
                                                                                           
 

 

 TOWERS AND MASTS 

 
 

1. Introduction ........................................................................................................................................ 3 

2. The standard ....................................................................................................................................... 3 

3. Definitions: Towers and Masts......................................................................................................... 3 

4. Types of  towers and masts ............................................................................................................... 3 

4.1 Monopole tower ........................................................................................................................ 3 

4.2 Self  supporting tower ............................................................................................................... 4 

4.3 Guyed mast ................................................................................................................................ 4 

5. Choosing a tower type ....................................................................................................................... 5 

5.1 Antenna load.............................................................................................................................. 5 

5.2 Tower footprint ......................................................................................................................... 5 

5.3 Height of  tower......................................................................................................................... 5 

6. Building a re-bar cage ........................................................................................................................ 5 

7. The Concrete foundation.................................................................................................................. 6 

7.1 Concrete composition .............................................................................................................. 6 

7.2 Mixing concrete ......................................................................................................................... 6 

7.3 Hydration ................................................................................................................................... 6 

7.4 Curing ......................................................................................................................................... 6 

7.5 Concrete strength ...................................................................................................................... 7 

8. Anchors ............................................................................................................................................... 8 

9. Assembling the tower ........................................................................................................................ 8 

9.1 Pre-assembly on the ground .................................................................................................... 8 

9.2 Gin pole ...................................................................................................................................... 9 

9.3 Assembling of  high towers ...................................................................................................... 9 

10. Guy cables ........................................................................................................................................... 9 

10.1 Types of  guy wires ................................................................................................................ 9 

10.2 Pre-load in guy cables ......................................................................................................... 10 

10.3 Termination of  guys ........................................................................................................... 12 

10.4 Tightening the guy cables .................................................................................................. 12 

10.5 Measuring the tension ........................................................................................................ 13 



                                                                                           
 

10.6 Measuring tower plumb ..................................................................................................... 14 

11. Climbing ............................................................................................................................................ 14 

12. EARTHING AND LIGHTNING PROTECTION OF TOWERS AND MASTS ........... 15 

12.1 General ................................................................................................................................. 15 

12.2 Earthing ................................................................................................................................ 16 

12.3 Construction of an Earth ................................................................................................... 17 

12.4 Protective Grounding......................................................................................................... 17 

13. Maintenance ...................................................................................................................................... 17 

14. Conclusions ....................................................................................................................................... 17 

 
  



                                                                                           
 

1.  Introduction 
Radio masts and communication towers are typically tall constructions specially designed to carry 
antennas for radio communication. Such radio communication includes television, radio, GSM and 
Internet traffic. 
 
Towers and masts are used in numerous applications in wireless networks from broadband point-to-
point systems to LMR1 networks. Towers and masts are often required to raise antennas above tree 
lines and roof  tops for line-of-sight connections. 
This unit is a general guide, practical oriented, for establishing a communication tower or mast. The 
guide is applicable both for self  supporting towers and guyed masts. 
2.  The standard 
The Structural Standards for Steel Antenna Towers and Antenna Supporting Structures (ANSI/TIA 222-F-
1996 was published in March 1996 by the TIA (Telecommunications Industry Association). The 
objective of  the TIA 222-F document was to provide a set of  minimum criteria for specifying and 
designing steel antenna towers and antenna supporting structures. 
3.  Definitions: Towers and Masts 
In engineering terms, a tower is a self-supporting structure while a mast in supported by stays or 
guys. 
4.  Types of  towers and masts 
This document presents the three most common types of  towers/masts that are used today in 
wireless communication; self-supporting tower, monopole and guyed mast2. 

