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ABSTRACT: When designed and constructed correctly, snow fences are an effici~nt means for
controlling deposition of wind transported snow. Too often, however, the fence bUIlder
underestimates the force th.e wind exe~s on the fence. T.he result .is a fenc~ that must be constantly
maintained or is destroyed In a large wind event, generating the misconception that snow fences are
more work then they are worth. This paper reviews wind load computations for snow fence design
and gives a brief analysis on the load magnitudes the fence builder must anticipate. These concepts
are illustrated in a discussion of a new snow fence design that has been developed during the past
two winters at Bridger Bowl Ski Area in Montana, USA.

1. INTRODUCTION

(1 )

(2)ra = f353(1-2.2569x1 0·5(EU5255]
(T + 273)

0= drag force
ra = air density
Cd = drag coefficient
H =height of fence
L = length of fence
U =wind speed

snow fence design. The second part of the paper
shows how these concepts were applied to design
a new snow fence tested at Bridger Bowl Ski Area
over the past two winters.

where E (m) is elevation and T(°C) is temperature
(Tabler 1994). The result for air density (kg/m 3

)

can be converted to English units by the
conversion factor 1 kg/m 3 = 0.00194 slugslft3

.

2. WIND LOADS ON SNOW FENCES

Air density is a function of many
parameters, but here it is sufficient to consider
elevation and temperature as the primary factors
that affect our calculations. Air density can be
related to temperature and elevation by

The force of wind acting on a snow fence
is given by the general equation for fluid dynamic
drag, (see e.g., Tabler 1994)

where
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In a brief history of snow fences, Tabler
(1994) noted a Norwegian pUblication dated 1852
that described the use of snow fences to augment
livestock water supplies. By 1880, "innumerable"
snow fences protected Union Pacific Railroad lines
in Wyoming. The importance of blowing snow
control grew with the automobile. In 1930 the
Wyoming Highway Commission reported 63 miles
of snow fence protecting Wyoming's highways,
noting that "Intelligent use of snow fences in windy
districts accomplishes more per dollar expended
then any other feature in maintaining the highways
free from snow." This positive attitude toward
snow fencing deteriorated between 1930 and
1970, as bigger, more powerful snow removal
machinery developed. The useful tool of fencing
to control snow drifting became a "lost art".

With the decline in research and number
of snow fence specialists came a loss of
knowledge and respect for the power of wind.
New snow fences were too often poorly located
and insufficient to withstand wind loads. Poor drift
control and high maintenance resulted in the
misconception by managers that snow fences are
not worth the cost.

The first part of this paper provides a
guideline for computing wind loads and matching

r:
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Equation (4) can be substituted into equation (1) to
find the total wind load summed over the surface
of the snow fence. The height above the ground,
or moment arm, Zt, at which the resultant force
acts is given by

Zo is an experimentally determined parameter that
depends on the surface over which the wind is
blowing. For a smooth snow surface a good
approximation for Zo is 0.02 em (Tabler and
Schmidt, 1985). Once Zo has been selected, u·
can be back calculated from equation (3) using a
known wind speed at some reference height. For
a wind speed of 44.7 m S-l (100 mph) at the 10-m
height (33 ft), and a Zo of 0.02 em, u· would be
1.65 m S-l. Once u· is determined, wind speeds
(m/s) at any height are calculated from (3).
Conversion to mph is 0.447 m/s = 1 mph.

The approximate mean squared velocity
Um

2as a function of height can be found by
integrating equation (3). The result is (Tabler
1994)

Um
2= 6.25(u.2}{[ln(H/zo}]2 - 2In(H/zo} + 2} (4)

(6)

(8)

(7)

C = [(315.8}M/O"m]l/3

3. DESIGNING A PERMANENT POLE SNOW
FENCE

where d is the embedment depth-the depth the
pole will be buried in the ground. Since d has yet
to be determined we pick a value we think will be
needed for embedment. For this example we
anticipate embedding the post 4 ft in the ground.
Using these values in equations (6) and (7)
indicates a pole with a circumference of 30-in (9.5
in diameter) at the flex point 1 ft below the ground
surface will be needed to withstand the design
loading.

