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INTRODUCTION

Snow mechanics, or theb;cience of the laws
of matter and motion in relation to snow, is the
problem on which I have been working., The purpose
of my study has been to compile and determine datsa
to give a basis of sclentific study to snow remov-
al,

d wish to teke this opportunity to thank Pro-
fessor C. L, Allen, Hesd of the Civil Engineering
Department of Michigan State College, kr. E. &,
Finney and kr, Burke of the kichigan State Highway
Department and ®r, G, W, Redimershy of the Foreign
Language Department for their valuable ald end ad-

vice in the preparation of this thesis,
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ACCUKULATED DATA



In oy search, I was surprised at the scarcity of data
on the mechanics of snow, Most of the heads of state high-
way departments recognized that there existed different types
of snov having different characteristcs, for their reports
on the costs of various snow removal jobs varied with the
atmospheric texperature snd type of snow, V.,R, Burton, of
the Michigen State Highway Department, in a report, "The
Cost Anslysis of 8now Removal,® "found a remarkable var-
iation in cost per inch mile a&s shown by the classificstion
according to tempersture, It should be remembered that this
cost variation is due to the product of two factors: first,
depth of drifting, eand second, the cost of removing the part-
icular class of snow encountered through the drift, ;t can
be easily seen then that there may be a temperature at which
a minimum cost may occure due tc the minimum product and not
the minimum of either factor,

Throughout all ranges of topography and wind conditiomns
the cost per‘inch mile from seventeen different counties
with a rmean daily temperature of 209 to 22° is consistently
less than for a temperature elther above or below this temp-
erature rasnge. Drifting is not so serious at this temper=
ature as it is at the lower temperature, and the cost of
moving an inch of drifted snow is not so high es it is in
the temperature above, We have here then the condition of
snow removal &t the minimum cost per inch mile,

' ..As the temperature drops below 20° the amount of drift

increases faster than the decreased cost of moving a lighter



snow and we get increased costs, /s the temperature goes
above 229 the snow gets heavier and more difficult to move
since thsws are more frequent, The cost of moving this type
of snov increases faster than the decreased amount of drift-
11‘8-'1
In 1926 the Four Wheel Drive Auto Compsny, a manufac-

turer of trucks for snov plows, experimented on different
shaped plows to facilitate the removsal of snow, J.R, Shannon
of the kngineering Department of the Company, who wrote the
article "The Truck Manufacturer Looks at Snow rlows," was
interested primarily in the snows of Wisconsin., 7The countles
there own most of the road maintenance equipment; therefore,
"the state roads are opened first, the county roads next,
and where the townshfps have no equipment of their own, their
roads sre opened last, As & result, the latter sometimes
remain closed for a week or more during which time the enow
becomed herdpacked, Often these roads have high frozen banks
on each side caused by previous plowing, ‘This condition
i8 one of the most difficult that a snow removal unit 1is
cslled upon to meet, 1t reguires a truck with plenty of
power and traction snd a plow with the right mold board shape
to 1ift the snow over the bank,

It was under these conditions that Mr, Shannon studied
the action of a number of makes of plows, &He took measure-
ments of them and built accurate models on a scsle of 3 inch

to the foot. Powdered air-slaked lime, slightly dampened

1Burton,V.R.,"I‘he Cost Analysis of sSnow Removal,"Americaen City,
April, 1926,




with kerosene, was used &8s snow,

4 long nerrow box, having no removable partitions run-
ning lengthwise, and made to represent banks six feet high
and fourteen feet apart according to the scale used, rep-
resenting a sfretch of snow-blocked highway. ‘“he bottom of
the box was corrugated so that the plowing medium would stick
to the bottom and not s2lide endwise under the pressure of
the plows. “The artificlal snow was packed between the model
snow banks to & uniform depth on each trial, A stout cord,
wound onto & small wvinch drum, operated by an electric motor
through a reduétion gear, pulled the models through thLe art-
ificial snow at a uniform plowing speed, The spring scale
used to obtain the reading was interposed between the models
end the winch, Five tests were fun on each model, ‘rhe av-
erage pull reguired was as follows: Plow A - seven pounds,
B - 7,6 pounds, C - 9,5 pounds, D = 9,6 pounds, The widest
plow, D, required the most power, while t: e narrowest, A,
required the least,

Another model was constructed of plow D but narrowed
down to en eight foot vidth at the cutting edge, the dame
as plowvA. Upon testing this plow, he found that it took
almoet &s much power as the full size plow D model, From
this h.>concluded that the power required to push the snow
plow depends as much, if not more, upon the shape as upon
the width at the cutting edge, e concluded too thst 1t
would be possible to bulld a ten fool plow requiripg very



little more povwer than an eight foot plow if the shape were
correct,”2

While the Four Vheel Auto Compsny held the snow constant
and varied the shape of the plow, I decided to have a single
sheped Plow and to use it in varying density snow. This art-
icle 12 of interest for it gives data on snow removel equip-
ment,

Dr, J.E. Church, father of snow surveying and meteor-
ologist at the University of Nevada, in his artigle "The
Human tide of Snow" tells of the experiences of J.D, MacVicar,
Maintenance Englneer for the State of Wabhington, Mr, Mace
Vicer found that the highest sliding resistances occurred
when snow is 3lightly wet and still retsins its needle-like
structure, Upom losing the latter its sliding resistance is
low, Still higher resistances would probably occur at very
low temperaturecs,

Dr, Church had included in his article the recommends-
tions of George J. Klein of the National Research Council,
Ottowa, Cenades, for improving the snow characteristics of
skis under 8ll conditéons, These recommendations, I bee
lieve, could be applied to snow plows,

®l. The skis should be made of a material which resists
wear and haes & low tendency to wet, and which gives a low
surface tension drag, Bakelight fills all three require-

ments most satisfactorily,

2Shennon, J.R.,"The Truck Manufacturer Looks at Snow Plows,"
Roads and Streets, February, 1937,




2. A high unit loading inmproves the snow characteristics
of skis under sall conditions, A unit loading of between
400 and 500 pounds per square foot 18 recormrended instesd
of 200 pounds per square foot, which 1s the present genersal
practice.

3. The ratio of length to breadth should be at least
six, bhigh ratios aere particularly inportant for highly load-
ed skis and low temperature snow,

4, Flexible construction assists unsticking,"

The firs=t requirement is the main disadvantage of steel,
for it hes a high tendency to wet and a high surface tension,
Bakelight 1s too brittle a material to uce for a snow plow,
It may be possible to use a plastic glass that would have
the regquired properties but not have bakelight's brittleness,

I read an article headed "Glass KReplaces Vital katerials®
that told of glass's new qualities, "One reason for the new
importance of glass 1s the shortage of many materials,

Glass by the nature of its ingredients 1s plentiful and will
remain so, As & result it 1s being used to replace such
varied metals as steel, stalnless steel, iron, tin, alum-
inum, nickel and copper,

Tough, fine fibers of glass, stronger than steel wire
of the same dimensions, are now being woven into a fireproof
fabric for covering th wings of light trsiner planes, Walls
of glass blocks are daylighting new wa® production plants
and are also used to replace worn-out steel sash in con-
verted factorleg,. Concrete is being reinforced with glass

instead of with steel,



-

The same glass that goes into the most delicate of
hand-blown stemmare cen be made &3 heavy end tough ss cast
iron, volume for volume, It can be transparent, translucent
or opaque, Glass csn be tsken from an oven a&and plunged into
icy water without breeking, 4t cen be toughened to & point
vhere it will stop & machine gun bullet fired point blank."5

There 8lso appeared in the article the statement that
unconsolidated snow weighs from five to twelve pounds per
cubic foot, whoreas compacted snow weighs from fifteen to
fifty pounds per cubic footll4

J.D, MacVicar, whb was mentloned by Dr, Church, pub-
lished an srticle, "Snow Types Encountered in Highvsay Rem-
oval,™ He found that snow weighing 6,75 pounds per cutic
foot, with & water content of 10% when pushed by & plow, is
g0 compacted that its weight increases five-fold. The wight
of the compacted snow 1s 29,5 pounds per cubic foot and its
water content is 46%,5

