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ABSTRACT 

Structural health monitoring of a lattice tower is presented. This research was prompted by 

the requirements of the Nigerian Communications Commission (NCC) that all masts should 

be checked for their structural health status every five (5) years. However, In the bid to cut 

down maintenance costs, some telecommunication network providers have adopted tower 

sharing without checking their structural health status to ensure their capability of bearing 

extra load from additional equipment, consequently creating an upsurge in the construction 

and maintenance of telecommunication towers. In this study, a lattice tower with the 

weakest parameter was selected: a 45m tower, with three (3) legs, erected over nine (9) 

years and shared by three (3) telecommunications operators in the Federal Capital Territory 

(FCT), Nigeria. The tower’s structural stability and utilization percentages were 

determined. The auditing of the tower and foundation was also carried out. There were no 

twisted or missing members on the tower and no visible crack or blister on the three (3) 

stub columns. The average compressive strengths of the stub columns determined using the 

Proceq digital Schmidt hammer were 25.1, 25.9 and 25.9 N/mm2 for legs A, B and C, 

respectively. From the structural analysis of the lattice tower using the Effective Projected 

Area (EPA) model, the tower utilization percentage was found to be at 59% after 

optimization. While results obtained from the STAAD pro. V8i analyses show that the 

utilization ratios (actual ratio to allowable ratio) of the tower members are less than one (≤ 

1) and there was no failed member identified after the structural analysis. The lattice tower 

can be said to be stable and fit for continuous use. However, the tower paint needs 

repainting, and it is recommended that structural status be checked whenever additional 

telecommunication antennas are to be installed on the tower by telecommunications 

network providers to prevent structural damage and consequent collapse of the tower. 
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CHAPTER ONE 

      1.0                                                INTRODUCTION 

 

      1.1 Background to the Study 

In the recent past, the number of telecommunication towers has risen astronomically 

due to licensing of more network providers like Globacom, MTN, Airtel and Etisalat 

(Okonji, 2013). This is also due to the growing demand for wireless and broadcast 

communication which has prompted a dramatic rise in construction and maintenance of 

towers. Failure of such structures is however a major concern (Sharma et al., 2015). 

Tower sharing which involves sharing of one tower by two or more network operators 

has also increased in a bit to reduce maintenance cost. Such towers may need to be 

strengthened or made taller to support several sets of antennas (GSMA, 2012). Existing 

towers will have to be assessed to ensure they are capable of withstand extra equipment. 

It is therefore extremely important that towers are effectively maintained to ensure 

continued safety and efficient operation throughout their lifetime. The above statements 

call for increased awareness on the structural health monitoring of lattice towers in 

Nigeria. 

     1.2 Statement of the Research Problem                                                                                   

       Failure of towers is generally due to high intensity winds. Several studies have been 

carried out by considering wind and earthquake loads (Sharma et al., 2015). 

       Another problem the telecommunications towers is facing is the upkeep of the aging 

towers along with staying within a maintenance budget that is decreasing (Sullins, 

2006).  
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       While new towers can be built taking into consideration the ultimate load-bearing 

capacity required, existing towers may not have been designed to cater for the 

additional load requirements of service providers who decide to share (GSMA, 2012). 

      1.3 Aim and Objectives of the Study 

      1.3.1 Aim 

The aim of this research work is to assess the structural health status of a selected lattice 

tower. 

      1.3.2 Objectives 

The objectives of the study include the following: 

i. to select a lattice tower with weakness parameter based on number of legs, 

height, years of service and number of operators sharing the tower. 

ii. to determine the structural integrity of the selected lattice tower by carrying out 

tower audit. 

iii. to determine the tower loading utilization percentage and the stability using the 

Effective Projected Area model and the STAAD pro. V8i software 

respectively. 

      1.4 Justification of the Study 

In recent years, a number of tower failures caused by heavy rains and strong 

windstorms were recorded in Nigeria as shown in Table 2.1. These failures resulted in 

great economic loss and loss of lives. On the other hand, the Nigeria Communication 

Commission (NCC), specified that ‘major inspections (structural health monitoring) be 

performed at least once in every 5 years for self-supporting towers (NCC, 2009).  



3 
 

In this backdrop, the assessment of structural integrity of the selected lattice tower will 

help determine stability of the tower. It will further show the possible threat posed by 

poorly maintained towers and their potential danger to life and properties in their host 

communities. 

     1.5 Scope of Study 

The scope of study is limited to structural health monitoring of a lattice tower with 3-

legs, erected over nine years ago, having a height of 45m and shared by three 

telecommunication network operators (Glo, Etisalat and Airtel). 

 Investigation includes thorough physical inspection, non-destructive test on tower’s 

stub column using Schmidt hammer and structural analyses of the entire towers using 

the Effective Projected Area (EPA) model and STAAD pro. V8i software. 
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CHAPTER TWO 

     2.0                                           LITERATURE REVIEW 

                                                         

     2.1 Telecommunications Towers 

A telecommunications tower or mast is a combination of steel structures that are 

designed in order to support radio antennas for telecommunication and broadcasting 

purposes. The towers used for telecommunication purposes in the public, require 

elevated antennas to effectively transmit and receive radio communications (Al-jassani 

and Al-suraifi, 2017).  

Bello (2010) defines mast as a freestanding structure which supports antennas at a 

height where they can transmit and receive radio waves. Telecommunication masts may 

be of several types, and range in height from 30 to 300 meters or more (Ogbonna et al., 

2016). The type of tower used for an application is usually dependent on the design 

height. 

A telecommunication tower is housed in a cell site or base station site. A cell site is a 

cellular-enabled mobile device site where electronic communications equipment and 

antennas are placed on a radio mast, tower, or other raised structure to create a cell in a 

cellular network. Figure 2.1 shows the site layout of a typical telecommunications site. 

In order to have optimal network coverage, cell sites are often located in close 

proximity to the target users; the reason telecom operators also site their masts in 

residential neighbourhoods (Michael et al., 2013). 
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Figure 2.1: Layout of a typical telecommunication site (Source: Etisalat Tower 

Specification, 2012) 

      2.2 Classification of Telecommunications Towers 

Al-jassani and Al-suraifi (2017), classified telecommunications towers based on various 

criteria such types of structural action, material sections, numbers of legs, types of 

weight and capacity, types of shapes and so on. Based on structural action, towers can 

be classified into three major group namely self-supporting towers, monopoles towers 

and guyed towers. 
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Self-supporting towers are supported on ground or on buildings. Though the weight of 

these towers is more, they require less base area and are suitable in many situations. 

Most of the television, microwave, power transmission, and flood light towers are self-

supporting towers as presented in Figure 2.2. 