The anticipated embedment depth can be
checked using the relationship·

where M is the bending moment defined by the
product

This section uses the concepts presented
above to design a permanent wood snow fence 12
ft high and 150 ft long, supported by wood poles.
For this design we consider a "worst case"
scenario of 100-mph wind at 10-m height with an
air temperature of _200 F. The fence will be
constructed at 8000-ft elevation. Solving
equations (1) - (5) we determine a design wind
load of 189 Ib acts on each foot of fence length at
a height Zt = 6.6 ft. If we choose a standard pole
spacing of 12 ft, the force per pole is Lp = (189
Ib/ft}(12 ft) = 2268 Ib per pole. A treated pine post
SUbjected to a wind load has a maximum allowed
bending stress of O"m =2426 psi. The
circumference of a post necessary to withstand
this load is give by

Zt = 0.5H{[(n(H/Zo~2 - In(H/zo) + 0.5}
([In(Hlzo)) -2In(H/zo} + 2}

Tabler (1994) has tabulated solutions for
equations (1) - (5) to give the wind load on snow
fences of various heights for a range of design
wind speeds.

M = D(Zt:" 0.25d)

(3)

u· = friction velocity
z = height above surface
Zo = aerodynamic roughness height

U =2.5(u.}ln(zlzo}

Drag coefficient Cd must be determined by
experiment for each type of structure. For snow
fences, differences in the drag coefficient result
from differences in porosity. The most efficient
porosity for a snow fence is 50% (Tabler, 1994)
and the measured drag coefficient for this porosity
is 1.05 (Tabler, 1978). Tabler (1994) presents a
more detailed listing of drag coefficients for wind
screens of varying porosity. At speeds of interest
for calculating wind loads (above 25 mph) winds
are fully turbulent, and drag coefficients may be
considered independent of wind speed.

Wind speed increases with increasing
height above the ground, so it is necessary to
specify a height when discussing a given speed.
The standard height for meteorological stations
(10 meters or 33 ft) will be used as the reference
height for this discussion. The velocity profile for
fully turbulent winds can be approximated by

where
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where crs is the maxim~mallo~ed soil stress in
sf b is the pole butt diameter In feet. The
~~imum allo~ed soil stres~ is a function of the
soil type in which the pole will be embedded. In
this example the soil is of the category "h~r~", a
fact to which the author can attest after digging
many holes in the area. A "hard" soil has a
maximum allowed soil stress of 4500 psf. Using
the quadradic equation to solve equation (8), the
necessary embedment depth is indeed 4 ft as
anticipated. If the pole is embedded in concrete,
the pole butt diameter b is effectively increased.
An 18-in-diameter hole filled with concrete reduces
the necessary embedment depth to approximately
3 ft.

At this point we have designed a 12-ft
snow fence supported by 13 treated pine poles, 16
ft long with approximately 9.5 in diameter at the
butt. The poles are buried 4 ft in the ground and
set in 1/3 yard of concrete. The horizontal slats
will consist of rough-cut pine 2 in-by-8 in, 12-ft
long, spaced 8 in apart to provide a 50% porosity.

4. THE "SCHMIOTY" TENSION FENCE

One big problem in constructing a
permanent pole fence in most mountain locations
is the effort required to dig the post holes. Steep
terrain restricts the use of machinery, leaving the
builder little choice but to dig the holes by hand.
This task is made more difficult by usually rocky
subsoil. A second problem effecting any structure
placed on a steep, snow covered slope is
seasonal snow creep. Gravity constantly pulling
the seasonal snowcover downhill can be a very
destructive load that must be taken into account
both in design and maintenance planning.

The following fence design addresses
these issues. The first design goal was to build a
fence capable of withstanding "worst case" wind
loads using a minimum number of posts. The
second goal was a fence that could be removed at
the end of a snow season, reducing snow creep
damage to the fencing material. The result is
called a tension fence.
. This design consists of three 16-ft steel

pipes supporting 150 ft of 4-ft plastic fence on a
35° fall line. Steel cables laced top and bottom
alon~ th~ fencing connect to the two end posts.
Tenslonmg devices on the uphill post tension

these support cables. Two more tensioners at
each end of the fence stretch the fencing between
the end posts (Figure 1). Refinements in this

TENSION
DEVICES

6"DIAMETER
318" WALL
STEEL PIPE

lWSTEEL
CABLES

Figure 1: A tension fence consisting of plastic
fencing material stretched between three steel
poles set in concrete. Tensioned cables laced
through the length of the fence add support.
Two deadman anchors help offset the wind
load.

design over the past two winters aimed to make
the fence quick and easy to raise as snow depth
increases through a winter season. The follOWing
sections give details on the support post system,
raising mechanisms, and fence tensioning system.

