
NRC Publications Archive
Archives des publications du CNRC

Ways of increasing the efficiency of snow fences
Komarov, A. A.

 
For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version  /   Version de l'éditeur: 
https://doi.org/10.4224/20331502
Technical Translation (National Research Council Canada); no. NRC-TT-1095,
1963

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=13b51ba9-993c-428a-8e54-07c5b5f50135
https://publications-cnrc.canada.ca/fra/voir/objet/?id=13b51ba9-993c-428a-8e54-07c5b5f50135

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez
la première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous
n’arrivez pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

https://doi.org/10.4224/20331502
https://nrc-publications.canada.ca/eng/view/object/?id=13b51ba9-993c-428a-8e54-07c5b5f50135
https://publications-cnrc.canada.ca/fra/voir/objet/?id=13b51ba9-993c-428a-8e54-07c5b5f50135
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


PREFACE

Snowdrifts can be a major source of disruption in the operation
of transportation services and a general nuisance in the normal
wintertime activity of a community. Such drifts are formed whenever
a wind, strong enough to transport horizontally a significant amount
of snow, encounters a barrier which forces it to deposit some of this
snow. The usual approach taken in defending an area or structure
against snowdrifting has been to locate the structure properly so that
the drift problem will be a minimum and to erect barriers, such as
snow fences, to control where the snow will be deposited. The approach
taken in the development of these defences has been largely empirical.
Attention has been directed primarily to the character of the air flow
with little attention being given to the material transported. In
some circumstances, it would be an advantage to have a more complete
defence against snowdrifting than is now available. In their attempts
to develop this defence, engineers are giving more consideration to the
theoretical aspects of the problem and in particular to the relation­
ships between the air flow and the snow being transported.

It is one of the responsibilities of the Snow and Ice Section of
the Division of Building Research to collect and make available infor­
mation required for the solution of snow and ice problems encountered
in engineering practice. The Division is pleased to offer to Canadian
engineers the information contained in this Technical Translation on
ways of increasing the efficiency of snow fences. This report is the
fifth on Russian investigations on snowdrifting that has been published
in the National Research Council Technical Translation series. The
other four are: "Vertical Distribution of Solid Flux in a Sno\,I-Wind
FFFFFF by A.K. Dyunin, "Fundamentals of the Theory' of Snowdrifting", by
A.K. Dyunin, liOn the Construction of Snow Fences', by A.K. Dyunin and
A.A. Komar'ov and II Some Rules on the f-Ugration and Deposition of Snow
in Western Siberia and their Application to Control Measures", by
A.A. Komarov.

The paper was translated by Mr. G. Belkov of the Translations
Section of the National Research Council Library, to whom the
Division of Building Research wishes to record its thanks.

Ottawa
October, 1963

Robert F. Legget
DL.>ector
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HAYS OF INCREASING THE EFFICIENCY OF SNOhT FENCES

This paper notes the defects in the operation of eXisting
snow fences and suggests ways of improving their construction
and methods of arranging them on portions of roads that are
subject to extensive snowdrifting.

At the present time snow fences are used to protect more than half of

all roads subject to snowdrifting. For the roads of Siberia this means of

snow control is even more important. In future, snow fences will be the
basic method of snow control in regions where it is impossible to introduce
forest strips and also for new roads during the first years after they are
put to use. Therefore the development of measures intended to increase the

efficiency of snow fences is an urgent problem.
The principal function of the snow fence is to retain the bulk of the

snow that is transferred throughout the winter on the windward side of the
road. On portions of the road subject to heavy snowdrifting the standard
type lattice fences do not provide reliable protection because they do not

hold back sufficient snow. They, as a rule, serve as an auxiliary means
in conjunction with permanent fences or forest strips. Permanent lattice

fences, although they are more efficient than the portable types, tend to
become filled in towards the second half of the winter in areas where there
are extensive blizzards.

According to the data of TsNII MPS (Central Research Institute of the
Ministry of Transport) the snow-collecting ability of a single-row fence
6 metres high reaches 300 m3/pm*(I). Moreover on the construction, repair
and utilization of snow fences large funds are required. The high costs of

snow fences prevent their extensive use on the road networks of the Soviet
Union.