 

 

 

 

 

 

 

 

 

Figure 2.2: Self-supporting tower (Source: Etisalat Tower Specification, 2012) 

Monopole towers are single self-supporting pole which are sometimes placed on roofs 

of high-rise buildings, when number of antennae required is less or height of tower 

required is less than 9m. They use minimal space and resemble a single tube, require 

one large foundation, typically not exceed 45 m height and the antennas are mounted on 

the exterior of the tower, as shown in Figure 2.3. 
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Figure 2.3: Monopole Tower (Source: Etisalat Tower Specification, 2012) 

Guyed towers provide height at a much lower material cost than self-supporting towers 

due to the efficient use of high-strength steel in the guys. Guyed towers are normally 

guyed in three directions over an anchor radius of typically 2/3 of the tower height and 

have a triangular lattice section for the central mast. Tubular masts are also used, 

especially where icing is very heavy and lattice sections would ice up fully. These 

towers are much lighter than self-supporting type but require a large free space to 

anchor guy wires. Whenever large open space is available, guyed towers can be 

provided. 
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Figure 2.4: Guyed tower (Source: Etisalat Tower Specification, 2012) 

     2.3 General Requirements of Telecoms Towers 

According to Etisalat Tower Specification (2012), for self-supporting latticed tower of 

modular design, heights can be varied with minimal additional manufacturing. Also, 

towers will preferably be tapered, with 3-leg and 4-leg variations. Tower members will 

be made in shapes, sizes and weights to make for easy handling, shipping and local 

distribution with regular equipment and trucks. Tower shall be designed to be 

assembled on site by bolts and nuts/washers, without any need for welding, riveting, 

drilling, or any other form of splicing apart from bolts and nuts. 

Each tower will come complete with all accessories which include, but not limited to: 

Holding down bolts and templates, platforms, ladders, cable supports, radio antenna 
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mountings, microwave antenna mountings, aviation warning light with power cable, 

lightening spike with copper conductor, insulated grounding cable, naked cables and so 

on. 

2.3.1 Components of telecommunications towers 

Telecommunications towers is made of hot dipped galvanized structural steel sections. 

The sections may be angular sections or tubular sections. Other components include 

bolts, nuts, raised platform, aviation warning light, paint, and so on. 

      2.3.1.1 Structural steel 

Towers will be made in galvanized steel members. As a minimum, Grade 300WA Steel 

(to SABS 1431) shall be used for the design and manufacture of the tower members. 

Minimum Yield Strength for standard steel less than 16mm thick should be 235 N/mm2; 

for high tensile steel less than 16mm thick should be 355 N/mm2 and for High tensile 

steel exceeding 16mm thick should be 345 N/mm2. Steel sections beyond 35mm thick 

shall not be utilized in any parts of the towers. Generally, minimum thickness for tower 

leg members shall be 6mm and for other members (braces) shall be 4mm. Commercial 

grade steel may be used for the cat ladders and internal platforms. 

All steel components for the towers shall be hot-dipped galvanized to the specifications 

of ASTM A123, SABS SO 1461, or any internationally acceptable equivalent. All 

drilling of holes, markings and welding shall be completed for every component prior to 

hot-dipped galvanization.  

Every structural member or fabricated structural sub-assemblies of the tower (except 

bolts and nuts), shall have a part number clearly marked on it. This part number, which 



10 
 

shall have a minimum character of 10mm, will be permanently engraved or stamped on 

the member prior to galvanization; should be visible after galvanization and painting; 

and should be positioned on the member to be visible after tower installation.    

    2.3.1.2 Bolts and nuts 

All bolts that are M10 or bigger, except Holding down Bolts, shall be Grade 8.8 (high 

tensile strength). Galvanized flat washers (2mm thick or thicker) must be used on the 

nut end of the bolt but spring washers are not allowed. Double locking nuts are only 

required on squeeze type connections, but flat metal-on-flat metal connections do not 

need double lock nuts. The choice of number of nuts to be adopted for such connections 

is left to the tower manufacturer. 

Bolts that are less than M10 must be stainless steel Grade 304. Such bolts (eg bolts 

holding Aviation Warning Lamps) must be supplied with double nuts and must allow 

for a minimum of 5mm of thread to protrude once both nuts are in place. Holding down 

bolts may be black bolts but the threaded portion that will be exposed above the 

foundation must be hot dip galvanized. 

The grade, type, size, torque, and location of all bolts must be clearly indicated on the 

tower erection drawings. 

     2.3.1.3 Connections 

Tower design should be such that bolts are able to be tightened against flat steel 

surfaces that bear on each other in such a way that the full design tension for the bolts 

can be achieved. The joint configuration shall be such that a torque wrench can be used 

to tighten each bolt without disturbing adjacent bolts. A maximum of only two 
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members shall be connected per individual bolt (except for joint plates and bosom 

angles). 

Sleeve fitting pipe member connections are not recommended on the legs of latticed 

towers/masts. Where pipe legs are used, drainage holes must be provided in the pipe leg 

that is flush with the flange plate. Also, the bottom flange of the bottom leg member 

must allow drainage through the grout if there is a hole in the flange through a 20 mm 

drainage hole, else, the bottom flange shall contain no holes or be suitably plugged and 

sealed. 

 2.3.1.4 Ladders and cable runways 

The tower design and manufacture shall include for one access ladder, at least one 

working platform and rest platforms (spaced not more than 15m along tower height). 

The access ladder shall be a caged ladder containing stringers and hoops. The ladder, 

which shall be about 450mm wide (±50mm), shall start from the ground level and reach 

the full height of the tower, while the hoops and stringers shall start at about 1.5m from 

the bottom of the tower and terminate at the last working platform. 

Cat ladder rungs must be evenly spaced to allow comfortable climbing and will be 

between 

12mm and 16mm diameter thick. Spacing of ladder rungs shall be 250mm (±50 mm). 

Horizontal safety hoop having a diameter of 700mm (±50mm) must be provided on cat 

ladders, at spacing not exceeding 1m. Vertical stringers must also be provided to hold 

the hoops in place and provide adequate protection during climbing. Both sides of the 

cat ladder will allow for cable runs in such a way that the cables will not impede 

climbing but will be accessible at any point from the ladder. Cable support systems 
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shall be in angle sections or flat plates and shall allow for cable runs of 300mm wide 

and 150mm deep. They will allow cable clamps to be attached at 1m spacing, full 

height of the tower. 

2.3.1.5 Aviation warning lights 

Aviation Warning Light systems, which are to be powered by 220V, 50Hz A.C. power; 

shall be provided with photo-sensitive day/night switches and conform to ICAO 

regulations. The lamp is to be protected by a watertight transparent cover mounted in 

such a manner that an electrical switch will disconnect the power supply to the lamp 

when the cover is opened Specifications for the design and manufacture of Modular 

Self- Supporting Lattice Towers for use in Nigeria. 

