. 34 .80 258 569 18. 55 264 
72V-13 72 236 7-3 2.88 . 821 N(,A N(.A N(.A 415 915 33 -63 478 
80V-1 80 262 8. 5 3-34 N/A N/A N/A N/A N/A 
80V-2 So 262 6.1 2 .40 .847 17 -9 7 -05 .84 177 390 17 .23 245 
88V-3 80 262 7-8 3.08 .839 N(.A N(.A N(.A 488 900 30 .97 440 
8ov- 4 80 262 7 .2 2.84 .844 213 470 17 . 49 249 
88V- 5 o8 262 7 -9 3.10 .860 422 938 31 .80 452 
8ov- 6 8o 262 7 .1 2 .81 .846 19 .4 7 . 64 .94 184 486 15 .28 217 
80V-7 80 262 6. 5 2 .56 .834 N(,A N(,A N(.A 186 410 16.97 241 
88V-8 80 262 6.8 2 .66 .843 195 430 17 .14 244 
88V-9 88 262 7 -3 2.66 .861 16.6 6. 53 .84 238 525 19 .46 277 
88V-18 80 262 7 -9 3-11 .832 N(.A N(.A N(,A 413 911 30 .96 448 
80V-11 88 262 5.8 2 .26 .868 141 311 14 . 58 286 
88V-12 so 262 7 .8 3.08 .852 218 481 16. 58 235 
88V-13 80 262 6.4 2. 49 .830 158 331 1~ . 80 199 
80V-14 80 262 6.8 2. 69 .863 14 . 5 5-71 . 54 166 366 14 .38 284 
88V-15 88 262 7.2 2.83 .857 H(,A N(,A N(.A 209 461 17 .19 244 
88V-16 so 262 6. 1; 2.49 .855 134 295 12. 52 178 
88V-17 80 262 5·3 2 .88 .863 109 240 12 .22 174 
80V-18 88 262 8.6 3-38 .851 17 -9 7 -05 1.00 231 509 15 .98 227 
85V-1 85 279 8.4 3-29 .850 N/A N/A N/A 293 646 28 .74 295 
85V-2 85 279 8.4 3-32 .862 16. 5 6. 48 .94 254 560 17 .88 254 
85V-3 85 279 6.4 2. 50 . 868 N/A N/A N/A 227 500 21.15 301 
85V-4 85 279 7 .8 3. 04 .860 16 .1 6. 32 . 84 227 500 17 .38 247 
85V-5 85 279 7.4 2.91 .866 N(.A N(.A N(.A 270 595 21 .66 388 
85V- 6 85 279 7-5 2.93 .868 186 410 14.81 210 
85V-7 85 279 7 -9 3.10 .867 16.1 6. 32 .80 261 575 19. 64 279 
85V-8 85 279 7 -5 2 .95 .865 N(,A N(,A N(.A 193 425 15 .25 217 
85V-9 85 279 9 .0 3· 54 .870 222 489 14 .64 288 
85V-10 85 279 8.6 3·37 .866 290 639 20 .10 286 
85V-ll 85 279 8. 4 3·32 .852 15 .0 5-89 1. 06 352 776 24 .71 351 
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Strala Load ac Sue~s ac 
Spec D&ptb Lea61}1 DeaiJI!y Press speed at failure failure 

(m) ( tl) (ciD) (Ia .) (6fcm' ) (cmlmla ) (la.lmla) failure (kl) (lb.) (kll cm2
) (psi) 

99V-1 99 325 8.4 3. 31 .879 N/A N/A N/A 447 986 31 .48 448 
99V-2 99 325 8.5 3.36 .874 16.1 6.32 .98 345 761 23 .98 341 
99V-3 99 325 7.6 2.98 .880 N(.A N(.A N(.A 206 454 16.16 230 
99V-4 99 325 7·5 2.95 .876 336 741 26.55 378 
99V- 5 99 325 7.8 3.o8 .874 358 789 27.18 386 
99V-6 99 325 8.0 3.14 .884 335 739 24.92 354 
99V-7 99. 325 8.2 3.21 .867 315 694 22 .92 326 
99V-8 99 325 6.4 2. 50 .879 16.1 6. 32 .84 254 56o 23.69 337 
99V-10 99 325 7·3 2.86 .885 N/A N/A N/A 349 769 28 .50 405 
99V-ll 99 325 8.0 3.14 .875 16.1 6.32 .96 324 714 24 .11 343 
99V-12 99 325 8.5 3·34 .885 16.1 6. 32 1.40 463 1021 32 . 33 460 
99V-13 99 325 7·7 3.02 .877 N(.A N(.A N(.A 3o6 675 23 .68 337 
99V-14 99 325 7.4 2.93 .885 338 745 26.94 383 
99V-15 99 325 7·3 2.86 .887 • II 297 655 24.27 345 

