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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/mm? 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).



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. toselect 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).



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.



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)
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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.



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. nower transmission. and flood light towers are self-
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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

8



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/mm?;
for high tensile steel less than 16mm thick should be 355 N/mm? and for High tensile
steel exceeding 16mm thick should be 345 N/mm?. 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



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

10



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 (x50mm), 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

11



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 Smm 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

12



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 45° protective angle assumption
(that is., all tower members, AWL and antennae are included within a 45° 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. 70mm? 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 70mm? 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 70mmz2 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

13



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

14



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.

15



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

16



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

Tower Extent of
Date State Casualty Type Collapse Source
May 10, 2013 Lagos 1 3-Legged  Total Collapse Akoni (2014)
March 19, Cross
2014 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
Partial
June 14,2020 Sokoto Nil 3-Legged Collapse On site report
March 13, Cross
2021 River Nil 3-Legged  Total Collapse On site report
January 7, Akwa Partial
2021 Ibom Nil 3-Legged Collapse Tom (2021)
March 24, Akwa
2021 lbom 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 I1: Cross River tower collapse (Source: Kalu, 2014)

Plate 111: FCT tower collapse (Source: Ikeji, 2019

18



Plate IV: Sokoto tower collapse (Source: On site picture)

Plate V: Akwa Ibom tower collapse | (Source: Tom, 2021)
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Plate VI: Akwa Ibom tower collapse Il (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.

20



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 | to VI and Earthquake zones Il 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.

Tower

Identification/Selection

Tower Audit

Tower
Analysis

Figure 3.1: Research methodology Chart

3.2 Tower ldentification
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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/INo Item Description

1 Site Identification B0653 (IHS_ ABJ_0704E)

Number of
2 Operators 3

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

Abuja, FCT
4 Site Coordinates Latitude: 8.97312, Longitude: 7.43745
Tower .

5 Manufacturer Mast Projects
6 Type of Tower Medium duty Lattice Tower
7 Tower D_eS|gn 12 m2

Capacity
8 Years of Service 9 years
9 Tower Height 45m
10 Tower Top Rating 1.2m?/m spread over the upper 10m of tower
11 Tower legs 3 legs

£

B 9mobile

WiFi Cell History




Plate VI1I: Site Name Plate VIII: On-site coordinates

Plate 1X: 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
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Mark up the test points which are at least 200mm apart
Use a grindstone to smoothen the test surface.

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/mm?) 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/mm?
(See figure 3.2).
Viodl 43 43 9t €@ e
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Figure 3.2: Digital Schmidt hammer display screen. (Source: Proceq digi-

Schmidt instruction manual, 2000)

Plates X1-XV show some of the tools and procedures used for the foundation audit.




Plate XI: Proceq Digi-Schmidt 2000 Plate XI1: Hammer and Display Unit

LW

Plate XI11: Marking of test points. as “X”  Plate XI1V: Testing of the foundation

o e AR

digi-SChmidt Concrete Tester




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, Band C
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Plate XX: Types of Antennas Plate XXI: Base Stations of Operators
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Table 3.2: Antenna types

Antenna Type Dimension Total Number
(mm)
. 3
Tri-band Antenna 2500 x 300 x 200
8
Dual-band Antenna 1500 x 170 x 150
11
Mono-band 1300 x 150 x 100
. . 17
Radio Remote Unit 480 x 290 x 180
Microwave Antenna 1 300 x 150 2
Microwave Antenna 2 600 x 300 !

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

33



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.

TR
LA=TH—— (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 (%) (3.2)

Where:

EPA = Effective Projected Area (m?)

A = Antenna area (m?)

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 EPASs to

the original design capacity of the tower.

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

LEPA

TUP = (=) 100 (3.3)

Where:

TUP = Tower utilization percentage (%)
YEPA = Summation of EPA (m?)
TC = Tower capacity (m?)

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.
Vb
OTUP = (—)TUP (34)
Vs

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.

14.001

12.004

10.00-

8.001

6.004

“2.00 4.00 6.00 8.00 10.00 12.00 14.00 E

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

. . . Total Total
SIN Description Numbers L(i:]r%t)h m?‘ﬂt? Th('r(;::g;e s V\éi;g)ht weight  weight
(kg)  (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
Microwave
5 Antenna 1 2 300 NA 150 10 20 0.2
Microwave
6 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 (Sz, Sz, S3) to
obtain the design wind speed (Vs). The multiplying factors for topography, height
above ground, and structure life represent Sy, Sz, and Ss respectively. The values for
the multiplying factors are obtained from Figure 3.4. Thereafter, the wind pressure

(W\) per node was calculated using equation 3.5.

Wk = 0.613 Vs? (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

Abuja above
Height  wand  mulblyng - wind svuctre windspeed Wi Wind
(m) speed factor braking (Vs) presg\t:/r;z()vv K pre(s;llilr/ensz\;v K

(V) (S2) multiplying (S3) (m/s)

(m/s) factor

(S2)

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 1 315 608.24925 0.61
12 35 1 0.9 1 315 608.24925 0.61
14 35 1 0.9 1 315 608.24925 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 10" 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

W = 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

Length  Width Thickness Force Area  Force

Description (h) (b) @) h/b a/lb  coefficient (A) P
(mm)  (mm) (mm) (cf) (m?)  (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 480 290 180 166  0.62 1.2 0.14 013
Microwave Antenna 1 300 NA 150 NA NA 1.2 0.07  0.07
Microwave Antenna 2 600 NA 300 NA NA 1.2 028 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

Gratings on platforms are not blocked and do not
accumulate water or not corroded

Rest Platforms
No missing bolts and nuts were observed. Bolts

Bolts and Nuts and nuts are properly tightened.

Aviation warning lights (AWL) are in place and

Aviation Warning Light 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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Rebound Values

(R)
SIN 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/mm?) 25.1 25.9 25.9

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/mm? 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.
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Table 4.3: Tower utilization percentage

Existing Telecommunication Antennas on Tower

Lever arm . Effective Projected
LA Antenna Exposed Surface Area Height Area EPA
(TH-TR/2) (mm) A (m?) Ah (m) A* AW/LA ()
(m)
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 Effective Projected
LA Exposed Surface Area Height )
(TH - TR12) Antenna (mm) A (m2) Ah (m) Area EPA
(m) A* Ah/LA (m?)
#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 m?
Tower is rated for top (TR) 10 M
Percentage utilization based on 67.4%
EPA (ZEPA/TC) *100
Tower Design Wind Speed 40 mis
Abuja Basic Wind Speed 35 m/s
Percentage utilization based on
local wind speed (OTUP) 59.0%

(Vb/Vs *100)

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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F - Joh Mo Thmml Mo P
Fa :
" -
Tolemn o Pl
Job fie 5m Tower bodellingd&nalysis Fat
= 0.0.0 Ll i3 1) = AT =hd 0.0.0
Skl hEMG Project Reseacrh Fim 46m Tower hdodaling and| === "= Q- un-D021 1229

Job Infermation

Ergiresr Chezc:ked Bpproued
MHarme: 0.0.0 .00 ShiA
Crte: 2h-hiayw2 1
| Stractre Type [ SPACE FRAME |
Mumber of Modes 141 | Hghest Node 143
Humber of Bements 342 | Highest Beam 383
Humber of Basic load Cases -2
Humber of Combination Load Cases 1]
Jrzlhed B i ot ae obda des
all The WMhole Structura
Jzlohed b dnis pndoot ae e sudts feload cam s
Type Farne
Primary 1 DEAD LOA0 - TOWER SELF WHGHT
Primary 2 LE LOAD - EQUIPMENT SELF WWEIGH]
Primary 3 Wl MO LOuAD g L,
Primary 4 W HO LouAD W LE
Primary 5 W] MO LOGAD W L AT ERM A,
Section Properties
Frop Sedion Arez Les [ ] Materiz
(e (o) () (e
1 15,241 50 150318 51.000 1 BB E+3 2 263 56570 | STERL
z 15,20 50 150315 <3 000 1 A5E+3 IT6 3 32806 | STERL
3 151 50X 150312 34800 1.19E+3 08001 16934 | STEERL
4 15,241 5015010 29200 101E+3 o0 462 98233 | STER
5 1581 20 120312 27 600 591 465 155 098 12478 | STERL
i} 15,80 20X 120310 23300 S04.595 132 540 TA33 | 5STER
T 1581 20K 1208 18200 414 192 107 204 4028 | STER
E] 15,81 00X 1002 15400 276 .08 60319 32446 | STEEL
a 15~ 090K S 13200 168 .72 43 580 2004 | STEE
10 | 15A80H80KG 92490 1.1 23420 1.130 | STEEL
11 1587 O T O G & 060 60196 15417 0286 | STEE
12 | I5A60MG0MS 5750 31745 2071 D490 | STEE
13 | 15A50HS0HG 5580 .4 5 489 0598 | STEE
14 | 1522 0 2003 1.120 0554 0172 0035 | STER
15 | 15A150x150.10 29200 101E+3 M0 68 9333 | STER
16 | 15A100x1003 15 400 236 028 60319 33446 | STEE
17 | 15420015012 40900 | 2O5E+3 437 536 19214 | STERL
182 | 15A10 11012 25100 <450 .03 117 G532 12326 | STERL
19 | 154120012010 23300 G055 132 540 TA33 | 5STER
0 | 15A100x100%12 22 600 32243 26 784 11.174 | STERL
21 15,20 0w S0x12 20200 232.003 62579 10022 | STERL
22| 15410 203 15 200 414,192 107 904 4028 | STEE

Funl fermiCale 0300202 12908

STAAD.Pro WEi (S ELECTseres G220 07 .11 .33

Table 4.4: STAAD Pro computation sheets continued
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— - Job Mo Thmml Mo T
r" - 2
5&#“-- [Ya—— Fal
Jab ritm 45T Tower hdodellingfonalysis P!
e 0.0.0 DA bty 2 1 =hd 0.0.0
Sl b ENG Project Reseacrh Fim 45m Tower hiadeling and| ™= = Q- un-2021 1229

Sectioh Properties Cont...

