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preface

Errection of Telecommunication towers has become one of the key elements in any network
expansion project in telecommunication industry at present days. Roof top towers play a dominant
role in this context especially in urban and suburban areas since the possibility of erecting green field
towers is limited in these areas due to factors like scarcity of lands, social factors, economic factors,

etc.

But, a proper scientific research on rooftop towers or effects that are caused by the tower installation
on existing buildings has not been carried out yet in Sri Lanka. Even in world context, a very few

researches have been done in this regard.

Hence, this topic was selected for my MEng(structural) research with the main objective of find ways
to optimizing cost for roof top towers and identification or structural effects o11existing structures on

which roof top towers arc installed.

A comprehensive scientific study was carried out within the solpe of this work and finally it has
reached to some important conclusions that can be practically adopted for the betterment of this roof

top tower design and construction field.

Also, 1 hope this report will be a motivator to the practicing engineers in this field to carry out more

and more research in this field for the betterment of the industry.



Acknowledgement

I take this opportunity to express my gratitude to all the persons who contributed immensely in

bringing this rescarch to life.

First of all, I would like to express my very special thank to Dr. (Mrs.) M.T.P. llettitarachchi,
who is the supervisor of my research. Without her valuable advices and the extended support,
this project will not reach to a successful completion. Also, I extend my sincere thanks to all
other staff members of Civil Engineering Department as well. Mr. B.A. Dayananda, who is the
director of Dayananda Associate (pvt) Ltd and it’s staff members gave me special support

throughout my MEng programme and I take this opportunity to appreciate their support.

| greatly appreciate the support given by stafl of Facility Management Division of Sri Lanka
Telecom PLC and especially Mr. N.S. Geethanjana ( Head of section —Civil Planning Section),

who is my immediate boss and Mr. A.G.S. Perera( Engineer — Workshop).

Colleagues of my MEng (structural) batch and colleagues of BSc(Eng) batch gave me great

support during various aspect of the research and I would like to thank them as well.
[’'m also thanking all different persons who helped me in many ways for this research.

Finally, 1 acknowledge my mother and my wife for the great support that they gave me in

various ways for the completion of the research.



1.1
1.2
1.3

t2

2

3.1

CONTENT

Preface
Acknowledgement
Content

List of Figures
List of Tables

List of Graph

Introduction
Background
Roof top towers

Objectives, Scope and Methodology
Review

History of roof top towers
Configuration of towers

Monopole

Self supporting lattice towers
Guyed Mast

Pole with supporting struts

Summary

Selection of four leg self supporting towers having 15m and 20m heights

Identification of optimum tower shapes for roof top towers

10

11

12

Identification of an optimum shape for 15m high four leg self supporting towers 13




Page No.

3.1.1  Structural analysis and design of 15m four leg towers 13
3.1.2  Finding optimum shape 13
3.1.3 Results and Discussion 22

3.2 Identification of an optimum shape for 20m high fourleg self supporting towers

3.2.1 Structural analysis and design of 20m four leg towers 27
3.2.2  Finding optimum shape 27
3.2.3 Result and Discussion 33
4. Analysing structural aspects of commonly used base beam arrangements and

variation of loads on columns due to vairous related aspects

4.1.  Practical Situation in Sri Lanka 38

42  Analysis of widely used base beam arrangement for four leg towers . 39

43  Effect of panel size and base dimension of tower on column loads 44

44  Discussion of results 46

5. Analysis of effects on columns due to tower loading

5.1 Analysis of effect on columns due to compressive forces form tower act on 50
columns

5.2 Analysis of effect on columns due to tensile forces fom tower act on columns 50

5.3  Optimum column section considering addtitioanl tower loads 56

0. Conclusion 58
References 60

Anncxure |

Page d



LIST OF FIGURES

Page No.

Fig 2.1 The transmission tower on Marina city (Photograph has been taken in 1967) 5

Fig 2.2 30m roof top tower on SL'T headquarters building 6

Fig 2.3 Two monopoles on a roof top building in Colombo 7

Fig 2.4 Self supporting roof top tower in Kandana arca . 9

Fig 2.5 Guyed mast with square lattice structure as center mast in Wattala area 10
Fig 2.6 Pole with supporting struts on a roof top 11
Fig 3.1 Different bracing types 15
Fig3.2 15m tower shapes 18-21
Fig 3.3 20m tower shapes 29-32
Fig 4.1 Base beam arrangements for a roof top tower 39
Iig 4.2 Widely used base beam arrangements for four leg roof top towers 40
Fig 4.3 Graphical representation of critical load cases ) 41
Fig 4.4 Spread sheet used to calculate support reactions 43

Page e



LIST OF TABLES

Page No.
Table 2.1 Structural forms of roof top towers 12
Table 3.1 Details of some existing towers ) 14
Table 3.2 Details of 15m tower models 16
Table 3.3 Structural details of 15m tower models 24
Table 3.4 Details of 20m tower models 28
Table 3.5 Structural details of 20m tower models 35
Table 4.1 Variation of design column loads with respect to location of tower in 44
a 5m x 4m panel
Table 4.2 Design column loads of 15m towers 48
Table 4.3 Design column loads of 20m towers 49
Table 5.1 Details of optimum column sections with appropriate reinforcements 53
considering compressive forces from towers
Table 5.2 Details of optimum column sections with appropriate reinforcements 55
considering tensile forces from towers
Table 5.3 Details of optimum column sections with appropriate reinforcements 57

considering tensile and compressive forces from towers

Page f



Graph 3.1
Graph 3.2
Graph 3.3

Graph 3.4

LIST OF GRAPHS

11/B ratio Vs Self weight of 15m four leg towers
1/B ratio Vs service deflection of 15m four leg towers
H/B ratio Vs Self weight of 20m four leg towers

H/B ratio Vs service deflection of 20m four leg towers

Page No.

25
20

36

Pageg