20H-1 20 66 7.8 3.07 .616 22 .6 8.90 ·58 124 273 9.45 134 
20H-2 20 66 6.4 2. 51 .625 N{.A N{.A N(.A 90 198 8.35 119 
20H- 3 20 66 6.9 2.71 .619 90 198 7·73 110 
20H-4 20 66 6.6 2.61 .622 94 207 8.44 120 
20H-5 20 66 6. 5 2.56 .610 92 203 8 . 36 119 
20H-6 20 66 7.6 2.99 .619 109 240 8.51 121 
20H-7 20 66 6.8 2.66 .627 127 280 11.14 158 
20H-8 20 66 7.2 2.81 .634 21.4 8.42 . 54 122 269 10.16 144 
20H-9 20 66 7.6 2.97 . 631 N(.A N(.A N(.A 118 260 9.25 131 
20H-10 20 66' 8.0 3-14 . 618 128 282 9. 51 135 
20H-ll 20 66 7.2 2.83 .627 22.7 8.94 .44 102 225 8.37 117 
20H-12 20 66 6.4 2. 50 .630 N(.A N(.A N(.A 88 194 8.21 117 
20H-13 20 66 7·3 2.88 . 629 112 247 9-13 130 
20H-14 20 66 7-7 3·03 .621 20.3 B.oo .48 119 262 9.16 130 
20H-15 20 66 7·7 3·03 . 630 N/A N/A N/A 105 231 8.11 115 
8oH-1 8o 262 7-9 3.10 .848 14.2 5-59 . 56 227 500 17 .10 243 
80H-2 80 262 8 .3 3-27 .847 N(.A N{.A N{.A 347 765 26 .72 380 
80H-3 80 262 5-5 2.15 .841 170 375 18.47 263 
80H-4 80 262 7. 6 2.97 .846 340 750 26 .73 380 
80H- 5 80 262 6.4 2-53 .842 16.1 6.34 .76 229 505 21.13 300 
80H-6 80 262 7·8 3·05 .862 N{.A N(.A N{.A 306 675 23.38 332, 
80H-7 80 262 7. h 2. 89 .865 158 348 12 .83 182 
80H-8 80 262 8.8 3-45 .862 313 690 21 .20 301 
80H-9 80 262 8.1 3-17 .863 15 .1 5-94 . 84 267 589 19-72 280 
80H-10 80 262 7.8 3.04 .854 N(.A N(,A N(,A 222 489 17 . 04 242 
80H-11 80 262 7.4 2.90 .851 141 311 11.32 161 
80H-12 80 262 7.8 3-05 .871 n .o 6.69 .84 226 498 17 -36 247 
80H-13 80 262 8. 5 3-34 .854 N(.A N(,A N(,A 328 723 22 .95 326 
80H-14 80 262 8.2 3·23 .864 283 624 20 . 44 291 
80H-15 80 262 6.6 2.60 .847 222 489 19-94 283 
80H-16 8o 262 7.2 2.82 .866 16.1 6.34 .84 315 694 26 . o8 371 
99H-1 99 325 6.9 2.72 .874 16 .1 6.34 1.16 274 604 23 -56 335 
99H-2 99 325 8.0 3-15 .880 16.1 6.34 .90 299 659 22 .14 315 
99H-3 99 325 8.9 3. 48 .882 18.8 4.25 .80 431 950 28.89 411 
99H-4 99 325 7 -0 2.76 .882 N/A N/A N/A 352 776 29 .70 IJ22 
99H-5 99 325 e.o 3.16 .075 16 .1 6. 34 .80 229 505 16.9.2 241 
99H- 6 99 325 7. 4 2.89 . 1:)78 16.1 6.34 .so 138 304 11.18 159 
99H-7 99 325 7-9 3.10 .078 N/A N/A N/A 274 604 20 . 63 293 
99H-8 99 325 7.h 2.89 .880 12 . 11 ~J . m: 1.00 399 seo 32 .21 458 
99H-10 99 325 8.0 3.14 .880 11.5 4. 53 .60 281 620 20 .88 297 
99H-ll 99 325 5·9 2.33 .879 19 .4 7. 64 1.20 159 350 15 .88 226 
99H-12 99 325 7.6 3-00 .862 14 .2 5-59 .70 200 441 15 -54 221 
99H-13 99 325 8.1 3.18 .873 12 . 5 4.92 .70 318 701 23 .28 331 
99H-14 99 325 7 ·5 2.96 .878 13.1 5.16 .70 272 600 21 .47 305 
99H-15 99 325 6.4 2.51 .873 15 .3 6.02 .72 131 399 16.09 240 