All Aviation light brackets, threaded bolts and nuts shall be fabricated in Stainless Steel 

grade 304 or better. Bolts’ length must allow for a minimum of 5mm of thread to 

protrude after nuts are in place. Aviation Lights will typically be mounted as scheduled 

Table 2.1 below: 

Table 2.1 Aviation Warning Light Standard 

35m, 40m and 45m 

Towers Double lights at the top of the tower. Lights should be red and 

 

fixed, with Intensity not below 100 Candelas 

50m and 60m Towers Double lights at the top of the tower and three (3) single lights 

 

between 25m and 30m height. Lights should be red and 

 

flashing, with Intensity not below 1600 Candelas 

70m and 80m Towers Double lights at the top of the tower and three (3) single lights 

 

between 37m and 40m height. Lights should be red and 

 

flashing, with Intensity not below 1600 Candelas 

90m Towers Double lights at the top of the tower, three (3) single lights 

 

between 30m and 35m height and another three (3) single 

 

lights between 60m and 65m height. Lights should be red and 
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  flashing, with Intensity not below 1600 Candelas 

 

2.3.1.6 Tower grounding and lightening protection 

A Lightening spike made in galvanized steel and with a minimum length of 1200mm 

shall be designed and supplied with every tower/mast/monopole. The spike may be a 

16mm diameter rod or 38mm x 38mm angle section with a sharpened point. The actual 

length of the spike should be established using the 45o protective angle assumption 

(that is., all tower members, AWL and antennae are included within a 45o angled cone 

subtending from the top of the spike). 

Provision shall be made for the installation of the lightening spike at the uppermost 

section of the tower. 70mm2 insulated copper cables shall be supplied with the tower 

for the connection of the lightening spike to the earth ring on ground and for providing 

grounding points for antennae installed along the height of the tower. Minimum length 

of continuous insulated 70mm2 copper cable to be supplied with tower shall be 2 x 

tower height + 10m (example, a 35m tower will be supplied with 80m continuous 

length of 70mm2 insulated copper cable). Alternatively, half of the cables may be the 

insulated type of continuous length while the remaining half is 3mm x 25mm copper 

flat bars or 70mm2 bare copper cable of continuous length. 

 

2.3.1.7 Anchors and templates 

Each tower shall be supplied with an appropriate anchor system complete with 

template. The template will guide in the installation of the anchor system for accurate 

placement of tower at a later date. Anchor systems shall generally consist of bolts, nuts 
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and washers. Anchor bolts (which may be galvanized or black bolts) must be black 

bolts of strength and number, adequate to effectively transfer the tower leg reactions to 

the bearing structure. Where black bolts are used as anchor bolts, the exposed threaded 

portion of the bolts must be hot dip galvanized. 

2.3.1.8 Radio frequency antenna poles and brackets 

Each tower shall be supplied with at least three (3) RF Antenna support poles and 

brackets. The poles shall be 76mm diameter hollow pipes of 3mm minimum thickness 

made in hot-dipped galvanized steel and about 2.5m long. Each pole shall be designed 

to have 2 horizontal beams/brackets, each beam/bracket to be fixed at about 300mm 

from each end of the pole. Tower suppliers shall design appropriate bracket systems to 

hold the poles to the beams and the beams to the tower leg using galvanized standard 

steel sections like angles, U-bolts, threaded rods, plates etc. Provision must be made on 

the bracket system for adjustments to be made in the beams’ lengths to compensate for 

the taper of the tower and ensure poles are installed vertical if necessary. The poles and 

brackets shall be designed to effectively transfer the wind load on the panel antenna to 

the tower legs at a height of 70m under the specified wind and environmental 

conditions. 

 

2.4 Telecomummication Infrastructure Sharing 

Infrastructure sharing is a process where two or more operators share different 

infrastructure in a particular site as a mechanism for cost reduction, quality of service 

improvement and rapid network expansion while at same time creating a positive 

environmental impact with good economic sustainability (Idachaba, 2010). Benefits 

of telecommunications infrastructure sharing includes savings in capital and 
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operational expenditures, rapid deployment of telecommunications network services 

and reduction of adverse environmental impact. Infrastructure shared in the 

telecommunications industry includes tower structure, right of way, ground space, 

fibre duct, trenches, poles, electric power, antennas, and so on.  

Infrastructure sharing can be broadly categorized into three types namely: passive 

infrastructure sharing, active infrastructure sharing and spectrum sharing (Nosiri et 

al., 2015). 

2.4.1 Passive infrastructure sharing  

This involves the sharing of non-electronic equipment like site space, tower, mast, 

poles, and power supply (Ghassan et al., 2007). It is the most common type of 

telecommunications infrastructure sharing. This method is appropriate mainly in 

urban centres with limited resource availability, in rural areas that are uneconomical 

to deploy new infrastructure. 

According to the publication of GSMA (2012), passive infrastructure sharing requires 

the consideration of many technical, practical, and logistical factors although the 

principle is simple in theory. Any potential impact must be assessed and fully 

understood before sharing commences to ensure that there are no adverse effects on 

the operation of the site and the supporting network equipment and systems. 

Operators must consider items such as load bearing capacity of towers, azimuth angle 

of different service providers, tilt of the antenna, height of the antenna, before 

executing the agreement. 
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2.4.2 Active infrastructure sharing  

This type of sharing involves sharing of electronic components and resources such as 

microwave radio equipment, fibre structure, switching centers, sharing common 

network both circuit-switched and packet-oriented domains. This method is often 

serving as lease lines for network redundancies and traffic backhaul services. 

2.4.3 Spectrum infrastructure sharing  

This is also referred to as spectrum trading. It is a model that has recently come to the 

fore in the last decade. It involves telecommunications operators leasing their 

spectrum to one another. As spectrum is a scarce resource that may often be 

underutilized by one operator in a given area, spectrum sharing remains a viable 

option for two or more operators.  

Spectrum sharing is the logical partitioning of optical spectrum on a submarine cable 

for different end-users, such that each end-user has its own 'virtual fibre pair. It seeks 

to address network efficiency concerns by allowing telecommunications companies to 

leverage on non-linear gains in spectral efficiency. The benefits of spectrum trading 

provide operators chance to minimize network congestion and carry greater amounts 

of traffic. It increases flexibility to accommodate shifting demand driven by market 

changes and removes entry barriers for new operators which results into healthy 

competition. 

      2.5 Record of Tower Failures in Nigeria 

 In the last decade, several tower failures were recorded in Nigeria as shown in Table 

2.2. It can be deduced from the table that most of the collapse cases involved towers 
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supported on three legs. This justifies the selection of the three-legged lattice tower for 

this study. 

