
H /vc^ I i o q - / o h 

TRQPSCAL U R B A N PRECINCTS AS SQCI0 -ACTIV1TY 

A G G L O M E R A T I O N S IN THE M I C R O C L I M A T E S OF C O L O M B O 

A Dissertation 

submitted to the Department of Architecture of the 

University of Moratuwa in partial fulfillment of the 

requirements for the degree of 

Master of Sc ience In Architecture 

LIBRARY 
UNIVERSITY OF MORATUWA, SRI LANKA 

MORATUWA 

7fZ C0/f$) 

Thanuja N.K.R. Liyanage 
March 2005 

University of Moratuwa 

85465 



Declaration 

I declare that this dissertation represents my own work, e x c e p t where d u e 
acknowledgement m a d e , and that it h a s not b e e n previously included in a thes is , 
dissertation or report submitted to the University or any other institution for a 
degree , diploma or other qualification. 

Dr. Indrika Rajapaksha, 
Seniour Lecturer 
Faculty of Architecture 
University of Moratuwa 



ACKNOWLEDGEMENTS 

This study became a reality with the help, guidance and encouragement given by the following 
persons whom I wish acknowledge with deep gratitude. 

Archt. Vidura Sri Nammuni Head, Department of Architecture University of Moratuwa for the many 
intellectually vigorous discussions he had with us both at the undergraduate and postgraduate years 
of study covering all aspects pertinent to architecture and arts which enabled me to keep in line with 
the mainstream of architecture even while handling a more scientific study in this dissertation. 

I am deeply indebted to my personal supervisor Archt. Dr. Ms. Indrika Rajapaksha senior lecturer of 
the Department of Architecture for her guidance, valuable comments and unreserved help given to me 
throughout and to Archt. Dr. Upendra Rajapaksha, senior lecturer and coordinator of M.Sc. 
dissertations, Department of Architecture for the comments and criticism, which encouraged me to do 
this study. 

Archt. Prasanna Kulatjlake, senior lecturer, and the co-year master of the MSc year one Department 
of Architecture, for valuable comments and unreserved help given during the postgraduate first year, 
which also showed the formative stages of this study. Archts Gamini Weerasinghe and Jayanath 
Silva, co-year masters of the MSc year two. My sincere thanks are due to senior lecturers of the 
Department of Architecture, Dr. Rohintan Emmanuel and Dr. Harsha Moonasinghe for all their 
valuable comments, guidance and encouragements. 

Very special thanks are due to Mr. Chathura - technical officer, Department of Architecture for the 
assistance given especially in field investigations. The librarian and the library staff of the University of 
Moratuwa willingly helped me for finding necessary references. 

I am specially thankful to Messrs. Sirisena Herath, Deputy Inspector General of the Western province 
and D. P. L. Dissanayake, Senior Superintendent of Police, Colombo Central Division and the officers 
of Pettah Police Station for their willing support extended in getting security clearances for field 
surveys which were done within Colombo's high security zones. 

I am also grateful to my senior colleagues Ms. Nirosha Lloyed and Mr Ruwan Silva for the assistance 
provided and to my friends in need, Jeewanthi, Lasanka Ananda, Chandana, Subodha, Minushi, 
Rashmin and all my colleagues for their valuable support given. 

I express my deepest love and gratitude to my dearest parents, my brothers, Ranjith mama and loving 
Rajju for their encouragement and love and for being with me whenever I needed help. And my 
special thanks are due to Priyangi akki for going through this lengthy document. 

Last but not least I express my respect and gratitude to the people who helped me in my field of 
studies by sharing and articulating their spatial experiences of the urban precincts. 



Tropical Urban Precincts as Socio-Actjvity Agglomerations 
in the context of the Urban Microclimate of Colombo 

CONTENTS 
Page No. 