Frop Sedion Bres [ [ Jd Materia
ety | emt | emt | femt
FE LS 17000 [ 236.072 TZOTE J6E6 | STERL
24 | 15200001 00x7 13700 [ 20950 G 566 2247 | STERL
25| 1520001 D0wf 11700 152269 4 515 1413 | STERL
26 | 1520007 G 10100 125 549 26 746 1233 | STERL
27| 154G PG 8 A60 4.2 19074 1058 | 5TER
28 | 15265 G 250 40 755 103345 04531 | 5TER
29 | 15.AG0m A 4710 25 561 G771 02152 | STEER
300 | 1SRG 1730 2.7 0&10 0053 | STEER
31| 15000 10500 131,405 33583 1274 | STER
[ =T T ozan o1.:101 23420 1.120 | STERL
I e FE 63504 16162 0E1S | STER
34| 1587 D s 6770 51.254 13 D65 04573 | STEERL
35| 1SRG a.7a0 31.744 s071 0490 | STEE
36| 154600 1850 1347 1853 0089 | 5TER
3T | 1SS 2640 8,196 2118 o0s0 | STEE
38 | 15.A200%1 5010 4300 [ 173E+3 IT0.155 11500 | STEE
39| 15A201 2010 25100 [ 65073 166 G674 2400 | STEEL
a0 [ 1SR 201 20 22000 [ GE9.ERE 154125 G209 | STER
A1 | 1SR E01 30w 20300 [ 632 136 463 4369 | STEE
42| 154025k 12000 [ 243549 55 548 14562 | STEEL
43| 15 el 2340 [T 1485 oovl | STEER
44 | 15AG5 36 2030 3748 0Aava 0062 | 5TER
45| 15 PG Gt 3470 10 576 1766 0.183 | 5TER
A | 15AG0E0d 3 A80 14 .65 3829 0x09 | 3STEER
A7 | 1527 Dok 6520 #1.5800 4 360 0469 | STEER
42 | 158G 5270 24124 G215 0442 | STEE
EC I T G020 ETNCH] R 010 | STERL
[ ] 1410 1.702 [EEE] 0044 | STEE

Funl frmaiCale 0208202 1290

STAA0 Pro WEi (SELECT=eres 62007 1132
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Table 4.4: STAAD Pro computation sheets continued

[ ol Job Mo hml Mo R
r"_? 3
.1'”“-- [ Fal
Jab nite 5m Tower hbadelling SAnalysis Fa!
= 0.0.0 Danzf gy 2 1 Shd 0 0.0
Swml h)EMG Projedt Reseacth Fi= g5 Tower hioddling and| === = Q- un-2021 12249

d3n Tower Kbdel

Dead Load Tower Sel ikt

Funl fyrmiCale . 0208202 1298 STAA0.Pro B (5 ELECTseres G120 07 1133 Funl Fun 901 18
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Table 4.4: STAAD Pro computation sheets continued

r Nl Job Mo Thmml Mo P
r’ 4
_-jww:- Ncuromd o Fal
Job rie 45 Tower hodelling 2nalysis Fat
B 0.0.0 PG by 21 =hd 0.0.0
=l hWEMG Project Reseacrh Fim 0 Tower hbodeling and) =i e 00-Jon-021 1229

e

Load 2

Live toad Spesiparend Load

ke

Loud d

Wing' Load! X+ Cfeciion

Furl frmiCaln 030820 1230 STAAD Pro i (5ELECTseres 620 07 11 33 Furd Fun <ot '8
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Table 4.4: STAAD Pro computation sheets continued

=

Joh Mo Thml Mo P
h
Tolcmm icnromd b !
s rum 45 Touer Modellinginalysis il
™ 0.0.0 Dalnzfi bty 1 chd 000

el WLEMG Project Reseacrh

Fim A6m Tower hodddling and|P=i= = (0. n-021 1229

e

Loudd

Mind oad X- Cecdion

I

Loud 4

Mind toad 2+ Chechior

Funl frmmiCale

.oaomzm! 1238

T80 . Pro B (S ELECT=aries 620071123
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Table 4.4: STAAD Pro computation sheets continued

- Joh Mo Thml Mo P
b
- Tollvmm icmmmd In i
sob rim 45 Tower hdodelingfonalysiz i
e 0.0.0 DA g2 1 =he 000

=l hd.EMG Project Reseacrh

Fim A5m Tower hdoddling and| o= nme 0. on-2021 1229

e,

Loudd

Wind toad_Z- Cfrecor

3

Lowd 3

Wind' Load &5 Ardermma

Funl fermiCale .030@ZO2 1238

STAA0 Pro W8 (SELECTseries G120 07 11 33 Funl Fun Bol 18
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Table 4.4: STAAD Pro computation sheets continued

P "l Job Mo Thaml Mo P
f” | i
Fdl+mn hcmromd o F=l
Job rite 45 Tower hodellingfnalysis P!
= 0.0.0 DanyGi oy 21 =hd 000
=t B EMNG Project Fes=acrh Fim 45m Tower haddling and| === (G- on-2021 1229

Wi load GEM2 Anderma

<3

Wi boad GEM3 Anderma

Fin FrmmiCale OA0AZ0E! 12 a8 STAAD Pro W (5 ELECT=enes 6120 07 11 33 Punl B ror e
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Table 4.4: STAAD Pro computation sheets continued

r- - Joh Mo Thmml Mo P
r” H
g“"ﬂﬂ- hcmromd o Fal
Job rite 5T Tower hiodellingb®nalysis Fa!
B 0.0.0 PGy 21 =hd 000
=l B EMG Project Reseacrh Fim 45m Tower hiodeling and|@== "= 02- on-2021 1229

Wird load RED

3

Wind' Loaa MY Andera

Funl FermiCals 03082021 1298 STa0 Pro WBi (SELECT=eres 612007 .11 33 Funl Fun 3o '8
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Table 4.4: STAAD Pro computation sheets continued

— ol Job Mo Thaml Mo P
r? q
.ﬂww:- \caromd b Pl
Jab re 45 Tower iodelling ffnalysis P!
= 0.0.0 CanzGhEy 21 =he 0.0.0
Siml BWEMG Project Reseacrh Fin 45m Tower hdoddling and| == 09-un-2021 1229

Wing doad! SHL 2 Ande rna

Utilization Ratio

Bearn Bralysi = De=ign Botiml P.Ih:mtal:ﬂe‘ R=tic [v ETES L [F] =4 Iy [
Property Property Fatio Fatic  éct.Slaw ) fem®) e fem' [om')
10 15P0ME0NE [ 15202002 [ D284 | 1000 0284 | B54T () 3 1140 0.159 (L 0074
21 152501500 1520500150 | 0942 1000 0942 | B54.822 4 | 29200 250308 102 E+3 [ prpcix]
o 155031500 15200100 [ 0921 1.000 0821 | BS45.351 4 15400 A48 76 iR 3285
3 1525031500 | 152400150 | 0862 1.000 0362 | BS-4.8.331 4 40800 34569 205E+3 19 632
24 152501500 15201000 100 | 0995 1.000 00995 | B54.8.22 4 26100 1160245 451 661 12 048
] 15215031500 15202001200 ( 0991 1.000 0491 | B54.822 4 [ 23300 130374 G062 | i
js] 15A15031A00 | 154100100 [ D864 | 1000 0964 | B54.5.22 4| ZRGOO 85 957 3080 10 545
i 1525031500 | 152803015 | 0999 1.000 0499 | B54.5.22 4 20200 61862 23720 O GOG
= 15215031500 1520201200 [ 0966 1000 0256 | B54822 4 18800 106 431 BN <4011
] 15ALS0TA00| 15A125x80a | D854 | 1000 0954 | B54.5.22 4 17.000 71442 [ ] FHET
1] 152501500 152000000 ( 094 1.000 094 | B54.822 4 15,400 50 FEG 2. 3285
H 1520501500 152000100 | 0957 1000 0957 | B54.8.22 4 12700 53709 2096 pric:]
jr 15215031500 1521001000 | 0993 1.000 0993 | B54.822 4 11.700 45 269 152.915 1404
je<] 1522031200 15200100 [ 0861 1.000 0361 | B54.5.22 4 11.700 45 269 152915 1404
4 1522031200 1520007 5af | 0069 1.000 0069 | BS4.8.33.1 5 10.100 26180 129114 1212
] 1SR20N1200 | 152757 aE | 0996 1000 0996 | BS4.8.33.1 5 266D 12713 746062 10729
e ISRA201200 [ 15AR5F0E | 0351 1000 0351 | BS4.8.331 [ SEED 18713 75062 1039
ko 152201200 150080 | D003 1000 0003 | BE48.331 [ 2EED 12713 ENCH 1029
= ISP Z01200 | 1SA65w55xs | 0905 1.000 0405 | BS4.8.33.1 5 6.250 10081 .00 0521
<] 15410031000 | 1526050t | 0940 1.000 0840 | B54.5.35.1 5 4710 G455 i.0r 4 0251
40 15M0HA0HE | 15,6050t | OGGS 1.000 OFG3 | BS-48.331 5 4710 6553 .07 4 0251
H 1S0HA0XE | 15,6050t | 0999 1.000 0999 | BS4.8.33.1 5 4710 G A58 .07 4 02461
& 15/B0H30X6 | 152805004 | D&44 | 1000 0344 | BS48.331 5 4710 G 558 .07 4 02461
43 15AB0HE0KE | 15AME0xG | 0956 1.000 0856 | BS4.5.35.1 5 1.140 0.159 0.6 0034
hal 1SAV0HFOHEG | 152000303 | D906 1.000 0806 | B54.5.22 5 1.74 0474 204 005z
&5 1SAVOMTOXG [ 15202003 | 0343 1000 0343 [ B549 [ 1.1m 0.159 L 00734

