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Abstract 

Swimming is an ideal recreational activity in Sri Lanka since it is a tropical 

country. The island is blessed with beautiful sea beaches right round. However due to the 
V 

financial limitations and other restrictions, majority of Sri Lankans are not so fortunate to 

have ready access to the sea coast. Thus, people really interested in swimming are 

directed to swimming pools constructed inland. As can be seen in recent t imes, Sri 

Lankan sport has gained some rejmarkable achievements. Once the facilities are provided, 
i 

Sri Lanka may reach international level in swimming too. The main obstacle for all these 

is the non-availability of adequate .number of swimming pools in Sri Lanka due to high 

capital cost involved. 

This exercise is to achieye cost effective structural forms for the construction of 
i 

swimming pools for Sri Lanka. .[Conventional type pools are constructed using cantilever 

type retaining walls as vertical n u m b e r s designed to retain water limiting the crack width 

exerted by the water pressure. Highest cost is involved in the materials and workmanship 

associated with the walls. If this is reduced, many of the citizens will be able to afford to 

construct their own private swimming pools. The middle level schools may collect a 

nominal sum of money from parents and build the school swimming pool. Sports clubs 

and other institutions will also be interested to have their own pools. The operational and 

maintenance cost compared to the capital cost is very low and can be collected from the 

users of the pools very easily. ' • 

First of all, a comprehensive literature survey was conducted to determine the 

alternative structural forms used in other countries. These alternatives were compared 

with the conventional forms. It was observed that there are more effective methods still 

not widely used in Sri Lanka. Direct application of these will not be suitable to Sri Lankan 

context. Hence certain modifications were made to match to our conditions. When these 

alternatives were still behind the expected effectiveness, further desk studies were carried 

out to invent more effective methods. The methods developed will not be suitable for sites 

with higher level of ground watfer. Construction of pools using this method without deep 

ends will be possible if the ground water table is l m below the pool top level. Similarly 

pools with deep ends will be possible using this method when the ground water level is 2m 

below the pool top level. Again the soil needs to be firm for the use of this method. 

The structures needed for water treatment process were also studied to observe the 

effectiveness by changing the structural forms. 

11 



Acknowledgements 

First, I wish to express my gratitude and thanks to the Vice Chancellor of the 
University. And I wish to thank the Dean, Faculty of Engineering and Head of the 
Department of Civil Engineering of the University. 

Next, I would like to express my sincere gratitude to the staff of the University of 
Moratuwa who taught me Engineering since the day I entered as an undergraduate to this 
excellent institution. Then I wish to give my thanks to all the staff of the structural 
Engineering Division of Department of Civil Engineering at the University of Moratuwa for 
teaching me throughout the Post Graduate course fruitfully. 

It is my duty to give my special thanks to Dr.M.T.R.Jayasinghe, Associate Professor at 
the Dept. of Civil Engineering who guided me throughout this research work with excellent 
comments and suggestions. He was always enriched to create new things over conventional 
patterns to make this research a useful one. His continuous monitoring work for last fifteen 
months with valuable additions to this work is indispensable. 

I am very much grateful to Mrs.D.Nanayakkara, the course coordinator of the 
Post.Graduate.Diploma course, who conducted the course with great devotion. It is my thanks 
to Dr. (Mrs.) M.T.P.Hettiarachchi, the research coordinator who monitored the progress of the 
research work timely and coordinated effectively. 

Finally I must be thankful to National Water Supply & Drainage Board for giving me 
this valuable opportunity to follow the Master of Engineering course. 