APPENDIX D. UNCONFINED COMPRESSIVE STRENGTH OF CAMP CENTURY VERTICAL 
SNOW SAMPLES 8.25 IN. LENGTH, 3.0 IN. DIAM AT -25C. 

Values computed from eq 1. 

31 

DE PT H DENSITY STRENG TH POROSITY DEPTH DENS I TY S TRF.N GTH PO ROSI TY 
I F" T l IMI I GM / CM3l IPS I l IKG/CM 2 l I N I I FT I I M l IG M/ CM3 l IPS II I KG/CM2l I Nl 

. 35 0 36 2 . 57 .6 20 10 3 .3 .422 74 5.18 .541 

.~51' 37 2.59 . fl17 11 3.4 .424 75 5. 3 0 . 5 39 

.354 37 2 . f>l . 615 11 3 .5 .42 6 7 7 5 .41 .537 

.35t\ 38 2 . 64 . 6 13 11 3 . 6 .428 79 5 .53 .535 

. 358 38 2 . 67 • 6 11 12 3 . 7 .4 3 0 80 5 .65 . 5 33 

. 3 6 0 39 2 . 71 . 6 09 12 3 . 8 .4 3 2 8 2 s . 77 .530 

.362 39 2. 75 .6 07 12 4. 0 . 43 4 84 5 .90 . 5 28 

.36 4 40 2 . 79 . 60 4 13 4 . 1 . 43 6 86 6 .02 .526 

.36 6 40 2 .84 .602 13 4.2 .438 87 6 .1 5 .524 

. 368 41 2 . 89 . 60 0 14 4 . 3 .440 89 6 .27 .522 

.370 42 2 . 94 .59 8 14 4.4 .44 2 9 1 6 .40 .520 
3 1. 0 • 372 4 3 2 . 9 9 . 596 14 4 .5 . 444 93 6 .5 3 .517 
3 1 • 1 . 37 4 43 3 . 05 .5 9 3 15 4.6 .446 95 6 .67 .515 
3 I • 1 .376 4 4 3 . II .591 15 4. 7 .44 8 97 6 .110 .513 
3 I. 2 .3711 45 3 . 17 . 589 15 4 . 0 .4 50 9 9 6 . 93 .5 11 
4 1 . 3 . 380 46 3 . 24 . 587 16 5 .0 . 45 2 101 7 .0 7 .5 0 9 

1 . 3 .382 4 7 3 . 31 . 585 16 5 . 1 . 45 4 102 7 . 2 0 .50 7 
1 . 4 . 384 48 3 . 38 . 5 8 3 17 5 . 2 . 456 104 7.34 .504 

