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ABSTRAK

Jurutera mekanikal telah berusaha merekabentuk mi@masang sistem
perlindungan kebakaran untuk berbagai jenis bamgudiatem perlindungan kebakaran
di dalam bangunan yang sedang beroperasi diperlukian sahaja untuk memadamkan
api, tetapi juga untuk menyelamatkan nyawa daralmehda. Reka bentuk perlindungan
kebakaran merupakan aspek kejuruteraan yang komplkana ia memerlukan
pertimbangan pendekatan bersepadu oleh juruterg panpengalaman. Disebabkan
oleh kekurangan garis panduan dan pengetahuatejamekanikal kini berusaha untuk
memilih sistem perlindungan yang paling sesuai &satkan pengalaman projek-projek
yang lepas dan rujukan kod undang-undang. Satu Inpohélaian adalah diperlukan.
dan perisian untuk membantu jurutera menilai ké&doolehpercayaan, prestasi, kos dan
kebolehsesuaian sistem perlindungan kebakaran, gaebarujukan adalah
penting. Sehubungan dengan ini, matlamat kajiamdialah untuk membangunkan satu
model proses generik bagi menilai kesesuaian sigierindungan kebakaran bagi
bangunan dan memilih sistem yang paling sesuaieWiod mengambil kira satu set
kriteria setara yang mempengaruhi pemilihan sigeemindungan kebakaran di dalam
sesebuah bangunan. Ini akan dicapai melalui tiggekob yang berkaitan: 1)
mengenalpasti hubungan di antara pelbagai pembuddhbagi sistem perlindungan
kebakaran yang aktif; 2) membangunkan sistem peanli model perlindungan
kebakaran; 3) menilai dan mengesahkan model terdebndapat dan pengalaman
merupakan data yang dikumpul melalui kaedah temaidiemgan lima belas responden
yang terdiri daripada perunding kebakaran, jurutebakaran, kontraktor pelindung
kebakaran dan pembekal pelindung kebakaran. Dattg giikumpulkan telah diproses
kepada data yang boleh diukur secara subjektif alemgenggunakan Proses Hierarki
Analitik (AHP). Satu model proses generik dibangamknenggunakan IDEF-0 yang
menyediakan garis panduan pemilihan sistem perigan kebakaran bagi membantu
perunding kebakaran, jurutera kebakaran, pembekéh &lien untuk memilih sistem
perlindungan kebakaran yang sesuai.
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ABSTRACT

Fire safety engineers have been trying their bestdsign and install fire
protection systems in various buildings since tastglecades. Fire protection is needed
for every building in operation, not only for fiextinguishment, but also as a means for
saving life and property. Fire protection desigraisomplex engineering aspect which
needs an integrated approach consideration by emginwith enormous experience.
Nowadays, due to the lack of proper guidelineslamuvledge, fire engineers are trying
their best to select the most suitable fire pradecsystem by relying on their past
experience, past projects and code referencesdér & help designers in assessing the
impact of reliability, performance, cost and adbpity of fire protection systems,
assessment tools and software are essential. Hbecaim of this research is to develop
a generic process model to assess the suitabilliiyeoprotection systems for buildings
and to select the most suitable system. The ntadtek into account a set of standard
criteria that influences the implementation of fm@tection system in a building. This is
achieved through three interrelated objectivestolidentify the relationship between
various variables for active fire protection syst@nto develop a fire protection system
selection model; 3) to evaluate and validate theege process model. Opinions and
experiences are the nature of data collected bsniiews with fifteen fire expert
respondents consisting of fire consultants, firegieeers, fire contractors and fire
suppliers based on fire protection system seledtora building. Data collected were
converted into subjective ranking measureable dsitag Analytical Hierarchy Process
(AHP). A generic process model was developed udibgF-O that provides fire
protection system selection guidelines that willlphdéire contractors, consultants,

suppliers, engineers and clients in selecting bl fire protection system.
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CHAPTER 1

INTRODUCTION

11  Background of Studies

Research development and legislation on problem&efand buildings have
three main aims (Eric, 1972). First is to reduceid®ally to eliminate the risk of
personal injury or death due to fire. The second & to reduce the total loss of
buildings, plant and goods. The third aim is toteco the public at large, e.g. the
community by ensuring that fire in a building isndoed to that building, where
possible. Understanding of these three main ainesnature scope of fire loss problem
is necessary to provide basis for reducing lodsesses offer valuable lessons because
they provide information that are needed to prevanteduce the impact of similar
losses in future (Schroll, 2002). Lessons learmedhflosses incurred in fire and prevent
it in the first place before the fire break out dakle away all of our valuables. With the
three guidelines stated previously fire prevensbaould be initiated to serve the massive

building and human with the right protection.