Acknowledgements 
Contents 
List of illustrations & Tables 

i 

ii 
vi 

INTRODUCTION 
A. Significance 
B. Intention of Study 
C. Study Hypothesis 
D. Objectives of Study 
E. Scope and Limitations 
F. Method of Study 

XI 

xi 
xi 
xi 
xii 
xii 
xiii 

CHAPTER ONE: THE LIFE BETWEEN BUILDINGS 
Introduction to the Chapter 
1.1 Life between buildings: "city life" 

Life between buildings - and the need for contact 
1.2 City life and Architectural trends 
1.3 Urban space as an Architectural Enclave 

1.3.1 Urban Space 
1.3.2 Architectural characteristics of Urban Space 

1.3.2.1 Sense of enclosure 
1.3.2.2 Sense of direction 

1.3.3 Out door activities and the Quality of outdoor space: Urban space 

01 
02 

03 
05 
05 
05 
06 
06 
06 

1.4 Sense of comfort ness 
1.4.1 Visual and Acoustic Comfort 

1.4.1.1 Visual Comfort 
1.4.1.2 Acoustic comfort 

1.4.2 Thermal Comfort The Key Facilitator of Physical Comfort 
1.4.3 Acclimatization 

08 
09 
09 
09 
10 
11 

1.5 Thermal Comfort- Theoretical Basis 
1.5.1 Architecture and Thermal Comfort 
1.5.2 Urban comfort controlling factors 

1.5.2.1 Natural factors 

11 
12 
14 
14 



1.5.2.2 Anthropogenic factors 14 
1.5.2.3 Air pollution 15 
1.5.2.4 Urban surface materials 15 
1.5.2.5 Emissions of anthropogenic heat 15 

Concluding remarks 16 

CHAPTER TWO: URBAN DESIGN AND ITS EFFECTS ON URBAN CLIMATE 
Introduction to the Chapter 
2.1 Urban Climatology 17 

2.1.1 Climate Zones 17 
2.1.2 Urban Temperature: The Heat Island Phenomenon 18 
2.1.3 Atmospheric pressure and Urban Wind Field 19 
2.1.4 Radiation and Sunshine 21 

2.2 Urban Design Effects on Thermal Behaviour of Urban City 21 
2.2.1 The location of a town within a Region 21 
2.2.2 Size of cities 22 
2.2.3 Density of the built- up area 22 
2.2.4 Land coverage 22 
2.2.5 Anthropogenic factors 22 
2.2.6 Intensity of activities and type of clothing 23 

2.3 Colombo: Urbanization and Heat Island 24 
2.3.1 Urbanization the city Of Colombo 24 
2.3.2 Colombo City as an Urban Heat Island 26 

2.4 Climatic Characteristics of Sri Lanka 27 
2.4.1 Climate Change Predictions in Sri Lanka 28 

2.5 Problems related to Colombo City Microclimate 28 

Concluding Remarks 29 



CHAPTER THREE: URBAN PRECINCTS AS SOaO-ACTIVTrY AGGLOMERATIONS 

Introduction to the Chapter 30 

3.1 Urban Precinct: "the Highly Populated Urban Pockets". 31 

3.2 Urban Precinct a s an Architectural Enclave 31 

3.2.1 S e n s e of enclosure 31 

3.2.2 S e n s e of direction 32 

3.2.3 S e n s e of comfort n e s s 32 

3.3 Urban Precinct Geometry 3 3 

3.3.1 Geometry effects on Thermal Behaviour of Urban Precincts 3 3 

3.3.2 Aspect Ratio 34 

3.3.3 Sky View Factor (SVF) 35 

3.3.4 Albedo effect and Radiation 36 

3.3.5 Urban density and the characteristics of urban wind field 37 

3.4 Characteristics of Urban precinct activities. 4 0 

3.4.1 Activity pattern 4 0 

3.4.2 Activity levels and human comfort 41 

3.4.3 Clothing 42 

3.5 The Limits of acclimatization 4 3 

Concluding Remarks 4 4 

4 CHAPTER FOUR: CASE STUDIES OF URBAN PRECINCTS 
Introduction to the Chapter 45 
4.1 Approach to the Research 45 
4.2 Methodology 46 

