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PRLFACE

Research Into the problems related to snow and ice
is a most important part of the work of the Division of Building
Eesearch since it is so peculiarly a Canadian problem.

The Division has just had completed a special cold
room which was designed as a snow and ice lahoratory =-- one of
the first such laboratories ever to be built, The work has
already started in this laboratory and the Division lookes for-
ward to using this speclal facility for an Immediate attack
on the more urgent research problems in this field,

In advance of the completion of this facility Mr,
Iorne Gold, the lead of the Snow and Ice Research Section, has
been carrying out theoretical studies and has been usiug also
the results of the Snow Survey of Canada 1or investigaticnal
work. The Znow Survey was initisted and is carried out through
the Associate Committee on Soil and Snow Mechanics,

This paper ("The Strength of Snow in Compression
under Dynamic Loads") presents the results of some of these
preliminary studies and 1s a companion paper to that in D.D.R.
Report No, 5l ("The Lependence of Snow Hardness on Specific
Gravity"). These two papers are circulated in this preliminary
form for criticism and comment, It is hoped that they may be
published when suitably amended in the light of comments
recelved,

Ottawa Robert F, Legget,
Lecember 195l Director



THE STRENGTH 01" SNOW I COMPRLSSION
UNLER DYWAMIC LOADS

by Lorne W. Gold

The nroblems in Canada involving the strength of
unidisturbed snow, particvlarly in relation to transport, sare
mainly of a dynamic nature, That is, before the application
of a load, the snow is relatively unstressed; when the load
is applied, the forces 1involved are sufficient to cause the
structure of the snow to collapse. An engineer working in thi-n
fiedd 1s faced with & situation involving force of the order of
10 poSeian time of the order of one=-fifth of a second and compresse-—
jorr of the snow of the order of 6 inches. Thils problem is quite
different from that involving the strength of snow under what
could be called quasi=-static conditions. Under quasi-static
conditions, the snow cover is modified slowly by the action of
gravity end cother forces tending to bring about a state of thermo-
dynamical equilibriuvm. If the snow lies on a slope, the structure
of the snow might reach a critical state where the snow cover may
be catastrophically released as an avalanche with the possible
results of loss of life and damage.

In the lynamic problem, the ensineer is interested in the
relationships between equipment and the energy absorbing and load
bearing capacity of the snow during the period of very rapid
collapse; in the quasi-static prohlem, the engineer is interested
in the modifications which occur within the snow cover tha! lead
to criticel values in the strength propertics of the snow.
Essentially the difference is one of emphasgis oan the particular
aspects of metamorphism and strength studies of interest to the
observer,

Lxtenceive studles have been carried out and are still
continuing on snow under quasi=-statlc conditions. Tew studies
have been made on the behaviour of snow under dynamic loads.
Prcblems involving the dynamic loading of snow have usually been
approached empirically with little or no thought being given
to the mechanical properties of snow and its behaviour when
sub ject to such loads. This has led in many cases to needless
or misguided effort with the resulting waste of money. Further-
more, because the mechanical properties of snow are not fully
known or uvnderstood, & confidence 1s often placed in its mechanical
behaviour which is not warranted.,

There are many factors which affect the mechanical
properties of snow. These factors, some of which cannot be
readily assessed, interact to create conditions which in the final
analysis arec complicated in the extreme, The result is that, under
practical conditions, the determination of the strength properties
of snow cannot be an exact science, This is very evident ir the
analysis to be presented where a property, with the normally
measured variable: held constant, could vary by a factor of one
hundred. Snow may be an ideal material for winter sport but it
i1s not an ideal material from most engineering points of view.
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There 1s a reason for the extreme varilations in the
strength pronerties of snow. Snow is made up of small ice crystals,
Under natural ~onditions this ice is very near its melting point,
This condition of the solid is very difficult to describe
mechanically bscause of plastic effects and variations in strength
properties with temperature in the vicinity of 0°C. Furthermore,
the total ice surface area in the snow 1s very large and irregular
with the result that, in a normal environment, the structure is
thermodynamicaily unstable, Because of this, the structure and
thus the strength properties are continually modified,