Funl frmiCale . 0A0@Z0Z! 1230

STAAD.Pro %Gi (5 ELECT=eries G220 07 11 33
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Table 4.4: STAAD Pro computation sheets continued

— - Job Mo Shmml Mo P

ﬂ 10

¥

5 Tolean kcnmmd b Fal

Jab rim A5m Tower hodelling2nahysis Pt

= 0.0.0 Dby 2 1 =hd 000
ceml b EMG Project Reseacrh Fim A5m Tower boddling and| B0 o= Q- un-2021 1229
Utilization Ratio Cont...
Bearn Aralys s Ce=igr Bobgl Mllowabd Ratio Clause Lc [ E Iy [
Fraperty Property Fato | Fatio  (act.llon ) (em) [om ) [cm') [Cai]

E i 15 A1G031S00 [ 15 A100100;: | DATS 1000 0avs | B4 8331 E) 11700 <5 569 1829145 1404
Ea 15415001500 | 152100100, | 0933 1000 0833 | B54.833.1 £l 11.700 <45 B6Y 152,915 1404
48 1541501500 | 152100100 | 08347 1000 0&47 | B5-4.8.33.1 4 11.700 45 369 152.915 1404
Ll 1541601600 | 15200005 | D965 1000 0865 | B5-4.8.33.1 4 10.500 el 131.910 1260
1) 1525001500 | 15280805 | D295 1000 0295 | BS=4.8.33.1 % 10.500 3 26EE 121.910 1260
a1 15215031500 | 15200075 | 0266 1000 D266 | BS=4 8331 <% 10,100 26180 129114 1212
52 15415001500 | 15280305 | 09582 1000 0832 | B54.8.33.1 4 02490 22599 1.7k 1.115
&3 1541501500 | 1528030065 | D362 1000 0&62 | B5-4.8.33.1 4 02490 22309 1.7k 1.115
i 154101600 | 152057505 | D922 1000 0ak: | B54.8.33.1 4 £.660 18713 75062 1039
&0 IS A 201200 [ 15200x0F 5l | D225 1000 0235 | BE8.331 E) T.2T0 16024 G3.732 [T
a5 ISR 2031200 | 1520070 | 0254 1000 0254 | B4 8331 <4 G770 12393 i1 26 [[ELES
&7 1541 201200 | 15265555 | 0989 1000 0889 | B5-4.8.33.1 4 52480 10081 .010 0521
i) 1541 201200 | 15265555 | 0833 1000 0833 | B54.8.331 4 52480 10081 .010 0521
2] 1SR 2001200 | 152805005 | D242 1000 0242 | BE=4.8.323.1 i 5750 TET 31944 0479
=1} 1SR 201200 | 1528050t | D292 1000 0997 | BS<4.8.22 5 4710 64558 0074 0251
&1 15410031000 | 1528050t | D219 1000 0919 | B5<4.822 5 <4710 6558 07 4 0251
G2 1550090KE | 15280503 | 0943 1000 0843 | B54.8.33.1 4 28480 28 11.409 o0gg
[ 155000HE | 15 A0ndhnd | 0240 1000 0240 | BE-4.2.23.1 El 2640 2072 8062 ooy
=] 15 B0HE0NE | 1528050 | D252 1000 0257 | BS4.8.22 ] 4710 6 G582 2074 [
[} 15 MB0HB0KE | 1523003003 | D746 1000 0746 | BE=48.331 <% 1.720 0a7 et o nns:
&5 15AFOEFOMG | 1520203 | D319 1000 0519 | B54.8.33.1 4 1140 0154 0.6 0034
&r 15AFOHFOMG | 15202003 | D149 1000 0149 | B5-4.8.33.1 4 1140 0154 0.64 0034
=5 1541601600 | 1500150 | 0208 1000 0208 | B5-4.8.33.1 4| 34300 AEA 013 1. 74E+3 11433
2] 15805001500 | 1520500150 09N 1000 0941 | BE=1.8.323.1 i 20200 250208 102E+2 .73
0 152501500 | 152050150, | D220 1000 D280 | BE4.8.331 <% 20200 259308 102E+32 A prgeac
1 1525031500 152050150 | D793 1000 0733 | B4 8331 <4 20200 250308 1 02E+3 pA et
T 15A1S0HTS00 | 152030130 ] 0944 [ 1000 0a44 [ BS-4.8.233.1 4| 25100 165 783 641 674 9367
2 ISR E0TS00 | 1520200120 | D994 1000 0944 | BE=.8.3231 L] 22000 152 432 H01.520 [AEE
74 1SR G001S00 | 1520200120 | D252 1000 0a52 | BE=4.8.33.1 4 20200 1251245 I CRT 4221
5 155415031500 1520201200 | DATS 1000 0av4 | BS54 8331 <% 18800 106 491 415 606 4011
TG 15415001500 | 152020120 | D355 1000 0558 | B54.8.331 4 18800 106 491 5 506 4011
T 1581 201200 | 152025w05E | DA7Y 1000 0879 | B5-4.8.33.1 4 17.000 71442 jese = 1)} FE2Y
T8 151 201200 | 152000100, | 0963 1000 0863 | B5-4.8.33.1 4 15,400 649 TG Koy | 3285
3 1SR 2001200 | 152025254 | D220 1000 0230 | BE=4.8.33.1 % 12900 G ral 250,255 1548
1) 15812031200 152000100 | D213 1000 0813 | BE=48331 <% 11.700 <5 8649 182915 1404
i 1581201200 | 152000065 | D910 1000 oaio | BS-4.8.331 El 10.500 RN 131.910 1260
[ 151201200 | 1528020065 | D946 1.000 08486 | BE-4.8.23.1 El 0280 PR o172 1.114
o2 154001000 | 152050755 | D266 1000 D266 | BE=1.8.323.1 i S.EED 12712 7h.052 10249
24 15 M0HA0KE | 15270xF0x5 | D285 1000 0285 | BE4.8.331 <% 6770 122932 51 .26 0 56
25 15M0HA0KE | 1528005005 | DA7 1000 0a74 | BE 8331 <4 4750 T AT 31 544 04749
o5 15MB0H30KE | 15260504 | D614 | 1000 014 | B54.8.33.1 4 4710 6558 25074 0251
ar 15M0HB0HE | 15A8050md | D338 1000 0838 | B54.8.331 5 4710 5558 5074 0251
= 15 AFOEFOMG | 15 f0d0n3 | DAGD 1000 0869 | B5-4.9 5 2340 1434 5.7 oovo
o IS AF0ETORG [ 1520002023 | DRG0 1000 OAG60 | BE=48.331 E) 1.1 [TREE] [-E 0034
o 15A60E0HG | 15235303 | D986 1000 0836 | B5-4.9 3 2030 0a3g 3787 0061
ll 15A60H80HG | 1504003 | D293 1000 0593 | B54.8.33.1 3 2340 1435 571 oovo
o 15 A60H60HE | 15 0wdhnd | D246 1000 0246 | B5-4.8.32.1 4 2640 2072 8262 oovg
a2 15 P00HE0HE | 15°280x50x2 | D225 1000 02345 | BS540 % 295 2291 11.4049 009
4 156006 | 1528005023 | DATA 1000 0Aava | B4 8331 <% A5 T aa1 11409 0nza

Punl frmiCals 0082021 1298

STAA0.Pro VB (SELECTseres 622007 11332
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Table 4.4: STAAD Pro computation sheets continued

