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The following are attached to this E.T1.:

1). “"METHOD FOR CALCULATING THE LOADS APPLIED TO SPAN WIRE TRAFFIC STGNAL
POLES: NON-TETHERED". 3 design procedure; '

2). *Traffic Signal Wind Tunnel Test”. a magazine article that includes a
table with wind loads on traffic signals: and

3). a design example using "METHOD FOR CALCULATING THE LOADS APPLIED T0
SPAN WIRE TRAFFIC SIGNAL POLES: NON-TETHERED". :

The design procedure attached to this E.1. titled "Method for Calculating the
Loads Applied to Span Wire Traffic Signal Poles: NON-TETHERED". shall be used

to determine the pole load on non-tethered span wire traffic signal poles
effective immediately. Prior to the issuance of this E.I.. boch tethered and
pon-tethered span wire traffic signal poles were designed according to E.I. 76-43.
whose subject is Methed for Calculating the Loads Applied to Type A Traffic Poles
Carrying Suspended Cables. E.I. 76-43 yielded very conservative results for
non-tethered span wire traffic signal poles. The method ia E.I. 76-43 will
continue to be used for calculating pole loads on tethered span wire traffic
signal poles.

It shall also be noted that if. in the forssseable future., there is a good chance
the signal system will be upgraded. the original pole design shall accommondate
the expected future loads froam signals and/ot signs.

This method for determining non-tethered loads shall apply to traffic signals
and/or signs suspanded on a cable bhetween poles with the ends of cthe cable
attached to the poles at the same elevatioa. The length of pnles need not be
equal; however. in such cases. the stiffness of the stiffer pole shall be used
to compute the pole loads. To reemphasize. the suspension svstem shall not
include a tether wire strung between the poles when the attached procedu?is
used.
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"METHOD FOR CALCULATING THE LOADS APPLIED TO SPAN WIRE TRAFFIC SIGNAL
POLES: NON-TETHERED®

Devealoped Bv: L.N. Johatson. Cl%iL'ﬁnaincéf“ili“(sifucthréiI' S8 B g eaeEp
. _ The Special Design Unit '
. Jreer 7 Srruttures Divisiofn - - . L.
New York Stacte Department of Teanspoctation
19R%

This method shall be used to detevmine the pnje load on ann-tethered span wire
tcattic signal poles, and the pole detlearion cate ranwe tor che calculated
prle load.

This mcthed shall apply ta fratfic signals and/or simns suspended ou a cable

between poles with the ends ot the cable actached toa the pnles at the same
elevation. The length of the poles nced aot be equal: howerver. in such cascs.

the stiffness ot the stiffer pole shall be used to compute che pole lnads. ARrain.
the suspension svstem shall not include a techer wire strung hetween the poles.

REFERENCES: 1). STANDARD SPECIFICATIONS FOR STRUCTURAL SUPPORTS
FOR HICHWAY SICNS. LUMINARIES AND TRAFFIC SIGNALS
1985 (AASHTO) '

2). "TRAFFIC SIGNAL WIND TUNNEL TESTS"™: THE AMERICAN -
CITY. BUTTENHEIM PUBLISHING CORPURATION: Julv. 1970
(Included)

3). NEW YORK STATE STANDARD SPECTFICATIONS. CONSTRUCTION (:
AND MATERIALS

DESIGN PROCEDIRE

A. CONFIGURATION & LOARS

Step 1. Determine the span, the location of signals/signs and cthe
magnitude of the signal dead loads. (See Table. Ref. 2.
For signal configurations not included on the table. an
approximate value can be obtained by interpolation and
extrapolation.) '

Step 2. Determine location and maynitude nf signall/sign wind loads
on the cable. (Sce Table. Ref. 2. For signal contigurations
not included on the table. an approximate value can be
obtained by interpolation and extrapolation.)