Image 1: The three most common types of  communication towers/masts. 
4.1  Monopole tower 
Monopoles are hollow tapered poles made of  galvanized steel  They are 
constructed of  slip jointed  welded-tubes and can be up to 200 feet (60m). Due 
to its construction, they are expensive to manufacture but simple to erect. 
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Monopoles are primarily used in urban environments where there is limited space available for the  
footprint3 of  the tower base. The maximum footprint of  a 200 feet monopole is approx. 6x6 feet 
(2x2 m 
Image 2:  A monopole tower 
 
4.2  Self  supporting tower 
A self  supporting tower (free-standing tower) is constructed without guy wires. Self  supporting 

towers have a larger footprint than monopoles, but still requires a 
much smaller area than guyed masts. 
 
Due to its relatively small footprint, this kind of  tower is commonly 
seen in cities or other places where it is short of  free space. 
 
Self  supporting towers  can be built with three or four sided 
structures. They are assembled in sections with a lattice work of  
cross braces bolted to three-four sloping vertical tower legs. 
The wider the base of  the tower is, the larger antenna load is 
acceptable. 
Standard support forms for lattice structures are specified as follows:  
, 

(i) Lattice Leg  
 
(ii) Angle Leg  
(iii) Tube Leg / Solid Round Leg  
 
Image 3: A self  supporting tower with no need of  guys. 
 
 

4.3  Guyed mast 
 
A Concrete bases on  the ground. A guyed mast consists of  
identical three-sides section (approx. 10 ft (3m) each) that are 
stacked upon each other. Unlike monopoles for example, the 
guyed masts do not taper as they rise, since each section has the 
same width. 
As a result of  the guys, this kind of  mast has a large  footprint. 
On the contrary, guyed masts can be higher than non-guyed 
towers and allow larger antenna load. 
A guyed mast is ideal for most communication needs, including 
wireless Internet, cellular and antenna radio towers. 
 
 

                             
 



                                                                                           
 

 
 
5.  Choosing a tower type 
There are in general four major consideration when selecting the type of  tower for your deployment: 
 

1. Antenna load 
2. Tower footprint 
3. Height of  tower 
4. Budget 

5.1  Antenna load 
The antenna loading capability of  a tower depends on the structure of  the tower. The more surface 
area of   antennas, coaxial cables, brackets and other equipment mounted on the tower and exposed 
to the wind, the more robust tower is required. 
 
The wind load is proportional to the area of  the exposed structure and to the distance from the 
attachment to the ground. Curved and perforated shapes (grids and trusses) offer less wind 
resistance and are therefore preferred to achieve a low wind load. Solid dishes are quite vulnerable to 
wind load and is avoided in windy environments. 
 
The average wind speed of  the site must also be taken into consideration. The average wind speed 
depends on where on the earth the site is located, the altitude and type surroundings (rural or city). 
Online statistical data  is available from meteorological institutes. 
 
There are many ways to calculate the wind load, some are better than others. The “latest” and 
probably most accurate method is specified in the latest IEA-222 standard specification. 
5.2  Tower footprint 
The footprint of  a tower is the amount of  free space on the ground that is required for the 
installation. Depending on the structure of  the tower, it requires more or less space for installation. 
For tall guyed masts (>100feet, 30m), each guy anchor is typically 10-15m from the base of  the 
mast. For a mast with 3 guy wires per level, that results in a footprint of  approx. 90-200m2 . 
5.3  Height of  tower 
If  you need a structure that is less than 40 feet, you can in fact eliminate the expense and additional 
work that is required for guying it.  Instead you can bracket mount the tower to a house or garage 
roof  even. Adding guys cables to a structure will allow higher height. 
 
6.  Building a re-bar cage 
A cage of  reinforcement bars, “re-bar cage“, is required to give the concrete the tensile strength it 
needs to support the load of  your tower. 
 
Two layers of  re-bars are placed in the hole, one bottom grid and one upper grid. They are joined 
together with the support of  standees. 
 



                                                                                           
 

The first level of  re-bar is placed at least 3” from the soil as it needs to be covered with at least 3” of  
concrete. The re-bars is covered by concrete to keep them from corroding (see Section 17). If  re-
bars start to corrode inside of  the concrete it will expand and cause cracks in the concrete. 
The re-bars must not only be embedded in concrete in the bottom of  the cage, the same rule applies 
for all situations were the re-bars are exposed to earth, i.e. bottom, sides and top. 
To space the re-bar away from the surface of  the hole, you place small blocks of  concrete called 
Dobies in the soil. 
 