In crder to gain an Insight into the mechanical be=
naviour of snow under dynamic loading it was decided to construct
an apparatus which would deform snow at a rate comparable to that
caused by a skl or a tracked vehicle, With this apparatus and
subsequent analysis it was hoped to:

study how the snow deforms under a dynamic load,

determine the primary varialles involved 1in relation to

the strcngth of the snow,

) determine how the strengtli of the snow depends on these

variables,

i) determine if these variables could be evaluated in a
prectical way,

5) determine if some practical working theory for the strength
of snow could be developed,

6) evaluate the working theory in the light of the variability

of the strength propertles of the snow.

(VORI D
e

In order to obtain a clearer idea of how the proposed
apparatus should act on the snow, what snow conditions it should
be capable of dealing with and to obteln actual !r'igures on which to
bass a design, a simple apparatus was constructed for preliminary
investligations, The observations made with this apparatus proved
very interesting and stimulsated analysic of data collected by the
Canadian Suow Survey which previously appeared to bear iittle
reiation to thie dynamic strength of snow, The first part of thisg
report dealis with the observations made with the simple apparatus
and the second part with the snalysis precipitated by these
ubservatlons,

Sncw_loading apparatus

Figure 1(a) and (b) is a sketch of the simplified

apparatus used for preliminary observations on the collapse of

snow under compressive loading., Figure 1l(a) is in a plane perpend-
icular to the snow surface: Fig, 1(b) 1s in e plane parallel to the
snow surface., By lever-action, a force is transmitted by a cable,
through a compression spring to the push rod and loading pleate
acting against a vertical snow face., A tracing arm, Fig., 1(b),
rivoted on a surport rigidly attached to the spring container., is
linked to the cable, This tracing arm records the forward movement



of the push rod and the comnression of the spring under lcad on =z
waxed paper. The maximum obtainaklie penetration with this
instrument is about 8 inches. By using different springs, total
load ranges of 0-50 1lb., 0-100 1b. and 4=-200 lb, were cbtailned.,
The loading plate, always circular in the observations carried
out, was detachable o that the total load bearing area could be
readlly changeds

> penetration curvs
is distorted becaussa
rcls,.

Figure 2 is a typical load = vs
obtained with this apparatus. The scale
the tracing arm moves on the arc of a ci

Observations
The apparatus was not completed until well on in the

winter of 1953<5i, Therefore, the number of observations and the

types of snow in wh¢ok the observations could be made were limited,

Beca se snow conditions in the general Ottawa area are poor for

this work, particularly in the late winter, the observations had to

be carried out in drifts in order to obtain a sufficlient depth

of snow, For each test, the flat circular loading plate was

plaped against the vertical face of @ expossed snow layer,

ayers were thosen which appeared to be homopgensousz and continuous

though this is questionable, particulariy in drifta. and certainly

not alwsys true for the tests carried out. The plate was then

caused to penetrate horizontally into this layer at a rate in the

order of 2 ft. sesz,

Though the conditiomns for the tests were not ideal,
the 75 observations made all prcduced curves similar to that of
Fige. 2, At first the load increases with relatively ‘little
penetraticn, What penetraticn was observed was felt to be
primarily due to unevsnness of the surface and to the fact that the
piate may nct have been lying filat on the surface, At some well
defined Load. the snow strusture begins to collapse and penetration
begins. Thereafter, the lcocad slowly increases with penetration,

For each snow type on which tests were run, the following
properties ware mesasured:

1) Temperature

The temperature was always in the range above -10°C, and
trhersfore was not a significsant varlable in these tests,

2) Hardness

2 i .

This was measured with the Natiocnal lesearch Council
gause as described by Klein, Pearce and Gold (1).