E.A, Finney, head of the Michigan State Lighway Research
Depsrtment, has performed many experiments on the dfifting
of enow, ¥n an article, “S8now Control on Highways," he
branched off a bit to touch on snowfall and density, He
found data to the effect that"freshly falling snow "maybe

Suglass Replaces Vital Materiales" The State Journsl of Lansing
Michigen, March 7, 1943,

4church,J.R.,"The Human Side of snow,"Scientific Monthly,
March, 1942,

5lacVicar,J.D.,"Snow Types Encountered in Highwsy Removal,"
Roads snd Streets, September, 1940,




of the light feathery type, the povdery type, or the vet
clinging type, depending on local conditions et the time

of the storm. The factors which affect the type and den-
£lty ere the temperature, altitude, time of day and season
of the year, compactness of the snow crystals, vater content
end foreign bodies collected by the falling snow,

Freshly fallen snow vill have a water equivalent of a-
bout three to ten per cent, derendlng upon the type of snow,
The light festhery type will have from three to five per
cent, the powdery tyre, five to seven per cent and the wet,
clinging type, from eight to ten percent., 1In terms of den-
gity the range nay be anywhere from 0,03 to 0,2, éepending
upon &ltitude and air temperature,

Accumilative snov repldly becomes of hlgh water egquiv-
alent because of compsction by its own weight, absorption
of the sun'!s rays, settling by wind end heat from the earth,
Tests show values of water equivalent from 20% to 60%.

4 curve showing the relation between the depth of snow and
water equivalent is given in Figure 1. This curve 1s tascd
on readings tsken at Summit, Californlie by H,F., Alps,

There exists & rclation between snow density and air
tempersature, It 1s quite spparent that air tespersture has
s decided influence on the density of freshly fallen snow,
The light feathery snows occur under low temperatures,
while high tenperatures produce heavy snows. A curve show-
ing this relation may be found in Figure 2, This 18 &an

average curve bssed on the results of A, Lancester, and
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Fritz Wengler, who have made a study of t..ls relation over
a périod of yesrs, Thelr observaticns were made at differ-
ent localities, but check very c:lossely."6
Snow density and coheslion has been made an actlive pro-
ject b R,A, Wock of the Division of Irrigation., 1In a report
written by him of the Crater Lake ILxperiments, he observed
that building up of ice on the ground under conditions as

shown in tTabdble k.,

Table I,

Soil temp, Thickness
Snow Range Temp, 13" below of ice on
Date Depth in Snow F, surface F, ground " Remarks

spr.,15 103,0 31,7-32,0 32,6 none Amount of
water from
snow beginning

Apr.28 83,0 31,8-32.0 52,3 0.25 Amount of
water from

snow under-
way

kay 13 68,0 31,9=3%7,0 32,0 0,37-0,50"

f= with sorme parts of ground-surface not covered with ice,

Mr, Wock writes "the ground was frozen under the snow
on all of the above dates, <The 1ce on the ground on May
13 was porous, that is, water passed through it. No doubt
there is some simple explanation for this icing phenomenon
but none occurs to me just now, I might add that this iee

bulilding on the ground has been previously observed by snow

eFinney,b.A., Bulletin #57, Michigan rngineering kxperiment
station,



surveyors in this state, I hsve observed it myself oh
several occasions; hovever such ground-icing does not al-
wsys occur."?

The previous data has been more on snow density, gen-
eralities and observations of snow peculsrities, It has
shown that there exists some relation between dmnsity,
compaction and temperature of snow,

The deformability of snow and its variation with the
depth of the overlying snow have been studled by Mr., Kuroda
of Tokyo.

Mr, Dorsey's review of Mr, Kuroda's work 1s as follows;
"For measuring the tensile strength he used telescoping sheet-
metal forms of the genersal shape of the axial section of
metal specimens intended for similar tests, One of these
forms was presced into & layer of undisturbed snow carefully
taken up on a glass plate, and the force required to pull
it spart was measured,

For obtaining the shearing strength he usec a flat block
s1iding snugly in a slot cut in another block; through the
center of the compourd block snd perpendiculsr to the plane
of the sliding one was cut & rectangular hole, By means
of a suiltable sheet-metal form, prisms of snow that filled
the hole could be cut out and placed &n it; the force then

required to withdraw the 8l1ding block was measured,

"Work,R.A., A report in the "Trensacticns of 1941 of the
American Geophysical Union®,



He gives curves chowing the graln size, the density,
D, end the terpersture, throughout tlre thickness of a nat-
ural snoweblanket 9 meters thick, ‘The size of the grains
varied but little until the ground was ajproached, where
the snow was several months o0ld; the density varied brom
0,35 g/cm® at a depth of 50 cm, to 0,65 at 700 cm; from a
depth of 200 cm to that of 700 cm, the hardness was essent=
ially constant; the temperaturec was lowest (-0,9°C) at mid-
depth,

The variation of the hsrdness of snow with its depth
in & snow blanket is indicated by the surface diemeter (D)
of the conicael indentation produced by dro pping & brass-
tipped wooden cone, vertex angle = 90', from a stated height
(h) above the surfece of the snow under study. By carefully
removing the overlying snow, that surfsce was placed at
any desired depth (d) below the undisturbed sufface of
the natural snow-blenket; h ® 0 indicates that the cone was
placed gently upon the surface and sank under its own weight,
Values are given for two blankets; those in the first cole
umn hv® O refer to one, and the others, to the other, 1In
the original papers the values of h and 4 for the second
blanket appears to have been interchanged, ‘hey are the

reverse of those here given,



Table I, unit of h, d, and D = 1 cm,

h 0 0 5 10 20
d D D

0o 16,8 16,0 19,2

e 14,0

10 10,0 4,7 7 § 11,7
15 4.4

20 4,3 4.6 8.0 12,0
30 4.0

40 4,5 Sed 7.6 12,0
50 4,0

60 5.0

70 Se3 3.0 5.4 8.0
80 S.6

To determine the effect that tamping has on the hard-
ness of snow,csrefully remove the cverlying snow =o that
the surfsce under study can be bfought to any desired depth
(d} below the surfece of the natural sznow blanket, ‘the herd-
ness of one portion of the surfece so cieaned was determined
&t once; another portion wes tanped by dropping from a
height H of a load of 2700 g with a rectangular base 18x27
cm, and the hardness was then determined, D and h have the
same significance as the cbove table, Tvo snow blankets

were studied; tempersture of the snow, about «11°C,

Table 1I, h®20 cm, Unit of H, 4, D 8 1 cm,

H ue 20 ue 40 60
a D D ,
(o] 4,5 14,0

10 8.5 8,0

12 8.6 4.0

13 5.5 2,0 1.5
16 6.0 3,0

19 6e¢5 3.0

20 5.2 4,5 2,5 2,0
22 6.2 4,8

25 4,5 4,0 3.3 3.0
26 4,0 L3

30 3.0 3.0 3.5 3.5 3.5
45 4.5 4.5 U% ® untamped




sStrength and Hardness of Snow,

T 8 tensile strength, S ¥ shearing strength, D & hsrdness

as in Table I, t.°c 8 temperature of the anow.8
Unit of DS 1l com,, of T and 8 5 1 gn/om?,
Snow A B c D A = fresh and
ts 9.0 o -2,0 Powdery,
T 63, 33, 03, B 2 wet and soft.
3 3. 2,5 20. 43, C © surfsce crust.
D 20, 20, 155, D 8 surface more

crusted than C.

