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School’s building fire had claimed many injuries, death and damage properties. 

While experimental on large scale fire to analyse the fire behaviour is impossible, the 

unknown fire pattern in a building and the students’ evacuation performance made 

the situation worst. In the first objective, the fire prediction and simulation in the 

school’s building was done by using Computational Fluid Dynamic (CFD) approach 

through Fire Dynamic Simulator (FDS) program. The model inputs were generated 

by using the interface program called Pyrosim. The subsequent objective is to 

develop a validated knowledge, attitude and practice (KAP) questionnaire and to 

develop the numerical formula for individual evacuation time estimation based on 

KAP, human characteristics, and travel distances. In CFD, the school model was 

constructed following the actual building specifications as in building floor plans and 

direct measurement. The four fire effluents (oxygen, carbon monoxide, temperature, 

and visibility) were studied for 250kW/m
2
 and 2500kW/m

2
 fire started in the 

classroom and laboratory. Relevant literatures were used to develop the KAP 

questionnaire and the validation was done through Content Validity test involving 11 

experts. The totals of 290 secondary students were involved in the study. Every 

student’s evacuation time was obtained through direct calculation during the fire 

drill. The KAP questionnaires have been distributed among the students to obtain the 

personal details and to test their KAP level. The relationship between the calculated 

evacuation time and the respected three components are done by using Multiple 

Linear Regression (MLR) to generate estimation formula. The first objective was 

achieved through prediction of fire patterns in the school building in respect to four 

fire effluents. In the subsequent objective, a validated KAP questionnaire was 

constructed consists of 9 questions for knowledge assessment and 13 and seven 

questions for attitude and practice respectively. The development of formula 
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estimating the individual evacuation time indicates the achievement of the last 

objective. The developed formula was integrated with the mobility factors to make it 

practicable in various circumstances. The study findings’ has revealed the potential 

fire risks and the factors contributing to students’ performance at school when 

dealing with fire. The predicted consequences of fire disaster are varied depending 

on the fire situation and students’ criteria. It is recommended that the related 

stakeholders to consider the building and students’ factors in decision making 

especially in the allocation of student’s classrooms. In conclusion, the study has 

developed a model to predict the fire behaviour at school. Subsequently, a numerical 

model was established to predict the individual evacuation time. 
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Kebakaran bangunan sekolah telah menyebabkan banyak kecederaaan, kematian dan 

kerosakan harta benda. Sementra itu, percubaan kebakaran berskala besar bagi 

menganalisis penyebaran kebakaran adalah mustahil, ketidaktentuan pola kebakaran 

di dalam bangunan berserta prestasi pengungsian setiap pelajar telah memburukkan 

lagi situasi sedia ada. Bagi objektif pertama, ramalan dan simulasi kebakaran 

bangunan sekolah telah dilaksanakan dengan mneggunakan kaedah perkomputeran 

dinamik bendalir (CFD) melalui program simulator dinamik kebakaran (FDS). Input 

kepada model telah dihasilkan dengan menggunakan program perantaraan Pyrosim. 

Objektif susulan adalah untuk membangunkan borang soal selidik berkenaan dengan 

pengetahuan, sikap dan amalan (KAP) yang telah disahkan serta membangunkan 

formula berangka bagi penganggaran masa pengungsian setiap individu berdasarkan 

KAP, ciri-ciri manusia, dan juga jarak perjalanan. Dalam CFD, model sekolah telah 

dibina mengikut spesifikasi sebenar seperti di dalam pelan lantai bangunan dan 

pengikuran secara langsung. Empat efluen kebakaran (oksigen, karbon monoksida, 

suhu dan penglihatan) telah dikaji bagi punca berlakunya kebakaran pada 250kW/m
2
 

and 2500kW/m
2
 di dalam kelas serta makmal. Kajian literatur yang bersesuaian telah 

digunapakai untuk membangunkan borang soal selidik KAP dan proses pengesahan 

telah dijalankan melalui ujian pengesahan kandungan melibatkan 11 orang pakar. 

Sejumlah 290 orang pelajar sekolah menengah terlibat dalam kajian ini. Masa 

pengungsian setiap pelajar diperolehi melalui pengiraan secara langsung ketika 

latihan kebakaran. Borang soal selidik KAP telah diedarkan kepada para pelajar 

untuk mendapatkan maklumat peribadi dan juga menguji tahap KAP mereka. 

Hubungkait antara masa pengungsian yang telah dikira dan ketiga-tiga komponen 

yng berkaitan telah dilaksanakan dengan mnggunakan Regrasi Pelbagai Linear 

(MLR) untuk penghasilan formula penganggaran. Objektif pertama telah dicapai 

melalui ramalan pola kebakaran di bangunan sekolah yang merujuk kepada empat 

efluen kebakaran. Bagi objektif susulan, borang soal selidik KAP`telah dibina yang 
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terdiri daripada 9 soalan menilai pengetahuan serta 13 dan tujuh soalan masing-

masing merujuk kepada sifat dan amalan. Pembangunan formula anggaran masa 

pengungsian setiap individu menunjukkan pencapaian objektif terakhir. 

Pembangunan formula ini telah disepadukan dengan faktor mobility yang 

menjadikannya lebih praktikal dalam pelbagai keadaan. Hasil kajian mendedahkan 

bahawa risiko potensi kebakaran dan faktor-faktor penyumbang kepada prestasi para 

pelajar di sekolah apabila berhadapan dengan situasi kebakaran. Ramalan kesan 

bencana kebakaran adalah berbeza dan bergantung kepada situasi kebakaran dan 

pencirian para pelajar. Kajian ini mengesyorkan bahawa pihak berkepentingan perlu 

mempertimbang faktor-faktor seperti bangunan dan para pelajar dalam membuat 

keputusan terutamanya dalam isu penempatan kedudukan kelas. Secara 

keseluruhannya, kajian ini telah membina model untuk meramal penyebaran 

kebakaran di sekolah dan seterusnya model berangka telah dibina untuk meramal 

masa pengungsian setiap individu. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background of Study 

 

 

In the way of discussing the occupational safety and health matters, the word 

‘hazard’ and ‘risk’ usually being arise to describe the potential threat to workers. In 

occupational safety and health matter, there are many hazards in workplace either 

categorized under physical, chemical, biological, psychosocial, or any other hazards. 

Some of the danger situation may affect individually or maybe the whole 

organization. Some of them are easily identified before any accidents or incidents 

occur while the others may be difficult to be detected at early stage.  

 

 

One of the main issues in occupational safety and health is fire. As fire may affect 

either individual or large population, the problem is critical for everyone to take into 

further consideration at workplaces. However, in certain cases, the risk of fire is not 

observable. This is frequently occurred when the heat source is not directly identified 

such as electrical overload. The presence of all elements in fire tetrahedron in 

building increases the risk of fire occurrence. This is the main reason why the fire 

safety management at schools requires full commitment from multi-level 

organizations from local government and school authorities to each individual 

personal (M. A. Hassanain, 2006b; Nadzim & Taib, 2014). 

 

 

There are various types of building structure starting from simple to complex design. 

As fire hazard may occur anywhere, the process of controlling and preventing the 

fire become harder for latter design. Fire behaviour in buildings’ floor plan may 

differ due to several factors such as space area, building materials, and the indoor air 

movement and circulation. A proper understand on the relationship between the 

complexity of structure with the fire hazard need to be developed to ensure safety 

and health of people especially among building occupants.  

 

 

Buildings are constructed from many types of materials, which some of them are 

ignitable. The presence of these building materials which acted as fuel, altogether 

with chemical reaction with oxygen from surrounding and heat from any source such 

as hot electrical equipments may complete the fire tetrahedron. This circumstance 

usually similar with other building, or in other point, they are having the same risk of 

fire.  

 

 

Most of the public building are required  to be provided with the means of escape 

including the suggested evacuation route for emergency as required in Uniform 

Building By-law 1984 (Samad, Taib, & Ying, 2017; Uniform Building By-Laws, 

1984) However, the evacuation time available for specific building remain unclear 
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and not properly noticed. The combination of sufficient time and proper route of 

evacuation during fire emergency is crucial to avoid from any accident. This research 

tends to consider both factors to identify the best for safety and health. 

 

 

1.1.1 Fire accident statistics in Malaysia 

 

 

Statistics related to building fire disaster in Malaysia represents the distribution of 

the occurred fire accident for specific time and locations. In this subsection, the fire 

statistics in Malaysia were explained based on temporal and spatial to overview the 

distribution to determine the fluctuation in the data. 

 

 

Table 1.1: Statistics of reported fire cases based on different types of building 

structure from 2014 to 2016 

No Premise 2014 2015 2016 

1 Residential 4,551 63.8% 4,642 67.4% 4,262 69.9% 

2 Hotel 44 0.6% 41 0.6% 44 0.7% 

3 Hostel 59 0.8% 75 1.1% 58 1.0% 

4 School 122 1.7% 119 1.7% 101 1.7% 

5 Higher institution 25 0.4% 19 0.3% 20 0.3% 

6 Hospital / clinic 44 0.6% 34 0.5% 49 0.8% 

7 Office 297 4.2% 224 3.3% 175 2.9% 

8 Shop 734 10.3% 699 10.1% 547 9.0% 

9 Shopping mall 35 0.5% 41 0.6% 34 0.6% 

10 Assembly hall 39 0.5% 60 0.9% 38 0.6% 

11 Store 269 3.8% 268 3.9% 214 3.5% 

12 Factory 398 5.6% 392 5.7% 359 5.9% 

13 Petrol station 15 0.2% 6 0.1% 7 0.1% 

14 Special structure 30 0.4% 34 0.5% 46 0.8% 

15 Others 472 6.0% 236 3.4% 139 2.3% 

 TOTAL 7,134  6,890  6,093  

(Source: Fire and Rescue Department of Malaysia, 2016) 
 
 
The total number of fire cases based on the type of building structure was obtained 

from the Fire and Rescue Department of Malaysia for year 2014 to 2016. The 

retrieved statistics as displayed in Table 1.1 clearly showed that most of the reported 

fire disasters were occurred involving the residential building followed by shop 

premises for the respected three consecutive years. In respect to school building, the 

data showed that the similar percentage of cases from 2014 to 2016 which is 1.7%. 
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Figure 1.1: The trend of fire accident cases within 7 years from 2010 to 2016 
(Source: Fire and Rescue Department of Malaysia, 2016) 

 

 

Thousands of fire cases were being reported every year based on statistic by Fire and 

Rescue Department of Malaysia. The increasing trend of fire accident cases are 

displayed in Figure 1.1. The total numbers of fire accident cases are not significantly 

change between the first three years from 2010 to 2012. There are increasing in the 

figure for the subsequent years from 2012 to 2014 and decrease from 2014 to 2015 

before increasing back in 2016. The highest number of fire accident cases was 

recorded at 54,540 in 2014. 

 

 

 
Figure 1.2: The number of fire accident cases by states in Malaysia for 2016 

(Source: Fire and Rescue Department of Malaysia, 2016) 

29,341 28,741 29,848 

33,640 

54,540 

40,865 

49,875 

0

10,000

20,000

30,000

40,000

50,000

60,000

2010 2011 2012 2013 2014 2015 2016

2010

2011

2012

2013

2014

2015

2016

9
6

 

5
,1

4
8

 

2
,4

6
6

 

2
,1

1
9

 

8
,1

6
1

 

1
,6

9
8

 

6
,5

7
6

 

3
,4

9
5

 

4
,3

7
1

 

1
,0

8
7

 

2
,2

0
9

 

2
,3

9
1

 

2
,9

3
8

 

2
,0

1
2

 

4
8

8
 

4
,6

2
0

 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000



© C
OPYRIG

HT U
PM

4 

 

The statistic for the total fire accident cases in Malaysia for 2016 is illustrated in 

Figure 1.2. The highest number of fire accident cases reported in Selangor with 8,161 

cases followed by Perak (6,576 cases). Based on the data distribution, both Federal 

Territory of Putrajaya and Labuan recorded the lowest number of fire accident which 

is 96 and 488 cases respectively. 