3) Crystal size and type

This was measured and recorded, according to the
procedure described in (1),
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The following observations are given to show iIn a qualitative
way the behaviour of snow under dynamlc compresslve locads., Tach
of the curves obtained in the tests were redrawn on normal rec-
tangular co-ordinate paper with stress as ordinate and penetration
as absclssa.

Streass S = Total Load = .g;..

Area of plate A

It was found that the stress at which the snow began to collapse
and the relatlve increase In stress, as measured at the bearing
plate, with penetration was significantly related to the specifiec
gravity of the snow., Yo dependence of these values on the area of
the bearing plates could be deteckted. The bearing plates used had
areas of 17.5 cmz, 50 ecm?, 100 cm<, 225 cm? and 300 cm<, Figure 3
shows example stress vs. penetratlion curves for snow about 1 week
0ld and in Fig. 4 ere shown curves obtained in settling snow of
medium specific gravity., In Fig. 5 1s shown the curve obtained
when the load was removed for one minute after penetration had
begun, end then increased until the penetration was complete,

The Increased load requlred to cause penetration to begin again

1s appreciable. This demonstrates the very rapld rate at which
the snow can regain 1its strength once it has been dlsturbed.

From Figs. 3 and 4 it 1s seen that 1t 1s possible to make
an estimate of the stress at which the snow structure begins to
collapse. Though the values of this stress varied from one test
to another in the same snow layer, they were all of the same order
of magnitude. Much of the variation 1s llkely due to the non-
uniform nature of the snow in drifts, For Instance, 1t was found
that the density of the snow was not constant in any one layer
particularly in a direction normal to the main axis of the drift,

It was found that the estimated stress at the beginning of
collapse, which will be called the ultimate compressive strength,
kp, obtained from these observatlons was of the same order as the
hardness number as measured by the hardness gauge. This is not
unreasonable for the number recorded when using this gauge is the
stress which exlists across the plate of the hardness gauge when
the snow makes 1its initlal collapse. 1In Flg. 6 the estimated
ultimate compressive strength is plotted against the measured
hardness of the layer in whilch the test was run. The line kp
= hardness has been drawn through the plotted polnts. There 1s
a great deal of scatter of the points about this line but this
may be due to the fact that the snow In which the observations
were made did not have a truly uniform homogeneous structure,

In many cases, the hardness readings were not made 1n the same
Immediate area in which the test was run. PFrom Fig. 6 it was
concluded that the hardness number was a good measure of kp.
In the remainder of thils paper, the hardness number will be
assumed equivalent to kp.
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In Fig. 7 the stress across the bearing plate is divided
by kp and plotted against penetration., It will be seen that this
relative lncrease in bearing load with penetration is practically
g straight line relation for the conditions of test used. Though
there is a considerable scatter in the slopes of the lines at any
particular specific gravity, the slopes do tend to increase with
increasing specific gravity.

For one series of observations, the snow in front of
the penetrating plate was cut in sectlons at varions sta-e.n of
penetration in order to obtuin an idea of what was happening.
Figure 8, (a), (b). (¢), (d), show sketches of these secticns,
The sections are normal to the plate and to the snow surface,
The formation of a "bulb" of dense snow in front of the plate
was readily observed and followed. The line of demarcation
between tho "bulb" and surrounding snow was clearly marked. A
formed "bulb" could easily be broken away intact from the
surrounding snow,

Some measurements were made on the specific gravity of
the snow in the "bulb" directly in front of the plate. This
specific gravity 1s plotted as a function of the orizinal
specific gravity of the snow in [Fig. Q.

