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The paper reports & new apparatus for determining the cohesion, ‘¢’ and fricfi(,n @ for fresh

anow. The values of ‘¢° and @ are measured under different conditions of snow with different
grouser plates, values of which are found to be 0-11 1bjag in and 40° respectively.

- During the trials of stiow crossing chains?, it was observed that the physical properties of
snow changes with time, temperature and pressure. The same changes were noted during
the studies of frictional properties of pneumatic rubber tyres of snow® and bearing capacity
of snow?®. From the knowledge of soil mechanics, it has been assumed that the soil strength
may be determined as a function of friction 4, cohesion ‘C’ and density ¥. Bekker* has-
also pointed out that snow may be concidered as another type of cohesive and/or frictional
mass. Though this assumption due to the everchanging properties of smow may not be
quite correct but as far as the present studies are concerned with regard to the performance
of snow vehicles, may be very useful. In the case of snow, the variability of cohesion™ °C’
and friction ¢ is more complex because of the snow metamorphosis® which causes the
state of stress-strain relationship to depend on temperature and the rate of load applica-
tions. Therefore it was essential to investigate these constants at different temperature
loads and density so that these may by correlated with the vehicle mobility over snow.

METHOD

An apparatus, as shown in Fig, 1 for determination of the values of friction ¢ and
cohesion ‘C’, was designed and fabricated at Defence Laboratory, Jodhpur and was
installed at Field Laboratory, Gulmarg in November 1963. It consists of a tray ‘1" -
(5" x14"x8") fitted with ball-bearings ‘B’ so that it could move forward and backward
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Pig. 1—~Block diagram of the apparatus for determination of the angle of friction @ and cohesion ‘C’.

* Now in the Directorate of Scientific Research (Navy), New T elhi.
*+ Now in the Directorate of Standardisatiar, Neviv ]3:'elhi.
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on & rigid iron stand S’ without offering any appreciable resistance to motion. During the
time of snow fall, the tray was placed in the open to collect fresh undisturbed snow and
observations were taken when it was filled completely. On the other days, it was filled with
snow taken from outside with help of a spade. The-different sizes of grouser plates were
constructed. The grouser height was kept 1" and the distance between the two grousers
was also 1”. The grouser plate ‘Ps’ was attached to a central shaft ‘Sh’ of a frame- “F
which rested on ball-bearings ‘B’ rolling on the iron stand ‘S’. The arrangement was made
in such a way that the load which was placed on the frame ‘F”, was borne by the central
shaft ‘Sh’ and thereby the grouser plate ‘Ps’ which was resting on the snow surface. - The
frame ‘B’ was pulled horizontally with a rope ‘E’ passing over a pulley ‘P’ fitted with bal-

“bearings. After loading the frame and waiting for about 5 minutes, weights were added
to the pan in steps.of ' 1 kg. On each addition of weight in he pan there was a slight
movement of the plate from its position. Weights were increased in steps till the failure -
condition 4.e. when the snow was unable to keep the plate in position and the plate begins
to move from its position at least ten inches. Each observation was taken undef similar
conditions, several times and the mean value wag recorded. The horizontal force which
moved the grouser plate forward was taken as ‘H’ the shearing force and the load ‘I’
which was placed on a pan ‘P’ was noted as ‘L’ the vertical load. The observations were

‘made - at different loads with different sizes of grouser plates at varying conditions of
snow. ‘ : : :

MEASUREMENTS OF DENSITY

~_ The experimental arrangement was the same as _described earlier?. Four aluminium
. cubical containers having inner side of 10 cm open at the top were constructed. The
“containers were weighed empty and were kept outside during the snow fall and when
filled, were weighed again. The density of snow was calculated as the difference in weight

divided by volume. On the days when it was: not snowing, the containers were filled with
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snow removed gently from outside (surface). Hach value is the mean of several observa-
tions, '
_ METEOROLOGICAL CONDITIONS : -
The meteorological data in respect of maximum, minimum temperature, snow fall
and snow depth for the period December 1963 to March 1964 are tabulated in Table 1.
Tt is observed that the winters at 'Gulmarg are very severe. The month of January is very:

cold when the maximum temperature was recorded below zero for 17 days and-minimum .

was recorded 23°C below zero. Maximum snow fall was recorded 30 inches in. a day and the:
maximum depth of snow goes up to 7 feet. During the winter, -Gulmarg is free from the
high winds, days and nights ave very calm and quite. The entire work was carried out
under the natural conditions. There was not much variation in the room temperature
because it was open from all sides and the temperature was checked during the observa-
tion. The details of the climate of Gulmarg have been published elsewhere.

