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ABSTRAK

Pemanasan global dan fenomena pulau haba menjadi teruk dari semasa ke semasa.
Isu-isu ini menyebabkan peningkatan pengunaan elektrik menyejukan suhu
bangunan. Salutan penebat haba semakin menjadi popular dalam kalangan
pembinaan bangunan untuk merendahkan suhu permukaan bangunan. Walau
bagaimanapun, kurang kajian bertujuan untuk menentukan ketebalan salutan penebat
haba yang sesuai di atas keluli bergalvanisi. Disebabkan ini, objektif kajian ini
adalah untuk mengaji kesan ketebalan salutan penebat haba terhadap perubahan suhu
and fluks haba dan menentukan ketebalan salutan penebat haba yang sesuai di atas
keluli bergalvanisi. 6 keluli bergalvanisi yang disalut dengan ketebalan salutan
penebat haba yang berbeza telah didedahkan di bawah cahaya matahari untuk tiga
hari dari 9.30 pagi hingga 4.30 petang. Data yang direkod telah dianalisis dengan
menggunakan one way ANOVA dan Pearson moment correlation analisis. Data yang
terdapat dalam kajian ini menunjukkan perubahan suhu dan fluks haba telah
diturunkan semasa meningkatkan ketebalan salutan penebat haba. Perubahan suhu
dan fluks haba menjadi stable apabila ketebalan penebat haba tersebut melebihi had
tertentu. Daripada kajian ini menunjukkan optimum ketebalan salutan penebat haba
di atas keluli bergalvanisi adalah 0.3099 mm yang menyumbang perubahan suhu and
fluks haba yang terendah. Ketebalan yang melebihi 0.3099 mm didapati tiada

membawa penurunan yang lebih lanjut kepada perubahan suhu dan fluks haba.



ABSTRACT

Global warming and heat island issues have getting more serious nowadays. These
issues have brought significant consequences to increase the peak demand of
electricity used for cooling purpose. Cool roof coatings have recently been
introduced to building surfaces to reduce the building temperature. However, there is
lack of study on identifying the optimum cool roof coating thickness applied on the
substrate. Therefore the objectives in this study are to study the effect of coating
thickness on thermal resistance properties such as change in temperature and heat
flux and to determine the optimum thickness of coating on galvanized steel substrate.
Six galvanized steel substrate coated with different cool roof coating thickness were
exposed under sunlight for three days from 9.30 am to 4.30 pm. The data collected
was analysed by one way ANOVA and Pearson moment correlation analysis. Results
demonstrated that the increase of coating thickness decrease the change in
temperature and heat flux, but then become stable when certain limit has been
exceeded. This study shows that the optimum cool roof coating thickness is at the
range of 0.3099 mm which contributed the lowest amount of change in temperature
and heat flux. Any coating thickness more than 0.3099 mm shows no effect in

lowering the change in temperature and heat flux.
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CHAPTER 1
INTRODUCTION

This chapter briefly explains about the introduction of the research, include
introduction to thermal protective roof coating, objectives of the research, scope of

study and lastly the research hypothesis.

1.1  Introduction to cool roof coating

Because of the global warming and urban heat island issues, many of the buildings
such as hotels, office towers, apartments and factories would be focus more on the
building design and building components to countermeasure the energy consumption
problem, especially roofing as it always directly exposed to the solar radiation . The
roofing materials tend to absorb the solar radiation which consists of visible light,
infrared and ultraviolet. Bear in mind that the infrared and ultraviolet known as the
main source of heat absorbed by the buildings. As the roofing materials absorb the
thermal load from the solar radiation, more cooling energy will be needed to reduce
the temperature of buildings. This will increase the electricity consumption as more
unit loads are required for building cooling purpose. Therefore, to avoid these
problems, passive cooling methods are employed to minimize the building envelopes’
temperature and reduce the electricity consumption (Pisello and Cotana, 2014). A
cool roof coating is one of the passive cooling methods. It is often consists of
materials with high solar reflectance and high thermal emittance. When the solar
radiation directed to the thermal protective roof coating, it would reflected certain
amount of heat radiation back to the atmosphere. As a result, the cool roof coating

acts as a thermal barrier coating to minimize the heat penetrated into the indoor of



the buildings thus consumption of electricity as the heat, ventilation and air-

conditioning (HVAC) loads can be reduced (Pisello and Cotana, 2014).