Table 2.2: Record of tower failures in Nigeria 

Date State Casualty 

Tower 

Type 

Extent of 

Collapse Source 

May 10, 2013 Lagos 1 3-Legged Total Collapse Akoni (2014) 

March 19, 

2014 

Cross 

River 2 3-Legged Total Collapse Kalu (2014) 
January 24, 

2017 Rivers 3 3-Legged Total Collapse Azubuike (2017) 

May 7, 2018 Taraba 3 3-Legged Total Collapse Chronicle (2018) 

June 24, 2019 FCT Nil 3-Legged Total Collapse Ikeji (2019) 

June 13,2020 Kano Nil Monopole Total Collapse On site report 

June 14,2020 Sokoto Nil 3-Legged 

Partial 

Collapse On site report 

March 13, 

2021 

Cross 

River Nil 3-Legged  Total Collapse On site report 

January 7, 

2021 

Akwa 

Ibom Nil 3-Legged  

Partial 

Collapse Tom (2021) 

March 24, 

2021 

Akwa 

Ibom Nil 4-Legged  Total Collapse Abia (2021) 

January 21, 

2022 Benue 7 3-Legged  Total Collapse Dada (2022) 

 

 

 

 

 

 

                Plate I: Lagos tower collapse (Source: Akoni, 2014) 
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                      Plate II: Cross River tower collapse (Source: Kalu, 2014) 

 

 

 

 

 

 

 

 

                        Plate III: FCT tower collapse (Source: Ikeji, 2019  
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Plate IV: Sokoto tower collapse (Source: On site picture) 

 

 

 

 

 

 

 

Plate V: Akwa Ibom tower collapse I (Source: Tom, 2021)  
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                      Plate VI: Akwa Ibom tower collapse II (Source: Abia, 2021) 

 

      2.6 Structural Health Monitoring of Towers 

The collapse of transmission towers causes great economic loss and sometimes fatal 

accidents. The fact that transmission towers collapse during hurricanes or typhoons 

attracts researchers to accomplish their research on this issue (Siti et al., 2017). 

Several authors have contributed theoretical and experimental investigations to the 

structural health monitoring of steel telecommunication towers. It is fair to mention 

investigations made by Husain et al. (2017) performed research on the appraisal of the 

spatial distribution of Global System for Mobile Telecommunications (GSM) 

Infrastructure in Gombe Metropolis, Nigeria. The objectives of the study were to 

appraise the conformity of existing spatial distribution of GSM masts and base stations 

to planning standards with a view to developing alternative proposals which will 

minimize potential harmful effects of GSM masts on residents and contribute to 

environmental sustainability, while meeting socio-economic objectives of the GSM 

operators. 
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Sharma et al. (2015) who performed research based on a comparative analysis of steel 

telecommunication tower subjected to seismic and wind loading. In their research a 

comparative analysis is being carried out for different heights of towers using different 

bracing patterns for Wind zones I to VI and Earthquake zones II to V of India. The Gust 

factor method is used for wind load analysis, modal analysis and response spectrum 

analysis are used for earthquake loading. The results of displacement at the top of the 

towers and stresses in the bottom leg of the towers are compared. 

Lahodny and Janata (2014) carried out full-scale measurements on one tower and one 

guyed mast. The measured characteristics, especially the power spectral densities of the 

wind velocities and the structure response, are compared with theoretical presumptions. 

The measured structures are situated on different terrains. Subsequently, a practical 

method for the theoretical evaluation of the structure response to turbulent wind is 

proposed. The method, based on the spectral analysis approach, considers the 

contribution of all significant mode shapes. The method can be used for a wide range of 

towers and masts, especially for those which do not meet EN standards criteria for 

commonly used equivalent static methods. 

Jesumi and Rajendran (2013) modeled five steel lattice towers with different bracing 

configurations such as the X-B, single diagonal, X-X, K and Y bracings for a given 

range of height. The heights of the towers are 40m and 50m with a base width of 2m 

and 5m respectively. The tower of height 40m has 13 panels and the tower of height 

50m has 16 panels. 70-72% of the height is provided for the tapered part and 28-30% of 

the height is provided for the straight part of the tower. The towers have been analyzed 

for wind loads with STAAD Pro. V8i, to compare the maximum joint displacement of 
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each tower. Optimized design has been carried out to estimate and to compare the 

weight of each tower. From the results obtained, Y bracing has been found to be the 

most economical bracing system up to a height of 50m. 

Siddesha (2010) presented the analysis of microwave antenna tower with Static and 

Gust factor method. He compared the towers with angle and square hollow sections. 

The displacement at the top of the tower was considered the main parameter. The 

towers with different configurations have also been analyzed by removing one-member 

present in the regular tower in lower panels. Square sections were found to be most 

effective for legs as compared to the angle sections. Square hollow sections used in 

bracing along with the leg members did not show any appreciable reduction of 

displacement. X-type and M-type bracings in square hollow sections for legs and 

bracings in the lower first panel of towers showed maximum reduction in displacement 

as compared to the regular towers with angle sections. 

Da Silva et al. (2005) presented a paper on an alternative structural analysis modeling 

strategy for the steel tower design considering all the actual structural forces and 

moments combining three-dimensional beam and truss finite elements. Comparisons of 

the two above-mentioned design methods with a third method based on the use of 

spatial beam finite elements to model the main structure and the bracing system on two 

actually built steel telecommunication towers (40 and 75m high steel towers) have been 

described. Generally, in all the cases studied the maximum stress values for the 

structural tower modeling based on the three investigated methodologies were 

significantly modified. The lateral displacement values were not significantly changed 
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when the usual truss model, the beam model or the combined beam and truss model 

were considered. 

Albermani et al. (2004) that investigated the possibility of strengthening steel truss 

towers from a restructure and rearrangement of their bracing systems.  The adopted 

solution consisted on the addition of axially rigid systems to intermediate transverse 

planes of the tower panels. 

Kahla (2000) presented a dynamic modelled on the rupture of a cable present in guyed 

steel towers. The analysis indicated that the guyed steel towers cable rupture, 

disregarding the wind actions, was one of the most severe critical load hypotheses for 

the investigated structures. 

      2.7 Structural Health Monitoring of Towers of a Lattice Tower 

In view of the background works carried out in paragraph 2.6, the collapses of tower 

recorded in the recent past and the prevailing tower sharing by some telecommunication 

network providers; this research will study the health status of a lattice tower located in 

FCT, Abuja. This tower is 45m high, supported on 3-legs, erected nine (9) years ago 

and shared by three telecommunication network providers. 

 

 

 

 

CHAPTER THREE 

     3.0                                     RESEARCH METHODOLOGY 
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      3.1 Methodology Concept 

The concept shall involve identification and selection, tower auditing and analyzing the 

tower to determine its structural integrity. To achieve the desired aim of the study, 

identification of towers supported on 3-legs erected over 5 years and having two or 

more telecoms’ operators hosting their radio antennas on the tower were made. 