It must be remembered that the lforegoing observations
are of a qualitative nature only. These qualitative results de
indicate some general relationships which exlist for the strength
of snow in compression, One of the most important of these
relationships is that indicatling that the number found with the
National Hesearch Councll hardness guage is a =ood indicabtion of the
ultimate compressive strength of snow. Thils immediately places
a new importance on the results of snow surveys usinz zuch
instruments as they will be a source of data from which relation-
ships hetween specific gravity, temperature, crystal size, crystal
type and ultimate comnressive strength of snow may be obtalined,
The remainder of this paper will deal with these relationships
as observed from the results of the Canadian Snow 3urveye.

Canadlian Snow 3Survey

In 1947 the Associate Committee on Soil and Snow Mecha-
nics of the National Hesearch Council initiated the snow survey of
Canada. Since 1947, there have been at least ten observation
stations located in various areas of Canada where pertinent
information on snow cover has been collected. About twice a month
a profile study of the snow cover 1is made at each station, DLuring
this study. a record 1is made of the various layers which make up
the snow cover;, thelr thickness and location with respect to the
ground, their hardness, density., temperature and grain size and
grain shape of the snow contained, This information was utilized
in the following study.



Analysis of Lata

For the first phase of the study; hardness was plotted
against specific gravity (Ps) using the observations made at Aklavik,
NeW.Te3; Gander, Newfoundland; Ottawa, Ontario; Resolute, ¥N.W.T. The
result is shown on rectangular co-ordinate paper in Filg, 10. The
area of each spot is approximately egual to the number of observations
made at that specific gravity and range of hardness, The hardness
values were grouped in steps of 100,

Though there 1s a spread of at least a factor of 10 to 100
in the values of kp for any one specific gravity, the general relation-
ship between hardness and specific gravity 1s striking. The fact that
specific gravity 1s one of the primary variables on which the strength
of snow depends has been demonstrated (2, 3). Fisure 1l, where the
same¢ information of Fig. 10 is plotted on log~log paper, empnasizes
this fact. Again, the area of a spot is approximately proportional
to the number of readings taken at the value ofjps and range of
hardness,

The scale of the National lesearch Council hardness gauge
has 11 divisions numbered 0 to 10, The number indicated by the
caucge when the snow first falls is multiplied by a scale factor of 1,
10, 100 or 1000, depending on_the size of plate used, to give the
hardness of the snow in gm/cm e This fact was utilized in the
grouping of data for Fig. 11 and all subsequent presentations,

2

For example, all points lying in the range 5% to 5L} were grouped

and given the hardness value of 50, all points in the range of
655 to 7hL% were given the hardness value of 700 etc, Those
points at li5, 55, 650, 750 etc. were divided evenly between the

twc adjacent hardness groups.

By finding the mean density corresponding to each hardness
range, 2 serles of points were obtained through which the 1ine
"A"™ was drawn. It was assumed that this line very nearly gives
the average dependence of hardness on specific sravity. From "A"
it was found that the dependence of hardness on specific gravity
is civen roughly by:

hardness = 106°7,PS7'7.

This demonstrates the extreme denendence of the strength properties
of snow on specific gravity.

To determine reasons for the spread in hardness values for
any one Ps, these readinzs were plotted against other parameters
measured 1In the snow survey. FPFisure 12 1s a plot of hardness
against temperature, In this display, the number of observations
made within the ran-e of hardness and temperature is given. The
data have been further zrouped by taking temperature steps of 3°C,
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It was assumed that a relationship exists between hardness
and temperature given by

log (hardness) = a <+ DT (1)

where a and b are constants and T 1s the temperature, Since all
specific gravities are represented in lig, 12, "&" may not be a
significant number when calculated from these data il.e. "a" may

be a function of the specific gravity. To determine any dependence
of hardness on temperature it is sufficient to determine b, It

was assumed that b was indenendent of speciflic gravity. A rough
check using points in the restricted specific gravity tange of

0.18 to 0,22 and 0,28 to 0.32 showed that this was a reasonable
assumption,

A value for b was determined from the data of Fig. 12
using the method of least squares. It was found that

b = =0,027Y

A correlation coefficient for the data was calculated and found to
be O.llie Mo attempt was made to reduce the spread in data due to
variations in specific gravity when calculating this coefficient,