4.1 Support Post System

Three steel posts and two deadman
anchors are the support system. The posts are 6
in-IO, schedule-40 pipe. Holes cut near the top of
the pipe, with 1/2-in nuts welded inside, in line with
the holes, provide attachment points for the guy
wires and raising mechanisms. Circular plates 1/8
in thick welded over the tops of the pipes prevent
freezing of trapped moisture from damaging the
pipe. The posts, 75-ft apart,are embedded
vertically 4-ft deep in 1/3-yd of concrete. Each
end post is guyed to a deadmen, constructed from
1-yd of concrete surrounding an angle iron anchor
and buried 2-ft below the ground surface. 1/2-in
cables attach each deadman to its end post
(Figure 1).
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Using the concepts developed in section
2, the following analysis predicts the ability of this
system to withstand the forces applied dUring a
design wind event. The maximum stress on the
support post system due to wind loading occurs
when the 4-ft fence is raised to its highest point
(12 ft) on the posts. The snow deposited around
the post adds little support, so the posts and the
soil they are embedded in must assume the entire
load. Solving equations (1) - (5) for the design
scenario gives a total wind load of D = 48-lb/ft
acting at a height Zf =2.26-ft from the bottom of
the fencing. The load per post is Lp '= (48-lblft)(75
ft) =3605-lb. Assuming an embedment depth of
4-ft places the maximum bending stress 1-ft below
the ground surface. The maximum bending
moment is then M =(3605-lb)(11.24-ft)(12-inlft) =
4.862 x 105 in-lb. The stress that develops on a
circular cross-section due to a bending moment is
defined by

p

Figure 2: Force P applied to the mid-point of a
tensioned cable. As a result, the cable mid-point
deflects some distance I.

(11)

:..L

2Tsine =P

---t--- --- ------ ----------------.
I 8 :

T •
________________________________ ._ I

phenomenon, consider the situation shown in
Figure 2. If the cable is to remain in equilibrium,
then the sum of force components acting
perpendicular to the cable must equal zero. This
requires

(9)O"s = Mro/l

where

where rl is the inner radius of the pipe. For the 6
in, schedule-40 pipe used in this design I = 19.72
in4

resultin~ in a maximum bending stress of O"e =
8.168 x 10 psi. The maximum allowable bending
stress for schedule 40 pipe under wind load is
7.598 x 105 psi. This indicates the post used
should easily do the job.

To check our proposed embedment depth,
assume an average hole diameter of 18-in. Once
filed with concrete this gives an effective butt
diameter of 1.5 ft. Using this diameter to solve
equation (8) gives an embedment depth of 4.4-ft.

A serious consequence of the tension
fence design arises from the cross-load that is
applied to the tensioned cables. When a cable
under tension is cross-loaded the force exerted on
the anchored ends is significantly higher than the
load applied to the cable. To investigate this

O"s = bending stress
ro = outer radius of the pipe
I = cross-sectional moment of inertia.

For pipe I is given by

I = (1t/4)(ro4
-r1

4
) (10)

where T is the tension in the cable and P is the
applied load. If the fence flexes 1 ft at the mid
point of the span, the resulting angle e would be
1.50 and the force applied to the end posts would
be approximately 20P. If the cable only flexes I =
6-in at the mid-point, e =0.760 and the load
applied to the end posts is approximately 40Pl
The result of this analysis clearly indicates the
need an end-post anchoring scheme. Two
solutions exist. One is to use guy wires to connect
the end post to a suitable anchor. The other
solution is a compression brace extending toward
the middle of the fence. For ski area applications
the compression brace is the better solution due to
the inherent danger of skier collisions with
exposed cables. In the application described
here, guy wires were used since forest or other
snow fencing protected both ends of the fence.