One of the measures intended to increase the efficiency of the fences
is the elevation of the fence line above the surface of the ground(l). In

reducing the density in the lower part of the fence an important factor is

the amount of snow transferred beyond the range of operation of the fence.
Experimental investigations of the transfer of snow and its deposition in the

area of the fence** has established that the quantity of snow deposited from

* Translator's note: m3/pm - metres cubed per linear metre.
**See paper by A.A. Komarov, Some rules on the migration and deposition of

snow in wes t ern Siberia and their application to control measures, Trud¥
Transportno-Energeticheskogo Instituta, ((((( 39-97, 1954. (NRC TT-I094)
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a snow-wind flux when the velocity of the wind is reduced by an obstacle can

be expressed by the formula

~~ = q _ q = 0.0065 (V3,5 _ V3,5)
1;Z 1:l

(1)

where ~~ is the quantity of snow deposited per unit of time or the difference

in the rate of snow transfer in g/cm/min;
V is the wind velocity on the windward side of the barrier measured at

1

the height of 1 m in m/sec;

V:l is the same beyond the barrier.
Using formula (1) we determined the quantity of snow deposited behind

standard fences elevated above the surface of the ground.
From the wind velocity data and testing of model snow fences in wind

tunnels, the wind velocity beyond a fence with 53% density is on the average
30% that of the open field velocity. Behind fences with an open space of

0.4 - 0.5 m at ground level, the V/ind velocity is on the average ~~~~~ that of
the open field velocity. \Then the \iind velocity is 15 m/sec the velocity
beyond the fence measured at the surface of the ground is reduced to 4.5 m/sec
and beyond the fence \'lith an open space near the ground the wind velocity is

approximately 7 m/sec. Carrying out calculations with the use of the formula
(1) He obtained the following values for the quantity of snow deposited and
that transferred beyond the range of the fence for the two types of snow

fences (Table I).
As can be seen from Table I, the quantity of snow carried beyond the

range of the fences, elevated above the ground at the beginning of their
operation is insignificant and may be neglected. As the snowdrift increases,
the wind velocity beyond both types of fences increases and the difference in

the amount of snow transferred beyond the range of each fence type gradually
decreases. Experimental observations carried out by TsNII (All-Union Central
Research Institute) showed that the sno\i-collecting properties of fences

elevated above the surface of the ground by O.It - 0.5 m increases by a factor
of 1. 5(1) .

Taking into account the efficient operation of snow fences raised above
the ground we carried out an experimental investigation on snow fences of