 
7.  The Concrete foundation 
7.1  Concrete composition 
Typically, a concrete mix is about 10-15 % cement, 60 - 75 % aggregate and 15 - 20 % water. All 
ingredients are carefully selected to create a good final product. 
 
7.2  Mixing concrete 
Done manually or by machine. When casting a small concrete foundation, the concrete can easily be 
mixed up by hand while larger bases definitely needs machinery. 
 
An 80 pound (36 kg) bag of  Quickrete will make 2/3 cubit feet (0,02 m3 ) of   concrete. It takes 
about 10 minutes to mix one bag of  this in a wheelbarrow and dump it into the base. A tower base 
3'x3'x3' is one cubic yard which requires no less than 40 bags. That would take 6 hours of  mixing by 
hand. 
 
7.3  Hydration 
Concrete does not dry, as many people often refer to, it hydrates. Hydration is a chemical process 
between the paste and the aggregates which requires time and water. 
 
7.4  Curing 



                                                                                           
 

Curing is a process that aids the hydration of  the concrete. When the concrete is poured into the 
hole it is kept moist with a temperature of  50-75°F (10-24°C). A correct curing process in essential 
for the quality of  the concrete. Good curing implies that evaporation of  water is prevented or 
reduced. 
 
7.5  Concrete strength 
 

Material Tension (psi) Compression 
(psi) 

Bricks, common light red 40 1000 

Portland Cement, 1 
month 

400 2000 

Portland Cement, 1 year 500 3000 

Portland Concrete, 1 
month 

200 1000 

Portland Concrete, 1 year 400 2000 

Granite 700 19000 

 
CONCRETE NO-NO's 

 
1. Sun on freshly poured concrete. 

 Keep it covered with wet straw (or old wet rug) plus plastic or tar 
paper. 

 
2. Excessive heat. 

 Do not pour concrete when the temperature is too high. 
 

3. Pouring concrete into a hole that is dry. 
 Wet the bottom and sides of the hole before you pour the 

concrete otherwise the dry soil will suck all the water out of the 
concrete. That will result in a weak mix when it cures. 

 
4. Stressing the fresh concrete 

 Do not put any stress on the tower base while the concrete is 
hydrating. Do not assemble the tower too quickly. 

 
5. Dry concrete surface while curing 

 Give it a spray with water as often as possible to keep it wet. 
 
 



                                                                                           
 

Table 1: The tension and compression values of  different sorts of  concrete. 
 
8.  Anchors 
The anchor is the metallic structure that connects the guy cables to the concrete foundation. 
Anchors keeps a tower in place when the wind is blowing.  
 
9.  Assembling the tower 
Communication towers and masts are typically manufactured in sections which are put together on 
the site of  the deployment. Some models though, normally shorter structures, are self-erecting 
towers that come in “one piece”. 
This section focuses on towers/masts that constitute of  a set of  sections that need to be assembled. 
Such structures can both be self  supporting tower and guyed masts. 
9.1  Pre-assembly on the ground 

 
 
For guyed masts, a set of  useful tricks follows: 
 

1. Start by pre-assemble the tower sections on the ground, starting with the base sections.  
Install the guy attachment points  but do not fully tighten all the bolts until after 
installation of  the guys. 

 
2. Calculate how long each guy cable are and then add 10 feet (3 m) to the result. Pre-cut all 

the guys and mark each one of  them with a tag to identify which guy it is intended for (1st, 
2nd, 3rd etc.). 

 
3. Pre-install the guy grips on one end of  each guy cable, but only halfway.  Leave one side 

“un-wrapped”  so that when you raise the guy up to the guy bracket, you can easily slip the 
free end of  the guy grip through the thimble and finish the wrap quickly while you are up on 
the tower. 