Additionally, a tower of 45m height was selected. 

Thereafter, the tower was thoroughly inspected to ascertain the structural integrity of its 

members and accessories. Subsequently, the tower loading was analysed to determine 

its stability and percentage utilization. The steps undertaken are presented in Figure 3.1.  

 

                                                                                                                                         

         

 

                                               

  

                                

Figure 3.1: Research methodology Chart 

 

 

      3.2 Tower Identification 

Tower 

Identification/Selection 

Tower Audit 

Tower 

Analysis 



25 
 

The tower has been in service for over nine years and was previously used by one 

network operator (9mobile). However, it was acquired by an infrastructure provider 

(IHS), who has now leased it to two more telecom operators (Airtel and MTN). This 

indicates that tower sharing is now taking place on a tower previously erected to be 

used by a single telecom operator. The tower is a 45m, 3-Legged tower and it is located 

in Abuja – FCT. 3-legged towers are known not to be as stable as 4-legged towers. 

Most of the tower collapses are associated with 3-legged towers as shown in Table 2.1.  

The relevant documents (Site approved drawing, Soil test report, Tower drawing) were 

obtained to aid the tower’s modelling, design, and analyses as show in the appendix. 

Details of the lattice tower selected for this research work are presented in Table 3.1. 

Table 3.1: Tower identification 

S/No Item Description 

1 Site Identification B0653 (IHS_ ABJ_0704E) 

2 
Number of 

Operators 
3 

3 Site Location 
Plot 7, Unity Hill Estate, Behind Sunny-Ville Estate, Dakwo District, FCT, 

Abuja, FCT 

4 Site Coordinates Latitude:  8.97312, Longitude: 7.43745 

5 
Tower 

Manufacturer 
Mast Projects 

6 Type of Tower Medium duty Lattice Tower 

7 
Tower Design 

Capacity 
12 m2 

8 Years of Service 9 years 

9 Tower Height 45m 

10 Tower Top Rating 1.2m2/m spread over the upper 10m of tower 

11 Tower legs 3 legs 
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  Plate VII: Site Name                                      Plate VIII: On-site coordinates 

  

 

 

 

 

 

 

Plate IX: Approach view                                   Plate X: On Site with a Rigger 

      

 

3.3 Audit of the Lattice Tower  
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After tower identification, approval was obtained from 9mobile to visit the selected site 

for tower audit. Subsequently, a site visit was scheduled.  The audit involved carrying 

non-destructive test on the towers’ foundation, taking records of the number of antennas 

on the tower and inspecting of the tower structural members and accessories. The audit 

could be grouped into two categories namely the tower foundation and the tower 

member audit. 

 

       3.3.1 Foundation audit using digital Schmidt hammer 

A non-destructive test was carried out on the tower stub columns. The stub column is 

the vertical member which forms part of the tower foundation. It is a reinforced 

concrete footing through which the tower is anchored.  The tower legs are held to the 

foundation by galvanized hold down bolts.  

Lattice towers are usually supported by three or four legs which rest on stub columns. 

Hence, the non-destructive test was carried out on all the stub columns. The test is 

carried out on the exposed surfaces of the stub columns above the finished floor level. 

The test was carried out using a digital Schmidt hammer (Proceq). The Schmidt 

hammer or rebound hammer is a mechanical device used to perform quick, non-

destructive quality test on concrete. The tower legs were labelled alphabetically from 

A-C in anticlockwise direction for easy referencing. Also, the exposed stub columns are 

also checked for the presence of cracks and surface blisters. 

 

Test Procedure 



28 
 

i. Mark up the test points which are at least 200mm apart  

ii. Use a grindstone to smoothen the test surface. 

iii. Position the concrete test hammer perpendicular to the test surface. 

iv. Deploy the impact plunger of the Schmidt hammer by pushing the rebound 

hammer towards the test surface until the push button springs out. 

v. Perform the non-destructive test by pushing rebound hammer against the test 

surface at moderate speed until the impact is triggered (a loud beep 

acknowledge impact registration). 

vi. The values of the rebound number (R) and the corresponding compressive 

strength (N/mm2) are displaced on the digital Schmidt hammer screen. 

vii. Repeat the test at seven more points and click “end button” on the display panel 

of the Schmidt hammer to obtain the average compressive strength in N/mm2. 

(See figure 3.2). 

viii. Repeat the test on the remaining legs B and C. 

 

 

 

 

 

Figure 3.2: Digital Schmidt hammer display screen. (Source: Proceq digi-

Schmidt instruction manual, 2000) 

Plates XI-XV show some of the tools and procedures used for the foundation audit. 
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    Plate XI: Proceq Digi-Schmidt 2000             Plate XII: Hammer and Display Unit 

 

 

 

 

 

   

  Plate XIII: Marking of test points. as “X”      Plate XIV: Testing of the foundation 
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                                   Plate XV: Display unit showing readings. 

       3.3.2 Members audit  

The tower audit was done with the support of a professional tower installer called 

Rigger. A Rigger is a person specialized in erecting towers as well as carrying out 

maintenance works on the tower. The tower audit involves the thorough inspection of 

the tower members and bracings, the bolts and nuts conditions at the connections, the 

state of other tower accessories like the access ladder, rest platforms, paints, aviation 

warning lights and earth cables. Any defect noted on the tower and recommended for 

correction. During the tower audit, records of all the telecoms equipment (antennas) 

installed on the tower are also recorded for use in structural analyses of the tower. 

The steps below are taking to record the installed telecommunications equipment.  

i. Note the number of legs the tower is supported. 

ii. Label each of the tower legs alphabetically in an anticlockwise order. 
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iii. On each of the tower legs, list out the various types of telecommunication 

antennas mounted (radio frequency antennas, transmission antennas and 

remote radio units). 

iv. Then record the dimensions of the antennas and heights of installation. 

These activities provide cognizance on the state of the tower and the maintenance history of 

the tower. The data obtained after the audit are compared with the industry laid-down 

specifications to ascertain the state of the tower. Table 3.2 below shows the tower 

accessories description while Plates XVI-XXIII show some of the tools and members’ audit 

procedures used. 

 

 

 

 

 

 

 

Plate XVI: Toolbox                                            Plate XVII:  Tower legs A, B and C  
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Plate XVIII: Tower physical inspection             Plate XIX:  Bolt torquing  

     

 

 

 

 

 

 

Plate XX: Types of Antennas                              Plate XXI: Base Stations of Operators   

           

 

 

 

Tri band 

0.6 Microwave Dual band 

Mono band 0.3 Microwave 
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         Table 3.2: Antenna types 

Antenna Type 
Dimension  

(mm) 
Total Number 

Tri-band Antenna 2500 x 300 x 200 
3 

Dual-band Antenna 1500 x 170 x 150 
8 

Mono-band 1300 x 150 x 100 
11 

Radio Remote Unit 480 x 290 x 180 
17 

 

Microwave Antenna 1 300 x 150 
2 

 

Microwave Antenna 2 600 x 300 
7 

 

         3.4 Structural Analysis of the Tower 

The selected lattice tower is analysed using two methods. The use of the Effective 

Projected Area model (EPA) and the use of a design software called STAAD Pro. 