If we use the determined value for b in equation (1) then
log hardness = a =0,027,T

If snow at temperature Tl and hardness H1 is changed to temperature
T5>, the resulting hardness Hols given by

log _I_{g__z =0,0274 (Tr = T4)
Hy '

Ho _ qo=0s027h (Tp = T3)

Hy

and in terms of natural logarithms

In Fig. 13,e~0+0631 (T2 = T1) 35 piotted as a function
of Tp - Tie. It is seen that the hardness increases by a factor of

approximately 1,88 for each 10°C. drop in temperature. It is
unreasonable to think that this could o on indefinitely and
therefore the gbove results must be applicable in a restricted
temperature rance i.e. 0 to -=40°C,
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This increcase in strength with decrease in temperature
is not due alone to the significant increase in the strength of
ice with decrease in temperaturec near 0°C. (L). The snow tested
in each case has had some chance to arrive at a state of thermo=-
dynamical equilibriume. A48 the temperature decreases, water vapour
present in the voids of the snow will freeze out thus tending to
increase the bonding between snow particles and therefore the
strength of the snow. The Increase 1in strength of the snow due
to freezing out of vapour would be most significant in the
temnerature range O to =0°C. since it 1s over this range that the
variation with termperature of the amount of vapour in equilibrium
with an ice surface 1s appreciable,

When the temperature varies from 0°C, to nhO“C.g the
hardness can change by a factor of 12.5., Referring to Fig., 11,
we see that this variation 1s sti1ll not sufficient to account for
the spread in hardness values l.e, hardness varies from 10 gm to

om”

1,000 gm at ps = 0.25. In Fig. 1L the number of observations for
cm

each of the hardness groups 1s plotted against the average crystal
size, It 1s seen that there is no obvious increcase or decrease

in hardness as the crystal size varied. Vhat is significant in
Fig, 1! is the very large snrcad in hardness values at any one
crystal size. In Table I, the number of readings lying in the
hardness ranges of 10 = 100, 100 ~ 1,000, 1,000 - 10,000 gm

cm
for each crystal size 1s given as a percentage of the total
number of readings taken for that crystal size., It 1s seen that
only for the small average crystal sizes that an appreciable
percentaze of the readings have an ultimate strength in the rance
1,000 = 10,000 gm/cme, mable I indicates that as the snow becomes
more thermodynamically stable (larger averase crystal sizes) the
spread in hardness readings decreases the majority lyling in the
range 100 - 1,000 gm .

cm
TABLE I

Crystal Size Per cent of readings in range Total noc.

0-100, 100-1,000, 1,000-10,000 readings
0.5 11.) 3965 19.1 220
1.0 23.9 50,0 26.1 272
1.5 19.9 6l.2 18.9 111
2.0 2849 6565 5.6 90
2.5 36.1 55.6 8.3 36
ﬁos 38-8 5506 06 18
.0 1.0 81, o6 113
lhs 114-02 85, 7
5.0 10.8 86.5 247 37
5.5 50 50 2
6.0 5e9 ol.1 17
7«0 100 2
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In the Canadian Snow Survey, snow 1s classified into
various types, namely:

1) new snow, type aj

2) snow in which the crystal structure can still be discerned.
type Db;

3) snow particles modified by melting, type c;

i) snow particles modified by sublimation, type d.

In Fige. 15, 16 and 17, these crystal types are plotted on a hardnes:s
vs,~specific gravity display. The observations in Fig. 15 were

taken in tree-covered, sheltered areas; those of Figs. 16 and 17

at Goose Bay, Labrador. From these figures it is seen that if =ny
difference exists between the hardness properties of snow of tvpe

¢ and snow of type d crystals, it is not sufficient to he of

nractical value to the engineer concerned with the strength pronersies
of snow. These figsures do show, particularly Fig. 17, that new

snow generally has low hardness,.