1.2 Problem statement

Many researches publications reported the thermal performance on different types of
the roof coating system. However, there is very few publication on the relationship
between the cool roof coating thicknesses on the metal substrate to their thermal
performance. Dow (n. d.) stated that it is important to know the proper film
thickness in roofing industry. However, the evaluation on the optimum cool roof
coating thickness on the roof thermal performance by manufacturer is lacking. Thus,
it is essential to ascertain the optimum thickness of the cool roof coating to be
applied onto the metal roof surface. This can minimize the cost the cool roof coating

application and maximize its thermal performance.

1.3  Objectives

In order to address the statement mentioned earlier, the objectives of this study are:

1. To study the effect of coating thickness on thermal resistance properties.

ii.  To determine the optimum thickness of coating on galvanized steel substrate.

1.4  Scope of study

This research focused on the application of ceramic filled acrylic coating onto
galvanized steel substrate by using roller and exposed under sunlight. The
relationship between the coating thickness and thermal performance of the applied
coating was investigated but its mechanical properties are not covered in this study.
Throughout the study, the change in climate other than the temperature was assumed

to be insignificant.



1.5 Research Hypothesis

The hypothesis testing of this study is used to investigate the relationship between
the thicknesses of cool roof coating to the thermal properties as can be elaborated as
the thicker the coating thickness, the better the substrate thermal properties until a
certain limit being exceed. Therefore, the null hypothesis and alternative hypothesis

are set as:

Hy = different thickness will have same performance

H, = different thickness will have different performance

One way ANOVA analysis at 90% confidence level and Pearson moment correlation
analysis were used as analysis tool to determine the relationship between the coating

thickness and the thermal properties.



CHAPTER 2
LITERATURE REVIEW

This chapter explained about the literature reviews of the previous studies on passive
cooling methods that done by researchers in order obtain the current state of
technology and helps to get the relevant information before conducting the
experiment. Literature review acts as a crucial stage before the experiment execution
as it provides scientific facts, theories, concept, information, experimental process

and many criteria related to the researches and ease of works for the future works.

2.1 Building energy consumption issues

The planet is now getting engulfed by environmental issues, especially global
warming and urban island effect issues. According to Santamouris (2014), major
buildings in the world are exposed under global warming and urban heat island and
absorbed the heat and solar radiation that increase the temperature of the buildings.
To maintain comfortable living condition in such building, ventilation and air-
conditioning system (HVAC) have to be utilized. This will significantly increase the
electricity usage. Such statement was supported by Campanico et al. (2014) who
claimed that the electricity will be increased further as the issue of global warming
progresses. To address these problems, several aspects has been identified to reduce
the amount of solar radiation absorpted by the buildings as discussed in the Chapter

2.3 on Passive Cooling Method.



2.2 Heat transfer theory on roof coating application

It is important to understand the theory on how heat is being transferred from
external environment to the internal surface when the roof is directly exposed to the
sunlight. Basically, there are three ways for the heat to be transferred through a

medium, which are conduction, convection and radiation.

2.2.1 Conduction

Keeler and Burke (2009) stated that when the external ambient temperature is high,
the roof surfaces tend to absorb the solar radiation and make the roof itself to be
heated up. The molecules of the heated external roof surface obtain the heat energy
and vibrate rapidly and collide with the cooler molecules. Now the cooler molecules
become warms and the warmer molecules become cools. In another word, the higher
temperature will heat the molecules up and then transfer into the indoor through the

roof material. This phenomenon is known as conduction.

2.2.2 Convection

Som (2008) and Keeler and Burke (2009) also elaborated that when air or liquids get
the heat transferred from other medium, it will undergo expansion. This expansion
makes the air or liquids decrease in density and prone to flow upwards because of
buoyancy. At this stage the heat is being transferred to another fluids by forming a

current of convection when they flow upwards.

2.2.3 Radiation

According to Som (2008) and Thirumaleshwar (2009), all objects which temperature
is higher than 0 °K, radiation will be occurred and is emitted in electromagnetic wave.

Electromagnetic waves generally obey the laws of light as the waves can travel at