4.2 Raising Mechanisms

The cable cross-loading phenomenon also
played a large part in designing the raising
mechanisms. The point of these systems is to
attach the fence to the post in such a manner as to
facilitate easily raising the fence as the seasonal
snow pack increases. The basic design of the
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.' mechanisms is the same for all three post
ral~'"~nsists of 2 pieces of 2-in-by-2-in-by-1/4-in
an I~ 5 ft long. A 2-in-by-3/16-in strap, 4 in long,
~n:elded to the flat surfaces of the angle holding
IS parallel to each other and separated by 1 in
t~~~re 3). Three back bands consisting of 2-in
~yl~/16-in strap and equipped with setscrews fix

CLAMPING
BOLTS

3/16" CABLE

1/4" MOUNTING PLATE

~IRASING WENCH

•o

TO~EW~
3/16" PLATE

FRONT VIEW

14-~."--iIlt--- 2"X 3/16"
BACK BAND

"~..~'" ~~OPLATE

=~D~

Figure 4: Two 3/16" plates are clamped to
the raising mechanism using two bolts. The
size of the plates varies depending on the
size of the apparatus to be attached.

POST

2X2X1/4
ANGLE

Figure 5: Top post configuration consists of
two attachment points and two cable
tensioning wenches.

Sit

2" x 2" ANGLE

configuration consists of two 1600-lb capacity
hand wenches (cable tensioning wench) and two
attachment points as shown in Figure 5. The
bottom post is configures with 4 attachment points .
(Figure 6).

RAISING
WENCH
MOUNT

SETSCREWS

..1-+0---- BACK BANDS

~~'--_ 2" x 2" x 1/4"
ANGLE

L-..~+--,l~- 2" X 3/16"
STRAP

2ft

2ft 2.5ft

1 ft
5ft

the mechanism to the posts. A piece of 3/16-in
plate 4-by-4 in, weld~d to the side of the center
back band, provides a mounting bracket for a
small hand wench termed the raising wench. This
wench is equipped with a 3/16-in cable that
attaches to an anchor point at the top of the post.
This facilities raising of the snow fence.

The various attachment points and
tensioning devices are mounted on the 2-in angle
using a clamp constructed from two pieces of
3/16-in plate and two bolts as shown in Figure 4.
The bolts are positioned along the vertical
centerline of the plates with the corresponding nut
being welded to the back plate. The clamping
device slides vertically along the 1-in slot between
the 2 angles, allowing for vertical adjustment for
the various attachment points. This is necessary
in order to adjust for slope angle. The dimensions
of the raising mechanism described here allow the
fence to be placed on slopes ranging from 0 to
45°.

The difference between the three raising
mechanisms is the configuration of attachment
devices. The following describes the
configurations. The top post attachment
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FRONT VIEW

2X2X1I4
ANGLE, POST

SIDE VIEW

RASING
WENCH

ISET
0- SCRE/ Sft

NILAR
LOIil-+---+ BLOCKS

~!lI=J=~ ~~gis

~ :~~s

Sft

Figure 8: Side and front view of the center post
configuration. Two Nylar blocks constrain the
cable in the direction perpendicular to the post
Four fence guides allow the fencing material to
pass freely by the post

Nylar is highly abrasion resistant plastic and is
needed to withstand the frictional rUbbing of the
cable. This attachment configuration allows the
cable to move freely in a direction parallel to the
fence while constraining its perpendicular
movement. In order for the fencing material to
move freely past the post during tensioning, the
raising mechanism is equipped with four fence
guides. These consist of a 2-in-by-3/16-in strap
bent as shown in Figure 7 and welded to the 2-in
angle of the raising mechanism. The center POst
configuration is shown in Figure 8.

RASING WENCH

3/16" CABLE

114" MOUNTING PLATE

2"X 3/16"
~a:V:~-- BACK BAND

5ft

2X2X1I4
ANGLE

POST

Figure 6: Bottom post is configured with four
anchor points

In order to prevent unequal loading of the
center post as well as facilitate de-tensioning of
the cable, neither the cable nor the fence is
directly attached to the center post. An 8-ft
interval is left in the weave of the cable through
the fence. The cable passed through a hole in a
Nylar block that is attached to the raising
mechanism with an adjustable positioning device.

Figure 7: Top view of the center post attachment
configuration.· An 8 ft space in the cable weave
allows the cable and fencing material to pass the
post separately. The cable passes through a
Nylar block while the fencing material passes to
the outside of the fence guides.

I
I..

NILAR BLOCK
AND MOUNTING
PLATE

FENCE GUIDE

8ft

FENCE

4" X 1/4"
WENCH
MOUNTING
PLATE

RASING WENCH

4.3. Fence Tensioning System

The tensioning system consists of two
parts. The cable-tensioning unit lifts and supports
the fencing. The fence-tensioning unit stretches
the fencing material tight along the cables.