 

 

 
Figure 1.3: The total number of building-related fire accident cases by states in 

Malaysia in 2016 

(Source: Fire and Rescue Department of Malaysia, 2016) 

 

 

Among 18 types of fire, the building-related fire is the third highest reported cases 

(Fire and Rescue Department of Malaysia, 2014). According to 2016 statistics 

retrieved from local authority, it was noted that Selangor shows the highest building-

related fire accident (1,027 cases) followed by Federal Territory of Kuala Lumpur 

(635 cases) while the lowest is 4 cases at Federal Territory of Putrajaya.  
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Figure 1.4: The number of victims caused by fire accidents together with the 

injury status within 5 years 

(Source: Fire and Rescue Department of Malaysia, 2014) 

 

 

The pattern of fire impacting human could be seen as in Figure 1.4. Even there are 

only slight changes in the number of victims within four year from 2010 onwards, 

the distribution is significantly change in 2014 with the increase over 100 percent 

compare to the previous year. 

 

 

The statistics from Figure 1.4 is further specified into two categories of consequences 

on human caused by fire which are either injured or dead. For the first two years 

(2010 and 2011), the ratio between injured and dead victims are almost 1:1. 

However, the numbers are change for 2012 and 2013 with a ratio 1:2. There is drastic 

changes in 2014 where the number of death caused by fire are increase almost triple 

compared to the injured victims. 
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Figure 1.5: The estimated losses caused by fire from 2007 to 2016 

(Source: Fire and Rescue Department of Malaysia, 2014; Rahim, 2015; Fire and 

Rescue Department of Malaysia, 2016) 

 

 

From year to year, the fire causes massive losses especially in term of properties. The 

increase in estimated losses was showed in Figure 1.5. It is clearly observed that the 

trend is significantly increased along the years from 2007 to 2015. The estimated 

cost is slightly decreased about RM301,040.00 between 2009 and 2010 before 

continuously shows the upward losses trend for the subsequent 5 years. As the 

pattern continues, the losses were decreased about RM1.5 million from year 2015 to 

2016. 

 

 

The estimated losses were increased around RM800,000.00 every year after 2012 

compared to RM183,280.00 from 2007 to 2008 and around RM170,000.00 per year 

between 2010 to 2012. There is small difference in losses between 2008 and 2009 

which estimated about RM8,470.00. 

 

 

1.1.2 Fire History at school building 

 

 

1.1.2.1 Malaysia 
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blocks did not result any injuries or death, the disaster has caused panic among 

school building’s occupants especially school children. In 2017 only, several fire 

cases occurred in Malaysia. The most unforgettable fire disaster at school which 

claimed lives was occurred on September 14
th

 2017 and had resulted 21 students and 

2 teachers died (BBC, 2017; Jastin Ahmad Tarmizi, Yimie Yong, 2017; NST Online, 

2017). This tragedy has become the worst fire case involving students after the fire 

incident at Pondok Pak Ya Religous School at Kedah on September 22
nd

 1989 which 

caused 27 female children lost their life (Bernama, 2017). Even though the 

investigation by police and fire department revealed that the source of fire is the 

arson, however, the recorded video explained that evacuation is important as several 

safe evacuees were injured during evacuation process. 

 

 

1.1.2.2 Another country 

 

 

The neighbouring countries such as Singapore also experienced fire disasters at 

school. One of the reported cases was occurred at Raffles Girls’ School on October 

19
th

, 2016 (“Fire at Raffles Girls’ School,” 2016). Less than a year later on 

September 29
th

, 2017, a fire broke out at St Andrew’s Junior School causing smoky 

environment at canteen area (Lam, 2017). Even though both tragedies did not result 

in any injury, the condition were enough to trigger panic among the occupants. In 

Thailand, a fire was started at around 1 a.m. at school building at Kanlayanawat 

School on October 21
st
, 2018 (Nathanri, 2018). In more serious cases, 17 schoolgirls 

were killed when a fire broke out at a Pithakkiart Witthaya school on May 22
nd

, 2016 

(“Thailand school dormitory,” 2016). 

 

 

In US, there are several histories being recorded involving school fire tragedies 

causing 10 or more deaths. Based on the information retrieved from National Fire 

Protection Agency’s record, the three major fire accidents occurred in 1908, 1937, 

and 1958 causing 175, 294, and 95 deaths respectively (Heath, Ryan, Dean, & 

Bingham, 2007; National Fire Protection Association, 2018). As Ohio was reported 

the largest number of students’ death caused by school fire, one of the most 

unforgettable tragedies occurred on March 4
th

 1908 at Collinwood’s Lake View 

Elementary School. The fire had caused 172 children together with 2 teachers and 1 

rescuer have lost their lives (Heath et al., 2007). On December 1
st
 1958, the 

following fire accident occurred at Chicago’s Our Lady of Angels School causing 92 

children perished and 77 were seriously injured. 

 

 

In East Africa region, a fire occurred in April 2008 at Budo junior boarding school in 

Uganda which have killed 19 girls and 2 adults (Ndetu & Kaluyu, 2016; Sekiwu & 

Kabanda, 2014; Shibutse & Omuterema, 2014). In Kenya, the two dreaded fire 

disasters occurred on March 25
th

 1998 and 26
th

 2001 at Bombolulu and Kyanguli 

Secondary School respectively. The former incident have claimed 27 girls’ live while 

the latter cause 59 boys died (Shibutse & Omuterema, 2014). Nigeria which located 

at West Africa region also experiences the frightful fire tragedy involving school 

children. One of the unforgettable accident occurred in 2001 where 23 students have 
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been lost when fire occurred at girls’ dormitory as the building was locked with iron 

bars and a chain (Ndetu & Kaluyu, 2016). 

 

 

In December 23
rd

 1995, majority from 425 people which are school children died 

after fire occurrence during a ceremony organized at school in Haryana, India 

(Ministry of Home Affairs, 2004). In other reported case, 93 school children died in a 

fire tragedy at Tamil Nadu, India due to explosion of the cooking gas cylinder 

(Bethou & Venkatesh, 2014; Tuladhar, Yatabe, Dahal, & Prakash, 2014; United 

Nations Office for Disaster Risk Reduction, 2012). Another fire history at Asia 

region occurred at Shinabad, Iran. Seven children were critically injured while two 

children have been lost when fire started followed with explosion at primary school 

(A, Mowafi, & Ardalan, 2013). 

 

 

1.2 Problem Statement 

 

 

Recently, articles in newspaper reported that around third of government buildings in 

Putrajaya do not certified for fire safety (Timbuong, 2019; Shahrul Annuar, 2019). It 

was added that the issues led to failure to obtained certification is because of the fire 

prevention tools problem. It is an alarming issue since Putrajaya considered the most 

developed area with modern building structures which supposed to be no toleration 

on major fire safety issue. 

 

 

While fire could happen from multiple sources, literature specifically stated the 

causes of fire in the schools due to arsons, low attitudes, faulty electrical systems, 

poor housekeeping standards, smoking, and improper storage management (M. A. 

Hassanain, 2006a).  Based on the case study, most of the fire at school are started 

intentionally while another two reported causes of fire are due to accidental ignition 

and electrical fault (Wade, et al. 2007). 

 

 

Fire behaviour within a volume such as building needs further clarification as the fire 

widely affected by many factors including building geometries. For example, it was 

revealed that the building height greater than 6 metres and the area more than 1500 

m
2
, the variations in height and area of building not significantly affect the fire curve 

pattern, while fire powers may exerted significant impact on the shape coefficient (G. 

W. Zhang, Zhu, & Yin, 2014). 

 

 

While the consequences of fire disaster not limited to building operational, it also 

could impact on human life. In United Kingdom, around 1400 to 1800 schools’ fires 

were reported each year (Shibutse & Omuterema, 2014; Wade, Teeman, Golden, 

Wilson, & Woodley, 2007). In 2004, almost 96000 children below the age of 20 

were lost due to fire-related burn (World Health Organisation, 2008). Based on the 

statistics from 2009 to 2011, it was estimated that U.S experiences around 4000 fire 

disaster involving school buildings each year (U.S. Fire Administration, 2014). 

Additional retrieved statistics showed that average of 190 children are lost or injured 
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every year caused by fire (M. A. Hassanain, 2006). Annually, it is observed that 

1,000 fire-related deaths and 100,000 fire incidents were reported in China (G. H. Li 

et al., 2016). Statistic shows that 500 children die and 40,000 children are injured 

caused by fire (V. Hwang, Duchossois, Garcia-Espana, & Durbin, 2006). From year 

2000 to 2011, 13.7% of all injuries and 108.6 fire injuries per million were accounted 

by those with the age range between 15 and 24 years (Lambie, Best, Tran, Ioane, & 

Shepherd, 2015). 

 

 

Other than affecting the safety and health of human being, one of the most obvious 

effects is on the property damage. Based on Malaysia statistics from 2012 to 2013, 

an increase in the loss of property is estimated around RM874.31 million due to fire 

breakouts (Rahim, 2015). In 2013, it was estimated around 11.5 billion USD 

damages on property in US (Lambie et al., 2015). In addition, it was reported that US 

experiences an average of 5500 structure fires at educational institutions each year 

(Shibutse & Omuterema, 2014). The fire has cost around 66.1 million US dollars in 

properties loss while 75 injuries were reported every year involving school building 

(U.S. Fire Administration, 2014). The subsequent 4 years (2011 to 2015) showed 

increment in educational building fire where the average of 4980 cases were reported 

annually. Even though the number of injuries have been reduced to 70 cases, the fire 

has caused the annual average of 1 death and 70 million US dollars of property 

damages per year (National Fire Protection Association, 2017). Compared to United 

Kingdom, over the ten years from 1995, the cost of fire at school has increased 

almost 18 million euro from 49 million euro in 1995 to 67 million euro in 2005 

(Wade et al., 2007). 

 

 

Fire study is not similar with other hazard analysis which able to be done through lab 

testing. Fire in small scale maybe only require basic assessment tool to be evaluated. 

However, in term of safety and health, the effect of fire on human being and building 

properties often being discussed in larger scale. The increase in fire size will directly 

jeopardize the effect to safety and health together with the damages to properties 

involved. The actual fire study in large scale would require a lot of funding, time 

consumption, manpower and also advanced tools or labs (Jia, F., Wang, Z. & Galea, 

2010; Y. Z. Li, 2015; Lippiatt, 2002; Pedersen, 2012; Stokos, Vrahliotis, Pappou, & 

Tsangaris, 2015). The institution or countries which unable to provide such things 

would probably just rely on assumption of safe workplace rather than spending a lot 

in fire analysis which then risking the human life. The application of computational 

modelling together with the development of new formula for evacuation calculation 

would be a great alternative for any institutions to use. 

 

 

It is very hard to make a firm conclusion on the cause of fire, the exact pattern and its 

effects within a building through experimental fire study (F. Kang, Kennedy, 

Rabidou, & Savva, 2016). The fire will change depend on the multiple factors, for 

example the complexity of building design and also the internal environmental 

condition such as wind velocity and buildings’ material. It is almost impossible to 

study fire within specific building structure through direct approach. It requires a 

more convenient way to analyse the fire which is though computational fluid 

dynamic approach. 
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In term of evacuation procedures, every building especially in Malaysia was required 

by law to be provided with the evacuation route plan placed at the specific locations. 

The plan was constructed based on the structure and design of the building. 

However, there is no proof that the suggested route is able to provide safe evacuation 

within the available time to evacuate the building safely. The best evacuation route is 

selected based on the minimum movement time of the last evacuee (Cepolina, 2005). 

The time obtained through computational modelling and the developed formula 

could be used to check whether the route provided is safe or not in term of available 

evacuation time. 

 

 

Statistically, from 2010 to 2012, fire represent 33% of all common emergencies at 

schools and secondary school shows a greater fire cases compared to primary school 

(Tipler, Tarrant, Johnston, & Tuffin, 2017). Fire could be a major threat for these 

students who spent a long time at school. The students spend up to 12% of their time 

in the classroom which is longer than any other buildings excluding home (Yang 

Razali et al., 2015). 

 

 

In Malaysia, the common practice used in every school to arrange students is based 

on the level of ingenuity. The arrangement of students was done without considering 

the safety in case of emergencies such as fire. It is not wrong for the school 

management to adopt the method, however, it cannot be applied independently 

without emphasizing the safety and health of students and other building occupants. 

The element of safety and health of student must be taken in further consideration 

together with the ingenuity level so that every student will be provided with safe 

environment. It was believed that the students who take longer time to evacuate from 

the building need to be placed near to safe evacuation area compare to students who 

take shorter time. However, it would become a great challenge to setup the optimum 

classrooms and seating arrangement while avoiding interruption on teaching and 

learning session quality. 