Step }. Determine location and magnitude of signal/sign ice loads on
the cable. (See Ret. 1. Sect. 1.2.3)

Step 4. Datermine the resultant force at cach signallsign location
for Group II leading by cgmpininz dead load and wind load
vectorly. F = [DLT + WL |4

Step 5. Determinéifhe resultant force at each signall/sign locatien
for Group II1 loading hy combinine dead %oad. ice load and
1/2 wind load vectorlv. F = [(DL + IL* + (1/2wL)* 7%



3. GROUP 1 LOADS

s.5tep. L

step J.

Step &.

Step 5.

Using-statics, detecmine the letr and righc vertical rpeactions

anw a shear diagram to determine the point of 2ero shecar.

Set the maximum dead load sag equal ta 5% of spad. (Sce Ret. 1.
Sect. 1.2.5)

Using statics. determine the horizental ceaction at the
attachment point of each pole.

Calculate the lengths of each cahle.segmenc due to dead loads.

C. GROUP II LOADS

Step 1.
Step 2.

Step 3.

Step &.

w

Step

Step 6.

Using statics. determine the lefr and cigrht teacstions.
Draw a shear diagram to dctermine the point of zero shear.

Assume a sag for the group loading. (A good first estimate
for Croup 11 loading is 120% DL sag.)

Uéing statics. determine the horizontal reactioa at the cable
attachment point on each pole fnr the group loading.

Using cable segment length from Step 8-5. calculate the
horizontal lengths of each cable segment due to the group
loading and the overall length of the span to determine the
deflection of each ponle. (Maximum pole deflection = 0.6"/1.f..
Sce Ref. 3 Section 726-03)

Calculate the minimum deflection rate of cach pole due to the
added wind load. 1If the deflectina rate is greater than

0.6b"/100 Assume a smaller saz and return to Step C-4&.

'D. GROUP III LOADS

Step 1.

Step 2.

Repeat Steps C 1-6 with Group 111 loads.

Compare the pole deflection rates for Group 11 and Group 111
loadings. If the pole deflection rates are within 15% of
each other. proceed to the next step. 1If the diffcrence is
greater than 15%, assume a3 smaller sag and return fo Step &
tor the group loading with the larger pole deflection rate
(See example Step 7. Page 9A).

Since pole selection is based an pnle deflection rate and

the hocizoncal force. it is impurtant to compare horizoaral
torces for poles with similar stiffnesses (i.e.. poles with
nearly equal deflection rates). By kecping the pole deflection
rates within 15% of each other. it will reduce the chance of
having 8 coatrnlling harizeatal force that will not accur
because of a higher pole deflection rare from the ather group
loading.
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E.

POLE SELECTION

Cow

Step 1.
Step 2.

Step 3.

Calculate the minimum load énp&city ;E YIZI& Point féé the‘
hestqblished‘tqngg,nf gn!e-dg{}ection rates.

Tabulate Group Loadings. horizontal forces and pole deflection

;ates.

Pt

Salect a2 polea that will meer the crequirements toc each gréﬁp
loading. including:

a). Minimum load Capacity at Yield Poinc.

b). Minimum and Maximum Pole Deflection Rate.

¢). Maximum Pole Deflection.

d}. All requirements of Ref. 3. Section 724-0). Teatfic
Signal Poles.
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Traffic signal wind tunnel tests

... assure that you select the correct pole for each installation

What is the wind load caused by
2 traffic-sienal light in a 120 mile
per hour wind? Unul very recently
you probubiy could not get 2 very
accurate reply Yet the answer
could make 4 Mg difference in the
type of signal fignipole you buy and
install. Now. bezause of a senes of
wind tunnel tests. this should be-
come less of a problem for trafhic
enginesers.  Mureover. the lests
could lead 10 better Jesigned signal
heads.

Previous wind-tunnel tests have
estzblished wind loads for most
strect lighung luminawes. The same
did not hold true for traffic-signal
lights. This bothered the officials at
Hapco. Abingdon. Va.. a major
manufaclurer of aluminum poies
used to suspend these lights. So the
firm decided to fill the void through
the wind-tunnel 1est technique.