N, Ernest Dorsey also wrote & short article on the
density of snow,

"The density of freshly fsllen =nov varies greatly,
depending upon the aerodynamie conditions attending its
dposition; the density at any point of a mnow blanket in-
creases with the sge of the blasnket, even in the absence
of fusion, ‘he density in a natural blanket of enow in-
creases nonlinearly with the depth, Vélue. a8 low as
0.004 have been recorded for freshly fsllen snow,

The density of the persistent néve in the Pyrenees at
altitudes of 2.5 to 3.4 km, varies from 0.51 to 0,59 g/cm®
in August to September, end from 0,63 to 0,65 in October,
Devaux thought that this apparent increase was real, The
smmples were probably teken from the near surface, E, Sorge
has found that the density of the néve on the inlend ice-
sheet of @reenland is 0,51 g/em® at depths of 30 to 118 cm,

varying inappreciably with the dept:h.'9

a‘gl)ormy, N.E,, Properties of Ordinary Tater Substances,




Mr, Dorsey &lso had an article on the sdhesivenesa of
ice,

"J.W, bicEain and D,G, Hopkins have reported that the
freezing of a thin film of water between 2 plates of fused
silics produces & joint thst is "very strong" in shear,
The freezing was done‘with solld COg, snd the test was
presumably made at that tempersture,®10

The Department of >o0il Mechanics in the Research In-
stitutes of technology at Zurich, Switzerland has gone far
in their resesrch on snow, "Their msin object was to combat
the avalanche menace in the dwiss mountains, In order to
do thls they have spent years on snow resesarch, f%the find-
ings of the ilnstitute have been published by R,Haefell

under the title "schneemecanik®™ ile, Snow Mechanics,

The book which is written in scientific German, covers
very thoroughly the subject of snow mechanics, A trans-
lation of the contents 1s given below gee

Laboratory kxperiments;

I, GQGeneral conditions of experiments
A, testing room
B, testing materials

II, Plsstic deformation and sliding of homogeneous snow
specimens under the action of known outer forces,
L, compressibility

1, arrangement of tests

1ODorsoy, N.E,,Properties of Ordinary ¥ater substances,




2. Genersl behavior of settlement

3, bas=is of comparison

4, influence of forms

6., comparison of compressibility of different
snows

6. influence of loading

7. 4influence of temperature

B, Extensabiliity as compared with compressability

l. arrangement of experiment

2, general chsracteristics of extension as
compared with settlement

3. basis of comparison

4, compaerison of extensablility of different
snows

5., ration of extensability to compressability
for differeg:'anow.

6. influence of loading

7. influence of temperature

C. Sliding

1, fundamental conceptions

2, arrangement of experiments

3. comparative investigation and genersl char-
acteristics of sliding

4, influence of shear stresses on the veloc-
ity of sliding

5. influence of normal stresses on the vel-

ocity of sliding



6, s8speclal cases
D, S51liding processes and discontinuation planes,
1, fundsmental conceptions and arrangement
of experiments
2, friction as a function of temperature
3. friction as a functicn of velocity of sliding
4, friction as a function of pressure
5, conclusions
I1I, Strength characteristics of homogeneous snow specimens,
A, General data
« Strengths in coupression

Strengths in tensiocn

B
c
D

Strengths in shear, cohesion end inner friction

l, fundamental conception
2, serrangement of experiments
3, measurement of cohesion
4, shear strengths and the seeming inner friec-
tion as a function of pressure,
IV, Comparatuve tests with ice,
A, Genersl fundementsl principles
B. Plastie, compressibility, extensablility
C. Plastic eliding
D, Strengths in compression and tension

E. Poesible applications



Fleld Tests,

I,

1I,

111,

Measurement of the resistence to ramming and the take
ing of ram profiles,

A, Purpose - fundamental conception and arrange-

ment of experiments

B, Theoretical bases

C. Applications

Creep messurements,

£, Purpose, fundamental cchception, methods

B, Measurements on snow surface

C. ispasurements on inside snow
Measurement of snow pressure,

A. Arrangement of tecsts

B, Vsrilation of rressure in tine

C. Effect of pressure

Investigation of the reeming eguilibrium of snow,

I,
II,

Physical underlying principles,
Stress theory.
A, General characteristics of stress
B, Desd load stresses of horizontsal snow
C. Conditicons of equilibrium of inclined s=now
l, s8special characteristics of stress in the
case of snow with low cohesion
2, general condition of stress prevailing

with cohesive snow



D, Dead load stress characteristics of inclined
snow,
1, speclsal case of stress
2., general case of stress
3. influence of topography
4, various influences
E. Example computation of snow pressure
1., continuous wall
2, 1solsated piler
3. @8applications and general rules of levying
prevention
I1I., Investigation of a special type of reviens,
A, Reviens - Hauptertall
o Reviens = Weibfluh
Reviens - Strelahalde

Reviens « Scheahorn

B
c
D. Reviens - Schwerzhorn
E
F

« Final remsrks,



The following are some tebles and grsphs tsken from

®*Sehneemecanik®,

Comparison of dififerent types of

snow profile,

enow {rom the same

Average &xperimental temperature, t; = =5°9C (air)

6 - 5 kg/dm2

Depths of Snow tge of Vertical
lower temp, in snow pressure
surface profile in snow
cm, cover
cm, co Kg/dm®
0 o 0
35 «5,8 18 0,70
67 -4,7 54 1.60
99 -3.4 56 2,75
131 -2,8 100 S5.85

Space Index of ¥ of
welght permeabll- com-
ity by air psact-

ion,
Kg/m® cm/sec %

49 67,0
308 47 8,02
307 182 2.24
421 44 0.97
362 1585 0,69

As the age of the s=now, the number of days between snowfall and
beginning of the experiment are designated,

Index of compaction for various pressures,

Exp, Average Average Average Temp, Index of compaction

no, space porosity air per- of s8] in% (2% hrs) for
welght number meability air 6 in kg/dm
Ygo Ko t 2 5 10 20 40
kg}ns < cm/sec C%

1 376 53,0 2,67 4,56 9,24

2 306 66,6 8.3 -4 5,90 10,05 10,20

S 292 68,2 69 -5 3.48 6,45 9,25

Index of compaction in the function of the temperature
for 6 & 6,4 kg/dm® (compare fig. 8)

Exp, Sp. Gr. Alr Temperature Index of
number permeab- of medium compaction
ility.

1l 318 125,5 -1,6 5,46

2 318 127,5 -3.9 4,16

3 315 123,0 =5,5 3,08

4 . 316 128,5 -8,1 2,73

b 319 120,65 -11,0 l.88

é 313 136,65 «17,5 1,28
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EXPERIMENTS



There entered into my experiments many offshoots which
went more into the physical properties of the snow than the
mechanical, The mechanical properties are directly dep-
endent upon the density of the snow snd the atmospheric
temperature,

The first draft of the outline of work that I proposed
to accomplish, as I soon found out, was too long for the
determ.nation of definite data, The time required for dev-
ising and constructing equipment and in preforming the es-
periments proved to be far more than I had allowed, There
also entered in, the disa;jointments of the inability of
equipment to perform a&s desired, 4 did however obtain from
these fallures, negative knowledge, I have included herein

the experiments that were fallures,

Cans used in the experiments.