Investment in constructing a commercial buildingsund ten to fifty millions
of ringgit for the sake in future it will get retws in term of profit (Morgan, 2009). With
this huge amount of money spending on a buildingim of duration, the building must



be protected by business property insurance wiechres the business from a minor
interruption to a major financial loss. Owning alting, lease a workspace or work at
home, insurance protect all business’ physicaltassigher the interior as well as the
whole entire physical of building. Unfortunatelyilolings face their own enemy which

is fire that cause damage or even destroy theeeotiit. Results, fire protection system
are the engineering method used by commercial propesurance companies which

turn on for superior coverage and to serve and taaibuilding from fire strike disaster

(Morgan, 2009).

Installation of fire protection is an important paf modern architecture to
ensure that protection to the building and the paats inside the building. Fire systems
are effective in detecting, containing, and cottitrglas well as including extinguishing
fire in early stage. Therefore, some little investthmust be allocated in insurance to
protect it against fire disaster where utilisat@infire protection system for a building

will be the insurance to save lives, saving propand preserving business continuity.

Table 1.1 illustrates the small share of fires that accdanimajor losses. Trend
of the table shows ten years case where there & fin@ loses three to fours years in
sequence. Fire protection principles reflected atidhal Fire Protection Association’s
codes and standards are essential if we are tweetthe occurrence of large-loss fires
and explosions in the United States. Proper gundetlesign with early maintenance
factor consideration and method operation of firetgction systems including features

can reduce the fire losses damage due to firetdisas

Table 1.1: Fire Losses Property Damage in United States,-2000.



Number of Fires Direct Property Damage
Number of Causing 510 Million or (in Millions)
Year Fires More in 2000 Dollars As Reported In 2000 Dollars
2000 31 31 51.814 $1.814
2001% 19 15 $762 $702
2002 25 22 $562 $509
2003 21 17 $2.623 $2.417
2004 16 9 $337 $242
2005 16 6 5217 $101
2006 16 13 $380 $305
2007 45 33 $3.393 $2.709
2008 35 23 52,372 $1.794
2009 24 17 5940 $693

* Excluding the 9/11/01 World Trade center Incident from the loss totals but not the fire incident
totals.

Source: NFPA'’s Fire Incident Data Organisation (BI2010)

Deborah (2010) professional engineer from Sociéfyie Protection Engineers
insist that‘Fire protection engineers must be involved in adpects of the fire design in
order to ensure a reasonable degree of protectibrhiaman life from fire and the
products combustion as well as to reduce the pmtefdss from fire i.e., real and
personal property, information, organisational op#ons”. Fire protection must be
integrated into the preliminary conceptual desigocpss and coordinated throughout
construction period. Sometimes the fire protectiesign approach is different for new
construction than for existing buildings, but thedarlying design principles are the

same.

Jane (2003) stated that effectively integrating fprotection requires deep
familiarity to the construction, layout, and occopg of the building and knowing the
functions that the fire protection systems are etgk to serve. Planning for fire



protection inside or outside a building involves iategrated systems approach that
enables the designer to analyse all of the buildiogponents as a total building fire
safety system package. Jane (2003) also explaihatl design analysis not only
concentrate on code compliance or meeting the mimnlegal responsibilities for
protecting a building; but on the same time buddand fire systems are intended to
protect against loss of life and limit fire impagh the community and necessarily
protect the mission or assets, or solve problenosight upon by new projects with
unique circumstances. Therefore, it is necessamyreatively and efficiently integrate
code requirements with other fire safety measusewell as other design strategies to

achieve a balanced design that will provide therdddevels of safety.

Fire protection systems may not be installed inkaild of buildings, but they
stand ready to raise the alert, control, extinguasHire in terms of protection to
occupants and buildintrire protection systems are complicated and softeded and
are different for just about every building. Yoweddo look beyond a systems standpoint
and examine as a whole, how all the components wagkther.” noted by Jeffrey

(2008) from an organisation of fire protection a@tturity consultants based in Chicago.

Fire protection systems are complicated and sapatetl which need advanced
knowledge and understanding of these systems nfaysaddvantages and alternative
methods in protecting the content of a propertyabee there are different types of fire
protection systems available that use differenéatein techniques and suppression gas
other than water that we have commonly used. Neait $tmes (1998) writer said that
some not only detect fire at early stage and giasrato alert occupants for evacuation,
but they also control, suppress and extinguish wag to avoids additional damage to
the surrounding area. While there is no standaedgiotection design blueprint for any
building, the systems found in any building typligainclude detection, alarm and
notification and suppression basic component. athponents of modern fire protection

systems need to work together to effectively detamitain, control and extinguish a fire



in its early stages and to make survival for ocotaghuring the fire. To achieve the

beneficial symbiosis between these components,bi'st to involve an experienced

system designer, such as a fire protection engingé@e early planning and design stage
(Lau, 1996).