V8i. (Structural Analysis and Designing Program). 

         3.4.1 Structural analysis using EPA model 

 

The Effective Projected Area (EPA) model is based on the exposed surface areas of 

the antennas and the tower members. Since the effect of self-weight of the antennas is 

not significant when compared to the effect of wind forces on the projected areas of 

the antennas, it is safe to assume that the effect of wind forces alone suffices to give a 

quick overview of the load-carrying capacity of the tower. The model is computed 

using the Microsoft Excel.  

The spreadsheet idealizes the tower as a single pole and calculates the effect of 

existing and future loads on the tower using the lever-arm created by the wind load on 
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the antennas with the fulcrum at the base of the tower. Effects of various 

combinations of antennas loading can also be quickly considered using the 

spreadsheet.  

The computation for the EPA takes into consideration the tower height, tower 

capacity, tower design wind speed, tower top rating, lever arm, antenna areas and 

antenna installation heights. The tower design wind speed (Vs) is obtained from the 

tower assembly drawing tower capacity (TC) and tower top rating (TR) are obtained 

from the Etisalat tower specification (2012). The antenna areas (A) are obtained from 

the dimensions (frontal area) of each antenna while each antenna’s installation height 

(Ah) is recorded on site. 

The tower lever arm is calculated as shown in equation 3.1. 

                   𝐿𝐴 = 𝑇𝐻 −
𝑇𝑅

2
                                                                                                          (3.1) 

 Where: 

 LA = Tower lever arm (m) 

 TH = Tower height (m) 

 TR = Tower top rating (m) 

         The Effective Projected Area for the antenna is calculated as shown in equation 3.2.  

                 𝐸𝑃𝐴 = 𝐴 (
𝐴ℎ

𝐿𝐴
 )                                                                                                      (3.2) 

          Where: 

  EPA = Effective Projected Area (m2) 

  A      = Antenna area (m2) 

  A h    = Height of antenna installation (m) 

  LA   = Tower lever arm (m) 
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The spreadsheet sums up the total antennas EPAs installed on the tower. The 

percentage utilization of the tower capacity resulting from the effect of wind forces on 

the projected areas of the antennas is computed by relating the summation of EPAs to 

the original design capacity of the tower. 

Tower utilization percentage formula is calculated as shown in equation 3.3. 

              𝑇𝑈𝑃 = (
Ʃ𝐸𝑃𝐴

𝑇𝐶
)  100                                                                                     (3.3)    

Where: 

  TUP = Tower utilization percentage (%) 

  ƩEPA = Summation of EPA (m2) 

  TC    = Tower capacity (m2) 

 

The tower loading is optimized using the local basic wind speed as provided by the 

Nigeria Meteorological Agency in figure 3.3. to obtain the optimized tower utilization 

percentage. 

Optimized tower utilization percentage formula is calculated as shown in equation 

3.4. 

            𝑂𝑇𝑈𝑃 = ( 
𝑉𝑏

𝑉𝑠
 ) 𝑇𝑈𝑃                                                                                             (3.4) 

 Where: 

  OTUP = Optimized tower utilization percentage (%) 

  TUP = Tower utilization percentage (%) 

  Vb    = Basic wind speed (m/s) 

  Vs    = Tower design wind speed (m/s) 
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 If the tower utilization is below 100%, the tower is assumed to be safe to carry the 

existing antenna loads.  Otherwise, a tower with utilization value above 100% is 

termed overloaded. Such tower is recommended for load shedding and further 

structural analysis.  

 

Figure 3.3: Maximum wind flow map for Nigeria (30 years and above) in m/s.  

(Source: Soboyejo, 1971) 

 

         3.4.2 Structural analysis using the STAAD Pro. V8i 

The STAAD Pro. V8i software is used for modelling tower and carrying out the 

structural analysis. The analyses are based on the tower’s self-weight, equipment 

load, wind load on the antennas and wind intensity on the tower members.  

It has a friendly user interface. The tower model starts with the setting-out of the 

structure in a grid system. The dimensions are defined, and subsequently the nodes 

are connected with beams. The topmost layer is drawn inside the base grid and 
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thereafter elevated in the Y-plane. Once the simple model is drawn, the tower 

members are defined with material specifications from the tower assembly drawing. 

Finally, the tower is loaded with calculated loads.  

STAAD Pro. V8i can generate quite a large range of outputs. For this research work, 

the outputs are limited to the stresses on the tower members and safety of the tower. 

The tower design is based on steel work design guide to BS 5950-1: 2000. 

Loadings 

There are different types of loads acting on the tower which includes the self-weight 

of the tower, live load from installed equipment, wind load on the mounted equipment 

and tower members. The loads acting on the selected lattice tower are derived below. 

Self-weight of the tower is automatically generated in STAAD Pro. V8i by using the 

summed up the weights of all the sections. The weight obtained was distributed 

downwardly on all the tower members.  

Equipment loads or antenna loads on the tower is calculated by calculating the 

weight of all installed equipment on the tower as shown in Table 3.3. Thereafter, the 

load is transferred to STAAD Pro. V8i and applied to the tower nodes where the 

equipment is installed. 
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 Table 3.3: Equipment loading  

S/N Description Numbers 
Length  

(mm) 

Width  

(mm) 

Thickness 

(mm) 

Weight 

(kg) 

Total 

weight 

(kg) 

Total 

weight 

(kN) 

1 Tri-band Antenna 3 2500 300 200 25 75 0.75 

2 Dual-band Antenna 8 1500 170 150 20 160 1.6 

3 Mono-band 11 1300 150 100 10 110 1.1 

4 Radio Remote Unit 17 480 290 180 15 255 2.55 

5 

 

Microwave 

Antenna 1 2 300 NA 150 10 20 0.2 

6 

 

Microwave 

Antenna 2 7 600 NA  300  14 98 0.98 

 

Wind pressure on the tower is calculated based on BS 6399-2 1997. It takes into 

consideration local basic wind speed (Vb) and three multiplying factors (S1, S2, S3) to 

obtain the design wind speed (Vs).  The multiplying factors for topography, height 

above ground, and structure life represent S1, S2, and S3 respectively. The values for 

the multiplying factors are obtained from Figure 3.4. Thereafter, the wind pressure 

(Wk) per node was calculated using equation 3.5.  