Number Weight in Depth Diameter Volume in
grams cu, om,
1 94,0 7.78 12,70 985,03
2 95,6 7.78 12,70 885,03
3 95,9 7.78 12,70 985,03
4 85,5 7.78 12,70 985,03
5 94,0 7.78 12,70 985,03
6 94,0 7.78 12.70 985,03
7 94,0 7.78 12,70 985,03
8 96,0 7.78 12,70 985,03
9 96,0 7.78 12,70 985,03




Method of Obtaining a Ssmple of Snow,

There sre two conditions under vhich samples were taken:
l - newly falling snowv and 2 - fallen snow, “wo collect
newly falllng snow, the cans, chilled to atmospheric temp-
erature, are set out during & snow Btoif in & protected
place so that the wind, will not blowf;now out of the can,
In the collection of fallen snow more egkill is reqguired,
The equipment, ie.,, cans and & steel plate s which is wider
éhan the diameter of a can, are chilled to atmospheric temp-
erature, At some level place the can is carefully pushed
down into the =now with a rotating or twisting motion, open
end first, until the bottom of the can 1s level with the
surrounding snow, Cut the znow awey from tie aldes of the
can until sbout one-half of the rim is visible, Slide the
flat piece of stecl along the rim of the can, using the
other hand to prevent the can £rom being disturbed., Remove
the metsl plate, ca&n and esnow together and turn right side

up. Remove the plate by slicfing it off,



Temperature Reading,

The tenmperature readings marked trailer were taken
from & thermometer hung inside a non-heated trailer ovwnec
by the kichigan State Highway Research Department, The
trailer protected the thermometer readings from direct
sunlight and direct winds which would have caused var-

iations in the temperature readings,



The traller in which temperatures were

read and some experiments preformed,



Types of 3now,

- dry, fluffy snow powder
= dry, heavy powder

damp powder

- wet snow

- thawing snow

(o TN < S/ RS I
[

= slush

These types sppear under three conditionsg
l « newly fallen snow
2 « 0ld snow

3 « drifted snow



A group picture os some of the equipment

used in my experiments,



EXPERIMENT NUMBER 1,

Density and Water Content in Snow,

OBJECTs To determine the density and water content for dif-
ferent types and conditions of snow,

EQUIRMENTs Csns of known weight and volume to put the snow
into., A flat steel plate (approximately 12! x 6¢),

Scsles, Thermometer,

PROCECUREy A sample of snow was obtained as descoribed under

"Method of obteining a sample of snow"™, Record the atmos-
pheric tempersture at the time the smmple was taken, snd
the type of snow from which the sample was taken, Wipe
the outside of the cen to remove any clinging snow, Welgh
the can ind the snow &and sabtract the weight of the cen to
determine the weight of the snow in the cén,

COMPUTATIONS:

= weight of snow
Density of snow & g — F—snow

volume of water
volume of =now

Water content in ¥ & x 100

= Volume of water
water equivalent in om. of depth & Ty T ares of can

water equivalent in inches of depth

= Volume of water
cross-sectional &rea of C&n X Re50




Date __January 20,1243

Temperature in trailer

Atmospheric temperature

Snow gtorm - when

Snow characteristics

Type of enow in sample ___regular

6 F.

January 18 & 19

D
Remarks ____ previous weather =6 to =10°F

DATA:
wte
of
DENSITY sn eng ity WATER CONTENT .
can | vol, [ wt.of [ wteof | grama| #{ftw | vol. | water |water | % of
trial | no. can | can+ | can pey grams| water | equiv.|equiv, { water
/CeCo | BNOW | gTrams |-G~8e | per | CeCe | cme’:: in. % | by
grams CeCo 40T uh {“ﬁ':\t" vol.
1 | 1 [985.0{159.0 94.0 | 75.0|.076 | 75.0 *52| 23 2.6
2
3
4
5
6
7
8
9
10
11
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Date __January 20,1943

Temperature in trailer 10°F.

Atmospheric temperature

Snow storm - when

Snow characteristics

January 18 & 19

Type of snow in sample regular
Remarks ___previous weather =6 to =10 F.
DATA:
. whe
of
DENSITY snow density WATZR CONTENT
can | vol. [ wt.of [ wt.of | grams | #/£4.| vole. | water |water |% of
trial | no. can | can+ | can por- |crams | water | equiv,{equiv, | water
CeCe | 8NOW | grams | @ed» | per | cece | cmeof |in, Oof | Dy
grams CeCe depth |depth | vol.
2 1l " 219.0| 94.0 [125.0| .127[125.0| 99 «38 12.7
3 5 " 1209.1| 94.0 115.1| .117|115.1| .91 35| 11.3
W1 4 | " |205.0] €8.5016.5| .118/116.5| .92 | .36 |11.8
5 6 " 211.8f 94.0 117.8| .120|117.8| .93 .36 | 12.0
6
7 "
8
9
10
11
12
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Date January 20,109%3

Temperature in trailer__ Q" F,

Atmospheric temperature

Snow storm -~ when January 13 & 19

8now characteristics

Type of snow in sample regular
Remarks ___ previous weather =6 °to =10°F .
DATAS
wte
of
DENSITY snow density WATER CONTENT
can | vol. | wteof [ wteof |[-aramsd #/£%+| vol, | water |[water | % of
trial | no. can can + | can por- |crams| water | equiv.|equiv. | water
CeCe | BNOW | grams | @«Os per | c.cy | cmeoOf |[in,of | Dby
grams CeCo depth |deoth vol.

1 2 Pp85.0(202.0f 95.6 | 106.4 .108(106.4 .84 33 10.8
2 4 " 228.5( 88.5 | 140.Q .142{140.0| 1.11 o43 14,2
316 " |221.5| 94.0 | 127.9 .129{127.5| 1.01| .39 | 12.9
4 5 " 224.0| 94.0|130.4q .132{130.0| 1.03 40 13.2
5

6

7

8

9

10

1]

12
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Date W1 2le10i;

Temperature in trailer_ 13 . o

Ataospheric temperature 127,
Snow storm - when Tanunrs 21,1043

Snow characteristics —____dry lLoavy powilay
Type of enow in sample ariftal

Remarks -, ’ b : O
DATAS
vite
of
DENSITY snow Arnoity WATER CONTENT

can | vol. [ wteof | wteof | seeme | Sfé4e| vol., | water |water | % of

trial | no. can | can + | can’ por= [rang| water | equiv.{equiv. | water

' CeCe | BROW | grames | owew per | c.c. | cu.©f|in, O | by

| grams O.Co [ Septii|dopth | vol,

1 5 938,00 21940 2460 (12540 o127 1200 o979 33 12.7

2| 1 " 12070 D4,0[134,0| o136 174,0[ 1,07 | AL | 13,6

3 e " 27740 05406 {13164 4133 131,4| 1,04 <40 | 13,3

Yy 4 " 2130 75 1275 #1271 127%,.5 1,03 40 13,1

5 A " 234, 14014065 o142 14045 1,11 43 14,2
6
7
8
9
10
11
12
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Date __January 21,1743

Temperature in trailer 14.5 T

’\Oﬂ

Atmospheric temperature L e

Snow Btom - 'hen 1"' }’-) A'no Jr’\“d(‘!l‘y 21

Snow characteristics “ry leavy yov or

Type of snow in semple __ C"uilit 17 6233

Remaerks __ £NoY flave3 I'nl "ef'ritely 8’ noel cryatnls

DATA{
wte
oL
DENSITY anow ConsitYWATER CONTENT

can | vol. | wteof | wt.of | Zrems| #¥Ter| vol, | water |water | % of

trial | no, | can | can+ | can o~ |8 water | equiv.|equiv, | water

CeCe | BNOW | grams | €% | O | c,cy | cm, in, © by

grams CeCo denth: [opviy | vol.

1 T £79:1] 17363 940 | 693 oCT3| €043 «U4T| o211 | TaB8

2 8 ['19¢3 10Tl 770 €CLa0| oCT5| €1le0| 4481 1236 Te5

3 9 91| 162.5 97.0| 6645 0T5| €5e5| o525| 203 | Teb
N
5
6
7
8
9
10
11
12
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Date rads Kol

Temperature in trailer__ 17.% s

Ataospheric temperature

Snow gtorm - when

8now characteristics

Ty;:m of snow in sample _ regular

Remarks
DATAS
‘“o
of
DENSITY snow dAensitWwiTER CONTENT
can | vol. | wt.of [ wtyof | swame | kb, | vols | water |water |% of
trial | no. | can | cant | can po» rraAmS | water | equiv.|equiv, | water
CsC. | BNOW | grams | owen per | c.c. | cme. in. by
grams B0 vol.
1 2 985.0 21005 95-6 11#.9 .117 114.? 091 035 no?
2 4 " 207.5 88.5 11906 «121 119-* 0” ox 12,1
3|7 | » |214.5) 94.0|110.4 12| 110.8 87| 34| 11.2
4 | 6 | ® |209.0] 94.0 | 115.0 <11T| 11590 91| o35 | 11.7
5
6
T
8
9
10
11
12
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Jaruary 24,1943

Date
Temperature in trailer 175 To
Atmospheric temperature
Snow storm - when
Snow characteristics
Type of snow in sample __ FeEulAP
Remarks
DATAS vt
of
DENSITY snow density.iTiR CONTENT
can | vol. | wt.of | wWteof P #7¥ts| vol., | water |water |% of
trial | no. | can | cant | can = | ET2® water | equiv, | equiv, | water
CeCo ;:;a grams | B g::. c.ce | cm. in, 331.
2 | 7 [995.0 250.0 o4.0| 165.0 .mé 16540 1.3 50| 16.8
> | 8] " 249.1; £8.5| 150, .m# 160.3 1.27 49| 16.3
5 | 5[ " |28 oao[1zc.d 153 1504 1.9 6] 153
y | L[ " [ 235.0 94.0[181.0 143 141.9 1.12 .43 1A.3
5
6
7
8 o
9
10
11

[
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Date January 25,1943
Temperature in trailer %2017‘.