Fire protection system cannot be taken for grargedselection of fire protection
system is not a one day task which can complete sumple step, but it consists of code
references, experience of the system function@eri@’'s require which need to be
considered during the design stage. Complexityetécting a suitable fire protection
system which incorporating the consideration ofiglesfactors that are available,
reliable and contributing in eliminating fire risg& important. However, fire engineers
need a tool to consider and measure all criteriarbaleciding the best fire system for a
building. Therefore there is a need of guidelin@gavhich can work into the symbiosis

of fire protection system which serves the bestltdsr building and occupants itself.

12  Statement of problem

In current construction practice, incorporatinge fiprotection system into a
building by an architect and engineer is merely tbempliance of fire code and
building code”. However what is the purpose of @odes? Will the code provide
adequate information in detailed or it is only angel guideline for us to refer?
Normally, the first chapter of a code referencemdse“the purpose of this code is to
establish the minimum requirements for the indiiaita of fire protection system in
different size and different height of buildingander protect life and property from fire
and to provide safety to firefighters and othersit tmespond during emergency



operations” (NFPA, 2002). Consideration of minimueguirement is inadequate to

select the best fire protection system for a bngdtself.

We interpret few news from the News Strait Time2&dnJuly 1998 reported that
an estimate of 200 staffs were seeking for helthatroof top of Menara Lion, Jalan
Ampang during fire break in the middle floor of thailding when the fire protection
system was unable to function to extinguish the. funfortunately, the fire spread and
took over the lives and properties. Another caggpbaed in John Sevier Retirement
Center, Johnson City, Tenn was an eleven stordgtibgicaught in fire at the first floor
causing 16 deaths due to the bad fire safety sydesign (Joseph, 1992). Therefore, we
know that fire is a threat and enemy to a buildmgich lead to installation of fire
protection system to protect them against destrmy damage. Thus, it is important to
choose a fire protection system that is incorpogathe functionality of the system for a

building.

The answer is still remaining in doubt when designa fire protection system
for building because there are myriads of altemeatsystems, factors, technology
improvement and conflicting regulations. All thesensiderations must be taken into
account not only comply to the building authoriisefregulation and code but also to
enhance the design needs, cost, life safety, hazardrea, aesthetic view, environment
pollution and the most important is the fire prdi@e system ability to extinguish fire in
a safe duration of time (Jane, 2003). Althoughethere factors are listed out, architects

and engineers may not consider all the factorsxdudesigning a fire protection system.

Buildings are designed on the need of fulfilmenmany needs. They must have
adequate area, serving particular of functions padicular number of occupants.
Besides, the structural, electrical and mechangatems are designed to fulfill

applicable requirement and code. Ahmed (2009) raratl meeting fire protection goal



required coordination integration into the desigocess throughout the construction
process. This is because at anytime, any otheiptiise changes a design, the fire
protection has to be checked. Design process $tansthe conceptual design going up
to preliminary design, detail design and constarctage includes handing over with
inspection. On top of design team view, fire prtitet system must be effectively
integrated within the early design stage, constncitage, layout, and occupancy of the
building and knowing the functions that the fir@fgction systems are expected to serve
by eliminating the hazards. Chapter-2 will discussmore detailed on the building
design process with illustration incorporating wWitle safety requirement throughout the

whole construction.

In market, there are too many active fire protecsgstems such as fire alarms,
automatic sprinklers, gas suppression systemsexfitiaguishers, hose reels and hydrant
to be chosen by the designers, contractors anchesi@. Selection on the effectiveness
and efficiency of fire protection systems basedspacific requirements is not an easy
task. With updated technologies, fire protectioolewmg into a more advance system
which gives extra protection and extinguishmentams fire. This makes selecting the
best fire system with consideration of surroundiagtors a little complicated and
guidelines needed. Architects, engineers and aotgawho lack of proper guidelines
and knowledge are trying to select a fire protectgystem relying on their past
experience on past projects and code practiceergfes (Deborah, 2010). Hence, there
are many disadvantages when designers are morelyhegied on experience from
previous work and rules of thumbs. As such, by Wmmg a detail guideline it will

helps to generate more information for future refiees.