— Joh Mo Thm! Mo Rw
'F'J-' 11
r
Jab rie A5m Tower hodellingd®nalysi= P!
= 0.0.0 PaE Ml o™ 000
Sl WENG Project Reseach Fim 35m Tower hodeling and] o i (0. un-021 1220
Utilization Ratio Cont...
Bearn Aralys= Deszign Botoal Alowabl Ratic [FETES L [ =4 Iy (B
Property Property Fatia Fatio  [fct.low ) (om™) (om™) (em™) om)
[ 15260 HE0HE [ 15 A0mdSa® | 0202 1000 0203 (BE42331 3 2640 2072 8257 oova
[ 1526050 HE | 15 A0mdSa | 0BS5S 1000 0855 [ BS540 3 2640 2072 L nova
ar 1526050 HG | 15 A0md5a | 0230 1000 0Aa30 | B548331 3 2640 2072 8252 oova
o 1526050 HG | 15 A0mdSud | O 245 1000 0A46 | B548331 <4 2470 2581 10651 0185
L] 1526005006 | 15 A0mdbd | 0249 1000 0944 [ B549 <4 3.470 2hHE1 10651 0185
100 15260350 KG | 152060504 | O BG66 1000 D366 | B548331 4 3.880 3742 14732 0207
101 15260350 KG | 15280503 | DA21 1000 0&E31 | B548331 3 2.950 251 11409 o039
102 15 A60350KG | 15 A0wd5x3 | D870 1000 0avo | B544 3 2640 2072 8247 onova
103 15 250350HG | 15280503 | 0901 1000 oo | B548331 3 2.950 221 11.409 aput:e]
104 15260350 KG | 15260504 | D232 1000 083z [B548331 4 3.880 3747 14 732 0207
105 15260350 KG | 15260503 | D382 1000 [EEFE EEEE] 3 2.950 287 11409 [iiETE]
106 15 260350HG | 152805003 | 094 1000 044 | B548331 3 2.950 221 11.409 aput:e]
107 15 260350HG | 152800504 | 0995 1000 0993 | B548.331 4 3.850 3742 14.732 0207
108 15260350KG | 152580503 | DAT4 1000 0474 | B54.9 3 2.950 221 11.409 0039
109 15260350 K6 | 15 A0mdhad | 0924 1000 0924 | B5482231 3 3.470 2621 10551 0.125
110 15 2003¥50KG | 15605004 | 0206 1000 0206 | B5-48.2231 4 4710 G558 6 .07 02461
111 15200350 KG | 15 A%wdbnd | 0952 1000 0as5z | B5-449 3 3470 2621 10.E51 0.125
1z 1520030 KE | 15200504 | 0224 1000 0224 [ B548221 K] 3280 2742 14. 722 0207
113 15200360 KG | 1560004 | 0703 1000 0703 [ B5-49 4 4710 G558 6 .07 0241
114 15200350 KG | 15 A%edbnd | 0962 1000 0a62 | BS-4.9 3 3470 2621 10.E51 0.125
115 156060 K6 | 15 A80m50xd | O 842 1000 0242 | BE48331 3 3880 2742 14722 0207
116 15860506 | 15 A80m50x4 | 0259 1000 0as59 | B548331 <4 4710 G558 6 07 4 0251
117 1526050 HG | 15 A0wdSad | 1 000 1000 1000 | B5-<49 3 2470 2581 10651 0185
112 1586085066 | 15 A50m50m4 | O 865 1000 0265 | B548331 3 3880 3742 14782 0207
1149 15260506 | 15 A80m50x4 | DAT2 1000 0Aav2 | B548331 <4 4710 G558 6 07 4 0251
120 15260350 KG | 154060504 | 0200 1000 0ao0 | BS54 3 3.880 3742 14732 0207
121 1526050 HE | 1S AS0m50xd | 0222 1000 0822 (548331 3 2880 EREY 14782 0207
122 15260 HE0HE | 1S A7 Omd50h | O 2GS 1000 0Aa6s [ B548331 E] 5500 5172 v 0 460
123 1526005006 | 15 0050t | D214 1000 0214 [ B549 3 3.880 3742 14752 0207
124 15260350 KG | 15 AG0xG0xd | 0752 1000 0752 | B548331 3 4710 G558 puiline] 0251
125 15260350 KG | 15460505 | 0390 1000 0390 | B548331 4 5.750 TaAT 3154 0479
126 15 A60350KG | 15480504 | 0936 1000 0936 | B549 3 3.880 374z 14732 0zov
127 15 250350HG | 15260504 | D811 1000 0.E1 | B548331 3 4710 G555 26.074 02451
128 15260350KG | 15260505 | DAT74 1000 0474 | B54.8.331 4 5.750 TAaT 3194 0479
129 152603 50HG | 15 A60mG0xd | OGAT7 1000 0E97 | BS4.9 3 4710 G555 26074 02451
130 15260 350HG | 15 AG0WG0xd | D219 1000 0E19 [ B548331 3 4710 G555 6 .07d 02451
131 15260350HG | 152605525 | 0894 1000 0294 [ B548.331 E] 6.250 10081 .00 0521
132 15 A60350HG | 15 A70d5wS | 0936 1000 0936 | BS4.9 4 5.5 5172 3UTET 0460
133 15 200350KG | 15A70«70xS | 0993 1000 0993 | B54.8.2231 4 6.770 12893 f) G 3] 0 A6
134 15260350 K6 | 1580603 | O O64 1000 0964 | B5-4.8.2231 3 4710 G558 6 .07 02461
1346 15 200350KG | 15 A8ea5s | 0997 1000 0997 | BS-449 4 5.270 G034 2473045 0429
136 1560 G0 G | 15275755 | 0801 1000 o0ant1 | BE48331 <4 7270 15024 i3 732 0 506
137 15860506 | 1S 80504 | O 26T 1000 0AG67 | B548331 3 4710 G558 6 07 4 0251
138 15 A00XA0KE | 1580605 | D914 1000 oa14 [ 549 4 a.7480 a7 31544 0479
130 15 A0HE0HE | 15 75 5G| DATS 1000 0Aays [ BE48331 E) 7270 15024 [ 0 506
140 15260506 | 1S A80m50x4 | 0285 1000 0985 | B548331 3 4710 G558 6 07 4 0251
141 152605006 | 152805005 | 0AT1 1000 0av1 | BS44 <4 5750 TAaT1 3 4 043
142 1526050 G | 1SAPSrSaS | 0859 1000 0859 | B548331 <4 8.660 18713 Th 062 1039
143 15260506 | 15 85555 | 0289 1000 0989 | B548331 3 5.270 G034 2405 0439
Punl f'rrmiCale.03082M ! 1298 Punl Run 11 gl '8
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Table 4.4: STAAD Pro computation sheets continued

P Job Mo Thmml Mo P
> 12
¥
ﬂsﬂlp-- hcmrmomd kb Fal
Jab nitm A5m Tower hodellingdnalysis P!
= 0.0.0 Parifihayi] 0 =hd 000
=l hEMG Project Fes=acrh Fim 45m Tower hoddling and|o='=m Q- Jun-021 1229
Utilization Ratie Cont...
Bearn Bralhysis Design Bl Allowabl Rt o Oaase L'c E E Iy [
Praperty Property Fatic | Fatio (Actsellan ) [cm™) fom') =] |Gy
EE] 15 AA0HE0HE | 1528505525 | DATT 1000 0A77 | B544 E) 5270 6034 24 2045 0439
145 15A60HA0HG | 15475750 | D093 1000 0993 [ BE4.8.331 L] 7.2 15924 [ [
146 15A60HE0HE | [5280m5004 | DATE 1.000 0A76 | BE-4.8.331 3 4710 6 553 o074 0251
147 15 A00HE0HE | 152855500 | DO7E 1.000 0A76 | BE-4.9 4 5,270 6034 24305 0439
142 15 P60 NE0HE | 152057 5G | D261 1.000 0261 | BE-4.2.3.23.1 4 2.660 12712 7h 052 10249
148 15860506 | 15580504 | 0263 1000 04969 | B54833.1 3 4710 6 553 ity 0251
150 15A60HA0HG | [5A00m5004 | 0096 1.000 099G | BE-<4.9 4 4710 6553 o074 0251
151 15A60HE0HE | 15475755 | DATZ 1.000 0873 | BE-4.8.330 4 8660 18713 Th.052 1039
162 15 A60HE0HE | 150805004 | D713 1.000 0713 | BE-4.9 3 4710 5 553 o074 0241
143 15 200HE0HG | 15288050t | 0861 1000 0261 | BS5<44 3 3.880 3742 14782 0zo7
154 | 15860H50HG | 15260603 [ 0205 1000 0a05 [ BE4.8.330 L] 4710 5 553 e 0251
155 15A60HE0HE | 152003 | DATD 1.000 0870 | BE-4.8.330 4 2340 1435 5730 0ov0
158 15 A60HE0HE | 15002 | D22 1.000 0292 | BE-4.8.330 3 2340 1434 5730 0ov0
1459 15 P60 NE0HG | 15 0ad5a2 | D221 1.000 0221 | BE-4.2.3.3.1 4 2640 2072 .252 oove
160 1586005006 | 15 06mb5a3 | DATS 1000 0874 | BE48331 3 2640 TO72 8257 oova
161 158605006 | 155%0x0xs | 0947 1000 0947 | BE44 3 2340 1435 5730 oovo
162 15A60HE0HE | [5290mdha3 | 0056 1.000 0956 | BE-4.8.331 3 2540 2072 02572 0o7a
162 15 RE0NE0RE | 1528050t [ D205 1000 0205 | BE-3.2.3.2.1 4 2880 ENEY] 14722 0xov
16 158A0HE0HG | 15°8:6nd5a3 | DA53 1000 0933 | BE48331 3 2640 IO72 ] [
165 158605006 | 15°:6x45x3 | 0905 1000 0a0s | BE44 3 2640 072 8257 oova
166 15A60HE0HE | 152805003 | D049 1.000 0949 | BE-4.8.331 3 2.950 2891 11.409 0039
167 15 A60HE0HE | 150805004 | 0703 1.000 0703 | BE-4.8.330 4 4710 5 553 o074 0241
162 15 P60NE00E | 15 0 ndbet | D227 1.000 0937 | BE-4.2.3.2.1 3 2470 221 106451 0184
169 152605006 | 1558050t | 0758 1000 0752 | BE4.8331 <4 <710 6553 .07 0251
170 158605006 | 156350t | 0939 1000 0939 | BE48331 3 3.470 31 10 651 0185
171 15A60HA0HG | 152005004 | D216 1.000 0816 | BE<4.8.331 4 4710 6553 o074 0251
172 15 PE0NA0NE | 15,0050t | 0924 1000 0924 | BE-4.2.3.30 3 2880 ENEY] 14722 0207
172 15 200E0HG | 1527 0mdhah | 0O74 1000 0Aa74 | BE4.8.33.1 E] 5.5 ERE H.TET 0 460
17 158605006 | 1528050t | 09 1000 0941 | BE48331 3 3.880 3742 14782 0207
175 15A60HA0HG | [5A00505 | DAE3 1.000 0383 | BE4.8.330 4 5.7 Tavl .84 0479
176 15A60HE0HE | 152805004 | D085 1.000 0985 | BE-4.8.331 3 380 34 14782 0207
177 15 P60NE0KE | 15580605 | 0217 1.000 0917 | BE-4.2.3.2.1 4 5780 TAET1 3.4 0479
1re 15 P60 H50HG | 1528806503 | 0720 1.000 0720 | BE-4.2.23.2.1 ] 4710 6552 .07 02451
174 15860506 | 152750505 | 0A70 1000 0A70 | BE48331 <4 6.0 TO22 40 a4 0502
180 15A60HA0HG | [5A0050a4 | DE20 1.000 0380 | BE4.8.330 3 4710 6553 o074 0251
181 15 Aa0HA0HE | 15 806000 | DRD7 1000 0297 [ BS-4.8.27310 E) G280 1001 .00 0az1
122 15 PE0NE0HE | 15288060t | D228 1.000 [EFEEEEEEER] E] 4710 LT iy [
183 15860506 | 152855525 | 0999 1000 0999 | BE48331 <4 6.2450 00z H.010 o521
184 | 15260H50HG | 15260003 | DA53 1.000 0953 | BE-4.8.330 3 4710 6553 o074 0251
185 15A60HE0HE | 1540705 | 0038 1.000 0933 | BE-4.8.330 4 6.7 12393 51426 0564
186 15 A60HE0HE | 150805004 | DE1E 1.000 0213 [ B5-4.8.331 3 4710 5 553 o074 0241
187 15 R60N500G | 155880603 | D222 1.000 0222 | BE49 3 4710 6552 .07 02451
188 15860506 | 1528050t | 0206 1000 0206 | BE48331 3 4710 6 553 ity 0251
189 15 A00HA0HE | 15280604 | DE1T 1000 0817 [ BS540 3 4710 6 558 ;iord 0251
140 15, 500HE0HE | 15 80600 | DET2 1.000 0832 [ BE-4.8.230 ] 4710 6 558 e 0241
191 1526005006 | 155806503 | D255 1.000 02465 | BE49 3 4710 6552 .07 02451
192 15860506 | 1528050t | OB60 1000 0860 | BE48331 3 4710 6 553 ity 0251
193 15A60HA0HG | 152005004 | DRET 1.000 0387 | B54.9 3 4710 6553 o074 0251
194 | 15.860H50HG | 152560604 | D760 1.000 0760 | BE-4.8.331 3 4710 6 553 o074 0251
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Table 4.4: STAAD Pro computation sheets continued