4 1. 5 .386 49 3 .4 5 . 58 0 17 5 . 3 . 458 10 6 7.48 .502 
5 1 . 6 .388 50 3 . 53 .578 17 5 .4 .460 108 7.62 . 5 00 
~ I . 7 . 390 51 3.61 . 5 7 6 18 5 .5 .4 6 2 1 10 7 . 7 6 .498 
5 I . 8 .392 53 3.69 . 574 18 5.6 .4 6 4 112 7 .91 .496 
6 1 . 9 . 394 5 4 3.78 .57 2 18 5 .8 .4 6 6 114 8 .05 .493 
6 I . 9 . 396 55 3 . 116 . 5 7 0 19 5 .9 .46 8 117 8.19 .491 ,., 2.0 . 3 9 8 Sfl 3 .95 . 5 67 19 6.0 .47 0 1 19 8.34 .489 
7 ::> . 1 . 4 0 0 58 4.04 .565 :?. 0 6. 1 .47 2 121 8.49 .487 
7 2.2 . 402 59 4 . I 4 . 5 6 3 20 6.2 .474 123 8.63 .485 

2.3 .404 60 4 .23 .56 1 20 6 . 3 .4 76 12 5 8 .78 .483 
II 2 .4 . 406 62 4 . 33 . 559 21 6 .5 . 4 7 8 I 2 7 8.93 .480 
8 2.5 .408 63 4 .4 3 . 557 21 6 . 6 .4 80 129 9. 08 .47 8 
A :?..7 . 4 10 64 4 . "i3 .55 4 21 6 . 7 .4 8;:> 131 9 .2 3 .476 
0 2.1'> .4 12 66 4 . 64 . 55 2 22 6 .8 .484 133 9 . 39 .474 
9 2 . 9 • 4 1 4 67 4 . 74 . 550 22 6.9 . 486 136 9 . 5 4 .472 
9 3 . 0 . 416 69 4 . 85 . 548 23 7 . 1 .4 88 138 9. 69 .470 

I 0 3 . 1 . 418 71 4.96 . 546 23 7 . 2 .4 90 14 0 9 . 85 . 467 
I 0 3.:?. -~20 72 ..5...JU . 5~ 24 ~~3 • 4 9~ 14 2 IO.QO .465 

