e Basic Amateur Radio

The Ups and Downs of Towers

Thinking about erecting a tower? Confused by the wide
variety of types and accessories? Here are some basic facts

that may help you decide.

By Peter O'Dell,* KB1N

On a calm morning after a violent

storm, a friend walked out of his house to
check his antenna farm. In the past he had
lost an occasional dipole leg, but nothing
more serious. This morning it was dif-
ferent: He looked up to find that his tower
now extended vertically 60 fect (18 my and
horizontally 30 feet (9 m) from the top of
the vertical portion. Although he may not
have considered himself lucky, he was.
The only real damage was to two sections
of the tower. Cleanup consisted of remov-
ing gverything above the fifth section. Oh,
it wasn’t easy, but he maunaged to do it
safely.

At the time, he may not have thought
s¢, but things coutid have been a lot worse.
I've heard a story of an Amateur Radio
operator who lost his life when his tower
crashed through the roof of his house,
causing the 20-meter reflector to impale
him in his bed as he siept. | have 1o idea
whether this really happened or not, but it
certainly isn’t out of the realm of
possibility. I say my friend was hucky, not
because he escaped unharmed, but
because he had tempted fate for vears and
still came away unscathed. How had he
tempied fate? His choice of tower was
light-duty *““TV tower."" [nstead of obtain-
ing the manufacturer’s recommended pro-
cedures for installation, he merely dug a
small hole, filled it with two bags of hand-
mixed concrete and set the bottom section
of the tower in the hole. He installed large
{projected surface area) antennas that far
exceeded the maximum ratings that the
tower could safely handle. His guy-wire
choice, the small type normally used for
roof-mount TV antenna installations, was
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just as overdy optimistic. He was indeed
lucky that things had lasted this long
without major damage to property (or
prople).

Destructive Forces

Probably the maost destructive torce
that your tower will have to withstand is
wind. It is difficult to imagine the
magnitude of force that wind can have as
it pushes against 2 tower. The force is
related to the projected surface area and
the square of the velocity of the wind as it
moves past the tower. Much more
rigorous discussions of wind loading have
appeared in Amateur Radio literature and

are suggested for those interesied in a
more hi-depth approach to the topic.'-*
Towers must be built to withstand
such forces. The Electronic Industries
Association (EEA) has set forth guidelines
and standards for antenna structures.’
Based on meteorological data collected
over the years, the EIA standards are
more stringent for various areas of the
country, depending on the highest velocity
of wind that can be expected, Fig. |
depicts these areas graphically. Consult
the manufacturer's installation instruc-
tions to determing the erection procedures

‘Notes appear on page 39,
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Fig. 1 — Wind-zone map of the continental United States. Structures under 300 fast 81 m} high
should be built to withstand winds up ta 87 mites per hour (140 kmhr) for zone A: up to 100 mites
per hour {161 kmvhr) for zone B; and 112 miles per hour (180 kmthr} for zone ©. It you are unable to
determine which zone vou live in because of the limited resolution of this map, you shoufd con-
sult the breakdown by counties in EIA RS-222-C (see Note 3)

_ladw 1QR1 L1




FEET ('] 1 0.30482m

38 RS

PREI-L o

(9]

Fig. 2 - Diagram depicting proper method of
instaliation of atypical guyed tower.

for your tower ai vour particular location,
If you are not sure which zone vour ioca-
tion is in, you may want to go directly to
the EIA pamphlet; it breaks the zones
Jdown by county.

Most tower manutacturers specity their
products on 4 *‘maximum square feet”
basis. {In couniries using the metric
system of measurement, the ratings will be
in square meters.) This statistic tells you
how many square feet of antenna (pro-
jected surface area) you may safely place
atop your tower. Most antenna manufac-
turers provide the square footage of their
antennas. ¥ you overload your tower, you
run the risk of having it damaged or
destroyed in a heavy windstorm. Several
manufacturers and dealers have told me
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Fig. 3 — Diagram at typical free-standing
{unguyed) tower. Arrows indicate the directions
of the forces acting upon the structure, See
text for discussion,

that this is the single largest cause of tower
failure at Amateur Radio stations.