Atmospheric temperature.

Snow storm -~ when

Snow characteristics

Type of snow in sample

0ld anow

Remarks ______ anow crust %" thick

DATAS
wte
of
DENSITY snow density WATER CONTENT
can | vol. | wt.of | wt.of | srame |[H/fie| vol. | water [water | of
trial | no. can | can+ | can P grams | water | equiv.|equiv. | water
CeCe | BNOW | grams | @eGs | per | cece | cm.of [in,of | by
grams CeCoe " |depth|depth | wvol.
1 5 P85.0[301.3] 94.0 [207.3| .210{207.3| 1l.64 63| 21.0
2 | 7 " 1300,0] 94.0 [206.0| .209[206.0| 1.63| .63 | 20.9
3 7 " 307.0} 94.0 [213.,0| .216/213.0| 1.68 65| 21.6
b 8 " 295.0] 95.0 [199.0| +202]{199.0| 1.57 61} 20.2
5 5 " 1300.0] 94.0|206.0| .209|206.0| 1.63| .63| 20.9
6
7
8
9
10
11

¥
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Iheais for Winter Term, 1943
Snow Mechanices - Willaim L. Myers
The Design of a Municipal Alrport = Harlan E. Pitcher

S8teecl Design for Fxtension of the Boom of Steamer Cirl D. Bradley ——
Frederick Reil Jackson

A Design and Cost Estimate of a Trailer Cosch Park - Malcolm H., Cooper, Jr.



Date ___January 20,1043

Temperature in trailer

Atmospheric temperature

Snow gtorm - when

Snow characteristics

16°F.

Type of snow in sample

—cruated snow;old anow
warm Jan.23 & 24;cold Jan.25 &26

Remarks______1zum1_il_ﬁ;2LJ3ny1lar,_1uum1_é&_AgliJinifiemLiummm_____

DATAS
wte
of
DENSITY snow densityv WATER CONTENT
can | vol, [ wt.of [ wt.of | grame |#/£$.| vol. | water |water | % of
trial | no. can | can+ | can —por srams| water | equiv.{equiv, | water
CeCe | BNOW | grams |=8vow per | c.cy | cm.of|{in, of | Dby
grams CeCo depth|depth | vol.
1 1 [985.0[301.0, 94.0 |207.0| .210]/207.0] 1.63 63| 21.0
2 2 " 284.0] 95.6 |198.4| .201|193.4| 1l.57 61| 20.1
3 4 " 312.0] 88.5(223.5| .227|223.5| 1.77 68 | 22.7
Yy 6 " 324,0f 94.0({230.0| .233|230.0[ 1l.82 70| 2343
5
6
7
8
9
10
11
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Date __February 11,1943

0
Temperature in trailer__ 24 F.

Atmospheric temperature

Snow storm - when ______Fehruary 11,1943
Snow characteristice — __dry fluffy anow

Type of snow in sample ___drifted snow

Remarks strong wind
DATA:
wte.
of
DENSITY snow densityWATER CONTENT
can | vol, | wt.of [ wt.of | mwams-| #/£4+ | vol. | water |water | % of
trial | no. | can | can + | can po» gramd water | equiv.|equiv. | water
CeCe | BNOW | grams | @vew per| c.c. | cueof|{in.of | by
' grams C +C 4 iepth ‘.pgh vol.
1 4 DP85.0[158.0| 8845 | 69.5| «OTL| 69¢5| 55 21 Tl
2 8 . 16T.0| 9640 | T1sO| «OT2| TLO| 56 22 Te2
3 5 . 189,0| 94,0 | 95.0| 096 95.0| 75 29 946
L {9 " 1198.0| 96.0 | 102.Q .104{102.0| .81 «31 | 10.4
5 4 " 183.0| 88.5| 99.5| +101| 99.5| .79 «31 | 10.1
6| 5 | " |195.0| 94.0 101.0| .103{101.0| .80 .31 | 10.3
7 8 . 185.0| 96.0 | 99.0| +101| 99.0| .79 31 | 10.1
8 9 . 201.5| 96.0 105.5| «107|105.5| .83 32 | 10.7
9
10
11
12
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0.3, .

0.2

Déniity,

0.1

1

Relation

N ./I-‘
, /“i
,r"/ )
//-
2
Age in aays

A

of snow density to age in days



REBULTS: The curve obtained by plotting demsity against

age in days is very similar to the curve obtalned by H,F,
Alps from his readings st Summit, California., His curve

was a relation between jercent of water equivalent and depth
of snow, His percent of water equivalent corresponds to

¥y density and his depth of snow is similer to my age in
days., 7The further down you go in a snow drift the older

the snow, iy data showed that drifted snow is from 1,6

to 2 times more dense than non-drifted snow,

CONCLUSIONs The curve obtsined can be used to determine

rapidly the aspproximately density of snow from its sge,
I was unable to obtain a relation between the density
of snow and stmospheric temperature for I did not have the

equipment required to control the temperature,



Sidelights on the iensity and Fater Content Experiments,

In a pamphlet published by the U,S, Weather Bureau,
the following wss given as a way to measure the density
of snows "The snowfall collected in the overflow attachment
is measured after placing the vessel in a warm room until
the sznow is melted, The water is then carefully pourdd
into the messuring tube just &s though it were rainfala,”

The process of melting the snow to water 1s very slow
and sn error will occur in the determinations due to the
evaporation of the water at room temperatures, 4+t is suffe
icient, knowing the size and weight of containers to measure
the depth of the snow in them and to weigh the container
and the snow, The weight of the snow is the volume of the
wster in the snow, 1 recorded a few smaples of snow to

determine this:

Can Welght of can and snow Temperature of water
beforec melting/after melting

#5 219 218,56 88OF

#1 228 227.6 719F

#2 227 226,56 82°p

#4 218 217.4 750Pp

#6 234,56 234, 72OF

#17 259 259 12°F




EXPERIMENT NUMBER 2,
Compactibility,

OBJECTs To determine the percent of compaction of snow of
different density and type when it i1s confined in a cont-
ainer of known size,

EJUIPKENT: Thermometer, Csns of known size, Scales to
welgh cans of snow, Steel plate, Scales to determine

load applied to snow wooden plunger, Ruler for measurefng,
Clarps to hold equipment in place.

PROCEDURE: The smmples of anow were obtained as descrfbed
under "Method of obtaining a sanple of cnow", Record ate
mospheric ¢enperature and type of snow from which the sample
was taken, A can of snow was placed on the scsles and the
scales balanced, Plsce the plunger carefully on top of the
8 now and add a weight to the scales, Using the arm, apply
sufficient pressure to balance the scale, Remove the plunger
and measure the distance that tie snow was compacted., Re-
peat for different weights, Weigh the can and the snow and

detern.ne the density of the snow,






The apparatus used to compact the sample
of snow with a known weight in experiment

mamber 2,



Date

Temperature in trailer A 50,..
Atmospheric temperature ""‘!:O‘O'?T—

Snow storm -~ when

-

Snow characteristics 2 —eprorr

—C¢ry honvy Towior

Type of snow in sample — ettt TTs
oAy 4 & V.