P = Job Mo heml Mo R
F’." 13
r
ﬂwm-- icaromd b Pal
Job file 45m Tower bodellingdfnalysi= Fat
= 0.0.0 oA hEy2 1 =hd 000
Shml b EMG Project Reseacrh Fin 45m Tower hdoddling and| === - un-A021 1229
Utilization Ratie Cont...
Bearn Bralysi= De=ign Aol .U.Ilcm'ablq Fatic [SETES L B [=3 [ Ix:
Property Property Fatio | Fatio  (fctidlon ) {em™) [Cuw] {cm’) cm’™) -
195 15 AE0HE0HE | 1526050 | 00032 1000 000z | BS540 3 EEET] e 14782 0zZ07
195 15260506 | 15260603 | OFEY 1000 0787 [ B5423310 K 4710 6 552 .07 4 0251 ey
197 15260506 | 1526005004 | 0999 1000 0994 | B54.49 3 3880 J3r4E 14,782 0207 =71
193 1560506 | 15 60604 | 0281 1000 0281 | B543.3.3.0 3 4710 6 452 2074 0251 | —
194 1560506 | 15260603 | D248 1000 0248 | B54.2.331 3 4710 G A58 .07 4 0251 4]
200 15260506 | 1527070 | 0990 1000 09490 | B54.8.33.1 4 6770 12 893 a1 46 0 564 il
201 1550506 | 152053003 | DAT2 1000 0872 | B54.833.1 3 2030 049349 3.TE oos | 0
202 15 B0XB0NE | 15225203 | 0219 1000 0219 | B542.331 3 1.410 0217 1.324 Doz | 34
203 15MB0XB0XE | 152000503 | D208 1000 0908 | B54.2.3.3.1 4 3880 FrdE 14,782 pao7 | 51
204 | 15AR0HE0NE | 150202 | OF7E 1000 OFre | BE42331 3 1.1 0.159 0.6 0034] 34|
205 15MB0XB0XE | 152600503 | OF7E 1000 0778 | BS4233.10 4 EEET] ENER 14,782 0z07 | G4
206 15 MB0XEB0HE | 15202 0x3 | 0735 1000 0735 | B5449 4 1.120 0.159 0.6 0034 | G|
208 15 MB0XB0NE | 15225203 | D620 1000 Of20 | BS540 4 1.410 0217 1.324 ooz | &4
209 15MB0XB0KG | 1520005023 | 0297 1000 0297 | B54.2.331 4 295 2291 11.409 0020 | 64
11 15M0XB0HE | 1526005003 | 0834 [ 1000 0834 | B54.8331 4 2950 2891 11.409 no2a| 7o
213 15 AP0F0NG | 152600500 | 0237 1000 0237 | B543.3.3.0 i 20950 2201 11.409 ooga | 51
214 | 15A0F0NG | 15202003 | 0522 1000 0222 | BS540 4 1.1 0.1549 0.6 0034 ] 27
215 15 A70XF0XG | 15260005003 | D264 [ 1000 0264 | BE42331 a 2850 Faa1 11.409 0029 | =17
216 15 ADFONG | 15200203 | O57T 1000 0577 | BS540 4 1.120 0.159 0.6 0034 7]
217 1S5 0XFOXE | 15260005003 | D27 1000 0279 | BS4.2.233.1 & 2950 2891 11.409 oos9 | =
14 1540 F0NG | 1526005003 | 0911 1000 0911 | B54833.1 5 95 *aa1 11.409 0089 o]
2 1540 P0NG | 152000503 | D048 1000 0948 | B542.331 4 2950 2201 11.409 0o0s9 51
132 1SADXFONG | 1520002003 | D485 1000 0485 | BS4.822 i 1.120 0.159 0.6 0034 5]
223 1550 F0HGE | 1526005003 | D822 1000 0972 | B54.8331 i 2950 2891 11.409 ooss | —
224 | 1SAF0ETFONG | 154020 | 0359 1000 0380 | BS540 4 1.1 0.159 0.6 0034 51
225 154 0XF0NG | 1520005023 | 0754 | 1000 0754 | B54.2.331 4 295 2291 11.409 0039 [l
22T IS APDFONG | 15 Kmdhnd | 0016 1000 016 | BS2331 & FLE] i o202 oova | 3
L] 15 ADPONG | 1500wt | D742 1000 0743 [ B5423310 a 2640 F 8252 oova | 39
230 1550 FONGE | 15202003 | D267 1000 0267 | B54822 i 1.120 0.159 0.6 o3| 39 |
31 15 A70XF0HG | 1540004003 | D963 1000 0963 | B54.833.1 h 2340 1435 5.730 oo0vo 1
235 155 0P0NG | 1520530 | D272 1000 0ave | B542.331 4 2070 04929 3.TE oGt | 21
236 1S ADXFOXE | 152000203 | 0349 1000 0349 | B54.9 & 1.120 0.159 0.6 0034 | G4
37 15 ADXT0NG | 152053503 | D845 1000 0545 | B54.833.1 5 2020 04339 378 o061 | 51|
et 15 ME0XG0HS | 15225302 | OFT6 1000 0776 | BS2.3.3.0 & 2070 04aza 3.TE Oo61 | 72
243 15 AE0XE0XS | 15200303 | 0221 1000 0221 | B54.8.33.1 i 1.720 0474 2.3 005z | &1
244 | [SAS0HE0NS | 15020 | 0026 1000 oos6 | BE42330 1 1.1 0.159 0.6 0034 51 |
245 15 MA0XE0HS | 152050203 | 0550 1000 0550 | B542.33.0 4 1.410 0217 1.324 0042 | 57}
245 1550 F0NGE | 15202003 | 0082 1000 008 | B54.8331 1 1.120 0.159 0.6 0034 =771
247 15 0XF0NG | 15220203 | 0124 [ 1000 0124 | B542.3.3.1 4 1.1 0.159 0.6 oo0zd] 577
248 15 ADXP0NG | 15200203 | 000 1000 ool | BE43331 4 1.1 0.1549 0.6 0034 57
244 15M0XE0HS | 15202003 | 0384 | 1000 0384 | B54.8331 4 1.120 0.159 0.6 o034 | =5
460 15 MA0XG0KS | 1520002003 | 0054 | 1000 0054 | B54.833.1 1 1.1 0.159 0.6 0034 511
2451 1560506 | 1520203 | OETY 1000 OEYY | BS42.331 4 1.1 0.159 0.6 0034 511
62 15 M0XA0%E | 15260005003 | DOTA 1000 087 [ ps48331 4 2850 Faa1 11.409 ooza | —
2463 15B0XB0NG [ 152250203 | OF14 [ 1000 0714 | BS540 4 1.410 0217 1.324 0 042 51]
264 | 15A0NFONG | 15202003 | 0962 1000 0963 | B54.9 4 1.120 0.159 0.6 ooza| 17
255 1550 F0NGE | 152002003 | D527 1000 0527 | B54.49 4 1.120 0.159 0.6 no3a| 07|
256 15 AP0TONG | 15202003 | D22 1000 Ofz22 | BS540 4 1.1 0.159 0.6 o024 i
257 154 0XF0NG | 15200203 | D464 | 1000 0464 | BE4.822 4 1.1 0.1549 0.6 0034 %
Funl fermiDals .0ROBZE ' 1230 STA0 Pro Wi (5 ELECTsanes 6120 07 11 33 FinlRun '3al 18 51
l SSUD | [ R S RN RECRs ] | (=l s Rh el Eh iy g | vAalL | (LA | (LR .y | Do=.ig.d.0.1 | a | pei=le 1) | O | 4. riss | u JD?
| 306 | ISND}{?D}{M 15 AED it | 0f7e | 1000 | 0A7E | BE4.2.331 | 4 | 4710 | G 552 | 33.I:l?4| 0251
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Table 4.4: STAAD Pro computation sheets continued