decreased density having 100% open space in the Lower and middle part (Fig. 1).
By testing these model fences in a wind tunnel it was established that the
~~~~~~~ height of h

1
should be 0.4 m and the height of h;z not less than 1.0 m.

With such values of h, and h
2

the wind velocity beyond the fence was on
the average equal to ~~~ of the wind velocity in the open field (Fig. 2).
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As seen from Fig. 2 the velocity curves at the fence raised above the

surface of the ground and at the fence with reduced density are essentially
the same. Consequently the snow-collecting property of these two fences can
be assumed t.o be the same. To check the experimental investigation during the

winter of 1952-53 some experimental observations were made and the results
are shown in the graphs of Fig. 3 and 4 and in Table II.

From the graphs of snow deposit (Fig. 3, 4 and Table II) one can see

that the snow-accumulating ability of the fence with reduced density is not
less than that of a standard fence. On the contrary, behind fences with
reduced density more favourable conditions are created for forming a high

snow wall. Moreover one of the advantages of this type of fence is that in

their construction the expenditure on lattice material is reduced by 30%,
which reduces their cost sUbstantially. Thus one of the methods of increasing
the efficiency of snow fences is to provide an open space of about 0.4 m in
the lower and middle part. This increases the snow-collecting ability of the

fences and reduces their cost.
In choosing the type and size of a snow fence an important question is

their space aaaaaaaaaaaa When the snow deposition reaches 300 m3/pm, official
recommendations(3 and those of a number of authors(2) are to set up a single­

row fence 6 - 7 m high. When the snow deposition is greater, the procedure
is to set up a double-row fence or a single-row fence with a supplementary
portable fence.

Let us consider briefly the conditions of forming a snOVI wall at snow
fences of various heights and at different space arrangements. For a com­
parative estimate of the snow-collecting properties of a single-row fence one
can use the known formula

Q, = aaa (2)

where Q
1

is the volume of snow at the fence in m3/pm,

H, is the height of the fence in m,

k is an experimental coefficient equal to 6.
From this formula we get the obvious consequence that an increase in the

snow-collecting properties of the fence can be achieved by increasing its
height. The general shape of the snow wall at a single-row fence 3 m high is

shown in Fig. 5. In addition to increasing the height of fences a substantial
improvement may be obtained, as shown by TsNII, by installing a double-row

fence. Experimental observations of TsNII have established that the most
efficient distance between the two fences should be 30 times the height of
the fence(l). In such a case the space between the fences becomes filled

with snow and much more snow is collected than with a single-row fence. On
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the basis of these experimental data the total snow-collecting ability (Q2)

of a double-row fence can be determined by the formula

double-row fence i"s one-half that
the space between the rows is filled

where Q2 is the total volume of snow collected by a two row fence in m3/pm,

Ha is the height of the fence in m,
1 is the distance between the rows of fences in m, equal to 30H,

a is a coefficient characterizing the extent to which the space

between the fences is filled,
k is an experimental coefficient which as in the previous case is

equal to 6.
The profile of snow deposit at double-row fences 1.5 m high is shown

in Fig. 6. H 1
When H2 = ~ (i.e. the height of the

of a single-row fence) and a = 0.75 (i.e.

by 75%) we get Q:2 = 7H,a.
Thus calculation and experimental observation show that the snow­

collecting ability of low double-row fences and high single-row fences is
approximately the same (when the height of the single-row fence is twice

that of the double-row).
In considering the two types of fences, i.e. high single-row fences and

low double-row fences one should take into account a number of other impor­
tant factors such as the expenditure of labour and material.

In constructing a single-row fence, the lattice work is arranged in
such a manner as to reduce to a minimum the amount of snow that is carried
beyond the limits of the fence. This is achieved, as shown by many experi­

ments, by providing a density of from 57 to 63%. In constructing double-row
fences, as shown by experimental data and field observations* in the first
row facing the open field the density may be reduced to 25%. In the first
instant of operation of the two-row fence the volume of snow deposited beyond

the first row haVing a density of 25%, calculated according to formula (1)
reaches 80% of the total quantity of snow transferred by the wind. In con­
structing multiple rows of fences the density of each row with the exception

of that nearest to the road being protected can also be 25%. In this case
the snow wall initially forms behind the first rows of the fence and then as
the snow accumulates it gradually extends to the row nearest to the road which
should retain all the snow blown past the first fences.

See our paper cited above.
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Let us determine the approximate requirement of lumber to construct the

lattice work of high single-row fences and low mUlti-row fences providing
the same snow collecting ability. As a comparison let us consider two

examples.
First example. A lattice type single-row fence 6 m high replaces a

double-row fence 3 m high. The first row facing the open fields has a density
of 25%. The fence facing the road being protected is of a design with reduced
density of the type shown in Fig. 1. After carrying out some calculations we

obtain the following quantity of lumber required for the lattice work
(Table III). As can be seen from Table III, when a single-row fence is
replaced by a double-row fenee the requirement for lumber is reduced by 40%.