The Acrospace Engincering De-
partment at Virginia Polytechnic
Institute, Blacksburg, Va,, conduct-
ed the tests for Hapco. The largest
of thsee wind tunnels at VP! served
as the test site. Hapco Project
Engineer R. C. Minor worked with
Dr. F. R. DeJarnette, Dr. ). F.
Marchman, and W. P. Harrison of
VP! in planning. organizing and
carrying out the lest program.
Crouse-Hinds Co.. Syracuse. N.Y.,
supplicd the traffic lights. The tests
involved several full-size free
swinging signals.

The researchers felt it would be
impractical 1 test all possible sizes
and combinations of signals. So
they selected certain representative
samples. The data collected could
then be used to make reasonably

load on many other sizes and com-
binations not tested.

Tests included 10 diffcrent three-
section adjustable signals. Both
g.inch and 12-nch lens sizes and
standard and extended hvods were
used. Extra weignt added miernally
to one signal helped to determine
its effTect on wind lvad. Alsy. some

signals were rotated and tested in

different positions. In all. the men
conducted 13 tests. including three
of a preliminary nature.

A slender canulever beam
mounted vertically above the tun-
net so that it extended down
through the roof supporied the test
signals. (See sketch.) Strain gages
mounted on the beam remained

sensitive only 10 the bending move-
‘ment applied to it by the wind drag
force of the signal. A strip chant
recorder. calibrated by applying
known horizontal forces. provided
a wnitea record of the tests.

Wind velocity varied from O to
150 mph. Drag force and velodity
readings were taken at specific ve-
locuy ntervals. A puotstatic tube
measured the dynamic .pressure.
Windows in the side and top of the
tunnel allowed the researchers to
observe the behavior of the signals
during the tests

Contrary to expectatons. the di-
rection of wind. type of hoods and
added intermnal weight had litde
efect on the wind force of the sig-
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ancs the veleas reczeds 5
. .+ s means that sind direc-
ton sould have litde of any value
i the design of 3 purticular traffic
signal.

Exch test also ‘nvolved the plot-
ting of wind forcs versus wind velo-
Goaty. AL welocries- above (30, mph.
.these curves. for all practical pur-
.. poses. bevdme straight oules. Thete-

“fore. strarghtline interpolstion 3ad:
extrapolation could be used to esu-
mate vand loads on signals not
tested. (Sce the accompanying 1a-
ble.®

"lost  signals  tested remained
very stable throughout the entire
velocity range. At any given speed,
these signals assumed 2 definite an-
gle relauve o the wind. They
staved in this posiion with little
moton in any direction. Some sig-
nals moved through an angle of
nearly 90° or honzontally at veloci-
ties af 30 mph or more.

Certain signais  with extended
full <vlinder hoends osciilated n 30
o %0 mph winds. Very unstable
behavior oczurred when lesting the
e;ghtainch,  threz-section. ONc-way
signal with extended hoods perpen-
dicular 10 the wind. At about 60
mph. the osailation besame so vio-
fent that the test was stopped be-
fore the signal destroyed itself
avainst the wp and sdes of the tun-
nel. This behaver could produce
significant  dynanue loads oa s
supporung struciure.

A

Test use

Al present, no generally ac-
zepted design standards govern the
structured design of signal poles. As
a result, each manufactures has de-
veloped his own criteria. The cri-
reria used here, dcveloped by
Hapco and based on extensive tests,
involves two major factors. They are:

« wind loads on the structure at the
maximum wind velodly.

. allowable levels of stresses in the
structural members covsed by these
wind loads.