' " 7. 4 .494 14 4 10. 16 . 463 4 4 13 . 5 .566 23 2 16 . 3J . 38 5 
? 4 7 . 1'> .4 96 147 10. 32 . 461 45 13 . 7 . "i68 2 3 5 16. "i2 .383 
2" 7 0 7 .4 98 149 10 . 48 .4 59 45 1 4. 0 . 5 7 0 238 16. 70 . 3 80 
?5 7 . 8 .500 I 51 10 . 6 4 . 4 57 46 14. 2 . 5 7 2 2 40 16 . 89 . 37 8 
?f. 8.0 . 502 154 10 . 80 . 45 4 4 7 14.4 . 57 4 2 4 3 17 . 08 . 3 76 
2f> 8 0 1 . <;0 4 156 lQ . Q() . 452 4 8 14 .7 . 5 7 6 2 46 17 . 27 .374 
:?.7 11 . 2 . "i06 158 11 . 1, . 450 4 8 14. 9 .578 2 4 8 17 .4 7 . 3 72 
?7 8 . 4 ."i08 160 11 . 28 . 4 48 4 9 15 . 2 . 580 251 17 .66 .370 
?7 8 . 5 .510 163 1 I . 4 4 . 4 4 6 50 l"i .4 . 582 25 4 17 .85 . 3 67 
?/I A. 7 . 512 165 11 .61 .4 43 51 15 .7 .58 4 ?5 7 18 . 05 . 365 
28 A. ·. 8 ."i14 167 11 . 7 7 • 4 4 1 52 15. 9 .586 25 9 18 . 2 4 . 3 63 
?9 9 . 0 ."itt\ l 7 0 1 1 . 94 .4 39 53 16 . 2 .588 262 18 .44 . 3 61 
?9 9 0 1 .518 172 12 . I 0 .4 37 53 16.5 . 59 0 265 18 . 64 .359 
30 9 . 3 .520 175 12 . :?.7 . 435 54 16 . 7 . 592 268 18 . 8 4 . 35 6 
30 9 .4 . 522 177 12.44 . 433 "iS 17 . 0 . 594 27 1 19. 0 4 . 35 4 
3 1 9 . 6 .524 179 12 . 61 . 430 56 17 0 3 . 596 27 4 19 . 2 4 . 3 52 
31 9 . 7 . "i26 182 12.711 .1128 57 17 . 6 . 5 9 8 277 19 .4 5 . 3 50 
32 9 . 9 .5 28 184 1:?. . 05 .426 58 17 . 9 . 600 '279 19 . 65 . 3 48 
3 2 10 0 0 . 530 187 13 . 12 .42 4 59 18 . 1 . 602 28 2 19.86 . 3 4 6 
33 10 . 2 . 532 189 13 . 29 .d22 60 18. d . 60d :?.85 20 . 06 .343 
3 d 10 .4 . 534 191 13.46 .420 61 18 . 7 . 6 0 6 2 8 8 2 0 .27 . 3 d! 
34 10.5 . 536 19d 13.6d . d1 7 62 19 . 0 . 60 8 2 9 1 20.48 . 339 
35 10.7 .5311 196 13.81 . d 15 63 19 . d . 6 10 294 20 .7 0 . 337 
35 1o . o .5d0 199 13 . 98 • d I 3 64 19 . 7 .6 12 297 20 . 91 . 33 5 
36 11 . 1 .5d2 201 ld.16 • d II 65 20 . 0 .61 4 300 2 1. 12 . 333 
31'> 11. 3 .54d 204 ld . ) d .d09 66 20.3 . 6 16 303 21.3 4 .330 
37 11.5 .546 206 1 d . 51 . d06 67 20 . 6 . 618 307 2 1. 56 . 328 
3 A 11 . 6 . 548 209 ld.69 .40 4 68 21.0 . 620 310 21 . 78 .32 6 
3A 11.8 .550 211 ld • .c\7 . 402 69 21.3 .6 ?2 3 13 22 . 00 .32 4 
39 1?.0 .552 21d 15 . 0"i .400 70 21.6 . 62 d 316 22 . 22 • 322 
dO 12.2 .5511 217 15 . 23 .398 72 22.0 .626 319 22 .4 5 .320 
d O 12 . d .556 219 15.4 I .396 73 22.3 .628 322 22 . 68 • 317 
d 1 12.6 .558 22:' 15.59 .393 74 22.7 .630 326 22.91 .315 
d2 1?.9 .560 22d 15.78 .391 75 23.0 .63:?. 329 23.1 d • 313 
d2 13 . 1 .562 22 7 15.96 .389 76 23 . 4 .63 d 332 23.37 .311 
dJ 13.3 .564 230 16 . ·t-4 .387 77 23.7 .636 336 23 . 60 .309 
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lflFPTH 
( FT l ( ~ l 

7A :?4.1 
AO 24.4 
A 1 24 • .<I 
82 ?5.2 
A3 25.6 
A<; 25.9 
8f> 26.3 
'37 26.7 
liP. 27.1 
oo 27.5 
91 :?7.9 
9? 2A.3 
04 ?8.7 
95 ?9. I 
Q() ;;>9.5 
OR ?9.9 
QQ 30.3 

100 30.7 
102 3!.2 
1 0~ 31. () 
104 32.0 
106 3?.4 
107 32.9 
109 33.3 
110 33.7 
II? 34.? 
113 34.6 
114 3S.O 
I I 6 35.5 
117 3s.o 
119 3ti. 4 
120 3n.8 
1?? 37.3 
12~ 37.7 
125 3A.2 
12n 311.7 
IP.I'. 5f-.Q 
lilR 57 .4 
10 0 58 .0 
JOI 5/l.S 
193 59. I 
195 59.6 
!07 60.2 
19Q 60.11 
201 61.3 
203 61.9 
21)4 62.5 
20 6 63 .1 
2011 63.7 
211) 64.3 
212 64.9 
214 6'5.5 
21 6 66.1 
218 66.7 
2:? I 6 7.4 
2:?3 68.0 
2?<; 68.7 
227 60.4 
2?9 70.0 
231 70.7 
234 71.4 
236 7?.1 
238 72.8 
241 73.6 
243 74.3 
246 75.1 
24<'1 75.9 
251 76.7 
2c;4 77.5 
?56 713.3 

DF.:NS!TY 
IG~/CM3l 

.638 

.'>40 

.(>42 

.(>44 

.646 

.648 

.650 

.t;5;:> 

.654 

.~51') 

.658 

.660 

.M2 

.664 

.l'i66 

.668 

.670 

.672 

.674 

.l'i76 

. 6 78 

.l'i80 

.682 

.684 

.686 

. 688 

.690 

.69? 