The foregoing mnalysis has shown the extreme variabllity
that exists in the strength properties of snow. The dependence of
the strength of snow on the normally measured snow properties does
not account for this variability. One factor which can be discunssed
has not as yet been considered., In analysing the hardness of cnow,
no distinction was drawn between observations made in different
areas of Canaida excent 1in the section dealing with snow type. The
difference between snow in separated arcas is due to variations 1in
climate from re;;ion to rejion. Even within a recion the climate
can undergo extreme changes during the course of one winter., On
top of the chanzes which occur in just one winter, there is the
variation which occurs from winter to winter, Each climate
fluctuation leaves its dimprint on the snow cover.

As examples of the effect of meteorological conditions
it was found thast for Resolute, N,W.,T,, which has a very stabls
thourh cold climate throuchont the winter, the hardness ohservations.
plotted on the hardness-rss,-specific gravity display, lis in s muazh
narrower band than say tor uoose Bay, Labrador (Fiz., 17) which has
a climate subject to more extreme fluctuations. When considering
observations from Fig. 11 which lie in the sgpecific gravity range
0.20 = 0,32, it was found that the majority of realings of hih
hardness were taken at Resolute *n drifted snow; the majority of.
low hardness readings werc taken at Aklavilz in old rnow subjected
to temperatures below -10°C. for a long period of time. It was
Interesting to note that for one series of observations when the
layer temperaturc was below =-10°C., for a long period of tirma, thre
hardness tended to decrease, yet for another series of obrevrvations
for which the layer temperature was above =10°C, for a long pericd
of time, the hardness tended to 1increase,

This very brief discussion on the effect of climate
on nardness was Introduced to show that the strength propertiss of
snow are sensitive to the overall meteorologzical picture. Morsover,
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it has shown that the hardness of snow is dependent on a property
which is not directly determined in the snow survey., This property
is the bonding vctween crystals which is dlscussed iIn some detail
in (2) and (5). The effect of bonding 1s clearly demonstrated by
the difference in strength between wind blown snow and old snow
approaching thermodynamic stability at low temperatures., Figure
1l; and Table I also demonstrate the effect of bonding since they
show that snow 1s more likely to have a hardness below 1000 gm/cm2
when the average crystal size 1s greater than 2mm, As the snow
ages, the surface irregularities which aid bonding disappear; the
crystals become larger, more uniform in shape and tend to have
fewer ond weaker inter-connecting bondse.

The foregoing analysis has shown that the hardness of
snow ls primarily dependent on specific gravity, snow temperature
and degree of bonding between particles, The dependence of hardness
on crystal size and crystal type is not sufficient to be significant
under practical conditions though a knowledge of these variables
is necessary in order to obtain a complete understanding of the
changes which can occur within the snow cover to ylelu the observed
strength properties,

As has been stated, the above variasbles are continually
changing with time; thc¢ degree and direction of chanre depending
on the termodynamic stresses acting. Interactions between these
variables result in strength properties, the changes 1n which are
wvery difficult to describe analytically even in isolated cases.
The properties of the snow within a specified area of a layer in
the snow cover can be determined at any one time, but these readings
taken alone are not of rmuch value to the man who must design
equipment that will act on the whole snow cover and operate in many
reczions., It would thus appear that, because of the number of factors
involved, individual measurements and exact relationships between
variables begin to lose meaning as far as the design of apparatus
to be utilized in snow 1s concerned, A more loose anproach should
be considered in which the average characteristics of the whole
snow cover are derived statisvically and the behaviour of the
snow under dynamic load deduced from these average characteristics,
Desgign of apparatus would then be based on these average chairacter-
istics keeping in mind the variations and interderendence of the
individual readings,