 

 

Even though time plays a very important role during evacuation, there is no standard 

available which could be used as reference for any buildings. Rule of thumb often 

used as a reference which is 120 seconds is seemed inapplicable and unreasonable 

due to the variation in building structures and designs. For example, evacuation in 

two stories school building within 120 seconds may seemed possible but irrational 

for six stories building. There must be a standard set for each building instead of 

using single reference so that every occupant knows the time required for the 

building.  By applying computational approach in this study, the recommended time 

to evacuate could be determined based on the fire simulation done. 

 

 

The school’s geometries are continuously developed to become more complex and 

sophisticated over time. The implemented fire safety management program at school 

which may be efficient at the moment but currently may not enough to cope with the 

increase in building complexity and number of students to protect the students’ 

safety and health. The failure to implement an effective fire safety intervention 
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program could increase the risk of injuries or in more serious cases would increase 

fatality rate due to fire hazards. 

 

 

In addition, the prolong current fire problem without immediate intervention could 

impact in term of economic value. Even though the costs of fire accident are change 

over time, the annual costs after year 2011 were millions compared to the previous 

years. In the other hand, the estimated losses may not include the indirect costs of 

fire such as loss of work time and incapable of work due to permanent injuries. The 

actual cost could possibly greater than the estimation. The cost of the school’s 

building and its properties (included the school and personal assets) are greater than 

before. Thus, the damages could be worst following the alarming trend of losses 

caused by fire. In conclusion, without active intervention in assessing the building 

and human performance to fire risk, the impact on human lives and economic could 

be a major issue in the future. 

 

 

Despite of clear impact of fire on economic value, all the relevant stakeholders are 

also affected by fire consequences. In the management level (ministry, department 

and school level), the fire could cause disruption to the educational plans. The 

proposed activities and educational programs could not be done due to the 

emergency situation such as fire. In addition, the fire could increase the cost to repair 

and replace the damaged properties and assets. The budget for education purposes 

may need to be reduced and reallocated to all activities related to recovery processes. 

Other indirect impact of fire on the management level is the ruining of the 

educational sector’s reputation. As school is a public institution, the reputation is 

depending on the perspective of surrounding community towards school 

management. A fire occurrence at school may indicate a failure of school 

management to provide a safe environment to students. 

 

 

In respect to the parent, the fire at school could reduce thrust of the parents to the 

management level in protecting their children at school. The fire occurrence could 

cause a chaotic situation where parents are scare to send their children to school. As 

for students, the most obvious impact of fire is the possibility of getting injuries or 

fatality. The students’ exposure to fire hazards such as toxic smoke inhalation could 

cause both short acute and chronic illnesses. Other than that, the learning session 

could be interrupted after the fire occurred. The damages of the educational 

properties and time taken to restore the damages cause the learning session cannot be 

done efficiently. 

 

 

It is very important to fix the highlighted issue because the magnitude and severity of 

fire consequences are remained unknown and unclear until it really happens. By 

analysing the fire and human behaviour through prediction, such information could 

be obtained. The information could be provided to increase awareness on the 

building’s and students’ performance within the situation. Subsequently, if the 

building’s performance and student’s capability to evacuate is known, the data could 

be used in planning for intervention program to reduce the risk of injuries and fatality 

rate due to fire. Fixing the fire hazard is crucial to avoid any unwanted conditions 
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that threaten live. Preventing fire accident could lead to no interruption in learning 

session thus indirectly provide safe and healthy environment that conducive for 

educational purposes. Other than that, fixing the fire problems is importance to 

ensure optimum budget for management if school’s safety and health. Preventing fire 

and injuries at early stage could avoid from overspending cost to repair the after-fire 

damages. 

 

 

1.3 Significance of the Study 

 

 

Early determination of risks is important in occupational safety and health field to 

avoid any injuries or death at workplace. Small-scale fire probably possible to be 

study by using simple analysis method. However, the analysis of larger fire scale 

shall require more sophisticated approach. While the application of CFD in process 

safety is common, the use of CFD to assess the fire behavior in respect to 

occupational safety is new and a novelty in this study. 

 

 

In this research, the CFD was applied to assess fire is because of the its ability to 

investigate the fluid flow that not easy to be measured by other available approach 

such as zone modeling. CFD’s high performance that able to generate results faster 

than any other assessment methods, for example in-situ experiment, is one of the 

justifications for the method selection in this study. In addition, different multiple 

fire scenario and fire parameters could be analyzed in shorter time. The features in 

CFD make prediction in most of the complex fire circumstances become possible.  

 

 

Other than CFD, the common approaches applied to study the fire consequences are 

through either simple models or hand calculations, and zone fire models (Tofilo & 

Wegrzynski, 2016). The example of the simplest and the most frequent equation to 

solve the respected problems are as follow: 

 

 

ṁ = 𝑐𝑒𝑃𝑌
3

2      (Eq. 1.1) 

 

 

Other comparable method was introduced by Morgan and Hansell to determine the 

heat release rate, Q for a design fire by using the following equation (Yuen & Chow, 

2005). 

 

 

𝑄 = 𝐹(𝐴𝑤, H, x)    (Eq. 1.2) 

 

 

Based on the above equation, the Aw is represents the area and H is height while x is 

the desired cumulative probability. A study done by Liu, Fu & Chow (2001), 

suggested another fire model other than CFD and zone models namely air flow 

network models. The model operates to analyze the smoke movement by creating the 

mass balance equation by taking the compartment’s mass production rate equal to the 
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sum of mass flow rate through all the compartment’s openings (Liu & Fu, 2001). It is 

difficult to simply justify which of the available method is the most superior method 

since all of them have their own advantages and disadvantages in the performance. 

However, the most obvious benefit of using CFD than other two methods is the 

ability to study complex fire phenomena and able to model pyrolysis in larger and 

more complex building geometry. 

 

 

School has been selected as a study location rather than industry. The quality of fire 

safety at school is less known and need further study. In the other hand, the industry 

was assumed to have a better safety system than school. The school in Putrajaya was 

selected because of the study inclusive criteria which is the multiple story academic 

building (higher or equal to the three-story building). The selection of school in 

Putrajaya rather than any school in urban area was to reduce bias in data due to the 

assumption that school in more developed area such as Putrajaya has better fire 

management plan. It was assumed that the fire severity and consequences in school 

with less management plan would be worst compared to the school with proper 

management plan. 

 

 

When discussing about occupational safety, the term occupational often misled to 

refer merely on workers at industry. School is viewed as a workplace and the 

responsibility to ensure safety and health of students at school is clearly described in 

Occupational Safety and Health Act (OSHA) 1994. However, fire safety studies are 

mostly covered the industrial sector and less focused at school. Thus, this study has 

considered the school for the study location and students as a target population. 

 

 

The most common method to estimate the evacuation time is through direct 

measurement. The results are often obtainable during fire drill activity which rarely 

organized. In school, the number of students is change over time and the estimation 

of individual evacuation time requires more practicable approach. The gap has led to 

the development of formula specifically to calculate student’s fitness to evacuate 

efficiently in term of time. The time assessment on each student was done 

considering the element of knowledge, attitude, practice and the students’ 

characteristics to determine the risk level. The estimated time for each student could 

be used as a baseline data in managing the classrooms and students’ locations which 

traditionally based on the level of ingenuity. 

 

 

The findings of this study will redound to the benefit of society and local authority 

either at ministry, department or school level. The education managements that apply 

the recommended approaches derived from the study will be able to pre-determine 

the possible hazards and risk related to fire, thus assist them to improve the quality of 

safety and health among students. 
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1.4 Objectives of Study 

 

 

The general objective of this research is to comprehensively study the situation 

during building fire emergency in term of cradle to grave of the fire, meant from 

generation until the part of fire prevention and building occupants’ evacuation 

especially in school building. 

 

 

1.4.1 Specific Objectives 

 

 

Based on the general objective set, the research listed two objectives to achieve the 

specific target which are listed and explained below: 

 

 

1) To establish the modelling of the fire generation and spread and smoke 

transport at multi-storeys school building by using Computational Fluid 

Dynamics (CFD) technique based on multiple fire scenario. 

2) To develop an instrument for KAP analysis among students specifically on 

fire evacuation assessment. 

3) To develop a numerical method to calculate the total evacuation time for each 

student based on knowledge, attitude and practice (KAP) level, human 

characteristics and travel distances. 

 

 

1.5 Research Hypothesis 

 

 

The following research hypotheses are drawn based on the study objectives. 

 

1) All seven human characteristics, KAP factors, and both flat and stair travel 

distances are significantly correlate and capable to determine the individual 

evacuation time. 

2) All the three models would show a high predictive capability in determining 

the individual evacuation time. 

3) The combination of variables in human characteristics, KAP, and travel 

distances would show greater prediction on individual evacuation time. 

 

 

1.6 Research Questions 

 

 

Considering the research goals, several pertinent questions were designed and listed 

as follow: 

 

 

1) How the CFD technique predict the pattern of fire occurrence and the 

behavior of the fire effluents? 
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2) How CFD technique applied in fire modeling can contribute to improve 

building occupants’ safety and health? 

3) What set of questions need to be emphasized in constructing an instrument 

mainly for KAP assessment in relation to individual evacuation time? 

4) What are the factors on human, travel distances and KAP that significantly 

influence the time taken to evacuate? 

 

 

 

1.7 Scope of study 

 

 

In this study, the research was conducted through several steps which explained 

through diagram as displayed in Figure 1.6. The subsequent diagram (Figure 1.7) 

showed the overview of the study idea. 

 

 

1.7.1 Study flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.6: The overview of steps and flow of the study
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1.7.2 Conceptual framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7: The conceptual idea designed for the whole study 
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1.8 Ethical application and considerations 

 

 

As one of the rules set by the University and a good practice in research, ethical 

permission must be obtained, especially in research involving human intervention. 

Ethical application was done to ensure compliance of this study with the ethical rules 

and regulations and also to avoid the violation on the critical matters especially in 

term of medical and political perspectives. The application was made before 

conducting the data collection process. All these documents were sent to the 

Committee for evaluation in order to secure an approval: the application form, the 

proposal and permission letters from Ministry of Education Malaysia, Putrajaya 

Federal Territory Education Department and school management level; and the 

instrument used such as the developed questionnaire. The approval to conduct the 

research was granted by the Universiti Putra Malaysia Ethical Research Committee 

with the reference number FPSK(EXP16)p167. 

 

 

1.9 Organization of the Thesis 

 

 

The chapters in the thesis were organized by using the conventional style 2 format. 

The thesis is composed of nine chapters, each of them are dealing with different 

aspects. Chapter 1 is the introduction for the whole study matters. The chapter 

describe on the study background includes the objectives for the study together with 

the several statistics retrieved from the literature. Chapter 2 concentrates on the 

review of literatures from various sources related to the study objectives. Chapter 3 

to Chapter 8 are specifically describing each of the study objectives. Chapter 3 

emphasizes on the completing objective 1 which is on CFD modelling. Chapter 4 

highlights on the validation of the constructed KAP questionnaire while Chapter 5 to 

Chapter 7 focus on the influence of evacuation travel distance, KAP, and human 

characteristics on individual evacuation time respectively. Chapter 8 concentrates on 

the development of numerical model to estimate individual evacuation time through 

the combination of the three elements. The conclusions are drawn in Chapter 9. 

 

  



© C
OPYRIG

HT U
PM

142 

 

REFERENCES 

 

 

Abdel-Gawad, A. F., & Ghulman, H. A. Fire dynamics simulation of large multi-

story buildings Case study : Umm Al-Qura university campus, In IOP Conf. 

Series: Earth and Environmental Science, IOP Publishing Ltd. 2013. 

 

Abdul-Wahab, S. A., Bakheit, C. S., & Al-Alawi, S. M. (2005). Principal component 

and multiple regression analysis in modelling of ground-level ozone and 

factors affecting its concentrations. Environmental Modelling and Software, 

20(10): 1263–1271.  

 

Ahn, C., Kim, J., & Lee, S. (2016). An analysis of evacuation under fire situation in 

complex shopping center using evacuation simulation modeling. Procedia - 

Social and Behavioral Sciences, 218: 24–34. 