                                     𝑊𝑘 = 0.613 𝑉𝑠2                                                           (3.5) 

The wind pressures obtained are applied vertically on tower joints in the STAAD Pro. 

V8i. model at 2m intervals. 
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Table 3.4: Wind Pressure Calculation  

Height 

(m) 

Abuja 

Basic 

wind 

speed 

(Vb)  

(m/s) 

Topography 

multiplying 

factor 

 (S1) 

Height 

above 

ground and 

wind 

braking 

multiplying 

factor  

(S2) 

Life of 

structure  

 

(S3) 

Design 

wind speed 

(Vs) 

(m/s) 

Wind 

pressure (Wk) 

(N/m2) 

Wind 

pressure (Wk) 

(KN/m2) 

2 35 1 0.78 1 27.3 456.86277 0.46 

4 35 1 0.78 1 27.3 456.86277 0.46 

6 35 1 0.79 1 27.65 468.6522925 0.47 

8 35 1 0.79 1 27.65 468.6522925 0.47 

10 35 1 0.9 1 31.5 608.24925 0.61 

12 35 1 0.9 1 31.5 608.24925 0.61 

14 35 1 0.9 1 31.5 608.24925 0.61 

16 35 1 0.94 1 32.9 663.51733 0.66 

18 35 1 0.94 1 32.9 663.51733 0.66 

20 35 1 0.96 1 33.6 692.05248 0.69 

22 35 1 0.96 1 33.6 692.05248 0.69 

24 35 1 0.96 1 33.6 692.05248 0.69 

26 35 1 0.96 1 33.6 692.05248 0.69 

28 35 1 0.96 1 33.6 692.05248 0.69 

30 35 1 1 1 35 750.925 0.75 

32 35 1 1 1 35 750.925 0.75 

34 35 1 1 1 35 750.925 0.75 

36 35 1 1 1 35 750.925 0.75 

38 35 1 1 1 35 750.925 0.75 

40 35 1 1.03 1 36.05 796.6563325 0.80 

42 35 1 1.03 1 36.05 796.6563325 0.80 

44 35 1 1.03 1 36.05 796.6563325 0.80 

46 35 1 1.03 1 36.05 796.6563325 0.80 
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Figure 3.4:  Multiplying factor chat. (Source: Reinforced concrete designer’s 

handbook 10th ed. by Reynolds and Steedman,1998). 

The wind load on the equipment is generated from the force the wind exerts on the 

projected surface area of the equipment. The force is calculated by multiplying the 
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force coefficient of each antenna which is based on shapes by highest wind pressure 

by projected area of the antenna. It is obtained using equation 3.6. 

                           𝐹 = 𝑐𝑓. 𝑊𝑘 . 𝐴                                                              (3.6)  

Where: 

F = Force 

cf = force coefficient 

Wk = wind pressure 

A = Area  

 

The force values obtained per equipment are applied perpendicularly to the tower 

members where the antennas are installed. Table 3.5 shows the forces acting on each 

type of antenna.  

Table 3.5: Wind load on equipment  

Description 

Length 

(h)  

(mm) 

Width 

(b) 

(mm) 

Thickness 

(a) 

(mm) 

h/b a/b 

Force 

coefficient 

(cf) 

Area 

(A) 

(m2) 

Force 

(F) 

(KN) 

Tri-band Antenna 2500 300 200 8.33 0.67 1.7 0.75 1.02 

Dual-band Antenna 1500 170 150 8.82 0.88 1.7 0.26 0.35 

Mono-band 1300 150 100 8.67 0.67 1.7 0.20 0.26 

Radio Remote Unit 480 290 180 1.66 0.62 1.2 0.14 0.13 

 

Microwave Antenna 1 300 NA 150 NA NA 1.2 0.07 0.07 

 

Microwave Antenna 2 600 NA 300 NA NA 1.2 0.28 0.27 
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CHAPTER FOUR 

       4.0                                    RESULTS AND DISCUSSION 

 

        4.1 Tower Physical Inspection 

The outcome of physical inspection of the lattice tower member and accessories are 

presented in Table 4.1. 

Table 4.1: Tower Physical Inspection 

Item Description 

Structural Members No warped member detected 

Access Ladder Accessible and railings are in good condition 

Rest Platforms 

 

Gratings on platforms are not blocked and do not 

accumulate water or not corroded 

 

Bolts and Nuts 

No missing bolts and nuts were observed. Bolts 

and nuts are properly tightened. 

Aviation Warning Light 

 

Aviation warning lights (AWL) are in place and 

functional 

Earthen cables Copper cables for tower earthen 

Antennas Antennas properly clamped  

Tower paint Faded 

Thunder Arrestor Properly bolted 

 

It was observed from the physical inspection that the tower members and accessories 

are in good condition with the only exception being the tower paint. The red and 

white paint of the telecommunications tower is washed-out and needs repainting. 

   4.2 Tower Foundation Auditing 

         The average compressive strengths of the tower legs are presented in Table 4.2.  
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Table 4.2: Compressive Strength of Stub Columns     

 

         The mean compressive strength of the stub columns obtained using the Schmidt 

hammer are 25.1, 25.9 and 25.9 N/mm2 for legs A, B and C respectively. These 

values meet the recommended concrete strength of the foundation (25/19 MPa) as 

stated in the foundation drawing in Appendix B2. The physical conditions of the stubs 

are also okay as there was no visible cracks or blisters on them. Furthermore, there 

were no visible compaction failure around the foundation. 

        4.3 Tower Analysis using EPA Model 

         The tower utilization percentage derived from the existing antenna using the EPA 

model is presented in Table 4.3.  

 

 

  

Rebound Values 

(R)     

S/N Leg A Leg B Leg C 

1 26 28 42 

2 27 30 28 

3 35 27 35 

4 30 25 27 

5 32 33 30 

6 33 30 31 

7 25 28 28 

8 25 30 26 

Mean Compressive 

strength X (R) 28.5 29 29 

Mean Compressive 

strength F (N/mm2) 25.1 25.9 25.9 
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 Table 4.3: Tower utilization percentage 

Existing Telecommunication Antennas on Tower 

Lever arm  

LA  

(TH - TR/2) 

(m) 

Antenna 
Exposed Surface 

 (mm) 

Area 

A (m2) 

Height 

Ah (m) 

Effective Projected 

Area EPA 

A* Ah/LA (m2) 