.694 

.696 

.6911 

.700 

.702 

.704 

.706 

.708 

.78;:> 

.784 

.7 86 

.788 

.790 

.792 

.794 

.796 

.79('. 

.1100 

.A02 

.1104 

.1106 

.1\CR 

.8111 

.I\ 12 

.1\1.4 

.II 16 

.8111 

.11?0 

.P.22 

.824 

.1126 

.828 

.1\30 

.832 

.83.4 

.836 

. 83<'1 

.840 

.842 

.84.4 

.846 

.8413 

APPENDIX D 

STRENGTH POROSITY 
(PS!l IKG/CM2l IN) 

339 23.84 .306 
342 ?4 .08 .304 
346 24.32 .30 2 
349 24.56 .300 
353 24.111 .298 
356 25.06 .?96 
360 25.31 .?93 
363 25.56 .;:>91 
367 25.81 .289 
371 26.07 .?87 
374 26.33 .2115 
37R 26.59 .283 
382 26.<'16 .280 
386 27.13 .278 
390 27.40 .276 
393 27.67 .?7.4 
397 27.95 .272 
.dOl 28.:?? .270 
405 28.51 .?67 
.409 28.79 .?tiS 
.414 29.1)8 .263 
418 29.37 .261 
422 29.67 .259 
426 29.96 .?56 
.430 
435 
439 
444 
.448 
.453 
457 
462 
466 
471 
.476 
481 
712 
720 
728 
737 
7.45 
753 
762 
770 
779 
71l8 
797 
806 
1\15 
1325 
1134 
844 
853 
863 
873 
1183 
'393 
90.4 
914 
Q25 
936 
947 
958 
969 
980 
992 

1004 
1016 
1028 
1040 

30.?"' 
30.'57 
30.1\8 
31. 19 
31.'51) 
31.82 
32.15 
32.47 
32.1'.0 
33. I 4 

33.48 
33.82 
50.10 
50.1)5 
5!.2? 
51.110 
52.38 
"i2.97 
53.57 
'54. t 7 
54.79 
55.41 
5ti.04 
5o.68 
57.33 
57.98 
58.65 
59.3? 
60.00 
60.70 
61.411 
62. 11 
62.113 
63.56 
64.30 
65.05 
65.111 
66.'18 
67.3'> 
68.15 
61'1.95 
69.76 
70."9 
71.42 
72.2.f. 
73.1? 

.?"i4 

.252 

.250 

.;:>48 

.?46 

.243 

.2.41 

.239 

.237 

.235 

.233 

.230 
• I 'SO 
• 148 
• 146 
• 143 
• 141 
• 139 
.137 
.135 
.133 
.130 
• 128 
.126 
.124 
.122 
.1211 
• 117 
• I 15 
• 113 
.I I 1 
• 109 
.106 
• I 04 
• I 02 
.100 
.098 
.096 
.093 
.091 
.089 
.087 
.085 
.083 
.08() 
.078 

DEPTH 
( FT l ( M l 
128 3Q.1 
129 39.6 
131 40.0 
132 40.5 
!34 41.0 
135 4 I. 4 
137 41. Q 

139 J?.4 
140 "2.9 
142 43.3 
1.43 43.8 
1.45 .44.3 
146 4.4.8 
148 45.3 
J<;O 4S.7 
151 46.2 
153 46.7 
15.4 47.2 
156 47.7 
158 .48.2 
159 48.7 
161 49.2 
162 49.7 
164 50.2 
lf-6 50.7 
167 51.2 
1 o9 51.7 
171 52.2 
172 52.7 
174 53.2 
176 53.7 
177 54.3 
179 54.8 
181 55.3 
183 55.1' 
184 S6.4 
259 79.1 
21'>2 80.0 
21'>5 80 .9 
268 81.<'1 
271 82.7 
274 83.6 
277 84.6 
280 85.5 
283 86.5 
287 87.6 
?90 88 .6 
294 89.7 
297 90.8 
30 I 9!. 9 
305 93.1 
309 94.3 
313 95.5 
317 96.7 
321 98.0 
325 99.3 
333 101.7 
346 105.6 
361 110. 1 
378 115.5 
398 121.6 
421 128.5 
447 136.4 
476 145.2 
5118 155.1 
544 166.1 
584 178.3 
628 191.7 
677 206.5 
no 222.6 