 

Akinwande, M. O., Dikko, H. G., & Samson, A. (2015). Variance inflation factor: as 

a condition for the inclusion of suppressor variable(s) in regression analysis. 

Open Journal of Statistics, 5(7): 754–767. 

 

Akossou, A.Y.J. & Palm, R. (2013). Impact of data structure on the estimators R-

square and adjusted R-square in linear regression. International Journal of 

Mathematics and Computation, 20(3). 

 

Al-abbas, A. H., & Naser, J. (2013). Computational fluid dynamic modelling of a 

550 MW tangentially-fired furnace under different operating conditions. 

Procedia Engineering, 56, 387–392. 

 

Al-zwainy, F. M. S., Abdulmajeed, M. H., & Aljumaily, H. S. M. (2013). Using 

multivariable linear regression technique for modeling productivity 

construction in Iraq. Open Journal of Civil Engineering, 3(3), 127–135. 

 

Alarifiti, A.A.S., Phiyaktou, H. N. & Andrews, G. E. What kills people in a fire? 

Heat or smoke?, In The 9th Saudi Students Conference, Birmingham, UK, 

February 13-14, 2016. 

 

Alexander, D.L.J., Tropsha, A., & Winkelr, D.A. (2015). Beware of R2: Simple, 

unambiguous assessment of the prediction accuracy of QSAR and QSPR 

models. J Chem Inf Model, 55(7): 1316-1322. 

 

Amon, F. McNamee, M.S., & Blomqvist, P. Fire effluent contaminants, predictive 

models, and gap analysis. SP Technical Research Institute of Sweden, 2014. 

 

Ang, B. H., Chen, W. S., Ngin, C. K., Oxley, J. A., & Lee, S. W. H. (2018). 

Reliability and validity of the english and malay versions of the driving and 

riding questionnaire: a pilot study amongst older car drivers and motorcycle 

riders. Public Health, 155: 8–16. 

 

 

 



© C
OPYRIG

HT U
PM

143 

 

Ashby, M. (2016). Material property data for engineering materials (4th ed.). Granta 

Design Ltd. 

https://doi.org/http://www.matweb.com/search/datasheet.aspx?matguid=967a4

cd7871b46fa9128a29c303cf8be&ckck=1 

 

ASHRAE. (2001). ASHRAE Handbook 2001 Fundamentals. Atlanta: ASHRAE. 

https://doi.org/10.1017/CBO9781107415324.004 

 

Askari, A., Ishak, M.B., Halimoon, N., Roslan, M., Kasim, M., Ghadimzadeh, A., 

Shamsipour, R., & Omar, D., (2015). Fire safety model applying on 

workplaces of fire and rescue departments in Kuala Lumpur city Malaysia. 

International Journal of Advanced Scientific and Technical Research, 7(5): 

185-197 

 

Augusto, P. E. D., & Cristianini, M. (2012). Computational fluid dynamics 

evaluation of liquid food thermal process in a brick shaped package. Food 

Science and Technology (Campinas), 32(1): 134–141. 

 

Ayre, C., & Scally, A. J. (2014). Critical values for Lawshe’s content validity ratio: 

Revisiting the original methods of calculation. Measurement and Evaluation in 

Counseling and Development, 47(1): 79-86. 

 

Baalisampang, T., Abbassi, R., Garaniya, V., & Khan, F. (2017). Fire impact 

assessment in FLNG processing facilities using computational fluid dynamics 

(CFD). Fire Safety Journal, 92: 42–52. 

 

BBC. (2017, September 14). Kuala Lumpur school fire kills students and teachers. 

BBC News. Retrieved from www.bbc.com 

 

Berg, P., & Lindgren, A. (2004). Fire Prevention and Health Assessment in Hypoxic 

Environment (Report No. 5144). Lund, Sweden: Buro Happold Engineers Ltd. 

 

Bernama. (2016, October 25). Enam Pesakit Maut Dalam Kebakaran Di ICU 

Hospital Sultanah Aminah. Retrieved from http://www.bernama.com 

 

Bernama. (2017, September 15). Religious school fire in Kuala Lumpur by no means 

the first. Retrieved from http://www.straitstimes.com 

 

Bethou, A., & Venkatesh, C. (2014). Safety and health concerns of school going 

children in India, International Journal of Advanced Medical and Health 

Research, 1(1): 6–7. 

 

Bhatia, S., Conto, G., Khan, Y., & McGlinchey, P. (2013). Knowledge, Attitude and 

Practice Study on School Safety Programme. 

 

Bhavsar, A. V., & B., R. (2016). Design and Development of an Autonomous Fire 

Fighting Robot. International Journal for Scientific Research  & Development, 

4(5): 325–328. 

 

 



© C
OPYRIG

HT U
PM

144 

 

Blocken, B. (2015). Computational fluid dynamics for urban physics: importance, 

scales, possibilities, limitations and ten tips and tricks towards accurate and 

reliable simulations. Building and Environment, 91: 219–245. 

 

Bolarinwa, O. A. (2015). Principles and methods of validity and reliability testing of 

questionnaires used in social and health science researches. Nigerian 

Postgraduate Medical Journal, 22: 195–201. 

 

Boon, H. J., Brown, L. H., & Pagliano, P. (2014). Emergency planning for students 

with disabilities: A survey of Australian schools. Australian Journal of 

Emergency Management, 29(1): 45–49. 

 

Boon, H. J., Brown, L. H., Tsey, K., Speare, R., Pagliano, P., Usher, K., & Clark, B. 

(2011). School disaster planning for children with disabilities: a critical review 

of the literature, 26(3): 223–237.  

 

Bounagui, A., & Bénichou, N. (2003). Literature Review on the Modeling of Fire 

Growth and Smoke Movement (Report No. IRC-RR-139). Retrieved from 

National Research Council of Canada for Research in Construction Website: 

https://nrc-publications.canada.ca 

 

Brown, S. H. (2009). Multiple linear regression analysis: A matrix approach with 

MATLAB. Alabama Journal of Mathematics, 1–3. 

 

Building Authority Hong Kong. (2011). Code of Practice for Fire Safety in Buildings 

2011. Buildings Department. Retrieved from https://www.bd.gov.hk 

 

Bukowski, R. (2009). Emergency Egress From Buildings (NIST Technical Note 

1623). Retrieved from National Institute of Standard and Technology Website: 

http://nvlpubs.nist.gov/nistpubs/tn/2009/tn1623.pdf 

 

Bush, E. M. (2015). Smoke Inhalation is the Most Common Cause of Death in House 

Fires. Retrieved September 4, 2018, from http://msue.anr.msu.edu 

 

CDC. (2015). About Child & Teen BMI. Retrieved January 1, 2016, from 

https://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childre

ns_bmi.html 

 

Cepolina, E. M. (2005). A methodology for defining building evacuation routes. 

Civil Engineering and Environmental Systems, 22(1): 29-47. 

 

CFPA Europe. (2009). Fire safety engineering concerning evacuation from buildings 

(CFPA-E Guideline No 19:2009 F). Retrieved from http://www.cfpa-e.eu 

 

Chakraborty, D. (2010). forty years of computational fluid dynamics research in 

India – Achievements and Issues, 60(6): 567–576. 

 

Chang, C. H., Banks, D., & Meroney, R. N. (2003). Computational fluid dynamics 

simulation of the progress of fire smoke in large space, building atria. Tamkang 

Journal of Science and Engineering, 6(3): 151–157. 



© C
OPYRIG

HT U
PM

145 

 

Chen, C. J., Hsieh, W. D., Hu, W. C., Lai, C. M., & Lin, T. H. (2010). Experimental 

investigation and numerical simulation of a furnished office fire. Building and 

Environment, 45(12): 2735–2742. 

 

Chen, H. N., & Mao, Z. L. (2018). Study on the failure probability of occupant 

evacuation with the method of Monte Carlo sampling. Procedia Engineering, 

211: 55–62. 

 

Chennamaneni, P. R., Echambadi, R., Hess, J. D., & Syam, N. (2016). Diagnosing 

harmful collinearity in moderated regressions: A roadmap. International 

Journal of Research in Marketing, 33(1): 172–182. 

 

Cherng, S. L. & Ming, E. W. (2018). A study of evaluating an evacuation time. 

Advances in Mechanical Engineering, 10(4): 1-11. 

 

Chittaro, L., & Ranon, R. Serious games for training occupants of a building in 

personal fire safety skills, In Proceedings of the 2009 Conference in Games 

and Virtual Worlds for Serious Applications, VS-GAMES 2009, Conventry, 

UK, March 23-23, 2009, IEEE. 2009. 

 

Chiwaridzo, M., Chikasha, T. N., Naidoo, N., Dambi, J. M., Tadyanemhandu, C., 

Munambah, N., & Chizanga, P. T. (2017). Content validity and test-retest 

reliability of a low back pain questionnaire in Zimbabwean adolescents. 

Archives of Physiotherapy, 7(3): 1–12. 

 

Chong, S. S., Abdul Aziz,  a. R., Harun, S. W., Arof, H., & Shamshirband, S. (2015). 

Application of multiple linear regression, central composite design, and ANFIS 

models in dye concentration measurement and prediction using plastic optical 

fiber sensor. Measurement, 74: 78–86. 

 

Chow, W. K. (2012). Concerns on estimating heat release rate of design fires in fire 

engineering approach. International Journal on Engineering Performance-

Based Fire Codes,11(1): 11-19. 

 

Chow, W. K., & Jiang, C. S. (2011). Evacuation studies on an office in a community 

building. International Journal on Engineering Performance-Based Fire 

Codes, 10(4), 83–88. 

 

Chu, G., Wang, J., & Wang, Q. (2012). Time-dependent fire risk assessment for 

occupant evacuation in public assembly buildings. Structural Safety, 38: 22–

31. 

 

Chung, S., Danielson, J., & Shannon, M. (2009). School-Based Emergency 

Preparedness : A National Analysis and Recommended Protocol (AHRQ 

Publication No. 09-0013). Retrieved from U.S. Department of Health and 

Human Services’ Agency for Healthcare Research and Quality (AHRQ) 

Website: https://archive.ahrq.gov/prep/schoolprep/schoolprep.pdf 

 

Cooper, L. Y. (1983). A concept for estimating available safe egress time in fires. 

Fire Safety Journal, 5(2): 135–144. 



© C
OPYRIG

HT U
PM

146 

 

Corches, A.-M., Ulriksen, L., & Jomaas, G. FDS Modeling of the Sensitivity of the 

Smoke Potential Values used in Fire Safety Strategies, In Proceedings of the 

10th International Conference on Performance-Based Codes and Fire Safety 

Design Methods, 2014. 

 

Cordeiro, E., Coelho, A. L., Rossetti, R. J. F., & Almeida, J. E. (2011, October). 

Human Behavior under Fire Situations – A case–study in the Portuguese 

Society. Paper presented at Advanced Research Workshop: Evacuation and 

Human Behavior in Emergency Situations. 

 

Cuesta, A., & Gwynne, S. M. V. (2016). The collection and compilation of school 

evacuation data for model use. Safety Science, 84: 24–36. 

 

De Sanctis, G., & Fontana, M. (2016). Risk-based optimisation of fire safety egress 

provisions based on the LQI acceptance criterion. Reliability Engineering and 

System Safety, 152: 339–350. 

 

Delémont, O., & Martin, J. C. (2007). Application of Computational Fluid Dynamics 

modelling in the process of forensic fire investigation: Problems and solutions. 

Forensic Science International, 167(2–3): 127–135. 

 

Department of Fire Protection Engineering. (2009). Material Thermal Properties 

Database. Retrieved August 21, 2018, from 

http://www.firebid.umd.edu/material-database.php 

 

Devriendt, E., Heede, K. Van den, Coussement, J., Dejaeger, E., Surmont, K., 

Heylen, D., Schwendimann, R., Sexton, B., Wellens, N., Boonen, S., & 

Milisen, K. (2012). Content validity and internal consistency of the Dutch 

translation of the Safety Attitudes Questionnaire : An observational study. 

International Journal of Nursing Studies, 49(3): 327–337. 

 

Dhabbah, A. M. (2015). Ways of analysis of fire effluents and assessment of toxic 

hazards. Journal of Analytical Sciences, 5(1): 1–12. 

 

Drost, E. A. (2004). Validity and Reliability in Social Science Research. Education 

Research and Prespectives, 38(1), 105–123. 