Types of Towers

The most common varicty of tower is
the guyed tower made of stacked identical
sections. The information in Fig. 2 is
hased on material from Rohn’s catalog.
Rohn calls for a maximum vertical separa-
tion between sets of guy wires of 35 feet
(10.5 m). At A, the tower is 70 feet (21 m}
high, and there are two sets of evenly
spaced guy wires. At B, the tower is B0
feet {24.5 mj high, and there are three sets
of eveniy spaced guy wires, Exceeding the
vertical spacing requirements couid result
in the tower buckling.

This may not seem ke a reasonable

—

Fig. 4 — Two examples of “crank-up” towers.

possibility unless vou understand the
functioning of the guy wires. The guy
wites restrain the towcer against the force
of the wind and translate the lateral force
of the wind into a downward compression
that forces the tower down onto the base.
Normally, the manufacturers specify the
mitial tension in the guy wires. This iy
another force that is translated into the
downward compression on the tower. If
there are not enough guys and if they are
not properly spaced, a heavy gust of wind
may turn out to be the **straw that breaks
the camel’s back.” Fig. 2C is an averhead
view of a guved tower. Manufacturers
usually call for equal angular spacing be-
tween radials. tf it is necessary to deviate
from this spacing, wou would be well



advised to contact the engineering staff of
the manufacturer or a civil engineer.
Some types of towers are not normally
puyed — these are usually referred to as
free-standing or sclf-supporting towers.
The principles involved are the same
regardless of the manufacturer’s choice of
names. The wind blowing against the side
of the tower creates an overturning mo-
ment that weuld topple the tower if it

were not for the anchoring at the base..

Fig. 3 details the action and reaction in-
volved. The tower is restrained by the
base. As the wind blows against ane side
of the tower, the opposite side is com-
pressed downward much as in the guyed-
type setup. Because there are no guys to
restrain the top, the side that the wind is
blowing against is simultancously being
pulled vp (uplift). The combination of the
force of the wind and the struciure is
creating a moment that tends to pivot
about a point in the base of the tower. The
base of the guyed tower simply must hold
the tower up, but the base of the free-
standing tower must simultaneously hold
one side of the tower up and the other side
down! It should not be surprising that
manufacturers often call for a great deal
more concrete in the base of free-standing
towers than they do in the base of guyed
towers,

Fig. 4 shows two variations of another
popular type of tower, the crank-up. In
regular guyed or free-standing towers,
each section is bolted atop the next lower
section, The height of the tower is the sum
of the heights of the sections (minus any
overlap). Not so with the c¢rank-up
towers. The outer diameter of each sec-
tion is smaller than the inner diameter of
the next lower section. lastead of bolting
together, the sections are attached with a
complex set of cables and pullevs, The
overall height of the tower is adjusted by

using the pulleys and cables to
“telescope’ the sections together or
apart.

Depending on the design, the manu-
facturer may or may not require guy
wires. The primary advantage of the
crank-up tower is that the owner must do
the antenna work near the ground. A sec-
ond advantage is that the tower can be
kept retracted except during use, which
reduces the puying needs (presumably,
vou would not try to extend the tower and
use it during periods of high winds). The
disadvantages include. mechanical com-
plexity and cost (usually). It is extremely
dangerous to climb on a crank-up tower,
even if it is extended only a small amount.
Should the hoisting system fail, the inner
sections could come crashing down like
the blade of guillotine! (There are cases on
record where amateurs have lost their Jives
by climbing extended crank-up towers on
which the hojsting system failed.)

Anaother convenience feature that some
towers have is a hinged section that per-
mits the vwner to fold over all or a por-
tion of the tower. The primary benefit is
in allowing antenna work to be done
closer to ground level without the necessi-
ty of removing the antenna and lowering
it. Fig. 5 shows a hinged base; of course,
the hinged section can be designed for

portions of the tower other than the base,
Also, a hinged feature can be added to a
crank-up tower.