Rem=rks s a
nd ahxf.'—:l
DATA.;
can noe___ 2 depth of can _.g_a,ﬂ._h;_
volume of can — 227 atrsdin, density of SHOW e
LATS compac- Bsof
applied tion compaction
kilo. in in.

SRS L B | M. T, Ve - SN
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Date iy 21,1053
Temperature in trailer 1!{;.5’7’? a
N\

Atmospheric temperature ___lofE_.__

Snow storm - when __10832 AlLlf. Jcnuery 21

Snow characteristics dry hm:-t'y poviap

Type of snow in sample —__gaucht *:

Remarks Ao {loiey g GALSL
DATA,.
can no«____9 _ depth of can Z/

volume of can 57 a77 claine  density of enow____o075

LA compac- 5 of
applied tion compaction
kilo. in in,

117 1415 31.8

3& 20,2341 ArAN75 45.5
3+.3.131 516 4T7.7
b 2,301 8/16 | 54.5
5 5.191 9/16 56 .8
6 7131 o156 5543

J- 9,191 11/16 | 61.4
| 211,13 1 11/16 61.4

%13,13 1 12/16 63.6
10

11

12
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Date Jronrry 21,1903

o4

2]
Temperature in trailer __ 1%.5 F.
Atmospheric temperature __10°F.

Snow storm - when 10270 A V. Jaruary 21

Snow characteristics ____dry heavy pouler

Type of snow in sample car b 43 eana

Remerks

DATA.;

can noe___ 8 depth of can_2 1/2 in,
volume of can ___ 17,00 ava.‘rie density of snow 075

wt. compac- 84of
applied tion compaction
kilo. in in.

1- 1.1%  12/16 | 30.0

2- 2,181 4/ins £0.0

3- 3.381 €/14 ECLQ
L. 4,181 7/35| £7.%
5- 5,181 8/16| 6040
6s 7,181 9/15| 62.5
Te 9,181 9/16| 62.5

16| 62.5 |
9=13,18 1 10/16| 65.0
10

11

12
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Date __ January 25,1943 =
Temperature in trailer_.iazi.___._ .

Atmospheric temperature

Snow storm -~ when

Snow characteristics
Type of snow in sample __0ld anow
Remarks __ gnow erust 1" thick
DATA.

can no. 7

volume of can 60,12 cu.ine.

depth of can 3 1/16"
density of snow__209

wt. compac— of
apnlied tion compaction
kilo. in in,.
»=2,18  1/16 2.1
=4,18 1/15 2.1
P=5,13 8416 15,3
“-8,18 14/16 | 28.6
532.13] 15/16 | 30.6
12,13 15/16 30,6
1
8
9
10
11
12







Date ST 2 :

Temperature in trailer ._32_1.____0
Atmospheric temperature

Snow storm -~ when

Snow characteristics

Type of snow in sample ___0ld snow

Remarks __anmmLLthk"
DATA. §
can no.__ 7 depth of can 3 1/16 in.

volume of can 60,12 su.in. density of snow___e216

Wte compac-~ ’ of
applied tion compaction
kilo- in 1nc

l= 2.18 none none

2= 4,19 116 2.1
3 6,18  10/16 |  20.4
[ 4 8,18 116 22.%
5~10.18 13/16 26.5
| 6=12,14 13/16 26.5 |
1
8

2
10

11

12
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Date Sonsape 27,1903

Temperature in trailer 72 T

Atmospheric temperature

Snow storm - when

Snow characteristics

Type of snow in sample 211 3new

Remarks gnms gynat MM 4 1an

DATA.;

can no.____ o depth of can 3 1/15 in.

volume of can _~ 0«12 oniine e

dengity of snow

wt. compac- ﬁf

applied tion compaction

kilo. in in.
1= 2.1%  none none
2—- 4,18 1/16 2.1
3= 6,18  10/15 28.6
b= "o1l%  17/17 30.6
5-1M¢13 1 1/15| 34,7
6=12.13 1 1/16 34,7
1
8
9

10

11

12
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Date ay  SG %

13

Temperature in trailer _337p

Atmospheric temperature

Snow storm - when

Snow characteristics

Type of snow in sample — ____a3g—amrew

Remarks _ S ow - cpust—#"-thlek
DATA.;
can mo.___ 5 depth of can _3 31 /18 in,

volume of can _£0,12 Geine density of snow_ 259

wte compac- z of
applied tion ompaction
kilo. in in.

]‘ 2] Lona none
[ % 2,1 1415 2.1

Je 8413 315 Gel
|-t 83 22/15 1 24,5

Sml0.l 1315 2605 |

10

11

12
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Date __Jonusry 25, 1943

o
Temperature in trailer 15 Fa

Atmospheric temperature

Snow storm - when

Snow characteristics

Type of snow in sample _(rusted snows; 0ld snowj-drifted snow
Remerks ¥arm Jone 28 & 243 c0ld Jan. 25 & 26 00
DATA.:

can noe___6__ depth of can 3 126
volume of can __ €0,12 density of snow__ o233

:};’_;lied Cﬁzgi&- Zo;;action
kilo. in in.
12,13 rona v nora
2-b,18 1/8 4.1
3=6.18 3/16 6.1
h=B8.18 3/8 12,2
5«10.18 9/16 13,4
bel2,1B 7/8 22.5
1
8
9
10
11
12
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Date __J2nuary 20, 1943

Temperature in trailer 15°%,

Atmospheric temperature

Snow storm -~ when

Snow characteristics

Type of snow in sample Crusted anows old snowy drifted saow

”~

can noe__ 4 depth of can 3. 1/16

volume of can 60412 ¢1e ine. density of snow_ 227

wte compac- 2 of
applied tion ompaction
kilo. in in.
| la2,38! ncne uone
22,38 1/8 4.1
Juf.38) 1/4 8.2
bogeasl3/a 16.3
5_17‘1; ?,[v 28,6
6. 990 22 acfaz 30.6
e e B Y & ] &\
1
8
9
10
11
12
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N

Date —yurrmrarr Pr—Eod

\

O

Temperature in trailer __ 35w

Atmospheric temperature

N

Snow storm -~ when

Snow characteristics

Type of snow in sample gmuetet—uwitow;—old—snows—resular
Remarkswapsn Joa2o3&ady—ocold-Janw—25-426

DATA.§

can noe___ 2 depth of can % 3./36 tay

volume of can £04n2 OUe—itle density of snow__ gy

wie compac- of
applied tion compaction
kilo. in in. A
{1 2.28 ___17[3 4,1

2 =b,1d 7/16 14,3

35025 3/b 24.5

N3zl 15/15 30,6

210,13 1" 32.6
Q32,34 1. 72,6

{

8

9

10

11

12
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Ta e vame NPT ~y -
Date e i s ‘.. .‘v.L R
. wp,t
Temperature in trailer o T e

Atmospheric temperature

Snow storm - when

Snow characteristics

noys reruler

Type of snow in sample

Remarks __ W1 Trma% ¢ DhennlA Jan.on% & ~ns
DATA.;

can noe___ Y+ depth of can _ 2 1/15 “n,
volume of can 5,32 eualr, density of snow PSanis;

wt, compac- §iof
applied tion compaction
kilo. in in.

1= 218 noTyY nonea

o=~ Y0 E/38 12,2
3= 630 TAE| 4.3
y- 01D /4 18.4
5=10.1%  13/1% 24,5

(=12 .1‘3 1.7, 13 24 5

10

11

12
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Date ¥ilrn

Tewperature in trailer 247w,

Atmospheric temperature

Snow storm - when ____February 11,1543
Snow characteristics ____d.r_y_ﬂui.ﬁ;t_my

Type of snow in sample __arifted gow

Remarks O et ':-:i"zd

DATA. ;

can no.___ 9 depth of can _3_1,Z15__1n‘

volume of can _60.12 gu.in. density of snow__.1G7

LA TS compac- of
applied tion compaction
kilo. in in.