— -l Job Mo Thmml Mo P

g 15

¥

5ww:- kcuromd b Ful

Jab nim A5 Tower hadellingfenalysis Pt

& 0.0.0 Dl 21 =hd 000
Sl B EMG Project Reseacrh Fin 45m Tower hoddling and| o=t e 09 yn-2021 1229
Utilization Ratio Cont...
Bizarn Aralyss Diz=ign Achiml Allowsbl Ratic Clause L B E Iy £
Froperty Property Fatio Fatio  (fot.i2llon ) [em™) fem™ fem’l foml

307 15AF0XFOXG | 15200x50md | D217 1000 0217 [ BE-48.331 [ EEET] [T 14. 782 ozov
308 15 AP0XFONE | 15280a50md | 0097 1000 0997 [ B548331 E] 3880 ENES 14,782 0207
309 15AF0HTFONG | 15200500 | D816 1000 016 | B5-4.8.3.31 b} 3880 374 14. 782 0207
20 15570 F0XE | 15280503 | 0945 1000 0945 | B54.8.331 4 3880 374 14,782 0207
31 15 AF0XFONE | 15e00e00md | 0239 1000 0239 | B5-4.8.3.31 ] 388 374 14. 782 0zov
2 1550HFONE | 15280504 | D853 1000 0253 | B5-4.8331 4 2.880 3742 14,782 0207
33 15 AP0XFOXE | 15e80a50.3 | 0801 1000 0oo01 | B5-4.8.3.241 b} 295 2801 11.409 o0ag
314 | 15AV0NTOKG | 152605003 | 0930 1000 0930 | B5-4.8.331 4 .95 501 11.409 o0ga
314 15A7P0XTFO0NE | 1524604503 | D207 1000 04907 | B54.8331 kil 2640 072 8.252 oova
[T 15AF0XFOXG | 15200503 | D828 1000 o&aze [ BE48331 4 .99 FET] 11.409 oosa
37 15250506 | 15604523 | D230 1000 0a30 [ B5-449 E] FET] 072 8252 onva
318 15250506 | 152805003 | 0831 1000 0931 | B5-4.8.3.31 4 .95 591 11.409 o0ga
314 15250506 | 15280503 | 0860 1000 0960 | BE-4.49 4 .05 ey | 11.409 o0ga
320 1560506 | 15.e0000. | 0210 1000 0210 | BE5-4.8.3.31 4 388 374 14. 782 0zov
oy | 15250506 | 15280504 | 08201 1000 o201 | B5-4.4 4 2.880 3742 14,782 0207
322 15AP0HFONE | 15 e0mdbnd | 0797 1000 0rFa7 | BE-48.3341 b} 2640 2072 0.252 oovy
323 15A0XTFOXG | 152004003 | D053 1000 0983 | B54.8.3231 4 2640 2072 8.252 oova
24 | ISAG0HE0NS | 15 Ad00mdhnd | 02132 1000 [ENER EEEEEER [ 2640 2072 .25 oova
326 15A0HE0HS | 15290003 | DB 1000 0811 [ BE-48.331 E] 2640 2072 0.r5 oova
A6 15M50HE0XS | 152256353 | D559 1000 0G59 | B54.8.331 5 .03 0939 3.TE 0061
32T 15 A0HE0HS | 15e0md0nz | 0831 1000 0931 | B5-4.8.3.31 4 2340 1435 5.740 oovo
ot 15/80XE0XS | 1520203 | D637 1000 037 | BE-4.8.3231 5 1.1 0.159 0.6 o0z4
324 15 AE0HE0NS | 15030353 | 0095 1000 0995 | 5483241 4 .04 0939 3.8 0061
jexcdn] 15 A50HE0HS | 15a20.20.3 | 0476 1000 0476 | B5-4.8.3231 5 1.1 0.159 0.6 o034
331 15 A80HE0XE | 15A30.30u3 | DATT 1000 04977 | B54.8331 4 1.720 0474 T34 005z
33z 15A0XE0XS | 15425253 | 0850 1000 0950 | B5-4.8.3231 4 1.410 0317 1.5324 004
333 15 M80X60E | 15 A0020x3 | 0057 1000 o057 [ B548331 1 1.1 0.159 [GES [INEE]
334 | 15P60H50KG | 15500203 | DAG62 1000 0Aa62 | BE-4.8.331 3 1.1 0.159 [GES 0074
36 15AB0HB0NE | 15280503 | 0721 1000 0781 | B54.822 4 .95 ey | 11.409 o0ga
36 15 ABO0HB0NE | 15200805 | 0847 1000 0947 | BE5-4.8.3.31 4 10.500 3 268 1:31.910 1260
e 15 B0XB0NE | 15280.80.5 | 0892 1000 029z | B54.8.3231 4 09.200 g cinle] ) s 1.115
38 15 B0HB0NE | 15e80a50.3 | 0732 1000 orgs | BE-48.3.341 b} 295 2801 11.409 o0ag
39 15 MB0HB0NE | 15280503 | O824 | 1000 oaz4 | B5-4.8.331 5 .95 ey | 11.409 ooag
340 1580306 | 15280.80.5 | 0590 1000 0890 | B54.8331 4 9.290 g st a1.722 1115
3 15AB0XB0XE | 15AP5F5aG | 0991 1000 0991 | 5483231 4 .66 18713 T45.062 10349
EEH] 1580806 | 15280503 | 0821 1000 0221 | B548331 a 2.9 T 11.409 [INiEE]
[EE] 15 MB0HB0NE | 15A70F5af | 0038 1000 0938 [ B5-48331 E] .66 18713 45062 10349
Fdd | 15 MB0HE0KE | 154605003 | 0261 1000 0261 | B54.8.331 5 .95 ey | 11.409 o0ga
fh] 15AFOXFONG | 15Ar0aF5af | 0298 1000 0298 | 5483231 4 8660 18713 a.062 10349
G 15A70XF0XE | 15280503 | 0290 1000 0290 | BE4.8.3231 5 .05 ey | 11.409 o0ga
347 15 AP0HFONE | 15A0F 5 | 0036 1000 0936 | 548321 4 T2 15 024 G373z IE]]
e 15AP0XFOXG | 15200503 | D87 1000 0avE | BE-48.331 5 .95 501 11.409 o0ga
344 1SA70XTONE | 15475755 | 0834 | 1000 0934 | B548331 4 7.2 15924 &3, 732 0 GOG
3450 15AF0XFOXG | 15200503 | 0804 [ 1000 oood | BE-48.331 [ .99 FET] 11.409 oosa
361 1SAP0XTONE | 15475755 | D883 1000 0283 [ 548331 E] 7.2 15 924 63732 [
362 15AF0XTFOXG | 152005003 | OA36 1000 0936 | B5-4.8.3.3.1 b} .95 591 11.409 o0ga
353 1S5P0XF0XE | 15470705 | 09G4 | 1000 0964 | B5-4.8.331 4 6.770 12 893 5146 0564
354 | 1SAFONFORG | 152805003 | 0963 1000 0968 | B5-4.8.3.31 ] 2.95 2891 11.409 oogg
355 1SA0HFONE | 15270705 | 0895 1000 0295 | B5-4.8.331 4 6.770 12 803 51426 0564
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Table 4.4: STAAD Pro computation sheets continued

— - Joia Mo Thaml Mo P
ﬂ 16
r -
.jsdh--- hcmromd o Fal
b rim 45m Tower Modellingf2nalyeis i
B 00,0 Can 2 byt 2 1 chd 0.0.0
ciml WA EMG Project Reseacrh Fin 45m Tower hiodelling and| s s 00 yn-2021 1220

Utilization Ratio Cont...