Several dealers and experts have com-
mented to me that risuse of hinged sec-
tions during tower erections is a common
problem among radio amateurs. Unfor-
tunately, these episodes often end in ac-
cidents. If you do not have a good grasp
of the fundamentais of physics, it might
be wise to avoid hinged.towers (or to con-
sult an expert). It is often far easier (and
safer) to erect a regular guyed tower or
self-supporting tower with gin pole and
«limbing belt than it is to try to *‘walk up”
an unwieldy hinged tower, Think serious-
ly about hinged towers before you take
the plunge!

The Base

BEach manufacturer will provide his
customers with detailed plans for properly
constructing the base. Fig. 6 is an example
of one such plan. This plan calls for a hole
thatis 3,5 x 3.5 x 6.0feet (1 X | X 1.8
m). Steel reinforcement bars are lashed
together and placed in the hole. The bars
are positioned such that they wil be com-
pletely embedded in the concrete, yvet will
not cotitact any metailic abject in the base
itself. This is done to minimize the
possibility of a direct discharge path for
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Fig. 5 — Fold-over or tilting base. There are
saveral different variations of hinged sections
permutting widely different types of installa-
tion. Great care should be exercised when
raising or lowering a tilting tower,

Fig. 6 — Plans for installing concrete base for
Wilson $T-77B. Although the instructions and
dimensions will vary from one tower to the
next, this is representative of the type of con-
crete base specified by most manufacturers.
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Fig. 7 — Another example nt a concrete hase
(Tri-ExX 1.M-470).

LEAVE APPROX. 14" DEAD CABLE

Fig. 8 — Traditional method for securing the
end af a guy wire.
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Fig. 9 - Alternative method For attaching guy wires using preformed guy grips. The gnp on the
right is completely assembled (the end of the guy wire was left extending from the grip for il-
lustrative purposes). On the left, one side of the grip has been partiatly attached o the guy wire.
In front, a thimble for use where a sharp bend might cause the guy wire or grip fo break.

Fig. 10 — Two methods of attaching guy wires
to tower. See taxt tor discussion,
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Fig. 11 — Two standard types of guy anchors.
The rarth screw shawn at A is sasy to install
and widely avaitable, but 1t may not be suitable
for use with soil deviating from normal. The
concrete anchor 1s more ditficult o install
properly, but it is suitable for use with a wide
variety of $uil conditions and will satisty most
buitding code requirements.
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lightning through the base. Should such a
discharge occur, the concrete base would
likely explode and bring about the col-
lapse of the tower.

A strong wooden form is constructed
around the top of the hoele. The hole and
the wooden form are filled with concrete
50 that the resultant block will be 4 inches
(102 mm) above grade. The anchor bolts
are embedded in the concrete before it
hardens. Usually it’s easier to ensure that
the base is level and properly aligned by
attaching the mounting base and the first
sectton of the tower to the conceete an-
vhor bolts. Each manufacturer will pro-
vide specific detailed instructions for the
proper mounting procedure. Fig. 7 pro-
vides a slightly different design for a tower
basc.

The one assumption so far is that you
have normal soil, **Normal soil’” is a mix-
ture of clay, loam, sand and small rocks.
A technical discussion is beyond the scope
of this article, but you may want to adopt
more conservative design paramcters for
your base (usually, more conerete) if your
soil is sandy, swampy or extremely rocky.
If you have any doubts about vour sotl,
contact your local agricultural extension
office und ask for a more technical
description of your soil. Once you are
armed with that information, contact the
cngineering «epartment of your tower
manufacturer or a civil engineer.

Attaching Guy Wires

In typical Amateur Radio installations a
wuy wire may experience “puils’ in excess
of 1000 pounds (450 kg). Under such cir-
cumstances, you do not merely twisl the
wires together and expect them to hofd.
Fig. 8 depicts the traditional method for
fixing the end of & piece of guy wire. A
thimble is used to prevent the wire from
breaking hecause of a sharp bend at the
point of intersection. Three cable clamps
follow to hold the wire sccurely, As a final
backup measure, the individual strands of
the free end are unraveled and wrapped
around the guy wire. It is a lot of work,
but it is necessary to ensure g firm connee-
tion.