. RESULTS AND DISCUSSIONS

The observations for the spuded plates having dimensions 4" x4", 6" x6", 8" ><8”’and B

9” % 36" with spud height 1" and epaced 1" apart are shown graphically in Figs. 2 to 5
. respectively. It is seen that the horizontal force is directly proportional to the vertical
~ load. ‘ : : '
- From these curves; the values of friction ¢ “and cohesion ‘C’" are determined and
tabulated in Table 2. Itisinteresting to note that the valuesof ‘C’ and & decrease as the
area of the grouser plates increases. The values of C, ¢ and density of snow are compared
at different temperatures having the same grouser plate in Table 3. It is observed from Fig.
4 & 6 that these values incrase as the temperature of the snow surface decreases. The
experiments made on the shear strength of snow indicate that the theoretical function
- H=08-V tan ¢ is satisfied for the low loads investigated. - Various type of snow desig-
nated in Table 2 produce. almost a straight line relationship between ‘o', the shearing
stress and, ¢ the normal stress which relates to pressures between 1 and 3 pounds/
8q. inches. Thus it is possible to determine the snow strength in any specific case. As has
been mentioned earlier that the physical properties of snow depend-on the temperature and
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pressureS, therefore, taking these values for practical purposes, it is always better to adopt
the average values of coefficients which would cover the field of oversnow vehicle opera-
tiom, . : ST
_ Figure 6 shows the variation of ‘H’ with ‘P’ at temperature -——8°C. It isseen that the '
“relation H~V is not & straight line and it does not satisfy the equation H=CS-+V tan ¢, -
where ‘S’ is the area of the grouser plate. Though out of six sets of observations, only one
set shows the deviation from the above equation but this cannot be neglected “becanse
“such deviations have been noted by the earlier workers also. Haefele® has shown that the
- shearing strength of snow is a function of at least three independent factors, time, pressure -
~ and temperature. If temperature is kept constant and a fresh snow is subjected to pressure-
it undergoes & disruption of its structure which is followed by a decrease in = indicated . -
by AB in Fig. 6. When the pressure is further increased; an increase in = will be observed. .
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Fig; 6—Shearing foroe for the apuded platé size
~ 87 % 8" plotted against load at temp. —11°C.
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Comparison of , the values G, ¢ and y at different temperatures (Plate size 87X 8%) . .-

. Temp. vy = C _ o
Date \ Rt gmfee -~ Ibjsqin »  Snow conditions
191288 —50 125 10 -3  Fresh

93-12-63 1.0 o -1 117 ‘ 45 Aged for two days

_This may be treated as the effect of compactionand changes in snow structure; expressed
by the line BC. Further compression leads to the changing of snow inte ice.. It may be
mentioned here that the process described by the portion AB has little practical import-
ance from the point of view of vehicle. operation, because it refers to very low pressures

_which can never be attained in the vehicle design F. ‘ o :

~ From the present results the safe value of cohesion ‘0’ may be taken as 0-11 Ib/sq
_ inch and the friction $==40°. Bekker ® has also determined these values and has taken the
cohesion, - C=1:1b/sq ihch and friction ¢==40° The valne of cohesion C=1lb/sq inch-
seems to be too high and at least for the fresh snow which falls in the month of December
to February at, Gulmarg, the value 0-111b/sq inch would be more.suitable, - -
 doNCLUSION - T

-

. 1. H is-directly proportional to V. o
2. The value gf friction ¢ for fresh snow is found to be 40°. - S
3. The value of cohesion C for fresh snow is found to be 0-11 Ib/sq inch. .
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