Bearn Aralysi= De=zign Dot el Allmuq Ratic Clause L'c Ao E Iy [
Property Property Fatio Fatia  [fot.llon ) {om™) {om™) fem') {om™)

266 IEAF0RTONE | 15 80502 [ D020 1000 oozo |l ps48221 5 2050 2201 11.400 [NiEE]
257 1EAF0F0NE | 15 A80G005 [ D006 000 0005 | BE4.8221 4 6.250 10021 H.010 0421
352 15AF0F0XE | 15200503 | D223 1000 0223 | BE4.83221 5 205 220 11.400 onga
250 1SAF0F0NE | 15 3000 | D026 1000 0036 | BE4.82321 5 2640 2072 8.252 oova
260 15AF0XF0XE | 152080605 | DO28 1000 0928 | BS4.823 221 4 6.2490 10021 H.010 0421
261 1S AF0HT0OME | 15285655 | DAs7 1000 D257 | Bs4.82.221 4 6.250 10021 4.010 0521
362 15 AF0HT0OME | 15295503 | 0200 1000 0800 | BS-4.8373.1 5 2640 2072 0252 oova
363 15 F0HF0ME | 15860605 | 0960 1000 0960 | B54.8373.1 4 5750 Tav 31.044 0479
3 15 AF0HTOMGA | 15 AdGmdtnd | 0736 1000 0736 | BS54.833.1 5 2640 2072 8252 00va
265 15AF0F0NE | 1280605 [ D223 1000 0223 | 48221 4 575 TE 21,044 0470
266 15707 0XE | 154003 [ D217 1000 07 | Bs4.8321 5 2340 1435 EEET oovn
367 15AF0XF0XE | 1500604 | D295 1000 0205 | BS4.82321 4 4710 G552 G074 0251
262 1S AF0HT0OME | 192053582 | DAaM 1000 0201 | Bs4.82.3221 5 2.0 0929 2T 0061
369 15 F0HF0ME | 15 860a60x | 0732 1000 0782 | B54.8331 4 4710 b 558 2074 0251
av0 15 AF0HTOMGA | 15235353 | D286 1000 0Aa36 | BS54.833.1 5 2030 0939 3.7 0ne1
a7 15 G0HE0HSE | 15235353 | DA 1000 0921 | BS54.833.1 5 2030 0939 3.7 0ne1
3TE 15 M60HE0KS | 15 6050w | DG2S 1000 0625 | BS4.833.1 4 4710 6553 2074 0251
i 15 60XE0XS | 1520050 [ D257 1000 0257 [ ps4.83221 4 EXEET] 2742 14,722 [
e 1SAEB0HE0HS | 19205052 [ D202 1000 0202 | Bs4.83221 5 203 0gza ENED 001
ATE 1S AG0HE0HSE | 19205353 | D722 1000 072 | Bs4.82.3221 5 2.0 0929 2T 0061
A6 15 0HE0HS | 15 250x50x3 [ D220 1000 0820 | B54.8373.1 4 2950 2891 11.409 0nga
ITT 15 A60HE0HS | 15 A0 0x3 | 0327 1000 0327 | B54.833.1 5 1.120 0.159 0.6 0034
ITE 15 G0HE0KS | 15 Ad0md0nd | 0934 1000 0934 | BS54.833.1 4 2340 1435 5.7 0070
378 15 MG0HE0KS | 15 A0w20xd | 0294 1000 0xa94 | BS540 3 1.120 0.159 0.6 0034
220 ISAG0ME0XS | 150203 | D552 1000 0552 | BE4.82.23221 4 1120 0.15a 0.6 ooz4
3 IS AG0E0XE | 1520203 | D220 1000 0220 | BE48221 4 1120 0.15a 0.6 ooz
EER IS AG0HA0KE | 1S A020x3 [ 0152 1000 0153 [ BS4.8331 3 1.120 0.159 e o034
EEE 15 860HA0KE | 15 A2020x3 [ 0392 1000 0392 | B54.8331 4 1.120 0.159 e 0034

Failed Mem bers

Them is mo oala of s e .
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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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i. 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 (ICAOQ) 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

INEEL

NIGERIAN

NCC/CMED/ASCS/161/VOL.1/8/2020 COMMUNICATIONS
COMMISSION
July 14, 2020 A0,
ZEERN
> o\
The Managing Director .5";/ €O’ ory '::‘\\':L’\\
Emerging Markets Telecommunication Services .i 821 12k
Plot 19 Zone L \AEctien / 4
Fed. Govt Layout, Foreshore Estate \\‘, VEIVE D/ y
Banana Island, Ikoyi, Lagos. \Q\'-’ 719
\:-_—.:”/'
Deax Sir,

INCREASING CASES OF COLLAPSE OF EMERGING MARKETS
TELECOMMUNICATION SERVICES MASTS AND TOWERS ACROSS THE
NATION

The Commission has been inundated with reports with respect to concerns regarding the
installation of Base Transceiver Station (BTS) sites in its vicinities. These complaints have
increased with increasing cases of collapsed Masts and Towers in various states of the
Country resulting to loss of lives and properties.

The Commission frowns at and finds this trend very disturbing and hereby directs Emerging
Markets Telecommunication Services to take immediate steps to:
1. Ensure structural integrity and reinforcement of both new and existing Masts and
Towers
2. Ensure compliance with the Structural Design stipulated in the Guideline for the
Technical Specification of Telecommunication Masts and Towers 2009.

Consequently, you are required to:

1. Report to the Commission, within 24 hours, all incidence of BTS towers collapse.

2. Make readily available. records of routine maintenance carried out at the BTS sites
for the Commission’s inspection at all times:

3. Submit a status report of all collapsed Masts and Towers within the last five (5) years
stating the reason for the collapse, actions taken to clear the debris and compensation
to victims where necessary;

4. Conduct Structural Integrity Test on all BTS sites especially the ones that are ten (10)
years and above.

a. Submit the Structural Integrity Test schedule before commencement.
b. Submit the Structural Integrity Test report upon completion detailing amongst
other parameters, the load bearing capacity of each BTS site.

5. Provide a copy of the last Third (3%) Party Insurance cover for all collapsed Masts and
Towers (2016 — 2020) as stipulated in the Guidehne for Technical Speeification of
Telecommunication Masts and Towers., \:%

wlot
Pagelof2
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The Commission expects all tasks will be completed before the 1 of October 2020 and all
reports must reach the office of the Executive Vice Chairman by the 15 of October 2020.

Thank you.

Yours faithfully,
PP: Nigerian Communications Commission

_ N e

Ephraim Nwokenneya
Director, Compliance Monitoring and Enforcement Head. Compliance Monitoring
For: Executive Vice Chairman
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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

PROPOSED ETISALAT GSM MAST

SITE LOCATION: A PIECE OF LAND LOCATED AT UNITY HILLS
GARDEN ESTATE, PLOT 1274, ASO DELIGHT,
KATAMPA, F.C.T. ABUJA.

SITE I.D: B 0653
D Q)
Yl .
etisalat AND HUAWEI

REPORT OF SUBSOIL INVESTIGATION FOR HUAWE!
TECHNOLOGIES COMPANY LTD.

DATE: JANUARY, 2014

PREPARED BY:

KDF KONSULT LIMITED

3, BALOGUN STREET

OFF AWOLOWO WAY, IKEJA.
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EXECUTIVE SUMMARY

ALLOWABLE BEARING PRESSURE

KPA VALUES:
Differential Depth Allowable bearing
(m) Capacity (KN/m?)
0.00 — 0.25 90
0.25 - 0.50 140
0.50 - 0.75 210
0.75 —1.00 290
1.00 - 1.25 340
1.25 - 1.50 480
1.50 -1.75 625
1.75-2.00 765

RECOMMEMDED FOUNDATION:
Shallow foundation

Shallow foundation is recommended for the proposed tower and ancillary facilities
on project site.

GROUND WATER

Groundwater was not encountered in the course of the investigation on the project

site. Occasionally during raining season water is trapped within the overburden

sediment, If water is encountered in the course of excavation, though it was not
encountered in the course of the DCP tests, the allowable hearing pressure stated in
this report should be halved.

EXCAVATION

Adequate preparation should be put in place to excavate into cohesive soil.

Excavation support would not be required.

Excavation could easily be achieved using conventional excavating equipments /

tools.
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1.0 INTRODUCTION

The Contractor, (HUAWEI TECHNOLOGIES COMPANY LTD) commissioned Kdf Konsult
Limited to proceed with subsoil investigations at the proposed GSM Cell Site located on
A PIECE OF LAND LOCATED AT UNITY HILLS GARDEN ESTATE, PLOT 1274, ASO
DELIGHT, KATAMPA, F.C.T. ABUJA. This Report is a consequence of the soil
investigation and analysis, which is presented in an objective and professional manner.

The purpose of the subsoil investigation and attendant report is as follows:

¢ Determine the subsoil and surface/groundwater conditions of the designated

location.

= [Evaluation of the subsoil stratigraphic sequence geotechnicallengineering
properties of the soil and the subsequent effects on foundation design and
construction.

= Analysis of the data/results of tests carried out on the soil samples obtained
and provide recommendations on the fit-for-purpose type of foundation for the

proposed structure.

2.0 SITE ACCESSIBILITY

The site is accessible through, Katampe road, Unity Hills Garden Estate, Plot 1274,
Aso Delight, Katampa, F.C.T. Abuja to mention but a few.

3.0 DESCRIPTION OF WORK

The soil investigation comprised of and carried out in three parts;
- Field Work: Tests (3DCPTs and Test pit), Laboratory Tests and collation of the
test results,

31 FIELD WORK
The site works were carried out on January 21%, 2014.

The Scope of Work executed involved the performance of 3Nos, Dutch Gone Penetrometer
Tests (DCPTs) to a depth of refusal and 1Mo, Test Pit.