Fig. 9 shows the use of a device that
replaces the clamps and twisted strands of
wire. These devices are known by various
names - wuy grips, preforms or
deadends. Regardless of what vou uall
them, they are far more convenient to use
than are clamps. You must cut the guy
wire to the proper length. The preform is
installed into whatever the guy wire is
being attached to ¢use a thimble, if
needed). One side of the preform is then
wrapped around the guy wire. The other
side of the preforin foliows. The savings
in time and trouble more than make up
for the slightly higher cost.

Guy wire comes in different »izes,
strengths and types. Typically, 3/16-inch
{5-mm) EHS guy wire will be adequate for
the moderate tower instailation found at
most  Amateur Radio stations. Some
amateurs prefer to use 3,/32-inch (4-mm)
“aireraft cable,”” Although this cable is
somewhat more flexible than 3/16-inch
EHS, it is anly about T0% as strong. We
recommend that vou stay with standard
guy wire and that you use nothing smaller
than 3/16-inch (3-mm) EHS.

Fig. 10 shows two different methods for
attaching guy wires to towers. At A, the
guy wire is simply looped around the
tower leg and terminated in the usuoal
manner, At B, a *torque bracket’ has
heen added. There probably isn’t much
difference in performance for wind forces
that are tending to *‘push the tower
over,”” If you happen to have more pro-
jected area (antennas, feed lines, etc.) on
one side of the towsr than the other, then
the force of the wind will cause the tower
to tend to twist into the ground. The tor-
gue bracket will be far more effective in
resisting this twisting motion than will the
simpler installation, The trade-off, of
course, is in terms of initial cost,

There are two main types of anchors
used for guy wires, Fig. 11A depicts an
earth screw, It usually measures 4 1o 6 feet
(1.2 to 1.8 m} long. The screw blade at the
bottom typically measures 6 to 8 inches
(150 to 200 mm) in diamcter, Fig. 118 il-
lustrates two people installing the anchor.
The shaft is tilted such that it will be in
line with the guy wires. Farth scrows are
supitable for use in “‘normal”” s0il where
permitted by local building codes.

The alternative to earth screws is the
concrete block anchor. Fig. [1C shows the
installation of this type of anchor; it is
suitable tor any soil condition, with the
possible exception of a bed of lava rock!
Consult  the instructions from the
manufacturer for the precise imethod of
installation.

Turnbuckles and associated hardware
are used to attach yuy wires to anchors
and to provide a convenient method of
adjusting tension on the guy wires, Fig,
{2A shows a turnbuckle of a single guy
wire attached to the eye of the anchor.,
Turnbuckles are usually fitted with either
two eves or one eye, and one jaw. The
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Fig. 12 — Variety of means available for at-
taching guy wires and turnbuckles to anchors,

eyes are the oval ends, while the jaws are
U-shaped with a bolt through the tips.
Fig. {2B depicts two turnbuckles attached
to the eye of an anchor. The procedure for
installation is to remove the boit from the
jaw, pass the jaw over the eye of the an-
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TECHNICAL CORRESPONDENCE
NEEDED

2] Technical Correspondence  Fditor
Hall, KITD, is looking for letters that
treat subjects of technical interest to QST
readers. He is particularly interested in
receiving letters dealing with selutions to
technical problems, new design techniques
and improvements to existing modern cir-
cuits, Constructive criticisms of published
QST articles (technical aspects) are used in
the column when appropriate and are
welcomed. Qur objective is-to make the
column  interesting and  useful by
publishing material of high quality.

We are always happy to receive con-
tributions for our Hints and Kinks col-
umn, too. If you have developed an in-
novation that might be of interest to other
amateurs, please write a description of the
gadget or concept and send it to Hints and
Kinks Editor Leland, WIJEC, at ARRL
Hg.

Sources of Information

Data for. this article was compiled from the
literature made available by the following
manutacturers. For more information and par-
ticular specifications, we suggest that you con-

tact them or their dealers directly.