 

Erami, S., Pashaei, T., & Shahmoradi, B. (2015). Developing a questionnaire on 

strategies for increasing housewives ’ participation in source separation of 

municipal solid waste based on the theory of planned behavior. Journal of 

Advances in Environmental Health Research, 3(1): 1–7. 

Fang, T., & Lahdelma, R. (2016). Evaluation of a multiple linear regression model 

and SARIMA model in forecasting heat demand for district heating system. 

Applied Energy, 179: 544–552. 

 

Farouk, A., Gawad, A., & Ghulman, H. A. (2015). Prediction of Smoke Propagation 

in a Big Multi-Story Building Using Fire Dynamics Simulator ( FDS ). 

American Journal of Energy Engineering, 3(4-1): 23–41. 

 

 



© C
OPYRIG

HT U
PM

147 

 

Fire and Rescue Department of Malaysia. (2014). Annual Report 2014. Retrieved 

from http://www.bomba.gov.my/. 

 

Fire at Raffles Girls’ School, no injuries reported. (2016, October 19). Today, 

Retrieved from https://www.todayonline.com/. 

 

Fujii, K. Progress and future prospects of CFD in aerospace: Observations from 30 

years research, In 24th International Congress of the Aeronautical Sciences, 

Yokohama, Japan, Aug. 29-Sept 3, 2004. 

 

Galbreath, M. (1969). Time of Evacuation By Stairs In High Buildings: Ottawa, 1969 

(Fire Research Note No. 8). Retrieved from the University of Edinburg 

website: https://www.era.lib.ed.ac.uk/handle/1842/4858 

 

Gilbert, G. E., & Prion, S. (2016). Making sense of methods and measurement : 

Lawshe ’ s content validity index. Clinical Simulation in Nursing, 12(12): 530–

531. 

 

Government of Malaysia. Child Act 2001 (2001). Malaysia. Retrieved from 

http://www.unicef.org/malaysia/Child-Act-2001.pdf 

 

Grigoraş, Z.-C., & -Şotropa, D. D.. (2013). Establishing the Design Fire Parameters 

for Buildings. Bulletin of the Polytechnic Institute of Iasi. Construction and 

Architecture Section, 59(63): 133-142. 

 

Guillermo, R., Amnon, B.I., Carlos, F.P. & Norman, A. (2005). A comparison of 

three fire models in the simulation of accidental fires. Journal of Fire 

Protection Engineering, 17. 

 

Hadjisophocleous, G., & Chen, Z. (2010). A survey of fire loads in elementary 

schools and high schools. Journal of Fire Protection Engineering, 20: 55-71. 

 

Hadjisophocleous, G., Fu, Z., & Lougheed, G. (2002). Experimental study and zone 

modeling of smoke movement in a model atrium (Report No. NRCC-46404). 

Retrieved from National Research Council of Canada for Research in 

Construction Website: https://nrc-publications.canada.ca 

 

Hamilton, D. F., Ghert, M. & Simpson, A. H. R. W. (2015). Interpreting regression 

models in clinical outcome studies. Bone Joint Res, 4(9): 152-153. 

 

Hamilton, G. N., Lennon, P. F., & O’Raw, J. (2017). Human behaviour during 

evacuation of primary schools: Investigations on pre-evacuation times, 

movement on stairways and movement on the horizontal plane. Fire Safety 

Journal, 91: 937–946. 

 

Hamzah, N.A., Ismail, A.R., Makhtar, N.K., Mat Daud, K.A., Che Hassan, N.H., & 

Mat Sout, N. (2018). Occupational safety and health practice in school's 

classroom in Malaysia. Journal of Occupational Safety and Health, 15(2): 13-

22. 

 



© C
OPYRIG

HT U
PM

148 

 

Han, S.S. (2004) Review on key equations in the two-layer zone model CFAST. 

International Journal on Engineering Performance-Based Fire Codes, 6(4): 

277-283. 

 

Hanimann, L., Mangani, L., & Dhillon, A. K. (2017). The development and 

application of CFD technology in mechanical engineering The development 

and application of CFD technology in mechanical engineering. 

https://doi.org/10.1088/1757-899X/274/1/012012 

 

Hasib, R., Kumar, R., Shashi, & Kumar, S. (2007). Simulation of an experimental 

compartment fire by CFD. Building and Environment, 42(9): 3149–3160. 

 

Hassanain, M. A. (2006). Towards the design and operation of fire safe school 

facilities. Disaster Prevention and Management. 15(5): 838–846. 

 

Haydock, P. J. (2000). The Interaction Between Occupants and Fire Alarm Systems 

in Complex Buildings. University of Central Lancashire. 

 

Heath, M. A., Ryan, K., Dean, B., & Bingham, R. (2007). History of school safety 

and psychological first aid for children. Brief Treatment and Crisis 

Intervention, 7(3): 206–223. 

 

Hees, P.v. (2013). Validation and Verification of Fire Models for Fire Safety 

Engineering. Procedia Engineering, 62: 154-168. 

 

Hofinger, G., Zinke, R., & Künzer, L. (2014). Human factors in evacuation 

simulation, planning, and guidance. Transportation Research Procedia. 2: 

603–611. 

 

Horasan, M., & Bruck, D. (1994). Investigation of a behavioural response model for 

fire emergency situations in secondary schools. Paper presented at the Fire 

Safety Science-Proceedings of the Fourth International Symposium (pp. 715–

726). 

 

Hu, L. H., Fong, N. K., Yang, L. Z., Chow, W. K., Li, Y. Z., & Huo, R. (2007). 

Modeling fire-induced smoke spread and carbon monoxide transportation in a 

long channel: Fire Dynamics Simulator comparisons with measured data. 

Journal of Hazardous Materials. 140(1–2): 293–298. 

 

Huo, Y., Zou, G. W., Gao, Y., & Li, S. S. (2015). Large eddy simulation of post-

flashover room fires based on the Vreman subgrid-scale model, International 

Journal of Heat and Mass Transfer, 91: 872–884.  

 

Hwang, C. C., & Edwards, J. C. (2005). The critical ventilation velocity in tunnel 

fires - A computer simulation. Fire Safety Journal, 40(3): 213–244. 

 

Hwang, V., Duchossois, G. P., Garcia-Espana, J. F., & Durbin, D. R. (2006). Impact 

of a community based fire prevention intervention on fire safety knowledge 

and behavior in elementary school children. Injury Prevention, 12(5): 344–346. 

 



© C
OPYRIG

HT U
PM

149 

 

Iannantuoni, L. (2012). Validation and Assessment of a CFD Methodology for Fire 

Safety Engineering Applications. Politecnico di Milano. 

 

Ikehata, Y., Yamaguchi, J., Nii, D., & Tanaka, T. (2014). Required travel distance 

and exit width for rooms determined by risk-based evacuation safety design 

method. Fire Safety Science, 11: 919–932. 

 

Jaafar, A. S., & Abdul Talib, Y. (2017). Means of escape assessment procedure for 

hospital’s building in Malaysia. The International Journal of Engineering and 

Science, 6(6): 32–36. 

 

Jahn, W. (2017). Using suppression and detection devices to steer CFD fire forecast 

simulations. Fire Safety Journal, 91: 284–290. 

 

Jahn, W., Rein, G., & Torero, J. L. (2011). Forecasting fire growth using an inverse 

zone modelling approach. Fire Safety Journal, 46(3): 81–88. 

 

Jahn, W., Rein, G., & Torero, J. L. (2012). Forecasting fire dynamics using inverse 

computational fluid dynamics and tangent linearisation. Advances in 

Engineering Software, 47(1): 114–126. 

 

Jastin Ahmad Tarmizi, Yimie Yong, M. K. (2017, September 17). Police: Youth 

started fire after being insulted by tahfiz students. The Star Online. Retrieved 

from https://www.thestar.com.my 

 

Jia, F., Wang, Z. & Galea, E. R. (2010). Modelling factrs that influence CFD fire 

simulations of large tunnel fires. 12th International Fire Science & 

Engineering Conference, 2(July), 1091–1102. 

 

Jirasingha, W., & Patvichaichod, S. (2011). Modeling fire evacuation of a library 

building based on the numerical simulation. American Journal of Applied 

Sciences, 8(5): 452–458. 

Johansson, N., Svensson, S., & Hees, P. Van. (2015). An evaluation of two methods 

to predict temperatures in multi-room compartment fires. Fire Safety Journal, 

77: 46–58. 

 

Juntao, Y., Yun, Y., & Ye, C. (2012). 2012 Numerical simulation of smoke 

movement influence to evacuation in a high-rise residential building fire. 

Procedia Engineering, 45: 727–734. 

 

Jusoh, N., Bakar, R. A., Ismail, A. R., & Ali, T. Z. S. (2015). Computational analysis 

of thermal building in a no-uniform thermal environment. Energy Procedia, 

68: 438–445. 

 

Kady, R. A., & Davis, J. (2009). The effect of occupant characteristics on crawling 

speed in evacuation. Fire Safety Journal, 44(4): 451–457. 

 

Kang, F., Kennedy, R., Rabidou, B., & Savva, D. (2016). Forensic Fire Scene 

Analysis Using Computational Fluid Dynamics ( CFD ). Worcester 

Polytechnic Institute. 



© C
OPYRIG

HT U
PM

150 

 

Kang, J., Jeong, I. J., & Kwun, J. B. (2015). Optimal facility-final exit assignment 

algorithm for building complex evacuation. Computers and Industrial 

Engineering, 85: 169–176. 

 

Kholshchevnikov, V. V, Samoshin, D. A., Parfyonenko, A. P., & Belosokhov, I. P. 

(2012). Study of children evacuation from pre-school education institutions. 

Fire and Materials, 36(5-6): 349–366. 

 

Kinateder, M. T., Kuligowski, E. D., Reneke, P. A., & Peacock, R. D. (2015). Risk 

perception in fire evacuation behavior revisited: definitions, related concepts, 

and empirical evidence. Fire Science Reviews, 4(1): 26. 

 

Kobes, M., Helsloot, I., de Vries, B., & Post, J. G. (2010). Building safety and 

human behaviour in fire: A literature review. Fire Safety Journal, 45(1): 1–11. 

 

Kobes, M., Helsloot, I., de Vries, B., Post, J. G., Oberijé, N., & Groenewegen, K. 

(2010). Way finding during fire evacuation; an analysis of unannounced fire 

drills in a hotel at night. Building and Environment, 45(3): 537–548.  

 

Kong, D., Johansson, N., van Hees, P., Lu, S., & Lo, S. (2013). A Monte Carlo 

analysis of the effect of heat release rate uncertainty on available safe egress 

time. Journal of Fire Protection Engineering, 23(1): 5–29. 

 

Krajčír, M., & Müllerová, J. (2017). 3D Small-scale fire modeling testing 

preparation. Procedia Engineering, 192: 480–485. 

 

Kuligowski, E. D. (2008). Modeling Human Behavior during Building Fires. 

Modeling Human Behavior during Building Fires, 1–21. 

https://doi.org/10.6028/NIST.TN.1619 

 

Kuligowski, E. D. (2009). Compilation of Data on the Sublethal Effects of Fire 

Effluent. NIST Technical Note 1644. Retrieved from 

https://ws680.nist.gov/publication/get_pdf.cfm?pub_id=861599 

 

Kuligowski, E. D., Peacock, R. D., Reneke, P. A., Hagwood, C. R., Overholt, K. J., 

Elkin, R. P., Wiess, E. (2015). Movement on Stairs During Building 

Evacuations. National Institute of Standards and Technology, U.S. Department 

of Commerce, 1–212. https://doi.org/10.1007/s10694-016-0603-5 

 

Kwon, J. (2014). Assessment of fire protection systems in proscenium theaters. Case 

Studies in Fire Safety, 2: 9–15. 

 

Lai, C., Su, H., Tsai, M., Chen, C., Tzeng, C., & Lin, T. (2010). Influence of fire 

source locations on the actuation of wet-type sprinklers in an office fire. 

Building and Environment, 45(1): 107–114. 

 

Lam, L. (2017, September 29). Fire breaks out at St Andrew's Junior School; no 

injuries reported. The Straits Times, Retrieved from 

https://www.straitstimes.com/. 

 



© C
OPYRIG

HT U
PM

151 

 

Lambie, I., Best, C., Tran, H., Ioane, J., & Shepherd, M. (2015). Risk factors for fire 

injury in school leavers: A review of the literature. Fire Safety Journal, 77: 59–

66. 