4.2.1 Site Selection 46 
4.2.2 Equipment used 48 
4.2.3 On-site spot measurement, activity pattern and clothing observations 49 
4.2.4 Data classification 50 

4.2.4.1 Climatic data 50 
4.2.4.2 Observation data and photographic study SO 

4.3 Method of analysis 50 
4.3.1 The Thermal Heat Index 50 

4 4.3.2 Predicted Mean Vote 51 
4.3.3 Comfort Zone 51 

IV 



4.3.4 Over all comparison of the comfort pattern and the activity patter 52 
4.3.5 Synthesis of designated and significant character of the precinct 52 

4.5 Case study 
4.5.1 Old Town Hall Precinct 53 

4.5.1.1 Precinct as an Architectural enclave 53 
4.5.1.2 Observations 58 
4.5.1.3 Concluding remarks 69 

4.5.2 Bo-Tree Precinct 71 
4.5.1.1 Precinct as an Architectural enclave 73 
4.5.1.2 Observations 75 
4.5.1.3 Concluding remarks 87 

4.5.2 Jami Ul Alfar mosque Precinct 88 
4.5.1.1 Precinct as an Architectural enclave 90 
4.5.1.2 Observations 92 
4.5.1.3 Concluding remarks 103 

CHAPTER FIVE: CONCLUSION 

5.1 Setting the Frame 105 
5.2 Summary of Case Study Findings 106 
5.3 Design Guidelines 107 
5.4 Directions for Further Research 109 

BIBLIOGRAPHY 110 

APPENDICES 113 

v 



LIST OF ILLUSTRATIONS 
Figure no. Description Page no. 

Chapter one 

1.1 York Street 1910, Fort 01 

1.2 City life at P e t t a h 02 

1.3 P e o p l e g a t h e r w h e r e p e o p l e are , Pe t ta in early 19th century. 0 3 

1.4 Revolut ionary city form 04 

1.5 S e n s e of e n c l o s u r e * 06 

1.6 S e n s e of direction 06 

1.7 The vast realm of public activities* 07 

1.8 Physiological and Psychological Parameters involved in the 

interaction of man and his environment 0 8 

1.9 Vitruvian Tri-parlite of climate balance 12 

1.10 Interlocking fields of environment 12 

1.11 Bio climatic chart 12 

1.12 Seven point Numerical Sca le 13 

Chapter Two 

2.1 Urban Heat Island Phenomena 19 

2.2 Climate pattern relation to altitude and the radiation 21 

2.3 activity types and metabolic rates 2 3 

2.4 typical do values 2 3 

2.5 Arial view of Pettah, Sri Lanka 24 

2.6 Thirty-year diurnal variations in temperature during the hottest month 

in CMR 25 

2.7 Historical trends in Heat Index - Colombo Weather station 2 6 

Chapter Three 

3.1 Well-enclosed urban space . Siena, Barcelona 31 

3.2 S e n s e of Direction, Louvre Museum, Paris, France 32 

3.3 People prefer to stay long when it comfortable Dublin, Ireland 32 

3.4 Various types of precincts and there geometry 33 

3.5 Precinct Geometry is important a s the life within, New Castle, UK. 34 

3.6 Radiation effect on a precinct reference to its aspect ratio 35 

3.7 Sky View Factor (SVF) 36 

3.8 Wind patter, when perpendicular to the precinct 37 

3.9 Wind pattern 37 

3.10 Wind flow direction parallel to the Long Axis 3 8 

vi 



Figure no. Description Page no. 
3.11 Single vortex pattern 37 
3.12 Double vortex pattern 39 
3.13 Oblique winds 39 
3.14 Necessary activities 40 
3.15 Optional activities 41 
3.16 Social activities 41 