Aluma Tower
Box 2806
Vero Beach, FL 32860

Hy-Gain Division

Telex Communications, Inc,
9800 Adrich Ave., §.
Minneapalis, MN 55420

Trisiao and Pratt Tower Company
P. 0. Hox 3715

Visalia, CA 83278

Wilson Systems, Inc.

4286 S, Polaris Ave,

Las Vegas, NV 83103

Heights Manufacturing Co.
4516 N. Van Dyke
Almont. M| 48003

Unarco-Rohn
P.Q. Box 2000
Pecria, IL 61601

Tri-Ex Tower Comp.
7182 Rasmussen Ave,
Visalia, CA 93277

Universal Manufacturing Company
12357 E. 8 Mile Rd.
Warren, Ml 4808%

chor and reinstall the bolt through the
jaw, through the eve of the anchor, and
through the other side of the jaw. For two
or more guys attached to one anchor, it is
recommended that you install an equalizer
plate (Fig. 12C). In addition to providing

Talk about [uck! While preparing to throw out
same old books, Robert Hertzberg, K4JBI,
unexpectedly found his ariginal ham ticket
folded up in one of them. Issued by the Depart-
ment of Commerce, it was dated Degember 18,
1919. The former 2ABK has run the garmut from
spark gap to sideband and is still an ardent
operator and expetimenter. {photo courtesy of
B} -

Technical Correspondence is the spot in
@ST to have your ideas or opinions aired.
KITD is waiting to hear from you! —
Doug DeMaw, WIFB

a convenient point to attach the turn-
buckles, the plate will pivot slightly and
tend to equalize the tension on the guy
wires, Once the installation is complete, a
safety wire shouid be passed through the
turnbuckles in a *“figure-eight'’ fashion to
prevent the turnbuckle from working
foose

Summary

We've presented a short overview of
towers and accessories, There is no way to
answer ail of your questions in an article
of this scope. Hopefully, we have put you
in a position to ask more (and hetter)
questions of the person who has all the
answers -— the tower manufacturer.
Before putting down the first dollar on
your tower, do some research and make
sure that your planned installation will be
safe and will suit your needs. Please do
not construe this article. as an endorse-
ment of any particular manufacturer, type
of tower ot type of accessory. We cannot
and will not tell you which tower to buy.
That i your decision. Make sure you
don’t wake up after a heavy storm and
find that you've besn impaled by vour

20-meter reflector. loEEj

Notes

*R. A, Lodwig, *“Wind Force On A ¥agi Antenna,”
QST Tuly 1974, p, 46,

I, J. Nagle, **How to C'alculate Wind Loading on
Towers and Antenna Structures,”” Ham Radio,
August 1974, p, i6, '

!Structural Standards for Steel Antenna Towers and
Antenna Supporting Struciures, EIA Standard RS-
202.C, Electronic Tndustries Association, March
1976, available from EIA, 2001 Eye St., N.W.,
Washington, DC 20006, price $7.40,

CLUB REBATES/FOREIGN FUNDS

i Clubs wishing to take a commission
for their treasury must “send member-
ship/subscriptions, new or renewal, to
Hg. They must be sent by 4 club officer,
Foreign remitters please write us promptly
when sending money, stating the amount
sent and clearly indicating what it covers.
This will enable us to fill your request
maore quickly. — Marion Bayrer, ARRL
Circulation Department

1 would like to get in touch with . . .

[2] amateurs interested in forming a Ger-
man  language net. Harry Hingz,
WB6LNZ, P. O. Box 546, Rio Vista, CA
94571.

Il an amateur | worked in Panama in
1979. My log information is as follows:
date, 7-29-79; time, 16452; call, KZ5KRB;
RST, his-569, mine-569; frequency,
21,195 MHz; name, Ken; QTH, Ft.
Gulick. Dick MacWilliams, KA3CDQ,
4505 Ashford Dr., Upper Marlboro, MD
20870,

L] other hams who would like to learn or
practice foreign Ianguages on the air,
Gabe Garginlo, WAIGFJ, 160 Elm St.,
North Haven, CT 06473,
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