iii 



T A B L E OF CONTENTS 

Declaration 

Abstract 

Acknowledgements 

Contents 

List of Tables 

List of figures 

IV 



Page No 

Chapter 1 

1.0 Introduction 

1.1 General 1 

1.2 Main Objectives 1 

1.3 Methodology 2 

1.4 The main findings 2 

1.5 The arrangement of the report 2 

Chapter 2 

2.0 Literature Review 

2.1 General 4 

2.2 Types of Swimming Polls 4 

2.2.1 Pools for private houses, clubs and hotels 4 

2.2.2 Covered pools for clubs and hotels 6 

2.2.3 School Pools 7 

2.2.4 Teaching or learner pools 8 

2.3 Components of swimming pool 9 

2.3.1 Pre - cleansing areas - showers and footbaths 9 

2.3.2 Changing Accommodation 9 

2.3.3 Pool loading - user capacity of swimming pools 10 

2.3.4 Sanitary Accommodation for Pool Users 11 

2.3.5 Spectator Accommodation 11 

2.3.6 Sanitary Accommodation for Spectators 11 

2.3.7 Engineering services for swimming pools 12 

2.3.7.1 Water supply 12 

2.3.7.2 Drainage 12 

2.3.7.3 Electricity 13 

2.3.7.4 Water Treatment 13 

2.4 Design Methodology adopted for conventional swimming pools 14 

2.4.1 General Considerations 14 



•i 

2.4.2 Limit state design 14 

2.4.3 Serviceability limit state of cracking 15 

2.4.3.1 Flexural tension in mature concrete 15 

2.4.3.2 Direct tension in mature concrete 17 

2.4.3.3 Direct tension in immature concrete 18 

2.4.4 Limitation on steel stress 19 

2.4.5 Serviceability limit state of deflection 20 

^ 2.4.6 Joints in floor and walls of swimming pools 20 

2.4.6.1 Reasons for providing joints 20 

2.4.6.2 Types of joints 21 

2.4.6.3 Full Movement Joints 22 

2.4.6.4 Partial movement joints 

(Contraction and stress - relief joints) 23 

2.4.6.5 Sliding joints 25 

2.4.6.6 Monolithic Joints (Construction joints) 25 

2.5 Alternative Structural Forms 26 

* 2.5.1 Reinforced Sprayed Concrete 26 

2.5.1.1 Introduction 26 

2.5.1.2 General Considerations 26 

2.5.1.3 Advantages 26 

2.5.1.4 Disadvantages 26 

2.5.1.5 Dry and Wet Mix Processes 27 

2.5.1.6 Reinforcement 27 

2.5.1.7 Joints 28 

2.5.2 Swimming polls constructed with an insitu reinforced 

+ concrete floor and plain mass concrete walls 29 

2.5.2.1 Introduction 29 

2.5.2.2 The floor 29 

2.5.2.3 The Walls 29 

2.5.3 Swimming pools constructed with reinforced concrete 
block walls and insitu reinforced concrete floor 30 
2.5.3.1 Introduction 30 

4 
vi 



-i 

2.5.3.2 The floor 30 

2.5.3.3 The walls 31 

2.5.4 Swimming pools constructed with insitu reinforced 
concrete floor and walls, using dense aggregate concrete 
blocks as permanent formwork 31 

