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ABSTRACT 

The effect of global warming and temperature change in this century has led to an 

issue of discomfort condition in the indoor environment. The thermal comfort 

performance of the indoor environment has a significant impact on occupants' 

performance, especially in the naturally ventilated educational buildings in hot and 

humid climates. Lack of guideline and less understanding of natural ventilation system 

concept creates another problem in naturally ventilated building. Therefore, this study 

aims to investigate the indoor thermal comfort performance of the naturally ventilated 

classroom using casement and louvres window. There were three objectives to be 

achieved, which are; (a) to identify the current condition in the case study classroom, 

(b) to analyse the thermal comfort condition of the case study classroom using 

ASHRAE Standard 55-2013 and Malaysian Standard; MS1525:2019 and (c) to 

determine which type of window that can improve the indoor comfort condition in a 

classroom. This study is a quantitative research which used an experimental approach 

to achieved the research objectives. The field experiment was conducted in a case 

study classroom and the reading of the data collection was selected for three days on a 

sunny day and clear sky. Two types of window design by considering the window to 

wall ratio (WWR) and percentage of openable glazing were suggested in this study to 

determine the suitable window design that will helps to improve the thermal comfort 

condition. A model of the classroom with casement and louvres window design was 

developed and simulated using a computerized simulation software to obtain the result 

of the thermal environmental parameters. The results were analysed according to 

ASHRAE Standard 55-2013, Malaysian Standard; MS1525:2019 and adaptive 

Fangers’ Model. The analysis of the field experiment found that the average air 

temperature of Classroom A and Classroom B was 30.0°C and 29.4°C respectively, 

the average mean radiant temperature for Classroom A and Classroom B was 30.2°C 

and 29.4°C respectively, the average relative humidity for Classroom A and 

Classroom B was 67.2% and 69.6% respectively, while the average air velocity for 

Classroom A and Classroom B was 0.21 m/s and 0.43 m/s respectively. The result 

found that there was a discomfort condition in both classrooms at particular time. The 

analysis of simulation shows that the lowest value of the extension of Predicted Mean 

Vote (PMVe) found at the classroom with louvres window which is 0.41 and 0.48 for 

Classroom A and Classroom B respectively, while the lowest value of the extension of 

Predicted Percentage of Dissatisfied (PPDe) also found at the classroom with louvres 

window which is 8.55% and 9.87% for Classroom A and Classroom B respectively. 

This study found that the design of the window gives significant contribution to 

achieve thermal comfort in a hot humid tropic climate. The study concluded that the 

value of air temperature, operative temperature, air velocity, extension of Predicted 

Mean Vote (PMVe) and extension of Predicted Percentage of Dissatisfied (PPDe) 

shows a comfort condition in the classroom using louvres window with higher 

window to wall ratio (WWR) and larger percentage of openable glazing.   

 

 



v 

ACKNOWLEDGEMENT 

First of all, I am very grateful that I managed to complete this study by going through 

a challenging journey. Deepest gratitude and thanks to my supervisor, Ts. Dr Asmat 

Binti Ismail, Senior Lecturer at Centre of Studies for Construction, Faculty of 

Architecture, Planning & Surveying, UiTM Perak Branch (Seri Iskandar Campus) and 

to my co-supervisor, Dr Azizah Binti Md Ajis, Senior Lecturer at Centre of Studies 

for Interior Architecture, Faculty of Architecture, Planning & Surveying, UiTM Perak 

Branch (Seri Iskandar Campus) that had helped and guided me a lot to complete my 

research.     

I would also like to express my sincere appreciation to Universiti Teknologi MARA 

Perak Branch (Seri Iskandar Campus) that allowed me to use the instruments for my 

research, Politeknik Sultan Azlan Shah that allowed me to use the facility for my case 

study, Department of Meteorology Malaysia that provided the climate data for my 

research and to all other institutions who had provided me with great assistance 

throughout this journey. Last but not least, deepest gratitude and special thanks to my 

parents En. Mohamad Zamri Bin Abd Talib and Pn. Zainon Binti Bostami, all my 

family members, and friends for their endless support.  

 

 

 



vi 

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES x 

LIST OF FIGURES xii 

LIST OF PLATES xiv 

LIST OF NOMENCLATURE xv 

LIST OF ABBREVIATIONS xvi 

CHAPTER ONE INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statement 6 

1.3 Research Question 7 

1.4 Research Aims and Objectives 8 

1.5 Scope of Study 8 

1.6 Limitation of Study 9 

1.7 Significance of Study 9 

1.8 Conceptual Framework 10 

1.9 Outline of Thesis 11 

CHAPTER TWO LITERATURE REVIEW 12 

2.1 Introduction 12 

2.2 Definition of Natural Ventilation 12 

2.3 Definition of Thermal Comfort 13 

2.4 Fanger’s Model for Thermal Comfort 13 

2.5 Physical Variables of Thermal Comfort 17 

2.5.1 Air Temperature, Ta 17 