- 2,19 1 216 24,7
2- 4,18 )\ 5/16] 42,9
- 6.18 1 8/164 41.0
b1
1

b 8,17 9/16] 51,0
5e10414 10/15  53.1
612,18 1 10/16]  =3.1
1

10

11

12
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Date P?”T"‘“T;’ 11 ,1Qh3

n
Temperature in trailer 24 ¥,

Atmospheric temperature

February 11,1943

Snow storm -~ when

Snow characteristics dry flufly snow

Arifrt-l enow

Type of snow in sample

Remerks atron~ wind

DATA.;

can Noe

depth of can _3 1/15 1n.

volume of cen 60012 cuslne »1C1

density of snow

wt. compac- | B1of
applied tion compaction
kilo. in in.
1= 2.19 1 215 36.7
> 4,13 1 7/16] 46.9
= 6.19 1 ¢/16 £1.0 -
W 8,19 1 1¢/15] 53.1
510,19 1 1¢/16 53.1
~=12,13 1 11/16] £5.1
I
8
9
10 |
11
12
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Date

Temperature in trailer 2&-0?1

Atmospheric temperature

Snow storm - vhen ___ Fobrusry 11,1043 =
Snow chearacteristics _@dry fluffy snow
Type of snow in sample _ &rift23 s=mow

Remerks strons wina
DATA.}
can no._____ 9 depth of can _2 1/15 in,

volume of can _€0.12 cu.in. density of snow____ 103

TR compac- | % of
applied tion compaction

kilo. in in,
1-2.13| 1 3/14  33.8
2=4,13| 1 7/14 45.9
36,18/ 1 9/14 51,0
4-8,18| 1 10/18 53.1
510.13 1 10/15 53,1
6-12.13 1 11/1§ 55,1

10

11

12
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Date Fel

Temperature in trailer o8,

Atmospheric temperature
Snow storm - when ____Fehpyuary 11,1943

Snow characteristics ____ dry fluffy anow
Type of snow in sample _ driftod snow

Remarks strome wind
DATA.}
can no.____ 4 depth of can _3 1/16 in.

volume of can __60.12 aul.ine. density of snow__ 071

wt. compac- , of
applied tion compaction
kilo. in in.

le 2,13 1 8/15]| 49.0
2e 4,13 1 13/1A _59.2
Jw 6418 1 15/1d 63.3
be3,13] 2 £5.3
510,183 2 1/16 €7.4
612,18 2 116 €74
1
8

9
10

11

12
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4
Date ____Fehuary 11,1043
Q
Temperature in trailer _ 2% F.

Atmospheric temperature

Snow storm - when Fah(uary 11,1943

Snow characteristics ___2ry fluffy snow
Type of snow in sample _drifited snow

Remerks girone wind
DaTA.
can no. &4 depth of can 3 1/16

volume of can __(Qa12 cuelne density of snow_ 10l

wt. compac~ | % of
applied tion compaction
kilo. in in.

> 2,13 1 3/16] 323.8
3 4,19 1 7/16] 4649
3 €.18 1 /15| 51.0
W 8,19 1 10/156] 53,1
10,19 1 11/16/ 55.1
[ 111716  &5.1

10

11

12
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pate . Feb-zry 11,10%3

o
Temperature in trailer __ Z4 P

Atmospheric temperature
r

Snow storm - when ____ Febuary 11,1243

Snow characteristics ___Qry fluffy snow
Type of snow in sample ____drifted gnow

Remarks s irons wind
DATA.:
can no. 9 depth of can __3 1/16 in.
volume of can _60.12 c¢u,.in. density of snow__e104
mrea | it | Eoraction
kilo. in in.
le 2,18 1 2/16] 36.7
2« 4,13 1 6/15 A4.9
je Go18 1 7/16 4649
- 8,13 1 9/16 51.0

510,18 1 10/16 53.1
6-12,13 1 11/16 55.1

{
8

9
10

11

12




'
. . .




Date ___February 11,1043
Temperature in trailer 24 F.

Atmospheric temperature

Snow storm - when ,_Egh{mgy 11,1343

Snow characteristics ___dpry fluffy snow
Type of snow in sample ____drifted snow

Remerks _____girong wind
DATA,;
can no. 5 depth of can _3 1/16 in.
volume of can _00,12 cuein, density of snow__.0323
wte compac- of
applied tion compaction
kilo. in in,

> 2,18 1 3/16 23.8
2 4,18 1 7/15 46 .9
3} 6,13 1 10/15]  53.1
L % 2,323 11116 £hel
10,18 1 12/16 5Tel
1218 1 1218 57.1
1
8

9
10

11

12 !
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Date Tr.:"\‘;’iruJ 1 * I"‘L',; _

Temperature in trailer on’

Atmospheric temperature

Snow storm - when zz.b);aa oy 11 » 1343

Snow characteristics ____dpy fluffy snow
Type of snow in sample — _ J pifited gnow

Remzrks atyons wingd
DATA.;
canno.___ 8 depth of can 3 1/16 4n,
volume of can £0.12 cu.in, density of snow__072
wt. compac- % of
apnlied tion compaction
kilo. in in.

L 219 1 f2A6| 44,9

cw 2,13 1 11/15] _55.1

Jo 6,19 1 12/16] 571
L8191 1x/16] 61.2

=10,191 2 65.3 |
Q12

14 2 6543

> -

O 0 P~

10

11

12
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R: SULTSs The relation of density bo compactibility is a
straight line curve.

CONCLUSIONSy The older or more dense a snow 1s, the harder

it 1= to compact and therefore the harder it is to push
off a road,

If the amount of compaction of a snow 1s known, then
the space & given smount of it will occupy can be detere
mined and the size of equipment needed to move this snow

can be sriroximated,



EXPERIKENT NUXBER 3,

Snow Plow,

OBJECT: To determine the forces scting on a V-shaped

snow plow,

EQUIPMENT: Model V-p)ow, Spring scale, Thermometer;

Cans of known weight and volume, Scales,

PROCEIUREs The V-plow was &llowed to come to atmospheric
temperature, It was then placed in a level stretch of snow
of & meaured and recorded depth, The spring scale was at-
tached to the eye #n the nose of the plow and a steady

pull applied,

CONCODUSION: This test proved a fallure for the plow had

s tendency to vesr back and forth making & wavy path in

the snow, The test was discarded.



The model snow plow used in experiment
number 3,



EXPERIK:NT NUKEER 4,
Coefficient of Friction.

OBJECT:s To determine the coefficient of friction between
enow and steel,

EUIPKXNT: Thermometer, OSheet metal with s device to mea-
sure the sngle at which the metal ias set, Csns of known
volurme and weight, Ucales, Scale,

PROCEDUREs The equipment was set out in the traller so
that it sorld be &t atmospheric temperature. The temperature
inside the treiler was recorded, The zample of snow of
knov¥n size was placed on the steel plate, ‘he plate was
then slowly raised antil the snow samrple =21id off. ‘rhe
snow sarple wes again set on the plate snd the plate care-
fully reised and held at eesch succescsive degree, The snow
was carefully slide perpendicular to the angle of inclin-
ation brought to rest end relessed, ‘The angle at vhich the
snow 8l1id off the platé was recorded, The snow wes put in
8 can and weighed, The weight &nd density cf the ssnple

were determined.