 

Larsson, H., Tegern, M., Monnier, A., & Skoglund, J. (2015). Content validity index 

and intra- and inter- rater reliability of a new muscle strength / endurance test 

battery for Swedish soldiers. PLoS One, 10(7): 1–13. 

 

Lawshe, C. (1975). A quantitative approach to content validity. Personnel 

Psychology, 28: 563–575.  

 

Leontitsis, A., & Pagge, J. (2007). A simulation approach on Cronbach’s alpha 

statistical significance. Mathematics and Computers in Simulation, 73(5): 336–

340. 

 

Levandier, N. (2014). Fire Safety Alternatives For Upper Storeys Downtown St. 

John’s city. 

 

Li, G. H., Wang, Y., Guo, G., Zhao, L. Z., Zhang, N., & Yuan, Z. H. (2016). 

Exploring the disequilibrium in different fire causes of China. Procedia 

Engineering, 135: 40–46. 

 

Li, J., & Chow, W. K. (2006). Review on emergency evacuation time estimation for 

performance-based fire safety design. Journal of Applied Fire Science, 15(2): 

147–163. 

 

Li, W., Li, Y., Yu, P., Gong, J., Shen, S., Huang, L., & Liang, J. (2017). Modeling, 

simulation and analysis of the evacuation process on stairs in a multi-floor 

classroom building of a primary school. Physica A: Statistical Mechanics and 

Its Applications, 469: 157–172. 

 

Li, Y., Huo, R., Yi, L., & Wang, G. (2003). Experimental Studies on the Effect of the 

Fire Position on Plume Entrainment in a Large Space. International Journal on 

Engineering Performance-Based Fire Codes, 5(4): 138–145. 

 

Li, Y.F., Chow, W.K. (2004). Application of computational fluid dynamics for 

simulating fire-induced air flow in a large terminal hall. International Journal 

on Architectural Science, 5(1): 20-34. 

 

Li, Y. Z. (2015). CFD modelling of fire development in metro carriages under 

different ventilation conditions. Retrieved from http://ri.diva-

portal.org/smash/get/diva2:962936/FULLTEXT01.pdf 

 

Lin, C. S., & Wu, M. E. (2018). A study of evaluating an evacuation time. Advances 

in Mechanical Engineering, 10(4): 1-11. 

 

Lippiatt, B. C. (2002). Benefits and Costs of Research : A Case Study of Fire 

Dynamics Simulation. Retrieved from https://www.nist.gov 

 



© C
OPYRIG

HT U
PM

152 

 

Littlewood, J.R., Alam, M., Goodhew, S., & Davies, G. (2017). The ‘safety gap’ in 

buildings: Perceptions of Welsh fire safety professionals. 9th International 

Conference on Sustainability in Energy and Buildings, Chania, Crete, Greece, 

5-7 July 2017.  

 

Liu, C., Mao, Z. L., & Fu, Z. M. (2016). Emergency evacuation model and algorithm 

in the building with several exits. Procedia Engineering, 135: 12–18.  

 

Liu, R. X., Kuang, J., Gong, Q., & Hou, X. L. (2003). Principal component 

regression analysis with SPSS. Computer Methods and Programs in 

Biomedicine, 71(2): 141–147. 

 

Liu, Y., Moser, A., & Sinai, Y. (2004). Comparison of a CFD fire model against a 

ventilated fire experiment in an enclosure. International Journal of Ventilation, 

3(2): 169–184. 

 

Loy, Y. Y., Rangaiah, G. P., & Lakshminarayanan, S. (2017). Surrogate modelling 

for enhancing consequence analysis based on computational fluid dynamics. 

Journal of Loss Prevention in the Process Industries, 48: 173–185. 

 

Ma, C., Sun, B., Sun, S., & Liu, H. (2012). Analysis of performance-based fire safety 

evacuation in a college library. Procedia Engineering, 43, 399–406.  

 

Ma, J., Song, W. G., Tian, W., Lo, S. M., & Liao, G. X. (2012). Experimental study 

on an ultra high-rise building evacuation in China. Safety Science, 50(8), 1665–

1674. 

 

Mackay, D., Barber, T., & Yeoh, G. H. (2010). Experimental and computational 

studies of compartment fire behavior training scenarios. Building and 

Environment, 45(12): 2620–2628. 

 

Maragkos, G., Beji, T., & Merci, B. (2017). Advances in modelling in CFD 

simulations of turbulent gaseous pool fires. Combustion and Flame, 181: 22–

38. 

 

Masuwai, A., Tajudin, M., & Saad, N. S. (2016). Evaluating the face and content 

validity of a Teaching and Learning Guiding Principles Instrument ( TLGPI ): 

A perspective study of Malaysian teacher educators. Geografia: Malaysian 

Journal of Society and Space, 3(3): 11–21. 

 

Mayor, D. F. (2014). Expectation and experience of “nonspecific” (whole person) 

feelings elicited by acupuncture: Content validity of a set of questionnaires. 

Deutsche Zeitschrift Fur Akupunktur, 57(1): 14–19. 

 

McGrattan, K., Hostikka, S., McDermott, R., Floyd, J., Weinschenk, C., & Overholt, 

K. (2015). Fire Dynamics Simulator Technical Reference Guide Volume 1 : 

Mathematical Model (Sixth Edit, Vol. 1). National Institute of Standards and 

Technology. Retrieved from http://dx.doi.org/10.6028/NIST.SP.1018-1 

 

 



© C
OPYRIG

HT U
PM

153 

 

McManus, N. (2009). Oxygen: Health Effects and Regulatory Limits. North 

Vancouver. Retrieved from file:///C:/Users/User/Downloads/Oxygen 

Regulatory Limits I.pdf 

 

Mehyo, M., & Costa, J.J. Computational fluid dynamics simulations of heat transfer 

of identical chimneys in a building, In Proceedings of the 4th World Congress 

on Mechanical, Chemical, and Material Engineering (MCM'18), Madrid, 

Spain, August 16-18, 2018. 

 

Meng, D., Yao, H., Cui, T., & Sun, Y. (2016). Survey and countermeasure discussion 

of college students’ campus fire safety. Procedia Engineering, 135: 25–28. 

 

Merci, B., & Van Maele, K. (2008). Numerical simulations of full-scale enclosure 

fires in a small compartment with natural roof ventilation. Fire Safety Journal, 

43(7): 495–511. 

Ministry of Home Affairs. (2004). School Safety (First Edit). Ministry of Home 

Affairs. 

 

Mohammad, S., & Shea, A. (2013). Performance evaluation of modern building 

thermal envelope designs in the semi-arid continental climate of Tehran. 

Buildings, 3(4): 674–688. 

 

Mok, W.K. & Chow, W.K. (2004). ‘Verification and validation’ in modeling fire by 

computational fluid dynamics. International Journal on Architectural Science, 

5(3): 58-67. 

 

Motamedzadegan, A., & Khoddam, S. (2012). CFD application on food industry ; 

energy saving on the bread oven. Iranica Journal of Energy & Environment, 

3(3): 241–245. 

 

Mouilleau, Y., & Champassith, A. (2009). CFD simulations of atmospheric gas 

dispersion using the Fire Dynamics Simulator (FDS). Journal of Loss 

Prevention in the Process Industries, 22(3): 316–323. 

 

Mu, H. L., Wang, J. H., Mao, Z. L., Sun, J. H., Lo, S. M., & Wang, Q. S. (2013). 

Pre-evacuation human reactions in fires: An attribution analysis considering 

psychological process. Procedia Engineering, 52: 290–296. 

 

Musigapong, P. (2013). Knowledge , attitudes and practices relating to fire 

prevention among students in the elementary schools of Muang Nakhon 

Ratchasima , Thailand. Journal of Educational and Social Research, 3(7): 

288–291. 

 

Nadzim, N., & Taib, M. (2014). Appraisal of Fire Safety Management Systems at 

Educational Buildings, 5, 1–7. 

 

Nathanri, C. (2018, October 21). Fire hits school building in Khon Kaen. Bangkok 

Post Retrieved from https://www.bangkokpost.com/. 

 

 



© C
OPYRIG

HT U
PM

154 

 

National Academy of Sciences. (2016). Acute Exposure Guideline Levels for 

Selected Airborne Chemicals (Vol. 8). Washington: National Academies Press. 

Retrieved from http://www.nap.edu/catalog/23634 

 

National Fire Protection Association. (2002a). SFPE handbook of fire protection 

engineering (Third edit). Quincy, Mass. : National Fire Protection Association ; 

Bethesda, Md. : Society of Fire Protection Engineers. 

 

National Fire Protection Association. (2002b). SFPE Handbook of Fire Protection 

Engineering. National Fire Protection Association (Third Edit). 

Massachusetts: National Fire Protection Association. Retrieved from 

http://ogneborec.su/files/uploads/files/0460561_8A68C_sfpe_handbook_of_fir

e_protection_engineering.pdf 

 

National Fire Protection Association. (2017). Structure Fires in Educational 

Properties. 

 

National Fire Protection Association. (2018). School fires with 10 or more deaths. 

Retrieved April 4, 2018, from https://www.nfpa.org 

 

National Institute for Occupational Safety and Health. (2014). Carbon monoxide. 

Retrieved September 21, 2018, from 

https://www.cdc.gov/niosh/idlh/630080.html 

 

Ndetu, D. K., & Kaluyu, V. (2016). Factors influencing fire disaster management 

preparedness: a case of primary schools in Makueni county, Kenya. European 

Journal of Education Studies, 2(6): 63–77. 

 

New Zealand Fire Service Commission, School fires in New Zealand. Wellington. 

2002 

 

Ng, C. M. Y., & Chow, W. K. (2006). A brief review on the time line concept in 

evacuation. International Journal on Architectural Science, 7(1): 1–13. 

 

Nguyen, Q. T., Tran, P., Ngo, T. D., Tran, P. A., & Mendis, P. (2014). Experimental 

and computational investigations on fire resistance of GFRP composite for 

building façade. Composites Part B: Engineering, 62: 218–229. 

 

Nielsen, P. V. (2015). Fifty years of CFD for room air distribution. Building and 

Environment, 91: 78–90.  

 

Nilsson, D., & Johansson, A. (2009). Social influence during the initial phase of a 

fire evacuation-Analysis of evacuation experiments in a cinema theatre. Fire 

Safety Journal, 44(1): 71–79. 

 

Noor, M. N. I. A. (2013). A Case Study on Comparison Between Wood Truss and 

Steel Truss for Roof Structure. University Malaysia Pahang. Retrieved from 

http://umpir.ump.edu.my/id/eprint/11093/1/MUHAMMAD NUR ILYAS BIN 

AMRAN NOOR.PDF 

 



© C
OPYRIG

HT U
PM

155 

 

Norazahar, N., Khan, F., Veitch, B., & MacKinnon, S. (2014). Human and 

organizational factors assessment of the evacuation operation of BP Deepwater 

Horizon accident. Safety Science, 70: 41–49. 

 

Novozhilov, V. (2001). Computational fluid dynamics modeling of compartment 

fires. Progress in Energy and Combustion Science, 27(6): 611-666. 

 

NST Online. (2017, September 14). Keramat tahfiz school fire: Here’s what we 

know so far. New Straits Times. Retrieved from https://www.nst.com.my 

 

Olsson, P. Å., & Regan, M. A. (2001). A comparison between actual and predicted 

evacuation times. Safety Science, 38(2): 139–145. 

 

Orts-cortés, M. I., Moreno-casbas, T., Squires, A., Fuentelsaz-gallego, C., Maciá-

soler, L., González-maría, E., & Team, R. (2013). Content validity of the 

Spanish version of the practice environment scale of the nursing work index. 

Applied Nursing Research, 26(4): e5–9. 

 

Östman, B., Brandon, D., & Frantzich, H. (2017). Fire safety engineering in timber 

buildings. Fire Safety Journal, 9: 11-20. 

 

Othman, W.N.A. & Tohir, M.Z.M. (2018). A study on evacuation time from lecture 

halls in Faculty of Engineering, Universiti Putra Malaysia. IOP Conf. Ser.: 

Earth Environ. Sci.Langkawi:IOP Publishing 

 

Oven, V. A., & Cakici, N. (2009). Modelling the evacuation of a high-rise office 

building in Istanbul. Fire Safety Journal, 44(1): 1–15.  