Before you can establish wind
loads. you must first determine the
maxuimum wind velocity 10 which
the structure might be subjected.
The United States Weather Bu-
reau's wind map will help gage this
factor. The map shows the “iso-
1achs of extreme mile at 30 feet
above the ground—for a 50 year
mean recurrence interval.”™ The

. siructure.
wind loads caused by wind acting

TraHic Signel Size
Lens Die. Na. of
Sectioas Diresctons
A i8-8 3 lwe¥
i8-8 3 2-way
2-4-8 3 3-way
1-4-8 3 © Qewray
12-.12-12 b | 1-way
12-12-12 3 1-way
12-¥2-12 3 3-way
12-12.12 3 d-way
§-4-8-8 4 l-wey
£.3-8-9 4 2-way
12.1212-12 4 l-wey
12.12-12-12 -4 2-way
12-9-8 3 1-way
12.8-8 b | 2-way
12-3-3-8 4 V-way
12-8.8-8 4 2-way

* These valucs were Jerved from aund tunnel te2t daig

P -

wind loads on free swinging traffic signals

Wind load in lbs.
W following velsaulier

Warght
{1be.} 104 137 130
mph mah mph
[ . W A
n (TR T S {1
197 its 140 149
- 138 a7 .__p‘; - -201
9 3 0 1 0 3*
106 133 17 154°
\87 178 210" 1s50°
04 22 259 298
a4 53* 0 43°
) 104" 128° 140°
‘s ,.. “. “l
19 148° 159* 208°
w “. s‘o “.
t ] 100" 113 128°
30 &0° ' L L
106 127° 143 157° ]

——

map values represenl maumum
s_usuined wind vefociues. They
should be muluplicd by a factor of
1.3 w0 ootain the maximum gust
velocity.

The American Saciety of Civil
Engincers. in 3 techaical paper en-
titled “Wind Forces on Structures.™
recommends the use of gust veloci-
ty in the design of this tvpe of
Once determined. the

only on the pole shaft and bracket
can be calculated from existing the-
oretical published matenal and the
previous wind tunnel data.

Hapco has established from these
Bndings allowable stress values
based on the type of material used,
the load and the type of joint ine
volved. For example. higher allow-
able stresses scem justified for 3
socket-type joint than onc that is
2 wbe welded to a flat piate. Also.
stresses caused by deadweight re-
ceive very low values compared
with allowable stresses caused by
high velocity winds.

Once allowable stresses are
known, you can calculate the max-
imum allowable loads which can be
applied to 1ny signat pole. Then, you
can deduct the wind load caused by
wind acting on the pole shaft and
bracket arm from the maximum al-
lowable load. This will give you the
maximum wind load that can be

apphed 10 3 traffic signal mounted
on the pole.

Des Moines. lowa. provided one
of the first opportunities to use U
wind tunnél data, The city neede
a pole with 3 25-foot arm 10 Sup-
port an cight-inch, three section,
four-way signal.

On the wind muap. Des Moines
lies between the 80 and 85 mph -
isotach line. The higher isotach has
a wind gust velocity of 111 mph.
The table does not list wind loads
at this rate of speed. However, by
straight fine interpolation, you can
determine the wind load for this
particular _type of installation as
being 161 pounds.

Structural analysis showed that a
25 foot truss arm with upper and
lower spars made from ovalized 6- 2
0.125-inch tbing of 6063-T6
aluminum alloy would withstand such
a wind load. Other design consider-
ations resulted in the selection of 2
pole shaft of 6063-T6 alloy with 2
bottom diameter of 10 inches, a t0p
diameter of 8 inches and a wall
thickness of 0.250-inch.

This application illustrates the
case and accuracy of sclecting **<
right signal pole using the
tunnel test data. If you would ...
more inlormation on thesc tests,
contact Ray C. Minor. Project En-
gincer, Hapco. P.O. Box 547,
Abingdon, Va. 24210 44
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DEAD LoD = SAL WT. (hece Rer 2.) + 8 ter+ 1162 d crace)
Hote T CEAD Lo CF <iaN ABUNED TO BE REIGNIFICANIT FR THIS pesie.

O oL = 204 + 35 +-(2‘5_;l‘5) = 232F
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