Second example. A double-row fence 6 m high (for extensive snowdrift­
ing is replaced by a four-row fence 3 m high. By analogy with previous
fences the row facing the road is of a construction with reduced density and
all the others have a density of 25%. The expenditure of material for the

lattice work is shown in Table IV.
As in the first case the replacement of high fences by low fences reduces

the amount of material needed for the lattice work by 45%. Thus the investi­
gations indicate that the designing of high fences (6 - 7 m) for sections of
the road subject to extensive drifting is not advisable either from a techni­
calor economical point of view. The most rational type of fence should be
considered one with a height of not more than 3 m arranged at a distance of

30 times their height. The first row facing the road being protected is of
a reduced density type of construction shown in Fig. 1 and the SUbsequent

rows should have a density of 25%. The number of rows in each case depends
on the extent of snowdrifting. Low fences arranged in two rows have as much

snow-collecting ability as high fences but require approximately half the
material for their construction.

It should be noted that when high single-row fences are replaced by low
double-row fences the snow wall is wide and occupies a large strip. However,
in designing and locating snow fences one should take into account the
following possible cases:

(1) Fences should be used as a permanent protection for roads subject
to snowdrifting in aaaaa where the soil and climate conditions are unfavour­
able for planting forest strips for snow control.

(2) Fences should be used as a temporary means of snow control until
newly planted forest strips are large enough to be effective.

In the first case when fences are constructed in regions with unfavour­
able soil and climate the width of the strip occupied by the fence is not a

limiting factor in locating the fence. In the second case in order to protect
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the newly planted trees it is desirable to locate the fence between the rows
of trees. When the height of the fence is 3 m the snow wall beyond it does

not have any detrimental effect on the newly planted trees if it is located

between the rows of trees. Consequently even when these factors are taken
into account it is preferable to use multiple rows of low fences.

It should be noted that a fence height of 3 m corresponds to a maximum

design height of the functional part of the forest strip in determining the

width of the area occupied by the snowdrift.
Therefore the area of land taken up by fences of the multi-row variety

is about the same as that occupied QY the forest strips.
On the railroads of Siberia where there is extensive drifting, forest

strips and permanent fences are frequently supplemented by lattice-type
snow fences. In setting up the supplementary snow fences on the windward

side the density may be decreased by 25%.
Thus the investigations carried out on the efficiency of snow fences of

various type show that in areas where there is extensive snowdrifting the
construction of high snow fences (up to 6 - 7 m) is not expedient from either
a technical or economical point of view. The most effective operation of
snow fences can be achieved by constructing two or more rows of fences

(depending on the extent of snowdrifting) to a height of not more than 3 m
and arranging them at a distance of 30 times their height from each other.

With this arrangement of snow fences all the rows, except the first one

facing the road, can have a density of 25%. Such a system of snow fences
has a high snow-retaining ability and reduces the consumption of lumber by

one-half. One of the advantages of low multi-row fences is that the snow

wall behind them is deposited in an even layer and removed from the road,
which does not threaten the earth fill of the road bed.
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Table I

Snow retaining ability of various types of fences
(from theoretical calculations)

~ l>a
oJ.> oJ.> <V
.,-l ..-10
0'0 oS:: Quantity Quantity of Magnitudeos::o o<Vo
r-i..-l<V r-iCH<V of snow snow trans- of snowType of fences ~~~~~~ <V til

deposited ferred transferred> ......... > '0 .........
CHS S::S gjcm/min gjcm/min %'00 '00

r-i Hl>a
<V <V <V

.,-l ..-1.0
IZ.. lT1 -

1. Set up on
surface of
the ground ..... 15.0 4.5 84.6 0 0

2. Elevated
above surface .. 15.0 6.7 81.0 3.6 3.5

Table II

Snow-collecting ability of various types of fences
(from experimental observations)

Snow deposition in m3/pm on
Type of fence

27/X11 7/1 21/1 10/111 25/111

1. Standard type
with 50%
density ..........• 23 41 56 65 95

2. With decreased
density ........... 21 40 55 63 93
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Table III

Amount of lumber required for the construction of the fence

Height of Requirement
Type of fence fence in of lumber in Observation

m t/J

1- High single-
row fences ... 6.0 100.0

2. Double-row Distancefences ....... 3.0 60.0 between fences
is 30 times
their height

Table IV

Amount of lumber required for the construction of the fence

Height of Requirement Distance
Type of fence fence in of lumber in between

m t/J fences

1- High double- 30 times height
row fences ... 6.0 100.0 of fence

2. Low four-row 30 times height
fences ....... 3.0 55.0 of fence
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A schematic diagram of a fence of light construction
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Aerodynamic characteristics of snow fences of various types
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Fig. 3

Cross-section profile of snow deposit at fence with decreased density
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Cross-section of snow deposition at a fence of standard construction
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Cross-section of snow deposition at a single-row fence 3 m high
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Cross-section of snow deposition at a double-row fence 1.5 m high