 

Ozer, I., Fitzgerald, S. M., Sulbaran, E., & Garvey, D. (2014). Reliability and content 

validity of an English as a Foreign Language ( EFL ) grade-level test for 

Turkish primary grade students. Procedia - Social and Behavioral Sciences, 

112: 924–929. 

 

Papinigis, V., Geda, E., & Lukošius, K. (2010). Design of people evacuation from 

rooms and buildings. Journal of Civil Engineering and Management, 16(1): 

131-139. 

 

Parsian, N., & Trisha, D. (2009). Developing and validating a questionnaire to 

measure spirituality : A psychometric process. Global Journal of Health 

Sciences, 1(1): 1-11. 

 

Pauls, J. (1987). Calculating evacuation times for tall buildings. Fire Safety Journal, 

12(3): 213–236. 

 

Pedersen, N. (2012). Modeling of jet and pool fires and validation of the fire model 

in the CFD code FLACS, (June). 

 

Peng, H., Zhou, J., Liu, W. L., Zhang, X. Y., & Li, Y. Q. (2011). Study on the 

determination of safety factor in calculating building fire evacuation time. 

Procedia Engineering, 11: 343–348. 



© C
OPYRIG

HT U
PM

156 

 

Polit, D. F., & Beck, C. T. (2006). The content validity index: Are you sure you 

know what ’ s being reported? Critique and recommendations. Research in 

Nursing and Health, 29(5): 489–497. 

 

Polit, D. F., Beck, T., & Owen, S. V. (2007). Is the CVI an acceptable indicator of 

content validity? Appraisal and recommendations, 30(4): 459–467. 

  

Poon, S. L. (2014). A dynamic approach to ASET/RSET assessment in performance 

based design. Procedia Engineering, 71: 173–181. 

 

Pope, N. D., & Bailey, C. G. Ã. (2006). Quantitative comparison of FDS and 

parametric fire curves with post-flashover compartment fire test data. Fire 

Safety Journal, 41(2): 99–110. 

 

Proulx, G. (1995). Evacuation time and movement in apartment buildings. Fire 

Safety Journal, 24(3): 229–246. 

 

Proulx, G. (2001). Occupant behaviour and evacuation. Proceedings of the 9th 

International Fire Protection Symposium, 219–232. Retrieved from 

http://www.nrc.ca/irc/ircpubs 

 

Puigt, G. (2014). CFD dedicated techniques applied to industrial problems. 

Universite de Toulouse. 

 

Rabor, F. M., Taghipour, A., Mirzaee, M., & Mirzaii, K. (2015). Developing a 

questionnaire for Iranian women’s attitude on medical ethics in vaginal 

childbirth. Nursing and Midwifery Studies, 4(4), 1–7. 

 

Rahim, M. S. N. A. (2015). The current trends and challenging situations of fire 

incident statistics. Malaysian Journal of Forensic Sciences, 6(1): 63–78. 

 

Ralph, B. & Carvel, R. (2018). Coupled hybrid modelling in fire safety engineering; 

a literature review. Fire Safety Journal, 100: 157-170. 

 

Rao, P. (2014). Fire Risk Analysis of Combustible and Non-Combustible Mid-Rise 

Residential Building Using CuRisk. Carleton University. Retrieved from 

https://curve.carleton.ca/b0deab1f-c523-4567-913d-2ac82076c3bb 

 

Reisinger, H. (1997). The impact of research designs on R
2
 in linear regression 

models: an exploratory meta-analysis. Journal of Empirical Generalisations in 

Marketing Science, 2: 1-12. 

 

Rizvi, Z. A. (2017). A study to understand differential equations applied to 

aerodynamics using CFD technique.  International Journal of Scientific and 

Engineering Research, 8(2), 16–19. 

 

Ryder, N. L., Sutula, J. A., Schemel, C. F., Hamer, A. J., & Brunt, V. Van. (2004). 

Consequence modeling using the fire dynamics simulator. Journal of 

Hazardous Materials, 115(1–3): 149–154. 

 



© C
OPYRIG

HT U
PM

157 

 

Samad, M. H. A., Taib, N., & Ying, C. S. (2017). Means of Escape Provisions and 

Evacuation Simulation of Public Building in Malaysia and Singapore. In AIP 

Conference Proceeedings. https://doi.org/10.1063/1.5005785 

 

Schneider, C., & Maddox, S. (2003). Best practice guide on statistical analysis of 

fatigue data. The Welding Institute Report, (February), 1–30. Retrieved from 

http://www.math.ntnu.no/~bo/stat2/welding.pdf 

 

Scottish Executive. (2003). Fire Safety in Schools. Edinburgh: Scottish Executive. 

 

Sekiwu, D., & Kabanda, M. (2014). Building safer secondary schools in Uganda 

through collective commitment to health and safety compliance. International 

Journal of Educational Policy Research and Review, 1(4): 47–53. 

 

Shah, S., & Dufva, K. (2017). Cfd Modeling of Airflow in a Kitchen Environment: 

Towards improving energy efficiency in buildings. 

 

Shahrul Annuar, S. (2019, April 3). No fire certificate for 140 government buildings 

nationwide. New Straits Times. Retrieved from https://www.nst.com.my 

 

Shen, T.-S. (2003). Building Planning Evaluations for Emergency Evacuation. 

Worcester Polytechnic Institute. Retrieved from 

https://web.wpi.edu/Pubs/ETD/Available/etd-0503103-

114955/unrestricted/shen.pdf 

 

Shen, T., Huang, Y., & Chien, S. (2008). Using fire dynamic simulation (FDS) to 

reconstruct an arson fire scene, Building and Environment, 43(6): 1036–1045. 

 

Shibutse, P. I., & Omuterema, S. (2014). Frequency and severity of fire disasters in 

secondary schools in Kenya. International Journal of Innovative Research in 

Science, Engineering and Technology, 3(11): 17646–17650. 

 

Songsakulchai, K., Patvichaichod, S., & Visuwan, P. (2012). The study of evacuation 

times from the multiplex theatres. American Journal of Applied Sciences, 9(3): 

321–326. 

 

Spalart, P. R., Venkatakrishnan, V., & Les, W. (2016). On the role and challenges of 

CFD in the aerospace industry. The Aeronautical Journal, 120(1223): 209-232. 

 

Spearpoint, M. J. (2013). The effect of pre-movement on evacuation times in a 

simulation model. Journal of Fire Protection Engineering, 14(1): 33-53. 

 

Staffansson, L. (2010). Selecting design fires. 

 

Stavrakakis, G. M., & Markatos, N. C. (2009). Simulation of airflow in one- and 

two-room enclosures containing a fire source. International Journal of Heat 

and Mass Transfer, 52(11–12): 2690–2703. 

 

 

 



© C
OPYRIG

HT U
PM

158 

 

Stokos, K. G., Vrahliotis, S. I., Pappou, T. I., & Tsangaris, S. (2015). A comparative 

numerical study of turbulence models for the simulation of fire incidents: 

Application in ventilated tunnel fires. Cogent Engineering, 2(1): 1–13.  

 

Storm, B. M., & Pantesjö, M. R. (2009). The use of simulation in fire investigation. 

 

Su, M., Zhao, H., & Ma, J. (2015). Computational fluid dynamics simulation for 

chemical looping combustion of coal in a dual circulation fluidized bed. 

Energy Conversion and Management, 105: 1–12. 

 

Subramaniam, C. (2004). Human factors influencing fire safety measures. Disaster 

Prevention and Management, 13(2): 110–116.  

 

Sujatmiko, W., Dipojono, H. K., & Soelami, F. X. N. (2014). Performance-based fire 

safety evacuation in high-rise building flats in Indonesia – A case study in 

Bandung. Procedia Environmental Sciences, 20: 116–125. 

 

Sujatmiko, W., Dipojono, H. K., & Soelami, F. X. N. (2017). Study on fire dynamic 

development in a multistory building compartment. Procedia Engineering, 

170: 162–168. 

 

Sun, B., Guo, K., & Pareek, V. K. (2014). Computational fluid dynamics simulation 

of LNG pool fire radiation for hazard analysis. Journal of Loss Prevention in 

the Process Industries, 29(1): 92–102.  

 

Sun, B., Guo, K., & Pareek, V. K. (2015). Dynamic simulation of hazard analysis of 

radiations from LNG pool fire. Journal of Loss Prevention in the Process 

Industries, 35: 200–210. 

 

Sutrisno, H.H., Amiruddin, J., & Triyono. (2018). Improving the evacuation time for 

8-story office building using Pathfinder simulation. International Journal of 

Engineering & Technology, 7(3.8): 54-57. 

 

Taghizadeh, A. O., Mowafi, H., & Ardalan, A. (2013). School fire in Iran: simple 

actions save lives. Annals of Burns and Fire Disasters, 26(1): 44-47. 

 

Tan, L., Hu, M., & Lin, H. (2015). Agent-based simulation of building evacuation: 

Combining human behavior with predictable spatial accessibility in a fire 

emergency. Information Sciences, 295: 53–66. 

 

Tang, T. Q., Chen, L., Guo, R. Y., & Shang, H. Y. (2015). An evacuation model 

accounting for elementary students’ individual properties. Physica A: 

Statistical Mechanics and Its Applications, 440: 49–56.  

 

Tavelli, S., Rota, R., & Derudi, M. (2014). A critical comparison between CFD and 

zone models for the consequence analysis of fires in congested environments. 

Chemical Engineering Transactions, 36: 247–252. 

 

Thailand school dormitory fire kills 17 schoolgirls. (2016, May 23). BBC, Retrieved 

from https://www.bbc.com/. 



© C
OPYRIG

HT U
PM

159 

 

Thompson, P., Nilsson, D., Boyce, K., & McGrath, D. (2015). Evacuation models 

are running out of time. Fire Safety Journal, 78: 251–261. 

 

Thunderhead Engineering. (2014). PyroSim User Manual. Retrieved from 

https://www.thunderheadeng.com/wp-

content/uploads/downloads/2014/02/PyroSimManual.pdf 

 

Timbuong, J. (2019, April 3). Almost a third of govt buildings without fire 

certification are in Putrajaya, says Bomba DG. The Star Online. Retrieved from 

https://www.thestar.com.my 

 

Tipler, K., Tarrant, R., Johnston, D., & Tuffin, K. (2017). Are you ready? Emergency 

preparedness in New Zealand schools. International Journal of Disaster Risk 

Reduction, 25: 324–333. 

 

Tlili, O., Mhiri, H., & Bournot, P. (2016). Empirical correlation derived by CFD 

simulation on heat source location and ventilation flow rate in a fire room. 

Energy & Buildings, 122: 80–88. 

 

Tohda, Y., Hozawa, S., & Tanaka, H. (2017). Development of a questionnaire to 

evaluate asthma control in Japanese asthma patients. Allergology International, 

67(1): 131–137. 

 

Totton, N., & White, P. (2011). The Ubiquitous Mythical Normal Distribution. UWE 

Bristrol, (July). 

 

Tsukahara, M., Koshiba, Y., & Ohtani, H. (2011). Effectiveness of downward 

evacuation in a large-scale subway fire using Fire Dynamics Simulator. 

Tunnelling and Underground Space Technology, 26(4), 573–581. 

 

Tukey, J. W., & Wilk, M. B. (1966). Data analysis and statistics: an expository 

overview. Proceedings of the November 7-10, 1966, Fall Joint Computer 

Conference, (695), 695–710. https://doi.org/10.1145/1464291.1464366 

 

Tuladhar, G., Yatabe, R., Dahal, R. K., & Prakash, N. (2014). Knowledge of disaster 

risk reduction among school students in Nepal. Geomatics, Natural Hazards 

and Risk, 5(3): 190–207. 

 

U.S. Department of Homeland Security. School Building Fires (2009-2011). 

Emmitsburg. April 2014. 

 

U.S. Fire Administration. (2014). School Building Fires ( 2009-2011 ) (Vol. 14). 

 

Uggioni, P. L., & Salay, E. (2013). Reliability and validity of a questionnaire to 

measure consumer knowledge regarding safe practices to prevent 

microbiological contamination in restaurants. Journal of Nutrition Education 

and Behavior, 45(3): 250–257. 

 

Uniform Building By-Laws. Uniform Building By-Laws, Pub. L. No. Act 133 

(1984). Malaysia. 