The cable tensioning unit: Cables are
laced along the length of the plastic Tensar snow
fence at 4-ft intervals, approximately 6 in from top
and bottom. Wood furring strips (1 in by 2 in) are
lace vertically across the width of the fence at
each interval. The furring strips protect the fence
from cable wear and add rigidity to the fencing
material (Figure 9). Loops formed in both ends of
the two cables attach to the top and bottom
attachment points on the bottom post and to the
two cable tensioning wenches on the top post.
Each cable passes through a Nylar block on the
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t
r post with the fence passing to the outside

cen e . (F' 8)of the fence gUides fgure .

POST

Figure 9: Cable weaves through the fence at
approximately 4 ft intervals. Furring strips protect
the fencing material and add rigidity to the fence.
The cables are tensioned by two hand wenches
mounted to the top post. A cam strap is attached to
a cable that passes around a pulley mounted to the
fencing material as shown in figure 10. This
provides a 2:1 mechanical advantage when
tensioning the fencing material.

The fence tensioning unit: The ends of the

fencing are folded back around a 2-in-by-2-in
piece of wood 4 ft long. The fencing material is
clamped to the wood using a 4-ft piece of 1.5-in
by-1/8-in angle and a 4-ft strap (1.5 in by 3/16 in).
A pUlley is welded in the center of the angle and
Nylar cable guides attach to the angle at top and
bottom by bolts welded to the angle (Figure 11). A
3/16-in cable, 5 ft long, with attachment loops at
each end is fixed to the bottom mid-point anchor.
The cable passes around the pulley and is
attached to the top mid-point anchor by a standard
cam strap (Figure 10). This configuration provides
a 2: 1 mechanical advantage for the cam strap
when tensioning the fencing material.

5. COST ANALYSIS

The following compares costs of a
permanent wood fence and a tension fence. Labor
costs are based on wages at Bridger Bowl and
include workman's compensation and
unemployment insurance. Time to complete the
projects are based on the author's experience,
and material prices are from local suppliers in
Bozeman, MT, USA.

5.1. Permanent Wood Fence

Labor Costs

Post Holes: 13 holes @ 4hr/hole $1040.00
Construction: .60 man hr@ $20/hr. $1200.00

Material Costs

Posts (treated): 13 @ $82.00 '" $1066.00
2 X 8 rough cut: 108 @ $9.36 $1011.00
Concrete: 5 yd @ $70 $350.00

Helicopter

Time: 1hr@ 1000.00/hr. $1000.00

TotaICost.. $5667.00

5.2. Tension Fence
Figure 10: Each end of the fencing material is
wrapped around a 2" x 2" wood post"and
clamped in place with angle and strap iron. The
cables pass through Nylar blocks mounted on
studs welded to the angle iron. A pulley, welded
to the angle as shown, provides a 2: 1
mechanical advantage when tensioning the
fence.

Labor Costs

Post Holes:
Welding:

315

3 holes @ 4hr/hole $240.00
35 man hr @ $20/hr. $660.00



Construction: 20 man hr @ $20/hr. ... " ..$400.00

Material Costs

Posts: 50ft@ $9.41/ft , $471.00
2" x 1/4" angle: 30ft @ $1.32/ft $23.00
2" x 3/16" strap: 20ft@ $1.68/ft $13.00
Snow Fence: 150ft@ 1.00/ft $150.00
Wenches (Lg): 2 @ $45.00 $90.00
Wenches(Sm): 3 @ $22.00 '" $44.00
Cam Straps: 2 @ $9.00 $18.00
1/4" Cable: 350ft@ $0.29/ft $102.00
3/16" Cable: 50ft @ $0.18/ft $9.00
1/2" Cable: 40ft @ $0.60/ft $24.00
Misc. Hardware: $50.00
Concrete: 2 yd @ $70 '" $140.00

Helicopter

Time: 1/2hr @ 1000.00/hr. $500.00

Total Cost. ' $2938.00

6. CONCLUSION

Snow fences are sUbjected to large forces
due to wind loads and must be carefully designed
in order to insure they will withstand "worst case"
wind events. In most applications a permanent
wood snow fence provides the best results with
minimal maintenance. If the fence is to be
constructed on a steep slope, a permanent wood
fences may not be feasible because of the large
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number of post holes needed for construction
limited access with heavy equipment. In this
situation, a tensioned fence provides a reason
solution at approximately half the cost.
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