 

 

GENERAL HINTS FOR TOWER ASSEMBLING 
 

When installing a guyed section, pull the guys up separately and do not attach them to the 
section. If experienced, pre-installation of the guy attachments to the tower section is a good 
idea though, since that is a quite complex task that should be avoided to do in the air. 
Install all bolts with the nuts on the inside of the tower. In that way you will reduce the 
protrusion on the outside legs and avoid getting stuck with your climbing gear and         
damage both your clothes and your skin. 
 



                                                                                           
 

9.2  Gin pole 
A gin pole is a useful tool for lifting tower sections on top of  each other.  A gin pole is typically a 
long piece of  metal tubing with a pulley in the top with a set of  ropes attached to it. In the bottom 
of  the gin pole, a bracket is attached that clamps to the leg of  the tower. 
  
When the first tower section is put in place over the concrete base, a gin pole is mounted at the top 
of  that tower section.  By pulling the ropes (by man power) from the ground, the gin pole allows to 
lift up a tower section above the top section of  the tower and set it down onto the previous section. 
Meanwhile a tower section is lifted up with the gin pole, one or two persons are needed in the tower 
to undo the bolts and to place the section correctly when it is lowered. 
Gin poles are also used for the reverse process, when disassembling a tower. 
 
The length of  the rope is approx. twice the height of  the tower plus some extra length (at least 50 
feet, 15m) so that the ground crew can keep a safe distance away from the bottom of  the tower. 
For example, for a 100 feet (30m) tower, your rope is at least 250 feet (75m) long. 
   
9.3  Assembling of  high towers 
If  the tower is very high, assembling of  the tower sections can not be done manually with a gin pole. 
Then, a crane is needed to lift up the tower sections to the right place. Still, you need experienced 
people in the tower to mount the pieces together. 

Image 9: Using a crane to place the top segment on a high self-supporting tower. 
 
10.  Guy cables 
A guy cable (or guy wire, guy rope)  is a metallic wire that gives stability to tall structures  like masts.  
One end of  the guy is  attached to the tower in an attachment point while the other end is attached 
to the concrete foundation in a guy anchor. 
 
10.1  Types of  guy wires 
The most commonly used guy wires  are  EHS Steel guy wires, Phillystran and Pultruded fiberglass. 



                                                                                           
 

 
EHS (Extra high strength) Steel Guywire 
Specified in the ANCS (American National 
Standards Institute) standard ASTM B227-04 with 
the title “Standard Specification for Hard-Drawn Copper-
Clad Steel Wire”. 
An EHS steel wire is made of  a set of  galvanized 
twisted steel strands and is the most commonly 
used guy cable. 
 
 
 
       Image 10: EHS galvanized guy cable 
Phillystran 
A non-conducting guy wire material made out of  Kevlar (aramid fiber) fiber core with a PCV jacket. 
Phillystan is  both strong and light weighted. 
The purposes of  the PVC jacket jacket are: 

1. To protect the cable from abrasion during installation 
2. To prevent moisture from wicking into the core 
3. Most importantly, to protect the core from UV damage 

 
Pultruded fiberglass 
Pultroded fiberglass is much more elastic than steel.  In order to have the same spring rate as steel 
guys and hence, the same ability to stabilize a tower, the cross-sectional area of  the fiberglass are 
must larger (4.83 times) that the steel. 
In the case of  a EHS guy,  the equivalent solid fiberglass rod diameter would be twice the EHS size 
you want to replace. 
10.2  Pre-load in guy cables 
It is recommended that the guy wires should have a initial tension (pre-load) of  approx. 10-15% of  
its ultimate breaking strength4 to stretch out the slack in them. The exact amount of  pre-load 
depends on the type of  guys used and how high up in the tower/mast they are attached. 
 
If  the guy is attached in the top of  the tower (100% ), the tension is 8% of  the tensile strength.  For 
80% of  the tower's height, 10% tension is applied. If  the anchor point is at 65% of  tower height, 
15% tension can be applied as you loose a lot of  wind load in this last type of  installation. The 
breaking strength will improve the control of  the flexibility and still not cut down on the cable 
strength. 
 