40 GSM 1 2500 x 300 0.75 24 0.45 

  GSM 1 2500 x 300 0.75 24 0.45 

  GSM 1 2500 x 300 0.75 24 0.45 

  GSM 2 1500 x 170 0.26 28 0.18 

  GSM 2 1500 x 170 0.26 28 0.18 

  GSM 2 1500 x 170 0.26 28 0.18 

  GSM 2 1500 x 170 0.26 34 0.22 

  GSM 2 1500 x 170 0.26 34 0.22 

  GSM 2 1500 x 170 0.26 34 0.22 

  GSM 2 1500 x 170 0.26 44 0.28 

  GSM 2 1500 x 170 0.26 44 0.28 

  GSM 3 1300 x 150 0.20 20 0.10 

  GSM 3 1300 x 150 0.20 20 0.10 

  GSM 3 1300 x 150 0.20 20 0.10 

  GSM 3 1300 x 150 0.20 30 0.15 

  GSM 3 1300 x 150 0.20 30 0.15 

  GSM 3 1300 x 150 0.20 30 0.15 

  GSM 3 1300 x 150 0.20 32 0.16 

  GSM 3 1300 x 150 0.20 38 0.19 

  GSM 3 1300 x 150 0.20 38 0.19 

  GSM 3 1300 x 150 0.20 42 0.20 

  GSM 3 1300 x 150 0.20 42 0.20 

  RRU 480 x 290 0.14 20 0.07 

  RRU 480 x 290 0.14 20 0.07 

  RRU 480 x 290 0.14 20 0.07 

  RRU 480 x 290 0.14 30 0.10 

  RRU 480 x 290 0.14 30 0.10 

  RRU 480 x 290 0.14 30 0.10 

  RRU 480 x 290 0.14 32 0.11 

  RRU 480 x 290 0.14 38 0.13 

  RRU 480 x 290 0.14 38 0.13 

  RRU 480 x 290 0.14 42 0.15 

  RRU 480 x 290 0.14 42 0.15 

  RRU 480 x 290 0.14 24 0.08 

  RRU 480 x 290 0.14 24 0.08 

  RRU 480 x 290 0.14 24 0.08 

  RRU 480 x 290 0.14 24 0.08 

  RRU 480 x 290 0.14 24 0.08 

  RRU 480 x 290 0.14 24 0.08 

Sub-Total A   6.46 
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Table 4.3: Tower utilization percentage continued  

Existing Telecommunication Antennas on Tower 

Lever arm  

LA  

(TH - TR/2) 

(m) 

Antenna 
Exposed Surface 

 (mm) 

Area 

A (m2) 

Height 

Ah (m) 

Effective Projected 

Area EPA 

A* Ah/LA (m2) 

#VALUE! GSM 1 0.60 0.28 16 0.11 

  GSM 1 0.60 0.28 26 0.18 

  GSM 1 0.30 0.07 28 0.05 

  GSM 2 0.60 0.28 32 0.23 

  GSM 2 0.60 0.28 32 0.23 

  GSM 2 0.60 0.28 33 0.23 

  GSM 2 0.60 0.28 37 0.26 

  GSM 2 0.60 0.28 38 0.27 

  GSM 2 0.30 0.07 39 0.07 

Sub-Total B   1.63 

Summation of Effective Projected Area    8.09 

      

      Tower Height (TH) 45 M 
  

Tower Type  
 

Medium Duty Lattice Tower 
  

Tower Capacity (TC) 12 m2 
  

Tower is rated for top (TR) 10 M 
  

Percentage utilization based on 

EPA (ƩEPA/TC) *100 
67.4% 

   

Tower Design Wind Speed 40 m/s 
  

Abuja Basic Wind Speed 35 m/s 
  

Percentage utilization based on 

local wind speed (OTUP) 

(Vb/Vs *100) 

59.0% 
   

 

   The present tower utilization percentage is at 67.4%. However, after optimization of the 

tower design wind speed with the local basic wind speed the tower utilization percentage 

is dropped to 59%. The tower loading can be termed satisfactory. 
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  4.4 Tower Analysis using STAAD Pro. V8i  

      The computation sheets presented as Table 4.1 shows output from the STAAD Pro V8i 

software. It captures details such as design inputs, tower model, loading animations, 

tower utilisation ratio and failed member check. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Table 4.4: STAAD Pro computation sheets  
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     Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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    Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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 Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 

 

 

Table 4.4: STAAD Pro computation sheets continued 
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Table 4.4: STAAD Pro computation sheets continued 
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From the report generated, the tower members can be said to be stable as the utilization 

ratio (actual ratio to allowable ratio) of all the tower members are ≤ 1 (less or equal to one) 

as presented in Table 4.4. The tower member utilization ratio ranged from 0.081 to 1.00.  

Also, the tower members profile (Design property) generated due to the present load 

exerted on the tower are less than the actual tower member profiles (Analysis property). 

This shows that the tower members are not overstressed. The result shows that no failed 

member was identified after the analysis.   
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CHAPTER FIVE 

         5.0                     CONCLUSION AND RECOMMENDATIONS 

        5.1 Conclusion 

The deductions from the structural monitoring of the lattice tower are presented 

below. From the study, the following conclusions can be deduced after auditing of the 

entire lattice tower: 

The tower selected is a 3-Legged, 45m high, erected over 9 years and it is presently 

shared by three telecommunications operators (MTN, Airtel and 9mobile).   

The physical condition of the tower is satisfactory. No cracks on the foundation, 

and no deformed members however, the tower coating (paint) was found to be 

worn off, hence would need repainting. 

The structural analysis of the tower shows that members are in good standing and 

within permissible specifications. 

In view of paragraphs above, the tower can therefore be considered fit for continuous 

use. 

         5.2 Recommendations 

To ensure continuous safety of the lattice tower, the following recommendations are 

proffered: 

i. Tower loading and structural analysis must be carried out on the tower 

whenever new telecommunication antennas are to be installed by network 

providers to prevent overloading the tower. 
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ii.  Maintenance on the tower members and accessories should be regular to 

increase early detection of member deterioration. This would reduce the 

chances of failure and resultant consequences. 

iii. The tower should be repainted to the International Civil Aviation 

Organization (ICAO) stipulations on obstruction painting. The paint shall be 

red/orange and white non-gloss finish (matt).  

5.3 Contribution to Knowledge 

This research analysed a 3-legged 45 metre communication tower in Federal Capital 

Territory, Abuja using Effective Projected Area (EPA) model and STAAD pro. V8i 

software. The result revealed that the tower utilization percentage was at 59% and the 

members utilization ratio was between 0.081 to 1.00 (≤ 1). The lattice tower can be said to 

be stable and fit for continuous use. The approach has been used and can be adopted for 

structural health monitoring and auditing of other lattice towers. Periodic assessment of 

communication tower is a requirement by concerned authority. However, it is hardly 

carried out, despite tower sharing and loading by network providers. 
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APPENDICES 

Appendix A: NCC Notification Letter on Tower Collapses 
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APPENDIX B 

Appendix B1: Site layout 
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Appendix B2: Foundation drawing 
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Appendix B3: Soil test report 
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APPENDIX C 

Appendix C: Tower drawing 
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