DENSITY 
(GM/CM3l 

• 710 
.712 
.71.4 
• 716 
.718 
.720 
.72? 
.724 
.7~ ~ 

.7?8 

.730 

.73? 

.734 

.736 

.738 

.740 

.742 

.744 

.746 

.74A 

.750 

.752 

.754 

.7'51'> 

.7S8 

.7 60 

.762 

.764 

.766 

.768 
• 770 
.772 
.774 
.776 
.778 
.78 0 
.850 
.85? 
.854 
.<'156 
.<'158 
.860 
.1162 
.1164 
.111'>6 
.868 
.870 
.872 
.874 
.117 6 
.878 
.~80 

.1182 

.884 

.886 

.888 

.890 

.892 

.894 

.896 

.998 

.900 

.GO? 

.oo4 

.906 

. one 

.910 
• 9 t? 
.914 
• 916 
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STRENGTH P OROS ITY 
!PSil (KG/CM2l (Nl 

486 34.16 .228 
491 34.51 .226 
.496 3.4.87 .224 
501 ~5.23 .222 
506 35.59 .220 
511 35~96 .217 
517 36.34 .215 
522 36.71 .213 
527 37.10 .211 
533 37.48 .209 
539 37.88 .206 
544 38.27 .204 
550 38.68 .202 
556 39.08 .200 
562 39.50 .198 
568 39.91 .196 
574 .40.34 .193 
580 40.77 .191 
5<'16 41.20 .189 
592 41.64 .187 
599 .42.09 .185 
nOS 42.54 .183 
611 43.00 .180 
618 43.46 .178 
625 43.94 .176 
632 44.41 .174 
638 44.90 .172 
645 4 5 .38 .170 
652 45.88 .167 
660 46.38 .165 
667 .46 • .'19 .163 
674 47.41 .1 6 1 
682 47.93 .159 
689 48.46 .156 
697 
7 05 

1052 
1065 
1 077 
1090 
1103 
1116 
1129 
114 3 
1157 
I I 7 0 
1184 
1199 
1213 
1228 
1242 
1?57 
1?72 
1288 
1303 
D19 
1335 
1351 
1367 
1384 
14 0 1 
1 d 17 
1435 
1452 
1.470 
1.487 
15 0 5 
1524 
1542 
1"61 

49.00 
49.54 
73.98 
74.86 
75.75 
76.6~ 

77.56 
78.49 
79.43 
80.37 
81.33 
82.31 
83.29 
84.29 
85.30 
86.33 
87.37 
811.42 
89.48 
90.56 
91.65 
9?.75 
93.87 
95.01 
96.15 
97.31 
98.49 
99.68 

100.89 
I 02. 1 1 
103.34 
104.59 
105.86 
107. 14 
108.44 
109.76 

PSI OR 112.52 

.154 
• 152 
.076 
.07.4 
• 072 
.070 
.067 
.065 
.063 
.f'l61 
.059 
.056 
.054 
.052 
.050 
.048 
.046 
.043 
.041 
.039 
.037 
.035 
.033 
.0311 
.028 
.026 
.•[1?4 
• 022 
.020 
.017 
.015 
.013 
• 011 
.1109 
.006 
.00.4 

KG/CM2. 
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To determine the depth at which a certain density snow is situated, depth-density determina
tions taken to approximately 99 m in the Inclined Drift at Camp Century (Mock, 1966 unpublished 
data) were analyzed giving, the following empirical equation: 

where y and D are given g/ cm3 and m respectively. At depths between 100 and 300m, the depth
density profile was based on measurements from Site 2 (Langway, 1967), giving: 
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