 

                             
 



                                                                                           
 

 
Image 11: Suggested pre-load in guy wires for different height of  the tower. 

 
Source: IT +46 
 
Depending on the height of  the tower, you must choose the right diameter of  the guy cable that can 
handle the load of  the tower. 
 
For example, a Rohn 25 tower requires a 3/16” EHS guy. That wire has a breaking strength of  4,000 
lb (1800kg) which allows a tension of   400 lb (180kg). 
 
 

Type Diameter 
(inch) 

Diameter 
(mm) 

Breaking strength 
(lb) 

Breaking strength 
(kg) 

EHS (7 
strands) 

3/8” 9.5 15,400 6985 

EHS (7 
strands) 

5/16” 7.9 11,200 5080 

EHS (7 
strands) 

1/4” 6.5 6,600 2994 

EHS (7 
strands) 

3/16” 4.8 3990 1810 

 
Table 2: Breaking strength for EHS guy wires with different diameters. 
 
 



                                                                                           
 

10.3  Termination of  guys 
The guy wires need to be terminated in a way so that they can be securely attached to the guy 
anchors. 
 
For EHS, preforms or aka. "dead ends" are the most reliable and easiest way to terminate a guy. 
 

 
Image 12: A terminated guy cable with a “dead end”. 

 
Use thimbles over the preforms for ALL terminations.  Many thimbles are teardrop-shaped which 
you need to open up when installing them. There are also thimbles that are U-shaped with enough 
clearance in the mouth that you should have a minimum of  fuss installing them. 
 

 
Image 13: a) Tear drop shaped thimbles. b)  A “dead-end” terminated guy cable with a thimble. 

 
10.4  Tightening the guy cables 
As you assemble the mast, section by section, you need to tighten the guys accordingly. Normally, a 
tower has 2-3 levels of  guys (depending on the height of  the tower/mast) and three guys on each 
level. 
 



                                                                                           
 

 
Image 14: A guyed mast with a total of  six guy wires (two levels with 3 guys each). 

 
  
Naturally, you will start with the guys closest to the base. Start by tighten all three guys moderately 
and then check the tower for plumb with a tall level.   
It is recommendable to use  turnbuckles as it will allow you to fine tune your adjustments later on. 
 

 
Image 15: A turnbuckle used to tighten guy wires. 

Source: Wikimedia.org 
 
10.5  Measuring the tension 
 
An inexpensive, easy to use and accurate way to measure guy wire tension is with a LOOS guy wire 
tension gauge.  The gauge is manufactured of  rugged anodized aluminium and is corrosive 
resistant and hence, has a long life time.   
 
 



                                                                                           
 

 
 
10.6  Measuring tower plumb 
As you are tightening the guy wires and measuring the tension, you need to measure how plumb 
your tower is, so that you do not end up with a tower in Piza5 style. 
 
When the first tower section is plumb, you continue to the next section. 
 

 
Image 16: A plumb bob used to adjust the guys in order to ensure a vertical tower. 

 
11.  Climbing 
 
The safest, most comfortable, and most versatile type of  climbing belt is a seat harness.  
 

                             
 

 
GENERAL TIPS FOR GUY TENSIONING 

 
Put a separate wire, or one of the long loose ends,  through all the turnbuckles to prevent them 
from loosening 
 
Loop a cable through all of the thimbles (in a circle) in case one of the turnbuckles breaks. 
 
The guy tension changes with temperature due to expansion and contraction. That means, if 
the initial tension was done in the winter, it will loosen up in the summer due to expansion 
caused by higher temperature.   
 



                                                                                           
 

 
Image 17: a) Seat harness b) A harness with fall arrest. 

 
 

 
 
Other climbing equipment that is relevant: 

 Climbing lanyards 
 Carabiners 
 Ropes 

 
Finally, you will need appropriate clothes for the mission including helmet, shoes and gloves. 
 