© C
OPYRIG

HT U
PM

160 

 

United Nations Office for Disaster Risk Reduction. (2012). Assessing School Safety 

from Disasters A Global Baseline Report. Geneva. 

 

Van De Leur, P. (2005). Building evacuation, rules and reality. HERON, 50(4): 237–

246. 

 

Van Maele, K., & Merci, B. (2008). Application of RANS and LES field simulations 

to predict the critical ventilation velocity in longitudinally ventilated horizontal 

tunnels. Fire Safety Journal, 43(8): 598–609. 

 

Vanar, M. (2018, February 23). Students scramble as fire breaks out of Tawau 

primary school. The Star Online. Retrieved from https://www.thestar.com.my 

 

Varkute, N. S., & Maurya, R. S. (2013). CFD simulation in township planning – A 

case study. International Journal Of Computational Engineering Research, 

3(3): 65–72. 

 

Versteeg, H. K., & Malalasekera, W. (2007). An Introduction to Computational 

Fluid Dynamics (Vol. Second Edi). Pearson Education Limited. 

 

Wade, P., Teeman, D., Golden, S., Wilson, R., & Woodley, V., The impact of school 

fires: A study of the wider economic and social impacts on schools and the 

local community. Local Government Association, NFER: Slough. November 

2007 

 

Wagner, V., Kallus, K. W., Neuhuber, N. J., Schwarz, M., Schrom-Feiertag, H., 

Ladstaetter, S., & Paletta, L. (2015). Implications for behavioral inhibition and 

activation in evacuation scenarios: Applied human factors analysis. Procedia 

Manufacturing, 3: 1796–1803. 

 

Wahlqvist, J., & Hees, P. Van. (2016). Influence of the built environment on design 

fires. Case Studies in Fire Safety, 5: 20-23. 

 

Wang, F., & Wang, M. (2016). A computational study on effects of fire location on 

smoke movement in a road tunnel. Tunnelling and Underground Space 

Technology, 51: 405–413.  

 

Wang, H. Y. (2009). Prediction of soot and carbon monoxide production in a 

ventilated tunnel fire by using a computer simulation. Fire Safety Journal, 

44(3): 394–406. 

Wang, J. J. (2016). Study on the context of school-based disaster management. 

International Journal of Disaster Risk Reduction, 19: 224–234. 

 

Wang, Q., Sun, J., & Chu, G. (2005). Lithium Ion Battery Fire and Explosion. 

Proceedings of the Eighth International Symposium, 375–382. 

https://doi.org/10.3801/IAFSS.FSS.8-375 

 

 

 

 



© C
OPYRIG

HT U
PM

161 

 

Wang, R., Yang, Y., Chen, R., Kan, H., Wu, J., & Wang, K. (2015). Knowledge, 

attitudes, and practices (KAP) of the relationship between air pollution and 

children’s respiratory health in Shanghai, China. International Journal of 

Environmental Research and Public Health, 12(2): 1834–1848. 

 

Węgrzyński, W., & Sulik, P. (2016). The philosophy of fire safety engineering in the 

shaping of civil engineering development. Bulletin of the Polish Academy of 

Sciences, 64(4): 719–730. 

 

White, R. H. (2000). Fire Performance of Hardwood Species. In XXI IUFRO World 

Congress. Kuala Lumpur. Retrieved from 

http://terramaitestsite.com/userfiles/file/Technical/USDA_Fire_Performance_o

f_Hardwoods.pdf 

 

WHO. (2010). WHO Guidelines for Indoor Air Quality: Selected Pollutants. 

Copenhagen. Retrieved from 

http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf 

 

Wilson, F. R., Pan, W., & Schumsky, D. A. (2012). Recalculation of the critical 

values for Lawshe’s content validity ratio. Measurement and Evaluation in 

Counseling and Development, 45(3): 197-210. 

 

Witherden, F. D., & Jameson, A. (2017). Future Directions of Computational Fluid 

Dynamics. In 23RD AIAA COMPUTATIONAL FLUID DYNAMICS 

CONFERENCE (pp. 1–16). 

 

World Health Organisation. (2008). World report on child injury prevention. Geneva, 

Switzerland, 1–212. https://doi.org/10.1136/ip.2007.018143 

 

World Health Organization. (2017). Growth reference 5-19 years. Retrieved May 4, 

2017, from http://www.who.int/growthref/who2007_bmi_for_age/en/ 

 

Wu, G. Y., & Huang, H. C. (2015). Modeling the emergency evacuation of the high 

rise building based on the control volume model. Safety Science, 73: 62–72.  

 

Yaghmale, F. (2003). Content validity and its estimation. Journal of Medical 

Education, 3: 25–27. 

 

Yan, Z., Han, X., & Li, M. (2016). Accurate assessment of RSET for building fire 

based on engineering, MATEC Web of Conferences, 61, 1–7. 

 

Yan, Z., Zhao, C., Liu, Y., Deng, X., Ceng, X., Liu, S., Lan, B., Nilsson, R., & 

Jeansson, S. (2013). Experimental study and advanced CFD simulation of fire 

safety performance of building external wall insulation system. MATEC Web of 

Conferences, 9: 1-10. 

 

Yang, D., Hu, L. H., Jiang, Y. Q., Huo, R., Zhu, S., & Zhao, X. Y. (2010). 

Comparison of FDS predictions by different combustion models with measured 

data for enclosure fires. Fire Safety Journal, 45(5): 298–313.  

 



© C
OPYRIG

HT U
PM

162 

 

Yang, P., Tan, X., & Xin, W. (2011). Experimental study and numerical simulation 

for a storehouse fire accident. Building and Environment, 46(7): 1445–1459. 

 

Yang Razali, N. Y., Latif, M. T., Dominick, D., Mohamad, N., Sulaiman, F. R., & 

Srithawirat, T. (2015). Concentration of particulate matter, CO and CO2 in 

selected schools inMalaysia. Building and Environment, 87: 108–116. 

 

Yao, Y., Cheng, X., Zhang, S., Zhu, K., Zhang, H., & Shi, L. (2017). Maximum 

smoke temperature beneath the ceiling in an enclosed channel with different 

fire locations. Applied Thermal Engineering, 111: 30–38. 

 

Yau, R., Cheng, V., & Yin, R. (2003). Treatment of Fire Source in Cfd Models in 

Performance Based Fire Design. International Journal on Engineering 

Performance-Based Fire Codes, 5(3), 54–68. 

 

Yuan, L., Zhou, L., & Smith, A. C. (2016). Modeling carbon monoxide spread in 

underground mine fires. Applied Thermal Engineering, 100: 1319–1326. 

 

Zahari, N. M., Rahman, I. A., & A Mujahid A Zaidi. (2009). Foamed Concrete: 

Potential Application in Thermal Insulation. In Proceedings of MUCEET2009 

(pp. 47–52). Retrieved from 

http://eprints.uthm.edu.my/1759/1/Muceet_2009.pdf 

 

Zamanzadeh, V., Ghahramanian, A., Rassouli, M., Abbaszadeh, A., & Alavi, H. 

(2015). Design and implementation content validity study : Development of an 

instrument for measuring patient-centered communication. Journal of Caring 

Sciences, 4(2), 165–178. 

 

Zhang, B., Xu, Z. S., Zhao, Q. W., & Liu, Y. Y. (2014). A study on theoretical 

calculation method of subway safety evacuation. Procedia Engineering, 71: 

597–604. 

 

Zhang, G. W., Zhu, G. Q., & Yin, F. (2014). A whole process prediction method for 

temperature field of fire smoke in large spaces. Procedia Engineering, 71: 

310–315. 

 

Zhang, G., Zhu, G., Yuan, G., & Wang, Y. (2016). Quantitative risk assessment 

methods of evacuation safety for collapse of large steel structure gymnasium 

caused by localized fire. Safety Science, 87: 234–242.  

 

Zhang, X. G., Guo, Y. C., Chan, C. K., & Lin, W. Y. (2007). Numerical simulations 

on fire spread and smoke movement in an underground car park. Building and 

Environment, 42: 3466–3475.  

 

Zhao, G., Li, Y., Cui, Y., & Zhao, W. (2016). A comparative analysis on the 

evacuation time of atrium-style metro station. Procedia Engineering, 135: 33–

39.  

 

Zhiyin, Y. (2015). Large-eddy simulation: Past, present and the future. Chinese 

Journal of Aeronautics, 28(1): 11–24.  



© C
OPYRIG

HT U
PM

171 

BIODATA OF STUDENT 

The student, Hairul Nazmin bin Nasruddin was born May 10, 1987 in Federal 

Territory of Kuala Lumpur. Academically, he received his primary education in 

Sekolah Menengah Sri Adika Raja at Gerik, Perak (1994-1999). He completed his 

secondary level education at Sekolah Menengah Kebangsaan Tun Abang Haji Openg 

at Kuching, Sarawak on 2004. He obtained his Degree in Environmental Health and 

Safety at Universiti Teknologi MARA (UiTM) in 2010 and then graduated in Master 

of Environment at UPM in 2012. He is currently doing his PhD. in Occupational 

Health and Safety at Universiti Putra Malaysia (UPM) under the supervision of Dr 

Mohd Rafee Baharudin mainly of fire safety through modelling approach. Along his 

studies, he worked as Research Assistant under the same supervisor and involved in 

many researches on academic purposes and even granted by Government and 

Government-link Company such as Department of Occupational Safety and Health 

(DOSH), National Institute of Occupational Safety and Health (NIOSH), and Social 

Security Organization (SOCSO) especially in the matter of occupational accident 

cost estimation. Some of the researches are “Estimating Accident Costs in Small 

Medium Manufacturing Industries in Malaysia”, “Estimating Accident Costs in 

Public Service Sectors in Malaysia”, “The Cost of Commuting Accidents among 

SOCSO Contributors in Malaysia”, “Evaluation on The Effectiveness of SOCSO 

Accident Prevention Programs”, and many more. He involved in the publication of 

book entitled “Practical guide to OSH risk management: Understanding, evaluating 

and implementing HIRARC at workplace” which helps OSH practitioners to properly 

assess their workplace risks. He also contributed to the development of OSH 

Accident Calculator (OSHACC) at the national level. 



© C
OPYRIG

HT U
PM

172 

 

PUBLICATION 

 

Baharudin, M. R., Nasruddin, H. N., Rahman, A. A., Mahadi, M. R., & Noor, S. B. 

M. (2018). Numerical model for individual time calculation for evacuation 

among secondary students. International Journal of Building Pathology and 

Adaptation. http://doi.org/10.1108/IJBPA-11-2017-0059 

 



© C
OPYRIG

HT U
PM

 

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 

ACADEMIC SESSION : ________________ 
 
 

TITLE OF THESIS / PROJECT REPORT : 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________    

NAME OF STUDENT :   __________________________________________________ 

I acknowledge that the copyright and other intellectual property in the thesis/project report 
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at 
the library under the following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia. 

2. The library of Universiti Putra Malaysia has the right to make copies for educational purposes 
only. 

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic   
exchange.  

 
I declare that this thesis is classified as : 

*Please tick (√ ) 
 
                 CONFIDENTIAL   (Contain confidential information under Official Secret   
                                                      Act 1972). 
 
                 RESTRICTED   (Contains restricted information as specified by the       
                                                       organization/institution where research was done).   
 
                 OPEN ACCESS  I agree that my thesis/project report to be published    
                                                           as hard copy or online open access.  
 
This thesis is submitted for : 

                     PATENT   Embargo from_____________ until ______________ 
               (date)         (date) 
 

Approved by: 
 
 
_____________________   ________________________ 
(Signature of Student)    (Signature of Chairman of Supervisory Committee) 
New IC No/ Passport No.:   Name: 
 
Date :      Date :  
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the 
organization/institution with period and reasons for confidentially or restricted. ] 

User
Typewriter
MODELING OF FIRE IN SCHOOL BUILDING USING COMPUTATIONAL FLUID DYNAMICS AND DEVELOPMENT OF 

User
Typewriter
HAIRUL NAZMIN BIN NASRUDDIN

User
Typewriter

User
Typewriter
FIRST SEMESTER 2019/2020

User
Polyline

User
Typewriter
870510-56-5159

User
Typewriter
EVACUATION TIME EQUATION IN PUTRAJAYA, MALAYSIA

User
Typewriter