2.5.5 Pools with brick, block or stone walls with an inner lining 

of reinforced sprayed concrete 32 

2.6 Simply Supported Wall concept 34 

«, 2.6.1 Advantages of simply supported wall concept 34 

2.6.2 Disadvantages of simply supported wall concept 35 

2.7 Summary 35 

Chapter 3 

3.0 The Case study 36 

3.1 General Considerations 36 

3.2 Design of swimming pool without a deep end using 

conventional method 36 

3.2.1 General arrangement of the swimming pool 37 

3.2.2 Conventional swimming pool design 38 

3.2.2.1 Wall design 38 

3.2.2.2 Slab design 40 

3.2.3 Detailing of the joints 41 

3.2.4 Summary of Structural arrangement 41 

3.2.5 Design Drawings 42 

3.3 Design of Swimming pool without deep end - Proposed 

method 42 

3.3.1 Need for an alternative structure 42 

3.3.2 Use of gravity wall type swimming pools for Sri Lanka 43 

3.3.3 Solution for the rising water table 43 

3.3.4 The prevention of lateral movement of the wall 44 

3.3.5 The material for the gravity wall 44 

3.3.6 Structural design aspects of the proposed structure 44 

vii 



3.3.7 Design of the random rubble gravity wall 44 

3.3.8 Design of the wall 45 

3.3.9 Reinforced concrete ground slab 46 

3.3.10 The structural arrangement of the swimming pool 

without deep end using proposed method 47 

3.3.11 Design drawings of the proposed pool without a deep end 47 

3.4 Design of swimming pool with deep end - Conventional method 48 

3.4.1 General arrangement 48 

3.4.2 The structural arrangement of the swimming pool 

with a deep end using conventional method 49 

3.4.3 Design drawings of the conventional pool with a deep end 50 

3.5 Design of swimming pool with a deep end - Proposed method 50 

3.5.1 Need for an alternative method 50 

3.5.2 Counter fort retaining walls at deep end 50 

3.5.3 Reinforced concrete ground slab design 53 

3.5.4 Design Drawings 54 

Chapter 4 

4.0 Cost Study 

4.1 General 55 

4.2 Basic Rates for the main structure 55 

4.3 Cost of construction of reinforced concrete pool structure 
without a deep end 55 

4.4 Cost of construction of Proposed pool structure without 
a deep end 57 

4.5" Cost of Construction of reinforced concrete pool structure 

with a deep end 58 

4.6 Cost of construction of proposed pool structure with a deep end 60 

4.7 Cost Comparison 61 

4.8 Conclusions 62 

4 viu 



Chapter 5 

5.0 Alternatives for associated structures 63 

5.1 Introduction 63 

5.2 Methods of removal of pollution 63 

5.2.1 Removal of surface pollution 63 

5.2.2 Removal of dissolved pollution 64 

5.2.3 Removal of suspended pollution 64 

5.2.4 Removal of deposited insoluble pollution 64 

5.2.5 Removal of the biological pollution in the swimming pool 64 

5.3 Structural forms for water treatment 64 

5.3.1 Traditional swimming pool forms for water treatment 64 

5.3.2 Alternative forms - Aerators built using ferro - cement 
technology 65 

5.4 Cost study 65 

5.4.1 Cost for pool without deep end 65 

5.4.2 Cost for pool with deep end 66 

5.5 Cost savings 66 

5.6 Summary 67 

Chapter 6 68 

6.0 Conclusions and Recommendations 68 

6.1 General 68 

6.1.1 Main features of Swimming pools without deep ends 68 

6.1.2 Main features of Swimming pools with deep ends 68 

References 71 

Appendices 

Appendix A : Design calculations for conventional swimming pool with deep end. 

Appendix B : Design calculations for proposed swimming pool with deep end. 

Appendix C : Design drawings of conventional swimming pool without deep end. 

Appendix D : Design drawings for proposed swimming pool without deep end. 

IX 



Appendix E : Design drawings for conventional swimming pool with deep end. 

Appendix F : Design drawings for proposed swimming pool with deep end. 

LIST OF TABLES 

Page 

2.1 Dimensions of swimming pools for private houses 6 

2.2 Dimensions of swimming pools for clubs and. hotels 6 

2.3 Dimensions of swimming pools for schools 7 

2.4 Dimensions of teaching pools 8 

2.5 Area required in swimming pools per person according to 

depth of water and use 9 

2.6 Gradients of pipes for self cleansing 13 

2.7 Variation in temperature due to seasonal changes 19 

2.8 Allowable steel stresses in direct or flexural tension for 
Serviceability limit state 19 

3.1 Summary of reinforcement for pool without a deep end 42 

3.2 Structural arrangement of the conventional pool with 

a deep end 49 

4.1 Cost calculation of reinforced concrete pool structure without 
a deep end 56 

4.2 Cost calculation of proposed pool structure without 
a deep end 58 

4.3 Cost calculation of reinforced concrete pool structure with 
a deep end 60 

4.4 Cost calculation of proposed pool structure with 

a deep end 61 

4.5 Cost comparison of different swimming pools 62 

6.1 Structural costs, cost saving and cost saving as a percentage 69 

6.2 Total costs, cost saving and cost saving as a percentage 70 



LIST OF FIGURES 

P a g e 

2.1 Dimensions of a typical 25m long pool 7 

2.2 Reinforcement arrangement for crack width calculations 16 

2.3 Section subjected to combined bending and tension 17 

2.4 Full movement joint in reinforced concrete wall 22 

ir 2.5 Full movement joint in reinforced concrete floor slab 23 

2.6 Stress relief joint in reinforced concrete floor slab showing 
recommended proportion for crack inducement 23 

2.7 Stress - relief joint in reinforced concrete wall showing 
recommended proportion for crack inducement 24 

2.8 Possible arrangement of joints in floor and walls of the 
reinforced concrete swimming pools 24 

2.9 Diagram of mass (gravity) type wall of pool with reinforced 
sprayed concrete lining and floor 33 

2.10 Diagram of mass (gravity) type wall of pool with reinforced 
+ sprayed insitu lining and reinforced insitu concrete floor 33 

3.1 Plan and section of a swimming pool for a school without 

a deep end 37 

3.2 The possible arrangement of joints in floor and walls 38 

3.3 Arrangement used for the study 39 

3.4 Fixed joint between wall and base slab 41 

3.5 Section of wall of 1.5m deep 45 

3.6 Plan and section of a conventional swimming pool for a school 

with a deep end 48 

3.7 Dimensions of the counter fort retaining wall used to retain water 

at deep end 51 

3.8 General arrangement of the counter forts 51 

3.9 Dimensions of the counter fort 52 

3.10 Section of pool showing slab thicknesses for design 53 

3.11 Base slab arrangement 54 

3.12 Base slab reinforcement arrangement 54 

XI 



5.1 Water pollution zones in pools 63 

5.2 Schematic diagram of an aerator 65 

X l l 