Chapter Four 
4.1 Area map of identified precincts 47 
4.2 Old Town Hall precinct lay out with imposed grid 54 
4.3 Precinct a s an urban s p a c e 55 
4.4 The lay out of precinct with imposed grid 58 
4.5 vividness of activities 58 
4.6 Air temp, variation of OTP during 1200 to 1430 Hrs. 59 
4.7 Distribution of air temp., OTP 60 
4.8 Distribution of RH., OTP 60 
4.9 Distribution of illuminance., OTP 61 
4.10 THI Distribution of OTP 61 
4.11 PMV Distribution of OTP 62 
4.12 Sitting Distribution of OTP 63 
4.13 Standing Distribution of OTP 64 
4.14 Moving Distribution of OTP 63 
4.15 The lay out of precinct BTP 71 
4.16 Bo-Tree junction precinct lay out with imposed grids 72 
4.17 Air temp, variation of OTP during 1200 to 1430 Hrs. 73 
4.18 Bo Tree- the activity agglomeration 74 
4.19 The entrances frames the directions 74 
4.20 Precincts provide centre for long distance travellers 74 
4.21 BTP lay out with the imposed grid 75 
4.22 Activity shows vast vividness 75 
4.23 Air temp, variation of BTP during 1200 to 1430 Hrs. 76 
4.24 Distribution of air temp., BTP 77 
4.25 Distribution of RH., OTP 77 
4.26 Distribution of illuminance., OTP 78 
4.27 THI Distribution of OTP 78 
4.28 PMV Distribution of OTP 79 
4.29 Sitting Distribution of OTP 79 



4.30 Standing Distribution of BTP 81 

4.31 Moving Distribution of BTP 82 

4.32 Lay out of the precincts 8 8 

4.33 Jami-ul-AlfFah mosque Lay out 89 

4.34 Jami-ul-ArfFah mosque Street elevations 89 

4.35 Precinct can be Identified a s a junction 90 

4.36 Court yard used for praying and services 90 

4.37 Every s p a c e is well inter connected 91 

4.38 The s e n s e of comfort 91 

4.40 vividness of activities 92 

4.41 Air temp, variation of JMP during 1200 to 1430 Hrs. 92 

4.42. Distribution of air temp., BTP 9 3 

4.43. Distribution of RH., JMP 94 

4.45 Distribution of illuminance., JMP 94 

4.46 THI Distribution of JMP 95 

4.47 PMV Distribution of JMP 9 6 

4.48 Sitting Distribution of OTP 97 

4.49 Standing Distribution of JMP 9 8 



LIST OF TABLES 
Table no. Standing Distribution of OTP P a g e no. 

Chapter Two 

2.1 Population statistics of Pettah, Sri Lanka 2 5 

Chapter Three 

3.1 Total heat production rate in human being 4 2 

3.2 Heat resistance and typical d o values(ISO 7730) 4 2 

Chapter Four 

4.1 The c a s e study precinct description. 4 6 

4 .2 The equipment used in climatic data measuring 4 9 

4.3 The type of measurement and relevant equipment 50 

4.4 Comparison of THI and activities - Sitting Posture 6 5 

4.5 Comparison of THI and activities -Standing Posture 6 6 

4.6 Comparison of THI and activities -Moving 67 

4 .7 Comparison of PMV and activities - Sitting Posture 6 8 

4.8 Comparison of THI and activities - Sitting Posture 8 3 

4.9 Comparison of THI and activities -Standing Posture 84 

4.10 Comparison of THI and activities -Moving 8 5 

4.11 Comparison of PMV and activities - Sitting Posture 86 

4.12 Comparison of THI and activities - Sitting Posture 9 9 

4 .13 Comparison of THI and activities -Standing Posture 100 

4.14 Comparison of THI and activities -Moving 101 

4.15 Comparison of PMV and activities - Sitting Posture 102 

ix 