This principle of approach is based not only on the
observations given but also on the fact that the collapse of the
snow during thne anplication of a dynamic load cannot be conveniently
described by the theory of elasticity or plasticity, By utilizing
the average characteristics of a snow cover and estimating the
dependence of these characteristics on the dynamic load it would
be possible to deduce the characteristics of the snow just after
collapse and the energy involved 1n the collapse process, It is
this end point and associated energy related to the kinematics of
the problem which is of primary interest in the dynamic situation,.
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Figures 18 and 19 have been given to show how certain
general characteristics can be obtained for a snow cover, In
Fi:, 18 an attempt has been made to fiand, on the average, the
relative depth of snow iIn a snow cover with hardness less than a
given value, The layer depths for the observations of I'ig, 11 were
totalled as were the layer depths corresponding to each hardness range.
The per cent of the total depth of the accumulated depths corres-
ponding to the hardness values up to a given value were then cal-
culated and plotted. The lines in Fisz, 18 show the hardness reanges,
Thus, 1f one wished to declde what per cent of a snow cover could
be expected to have a hardness of 1000 gm/cm2 or less; reference
to Fig, 18 would give 70 per cent., If the particular application
being designed was isolated to one area or type of area, a more
correct dependence could be found from the relevant snow survey
results or & correction factor for Fig. 18 estimated. One could
then proceed on the bagis that all snow of hardness less than 1000

gm/cm2 would be affected by the particular application and all snow
of hardness greater than 1000 gm/cm2 would not be affected.

In Fig., 19, the average per cent of thc snow depth with
specific gravity less than a specified specific gravity has been
plotted from thec data used in Fig. 11 usiag the same procedure
employed for Fig. 18. This type of seneral characteristics when
averazed over a nurber of years in one region or regilons could be of
more value in design, when combined with an appreciation of the
variability of the snow properties, than exact relationships set up
between the snow propertless

Though Figse 18 and 19 are derived from the same data,
there is no direct relationship between them. They could not,
therefore, be uvsed togethoer with Fig. 11 and a knowledge of the
deformation for such problems as estimating the sinkage of a track
or ski in & snow cover. Such problems could be approached if the
average per cent of the snow depth corresnonding to a limited range
of hardness and specific gravity were knowne

Conclusions

In the introduction certaln ultimate poals for a
proposed snow testing apparatus were laild down, Preliminary
investigaticns and certaln analysis of snow survey results have
satisfled =ome of these goals,

It was found that the l:ardness of snow,; which 1s assumed
to be & direct indication of the strength of virgin snow in com=
pression, is rrimarily dependent on specific gravity. At any onc
specitf'ic gravity, the hardness does depend sisgnificantly on
temnperature, Any dependence on crystali size or crystal typec 1is
insisnificant for practical applicatioa except that new snow will
probably have a low hardness, These variables are readily deter-
mined by methods now normally employed in snow wechanics., The
hardness al®od depends significantly on the strength of the tonds
between crystals. The dezree of bonding 1s usually cstimated fron
strength measurements,; 1., tensila strenzth tests, This Tact
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makes 1t very difficult to estimate the ultimate compressive

strength of & snow without resorting to direct measurement. All

the foregoing variables are sensitive to the integrated meteorological
conditions and therefore vary not only through the snow cover but

also with time,

The general dependence of hardness on specific gravity
and temperature was determined, The dependence of hardness on
bond strength could only be briefly discussed qualitatively,

From these considerations it was concluded that it
would be unrealistic to attempt to derive exact relatlonships
between the strength of snow and the siznificant variables for the
purpose of design., It was shown that certaln average characteristics
of the snow cover related to its stren:th could be obtained. A
loose utilization of these characteristics along with an apprecistion
of the limits and variability of snow properties would likely be
the best guide in design work, Essentially it amounts to estimating
the stress strain relationships from pre-determined average snow
strength and density distribution and their denendence on the
dynamic load, An evaluation of this principle, which has been used
consclously or otherwise by many engineers, 1s still to be carried
out,
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