To select a suitable system and evaluate both #alyas and disadvantages in
the aspects of cost, quality, performance andb#itiaof each system, the fire experts
need some decision. To help designers in buildiffigials’ assessment, the impact of

reliability, performance, cost and adaptability fo€ protection systems, assessment



tools and software are essential. This is wheradéa of research begins to find a tool
consist of fire protection system concept modeledtgyment with compilation of all
criteria variables and factor circumstances whaxtetl by the industry nowadays can be
overcome. Knowledge and experience by fire experieaare not enough to design a
fire protection system (Andrew, 2003). Tools artalvio fire expert designers where
enable them to investigate many alternative andasae which will ultimately yield an
optimum selection fire protection system. Therefove need a model to determine the
type of fire protection system that is needed ibhudding by considering all criteria
involved. Towards selection of fire protection st in commercial building this
generic process model will show in flow diagramth#& criteria needed for selection of

fire protection system.

Many researchers has done on the fire protectigulagon, fire protection
smoke management, fire life safety, fire evacuatremiewing of existing fire system,
reviewing on how design being adapted by experteddls like FIRECAM™,
FRAMEworks (Richard, 1996), FIERA System, FPEtodlegl, 1995), FASTLite
(Portier et al, 1996), CFAST (Peacock et al, 1998y HAZARD | (Bukowski et al,
1989) and CRISP2 (Fraser, 1994) concentrate onlifrernazard and risk assessment.
However, by referring to the models created, therao recommendation on how to
select a fire system in conjunction to preventlonieate or extinguish fire during fire
occurs. As a conclusion, there is a need to mapaygneric process model based on
consideration of criteria’s to find out what typefioe protection system suitable to be

used in a building.



1.3  Aim and Objectives

The aim of this research is to develop a generoxzgss model to select fire
protection systems for commercial buildings. Thadel takes into account of standard
criteria that influences the implementation ofre fprotection system in a building. This

will be achieved through interrelated general dibjes which are:

1) To identify the interrelationship factors that irdhces the designer in selection
of active fire protection system.

2) To develop a generic process framework to desigh ewaluate active fire
protection system.

3) To evaluate and validate the proposed generic psotamework.

14  Scope of work

The scope of work for this research is focus onetigping a generic process
model that is used as a tool for selection of acfire protection systems in commercial
building which consist of hotel building betweewefito twenty storeys. Five storey and
above building consist of more complicated active protection system required by
regulation (UBBL, 2005). Active fire protection $gm listed in regulation will be
discussed further in Chapter-2. Resources are igatlieom fire contractor experts, fire
system designers and fire professional enginesidarfire protection industry in Johor
Bahru. Detail particular of fire expert are listedChapter-4. Once the generic model is

developed, it is evaluated by fire expert for uplgrg and practical purpose.
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15  Thelmportance of Research

Importance of this research is an improvement ldpweent of a generic process
model to select and install a comprehensive ficgqmtion system in every building so
that the cost of loss and damage due to fire cakep¢ to a minimum. Commercial
buildings are often accommodated by a vast numderarupants with many
sophisticated technologies automation, aesthetierior and fit-outs. There is a
significant need to adopt a suitable, reliable affdctive fire protection system which
helps in saving lives and properties damage. Hahteresearch is to develop a generic
process model level that can be used for evaluatimd) selecting an efficient and

effective fire protection system for a commerciailding.

16  Organisation of Research Chapter

This section briefly state about the organisatioh the whole research
dissertation and the content of each chapter trabe divided into seven (7) chapters as

follows:

Chapter 2: Prescriptive of Fire Protection Systessibn

This chapter consists of fire protection systemigig fire code practices and
standard references, fire protection system assgdsiools description, description of
active fire protection system and design principdderia selection in fire protection

system.
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Chapter 3: Research Methodology

This chapter discuss about the research methogl@egrview approach, listed
out data required for the research, source of iatdnis dissertation, methodology tools
for fire protection system selection, data colctintegrated with analytical hierarchy
process rating technique, data segregation and i@iop inside AHP, developing a

generic process model and evaluation and validafidhe model.

Chapter 4: Analytical Hierarchy Process (AHP) Datelysis

This chapter starts from introduction of analyticerarchy process, assembly of
data before AHP analysis, organizing and analyata dsing AHP rating score and the
rating score will be converted into developmentaofgeneric process model using

IDEF@. Idea of concept modeling development sthresfly.

Chapter 5: IDEFZ Model and Modeling Technique

This chapter looks into the modeling concept dgwelent, modeling
development and modeling layer in Computer Integra€onstruction (CIC). IDEFQD
funtion model which consist of IDEF@ Modelling, IBB Concepts, IDEF@ Syntax and
Cell Modeling Graphic Representation will be usedlévelop this dissertation generic

process model. Strengths and weaknesses of IDEs@dstied in this chapter.

Chapter 6: Generic Process Model Performance \alida
This chapter discusses about the developed gepextess model validated by

the professional engineers in consultancy firmudelg recommendation given.

Chapter 7: Conclusion and Recommendation
These chapters conclude the whole research outaath&ture recommendation

for researcher references.
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