REPORT OF SUBSOHL INVESTIGATION.
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DUTCH CONE PENETROMETER

The apparatus consists of a cylindrical probe, of 1000mm? cross sectional area, and a
conic head of apex angle of 60°. The probe is forced down through the soil at a steady rate
of about 20mm/z in the clozed position by exerting pressure force on outer sounding tube.
If desired the point resistance and the resistance to side friction can be measured
separately,

3Nos. static cone penetration test was carried out using a 2.5tons capacity testing
equipment {machine). The test involves advancing the cone into the ground slowly at a
constant rate and the resistant fo penetration measured at predetermined intervals of
0.25m depth. The tests were terminated at depths where the machine anchor legs lifted.
These tests were taken from the existing ground level down to depths of -2.00m in Pen 1,
Pen 2 and Pen3 respectively.

The cone penetration test results are presented in a graphical form respectively in the
Appendix to this Report.

TEST PIT
1Mo. Test Pit was done by manual excavation, (dimension - 1.50m x 1.50m x 1.00m).

3.2 ANALYSIS OF TEST RESULTS

3.2.1 Geological Description

Available geological record reveals that the investigated area is within the basement
complex of Nigeria; it is characterized by crystalline rocks of Precambrian age. Rocks of
granitic origin later intruded these rocks

3.2.2 Subsoil Condition

The subsoil indicated from the cone penetration test and trial pit result reveals a simple and
uniform occurrence along the entire area investigated. Details of the subsoil characteristics

encountered during the Penetrometer test and the trial pit excavation are shown below:

Subsoil Condition based on Dutch Cone Penetrometer Test (DCPT):

Depth (m) Description of Stratum
0.50 to =2.00 Stiff to hard Coheasive Soil.
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Subsoil Condition based on Trial Pit

Depth (m) Description of Stratum
0.00 to —1.50 Siiff to hard Sandy CLAY.

3.2.3 Groundwater Condition.

Groundwater was not encountered in the course of the investigation on the project site.
Occasionally during raining season water is trapped within the overburden sediment,
if water is encountered in the course of excavation, though it was not encountered in the
course of the DCP tests, the allowable bearing pressure stated in this report should be
halved.

3.2.4 Site description and Condition.

The proposed site on which subsoil investigation was carried out in an open piece of land
located within a residential environment; buildings and fence around show no sign of

distress.
3.2.5 Topography.
The project site has an uneven topography.

3.2.6 Vegetation.

Vegetation on the project site as at the time of geotechnical investigations were mainly

grasses and weeds.
3.2.T7 Erosion and Flooding.

At the time of investigation the site shows no proneness to erosion and / or flooding under

heavy down pour, however adequate drainage should be in place on the project site.
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4.0 FOUNDATION DISCUSSION AND RECOMMENDATION

41 DESIGN DETAILS
Essentially, the Cell Site facilitiesfinfrastructure requiring foundations that exert any
significant loads shall comprise the following:

1. Self-supporting Tower resting on concrete bases.
2. A generator base

3. A shelter base
4

. Cell Site location fence, which shall be in block wall or galvanized steel frame.
Depending on the specified design, a concrete retaining wall may be required.

Generally it was advised that a minimum bearing design pressure of 50KN/m? is
required beneath the tower if a shallow foundation is to be adopted.

4.2 DISCUSSIONS

Geotechnical Properties based on Dutch Cone Penetrometer Test (DCPT):

Depth(m) = Geotechnical Properties

Good to very good geotechnical properties, high shear
strength and low compressibility potential.

0.00to -2.00

Geotechnical Properties based on Trial Pit

Depth (m) Geotechnical Properties
Good to very good geotechnical properties, high shear
0.00 to -1.50 _— .
strength and low compressibility potential.
Cc A NEERING PARAMETERS
Depth q. value for Pen 1 | q. value for Pen 2 | q. value for Pen 3
(m) (kg/cm?) (kg/cm?) (kg/cm?
0.00 to —2.00 20-171 18 — 168 24 - 175
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4.3 RECOMMENDATION

The foundation type to be chosen for a particular structure depends largely on

the followings;
- Loads to be transmitted

- Receiving soil strata

- Factor of safety against shear failure of the supporting soil must be

adequate.

- Settlement should neither cause any unacceptable damage nor interfere

with the function of the structure.

Foundations can be classified as shallow foundation or as deep foundation.

The choice between shallow foundation and deep foundation can be arrived at

after careful consideration of the following elements.

The soil nature,

bl A

The magnitude of the transmitted loads from the stratum,

The economic aspects of the elements of the foundation work,
Problems concerning foundation construction.

4.3.1 Allowable Bearing Pressure between ground surface and -2.00m

Allowable bearing pressure calculated in accordance with theoretical soil mechanics
principle for different depths are indicated below:

Depth (m) Allowable Bearing Pressure ‘
0.00 -0.25 90KN/m?
0.25 -0.50 140KN/m?
0.50 -0.75 210KN/m?
0.75-1.00 290KN/m?

| 1.00-1.25 340KN/m?
1.25-1.50 480KN/m?
1.50-1.75 625KN/m?
1.75 -2.00 765KN/m?
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4.3.2 Recommended Foundation.

The foundation type to be chosen for a particular structure depends largely on the
followings;
- Loads to be transmitted
- Receiving soil strata
- Factor of safety against shear failure of the supporting soil must be adequate.
- Settlement should neither cause any unacceptable damage nor interfere with the
function of the structure.

Foundations can be classified as shallow foundation or as deep foundation.

The choice between shallow foundation and deep foundation can be arrived at after
careful consideration of the following elements.

5. The magnitude of the transmitted loads from the stratum,

6. The soil nature,

7. The economic aspects of the elements of the foundation work,

8

. Problems concerning foundation construction.

Shallow foundation

Shallow foundation is recommended for the proposed tower and ancillary facilities on
project site.

4.3.3 Settlement

For the allowable bearing pressure stated above, anticipated total and differential
settlement would not exceed 25mm.

4.3.4 General Comment
¢ Factor of safety value of 3 was used for our shallow foundation analysis.
e The above recommendation is based on the depth of termination of the test, if water

is encountered in the course of excavation, though it was not encountered in the

course of the DCP tests, the allowable bearing pressure stated in this report should
be halved.
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« The above recommendation is based on the depth of termination of the test, no

geotechnical information of the subsoil beneath -2.00m depth of termination could be

determined except borehole/SPT test is carried out.

4.3.5 Excavation.

o Adequate preparation should be put in place to excavate into cohesive soil.

e Excavation support would not be required.

e Excavation could be easily achieved using conventional excavating tools.

4.3.6 General Precaution for Shallow Foundation Construction
It is recommended that the following general guidelines that govern the construction of

shallow foundation should be observed when work commences on the site:

Over excavation beyond the depths stated should not be done.

Ingress of water into the excavated foundation trench should be prevented if the
stated bearing value at the founding depth is to be achieved. A layer of concrete
blinding should therefore be provided within a trench once it has been excavated.
Adequate cover to the concrete should be allowed for the reinforcement bars to
protect them from possible effect of corrosion.

The sides of foundation should be backfilled up to existing ground level

as soon as they are cast.

Pile cap should be deep enough to ensure full transfer of the load from the
column to the cap in the punching shear and from the cap of the piles.

Ground beam should be used to inter-connect the pile or pile cap so as to

take care of out-of-balance moment resulting from wind effect at ground

level both in normal and punching shear
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Note;

* Our recommendation is for guidance purpose only and it is based on
the depth of termination of the Dutch Cone Penetrometer tests (DCPT)
carried out on the project site. To confirm the recommendations above
and for further information beneath depth of termination of the DCPT,
we recommend that at least a -25m borehole / SPT test or geophysical
investigation for geotechnical purpose be carried out on the project
site.

* The recommendations given in this report are based on the
assumption that the subsurface materials and conditions do not
deviate appreciably from those disclosed.

5.0 CONCLUSION

Shallow foundation is recommended for the proposed tower and ancillary facilities
on project site.

Despite an objective soil investigation and reporting, a poorly designed and/or constructed
foundation may lead to structural failure if all other environmental conditions remain
constant, Kdf Konsult Limited therefore recommends that the design and construction of all
foundation and earthwork be carried out by a competent company in accordance with good
and strict engineering practice expected of a professional. The construction contractor shall
be guided by reference Code of Practices such as; British Institution CP 2004, 1973: Code
of Practice for Foundation and BS 6031: Code of Practice for Earth Works.

FOR: KAYODE OLAOYE
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APPENDIX C

Appendix C: Tower drawing

Wz

- N  MAST PROJECTS NIGERIA

460 [42 Mf5) 3820HH TOWER FOUNDATION TEMPLATES

PACKING LIST

QUANTITY
S/MO, ITEM S/MATERIALS PER SITE
1 Anglelrons (SO X S0 X 6L X 1310LG]) GFcs.
2 Anglelrons (SO X S0 X 5L X 1106LG) 3Pcs.
3 Top Plates (375 X 375) 3Pcs.
4 Bottorm Plates (375 % 375) 3Pcs.
S splice/Connecting Plates (260 ¥ 50 % SPLT) 6Fcs.
3] W12 X 30 Assembly Bolts & Muts S4Pcs.
7 W30 Holding Down Bolts 24Pcs.
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