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Summary

(1) It was assumed in Papers I and II that snow is pulverized when uniaxial compres-
sive strain ¢ in it is raised to ‘strain e; of pulverization’ which makes one of the physi-
cal features proper to the snow. Therefore, if the maximum value ey of ¢ produced in
snow by a flow type kick up exceeds ¢, the snow is pulverized and sprayed with the
result that the kick up is transformed from the flow type to the spray type.

As described on p. 69 of Paper 11, in case kick up is of high speed, such a trans-
formation takes place when angle # reaches a critical angle ac before it arrives at
scooping angle « of the plough at the rear margin of the zone of kick up. Uniaxial
compressive strain ¢ of the snow increases as the snow advances in the zone of kick
up to reach & at the instant when the snow is so bent that # becomes equal to «ac,
and this gives rise to pulverization of the snow. So angle «¢ is called ‘angle of
pulverization’. In case of low speed kick up, circumstances are different in that ¢ is
raised to maximum value ey at point A in Figs. 1 and 2 of Paper III, that is, at the
front margin of the zone of kick up, and ¢y is kept in the snow flowing up the zone
without any decrease in its value as stated in the English summary of Paper III. This
rise of ¢ to ey at point A, however, leads to the following contradiction if the trans-
formation of low speed kick up from the flow type to the spray type should be brought
to realization. The cause which makes ¢ attain ey at point A is the fact that the snow
flows up the zone of kick up maintaining its consistence. Force of compression cannot
be transferred from the zone of kick up to the snow lying in front of it if this con-
sistence is lost. Therefore the snow should not be pulverized even if ¢y exceeds &g, in
contradiction to the assumption that the snow is pulverized if only its ¢ is raised to ec.

In order to get rid of the above contradiction, a conception of ‘effective strain of
snow’ is introduced. The snow is bent continuously, though quickly, as it flows up
the zone of kick up and this bend will show some effect on pulverization of the snow.
It will be possible to convert the strain produced in the snow through the bend to an
equivalent uniaxial strain ¢ which increases from zero at point A as the snow advances
in the zone of kick up. The effective strain is defined by the sum &”=e¢+4¢, ¢ being
uniaxial strain proper. As the snow does not lose ey that it attained at point A, the
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effective strain which the snow has during its advance in the zone of kick up can be
put equal to ¢'=ey+¢.

It is assumed that what causes pulverization of snow in the zone of kick up is
effective strain raised to the value of ¢¢. Then the snow is not pulverized at point A,
because ey, value of ¢’ at this point, remains less than ¢;. The snow keeps its con-
sistence until it comes up to a point in the zone of kick up where its ¢’ reaches <.

’ is infinitesimally small though not equal

Here let another assumption be made that ¢
to zero. This assumption of infinitesimal ¢ not only removes the above mentioned
contradiction, but also leaves ¢ as it has hitherto been in this theory of snow removal

with the result that no modification is needed to be imposed upon it.

(2) It is assumed that the snow does not change its velocity either in value or in
direction when it is pulverized in the zone of kick up. Then the pulverized snow flies
in the direction deviated by a¢ from the horizontal, and, as «¢ is smaller than scooping
angle « of the plough, it strikes the surface of the plough to be reflected in the direc-
tion deviated from the horizontal by the angle

' as =2a—ac. (1)
Angle a¢ of pulverization is given by
eo =T/ +2 cot? ac), (2)
an eqqation obtained by feplacing ey and a of equation (14) in the English summary
of Paper IIT with ¢ and ac respectively. If the value of the velocity of snmow at the

t_in_ie of pulverization is denoted by v, respective replacement of v and a« of equation
(13) in the same summary with vg and ag yields

L ve/V ={1—¢g)/cos ac . (3)

The right side of this equation can be regarded as a function of 7, because ac is known
as a function of 7 from equation (2). '
Equations (12) and (15) in the English summary of Paper III modified into

| ua =g cos ag (4)
o | | 7=(1=1)(2—¢c) 0 | (5)
hold true for low speed kick up of the spray type. The formula
o ' —Fo.=h BTt +2 cot? ) (6)

i,s,degived from equations (6) and (14)_in the same summary, when use is made of the
relation

‘PA:kfeA:ksM- (7)
But the above formula (6) is valid only for low speed kick up of the flow type. For
low. speed kick up of the spray type, —F, is given by
) —Fo=hopa+Fr = hykec+Fx, (8)
WﬁgrgtFR_ is the force raised by the reflection of pulverized snow on the surface of the
plqugh. Thé, formula for Fy is »

Fr=0,h,V-vo(cos ac—cos ag) . (9)
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(3) Last two-thirds of this Paper IV are devoted to summarising the theoretical results
which have hitherto been obtained in this series of papers on kick up of snow by the
front edge of a ‘right-angled’ plough. The adjective ‘right-angled’ is here used in the
meaning that angle 5 between the front edge of the plough and its running course is
equal to a right angle. Kick up by an acute-angled plough of § less than 90° will be
discussed in the next Paper V and in those that will follow it.

Mathematical formulae giving ac, v/V, vc/V, as, C and D in relation to 7 with «
and ec as parameters are collected and graphs for the formulae are shown in Figs. 1
to 9. In graphing 30° 45° 60° and 75° are chosen for the values of parameter «, while
three different decimal fractions 0.1, 0.5 and 0.75 are given to parameter é&c.
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