The equipment used as a sliding plane

in experiment number 4,



- I
DATAs Temperature in traeter = 329F,

Angle of Coefficient

Can Sample Can weight sliding of
no, size + of plaece rubbed friction
sample can on before
plate releasing
1  2x2x13 123,0 94,0 500 459 .119
4 2x2x1-3/8 119,0 88,5 549 90° * 138
9 2x2x2-1/8 133,0 96,0 349 44° .068
38° <073
370 «075
8 2x2x1-3/4 124,.0 96,0 469 «103
330 . 087
5 2x2x1=3/4 126,0 94,0 37° 80° «0756
320 56° «063

# At 90° the snow didn!t slide,

CONCLUSIONs The variations in results wss due to the temp-

erature 32°F, At this temperature any ssmple of snow, if
allowed to sit on the steel plate, formed a film of wster
with the plate causing adhesion between the snow and the
plate,

The samples that were slid perpendiculas to the amgle
of the plate form these films of water and hsd a definite

tendency to adhere to the steel,



EXPERIMLNT NUMBER 5,

Coefficient of Friction between Snow and Steel,

OBJLECTs To determine the coefficient of friction between

snow and steel, ,
“"i_l}'l'.‘.:.d

ETUIPXENT: A steel plate’up &t one end so that it looks
like & sleigh, Welights, Upring scale, Csans of known
volume. Scales,
PROCEDURE: The sllegh was allowed to come to atmospheric
temperature, Atmospheric temperature was recorded and a
sample of the snow tsken fgg’density determination, The
8leigh wss csrefully placed on a level stretch of snow and
weights applied to it, The spring scale was attached to the
loop provided on the aleigh and the pull in pounds rejuised
to move the sléigh at & uniform steady speed was read and
recorded,
DATAs Temperature of snow ® = 49C in all trials

Terperature in trailer = 17,5°P

TRIAL 1,

Sun shining on enow; 3 triasls; sleigh and shot weigh-

ed 3 pounds; pull required 2 3/4 pound; density of

snow 3 ,168 grams/cc,; coefficient of friction

TRIAL 2,
Performed in shsde; 5 trials; sleigh, wood and shot
weighed 3 pounds; pull required = § pound; density

of snow ® 163 grams/ce,; coefficlent of friction



TRIL 3.
Performed where sun shone on the snow; 5 trials;
sleigh, wood and shot weighed 3 pounds; pull ree
quired ® 3 pound; density of snow = ,153 grams/cc;
coefficient of friction

TRIAL 4,

Performed in shade; 4 trisls; sleigh, wood and shot
weighed 3 pounds; pull required = 4 pound; density
of snow & ,143 grams/ce.; coefficient of friection

TRIAL 5.

3 trisle; =lelgh, wccd end shot weighed 6 pounds;
With the weight of 6 pounds the sleigh sank into
the snow, Remove part of the welght to meke the
total new weight 5,47 pounds,

TRIAL 6,

5,47 pounds; pull required = 1 5/16 pounds; den-
sity of snow = 117

TRIAL 7,
5.47 pounds; pull required = 1 5/16; density of
snow = ,121

IRIAL 8,
5,47 pounds; snow wouldn!t hold up sléigh; density
of gnow & ,112

TRIAL 9,
5.47 pounds; snow wouldn!t hold up sleigh; density

of snow = 117



The sleigh det up &s used in experiment

number 5,



It had been warm for 2 days; there was a crust of a"
thickness on the snov and the tempersture in the trailer
was 320F,

TRIAL 1,

Welght of sleigh, wood,and shot 3 4 pounds; 2 trials;
average pull = $ pound; density of snow = ,210

TRIAL 2,

Vielght of sleigh, wood and shot = 4 pounds; 2 trials;
average pull = 3 pound; density of snow = ,209
SRXAL 3,

Welght of sleigh, wood snd shot = 5,47 pounds;

2 trials; average puld = 3/8 pound; density of
snow = ,216

TRIAL 4.
Welght of sleigh, wood and shot ® 5,47 pounds;
2 trials; average pull s 3/8 pound; density of
snow s 202

TRIAL 5.
Weight of sleigh, wood, and shot £ 5,47 pounds;
2 trials; average pull ® 3/8 pound; density of

snow = 209



RESULTSsy Coefficients of friction.

Part 1, Part 2

Trial # Trial #
l - ,25 l -,125
2 - ,187 2 - 125
S - .187 S - ,069
4 - .167 4 - 0069
5 - 5 - 0069
6 - '2‘
7 - .24
8 « ccna-
9 - ®cca-

My results have a »erted range from ,063 to .25,
They range mainly about ,07,

CONCLUSIONSs The coefficient of friction between snow and

steel depends upon the temperature because of the adhesion
of the snow to the stecl csused by the creation of a water

£ilm,



EXPERIKENT NUKBER 6,

SHEAR,

OBJECTs To determine the pounds of force necessary to sheur
one square foot of snow, The snow &t different densities
and stmospheric termperatures,

EUIPKENT: A box-shaped affair without top or bottom made
of sheet metsl, 4 spring scale reading 50 pounds maximum,
Cans of known volume and welght, Therrometer, Scsles,
PROCEDUKE: The equipment was set ocutside to sllow it ot

be brought to stmospheric temperature, The thermometer in
the non-heatec treiler was read for atmospheric temperature,
A small thermometer wa: stuck in the snow to find the temp-
erature of the snow, The snow in which the experim:nt was
performed was de«p enough so that there would be no inter-
fe rence between the eurth and the snow, The box-egheped
affeir was placed on the snos 8o that it would encloss a
aquare foot of open end first, It wss carefully pushec¢ into
the snow being careful not to compact the snow inside,

The enov surrounding it vaes removed paraliel to the sides

of the box to a depth of 3" below the lower edge of the

box, The hook on the scseles ¥as inserted in the loop and

& uniformly incresasing pressure asppllied until complete shear
occurred, kEaximum pull in pounds was recorded, 2 cans of
snow were obtesired as in the density test and compactiblity

end tre density of the snow determined,



The box~shaped device used for shearing

in experiment number 6,



CONCLUSIONs The first piece of equipment used in this test

was of 1/16" sheet metal, The apparatus was square being
12" on a side and aprroximately 3" deep., There was a loop
soldered mid-way on one side. Yhen this was used in a test
it proved to be made of too thin a material, +The 1/16"
metal was pulled out of shepe before any shearing of the
snow took place,

The design of the apparatus remained the same in the
second instance but 3/32" sheet metal was used approximately
3" deep., The first trial equipment was firmly soldered on
tor of the second, A loop was soldered mid-way on one side,

The first test using this second apparatus proved a
failure, for with the application of 28 pounds the loop
gave way,

A stronger loop with & stronger weld replaced the broken
one, but the tests were never completed due to the lack of

snow,






EXPRRIMENT NUMKBLR 7,

Adhesion of Ice to Concrete,

OBJECT: To determine the pounds per squaere inch of tension
end thear needed to break the bond between ice and concrete.
ECUIPiiNTs Scales reading maxirum of 50 pounds, Wire loops
to freeze into the ice, Forms 2%, 3%, 4% square,

PROCEDURE; Snow and weter were mixed to a damp mess, Just
enough vster vas odded to vet the snow, but not encugh to
cause it to become slush, "This mixture was put in metal forms
with the wire locps embedced in the mass, and the whole thing
vas et outdoors on & concrete block, The metal forms were
removed and the mixture wse allowed to stand over night to
freeze, The hook of tre scale wes irserted in the wire loop
end pull applied, ‘'The numbter of younds rcquired to move &
given block was recorded,

COiiCLUSIONs I set out three tlocks to experiment on the

possible poundsge of pull needed, The 8® block had not
started to move vhen my 50 pounds scale was reedlng rast

1ts rxeximum,






EXPERIMENT NUMBLR 8,

The Angle of Repose of Snow.

OEJECT: To determine the angle of repose of snow,
EJUIraENTs Very small shovel, Device for messuring the
angle,

PROCEDUREg Fsallen snow w&s collected and carefully piled.
the arm of the device was set to coincide with the slope of
the =now rile,

DATA: Jamusry 20, 1943

Trial Angle of Temperature in Den:ity of
repose trailer ©OF, enow,
1 500 6 076
e 5390 9 «108
3 489 9 .142
4 520 9 129
5 520 9 132

CONCLUSIOR: The data presented is in iteelf valueless, It

msy, however, serve someone else as a comparison for tests

that they may preform,
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