12.  EARTHING AND LIGHTNING PROTECTION OF TOWERS AND MASTS  
12.1  General  
 
(a) All masts is grounded and the earth resistance measured at the earth terminal block is less than 2 
ohms.  
 
(b) A lightning air terminal (Faraday Rod) is mounted on mast top and a vertical copper earth wire 
or tape run down the side of one mast leg to ground and connected to the earth at the terminal box.  
 
(c) Due cognisance is taken of the fact that the most important factor in getting a good earthing is 
the use of good quality materials for installation. Care is taken to ensure that the earthing and 
lightening protection design and methods illustrated in Figure 2.33 and 2.34 of the First Schedule to 
these Guidelines are followed.  
 

 
GENERAL TIPS FOR CLIMBING EQUIPMENT 
 
Stay away from leather belts which are no longer approved by OSHA. The leather can dry out 
and become seriously weakened. 
 
Make sure that the climbing gear that you are using is comfortable to wear for long periods as 
you will probable be up in the tower for many hours. 
 
Do not be cheap when it comes to climbing equipment. A mistake can be fatal and you have 
only one life in this game. Also, you will perform the work better if you feel safe and enjoy the 
time up in the tower. 
 
Try to keep all equipment as light as possible 



                                                                                           
 

12.2   Earthing  
 
(a) Earthing and Lightning protection is provided in all completed towers sites to protect equipment 
from damage and personnel from harm which may result from excessive voltages during a lightning 
strike.  
 
(b) The arrangement is such that lightning discharge current is prevented from entering equipment 
rooms.  
 
(c) Equipotential conditions is maintained throughout the site by bonding.  
 



                                                                                           
 

 
(d) Due cognisance is taken of the following:  
 
(i) that the resistance achievable in an earth installation is directly proportional to the resistivity of 
the soil at the depth to which the earth rod has been driven.  
 
(ii) When the soil resistivity of a site is not known it can be measured without excavation by using a 
direct reading metre and earth spikes.  
 
 
12.3  Construction of an Earth  
The Construction of an Earth to conform to the following specifications:  
(a) Lightning rod is clamped to the highest point on the mast.  
 
(b) Ground wire is connected to the lightning rod and is preferably one continuous piece down to 
the earth ground rod.  
 
(c) Where, the antenna type does not permit the use of a lightning rod point, the ground wire is 
taped or wire-tied to the mast as far up as practicable.  
 
(d) Ground wire run from the tip of the mast and is connected to the tower, and then run all the 
way to the ground.  
 
12.4  Protective Grounding  
 
(a) Structures is directly grounded to a primary ground.  
 
(b) The ground rods is bonded with a lead of not smaller than 5 mm tinned bare copper connected 
to the metal base of the structure of each leg of a tower.  
 
13.  Maintenance 
The tower is inspected at least twice per year. The inspection should (at minimum) include the 
following: 
 
   • Ensure that all hardware is tight 
   • Ensure proper tension in the guy cables 
   • Inspect for corrosion. If  corrosion is found, remove loose pieces and add paint. 
14.  Conclusions 
To establish a communication tower requires a great deal of  planning, access to experienced 
personnel and good tools. Without any of  these components, the tower will not stand up for a long 
time. 
 



                                                                                           
 

A  “base” of  good quality is essential for the life time of  a tower/mast. If  the base in not done with 
care, fatal accidents can occur which might not just turn out to be expensive but also include 
personal tragedies. 
 
The TIA (Telecommunications Industry Association) has established a set of  standards that relates 
to tower establishments: 
 

 The “Structural Standards for Steel Antenna Towers and Antenna Supporting Structures (ANSI/TIA 
222-F-1996)”, it provides a set of  minimum criteria for specifying and designing steel 
antenna towers and antenna supporting structures. 

 “Structural Standards for Installation of  Antenna and Antenna Supporting Structures"  (TIA/EIA-
PN-4860 - Gin Poles), it  is another standard that aims to improve the safety  for  tower 
workers. 

 


