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Abstract

Fire is the most dangerous hazard ever known to mankind. Once it started it is very

difficult to stop it. It spreads very quickly and destroys everything where it contacts

upon. Many lives, properties and valuable belongings are lost because of it. Even if it

is extinguished it's scars remain there for a long time, i.e.: through Joss of valuable

assets, priceless memories, etc.

Depending on the funds available some of the valuable assets may be replaced but

some of them which have sentimental values may never be replaced and they are

there to stay, probably a lifetime.

It is for this reason that prevention of fire, before its outbreak is very important. With

certain measures great fires can be prevented before they can occur. The Great

London Fire happened to be one of them.

Fire sensing and suppression techniques are the methods that developed by mankind

to act on the spot or just in time before their commencement in order to stop it

completely or prevent its spreading further which may end up with devastating

results. The objectives of this thesis is to introduce an in-depth knowledge about the

building fire warning systems for those who intend to get some knowledge relevant to

the subject. The task incorporates an analysis relevant to the detection and warning

systems and an in depth study on fire protection equipment, their working parameters

and application methods.
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INTRODUCTION

Detection and alarm systems are that part of the electrical installation, that are

increasingly integrate with the Building Management Systems. In the last decade

heating, ventilating and air-conditioning systems are used as part of the control of the

movement of smoke and for presurisation of stairwells and escape routes. Active fire

fighting and fire suppression systems are part of the services installed in a building.

This project studies the nature of the fire, the characteristics of some products of

combustion and mainly the fire detection and warning systems.

First chapter gives an overview the nature of the fire, some combustible materials,

definitions and example calculations of the frre load, propagation of the smoke, types of

sensing elements, the role of infrastructure of the building involved in a fire, toxicity of

the materials, methods of movement of smoke within the buildings, and the basic

structure of a fire detection system.

Second chapter deals with the fire sensing and warning systems. It describes the

conventional systems, digital and analogue addressable systems, wireless systems and

air sampling systems.

Chapter 3 analyses the methods of detection and the methods warning algorithm. In the

range of the devices used for the fire detection and warning systems are the Ionisation,

Optical, Heat, Infra red and Ultra violet detectors.

Chapter 4 looks into the Fire Control Systems and their behaviour. The investigations

cover the Central processing units, input output ports, visual warning systems, external

conununication systems, sirens and public address systems.



Chapter 5 studies the design principles of the detection and warning systems. In the

analysis, the selection of various detection devices, their configurations, their testing

and their protection criteria considerations relevant to fire risk factors are discussed.

Chapter 6 Analyses the risk factors in buildings and in various enclosures. It looks into

the reasons of fire breaks in general areas and where the customers rooms are

concerned.

Chapter 7 discusses the passive and active protection measures. It lays down the

administrative and management responsibilities relevant to the steps required to be

taken in order to achieve the needed protection in their establishments.

Chapter 8 discusses the software used in the detection and warning systems and the

master command centre and their related equipment.

Chapter 9 concludes the dissertation.

The aim of this thesis is to analyse the existing fire detectors that are used in many

public buildings and introduce a new approach method that will reduce the level of

faults in fire fighting activities.

..
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CHAPTERl
1. FIRE PROPAGATION IN BUILDINGS

1. 1. Overview

Fire is the most devastating phenomenon ever known to mankind. Its potential exists

every where when flaınınable environment exists in the vicinity. Three elements are

required to cause fire; heat, oxygen and burning material. Almost all materials on earth

can burn provided they have the right ambience. Steel will burn at temperatures over

1500°C as in oxy-propane cutting. It can even been ignited under ambient conditions,

e.g: in the form of steel wool across a 6 or 12 v battery, ignition in the powder steel

form, etc. What about the liquids? Do they also burn? As a general rule liquids do not

burn. When they become vapour, it is this form of the liquids that will burn when they

mix with the air. The heat of this combustion evaporates more of the liquid to provide a

continuing supply of vapour which enables a source of combustion. Certains mixture

even cause explosions, e.g: natural gas or propane, in a closed environment.

This chapter projects the fire propagation in buildins, the combustion materials and their

calorific value in a fire, the methods of determination of a fire load in building, the

toxidity value produced in a fire, spreading and movement characteristics of fire and

smoke. It also introduces the devices that are used in protection from fire.

1.2. Combustion of Materials ..

The heat produced by the combustion of a material is called 'heat of combustion' or

'calorific value' of the material involved in a fire. The combustion of a material is

usually measured ın MJ/kg. Typical values of some materials are:

Soft wood

Hard wood

Paper

22.5 MJ/kg

19.0 MJ/kg

17.6 MJ/kg

3



Keros ine 39.4 MJ/kg

Propane 46.3 MJ/kg

Polyethylene 48.4 MJ/kg

Polystyrene 41.8 MJ/kg

Polyurethene 35.2 MJ/kg

It is very likely to come across all these materials in a public building or several of

them. The fire load of a building is evolved from burning of all these materialsj l].

1.3. Fire Load

It is the heat that the structural nature of a building should withstand. This is where

assessment of fire load becomes very important. The fire load of a building is the total

combustible material present in a building including any combustible sunstances in the

structure of the building. The density of this load can be calculated by the division of

the combustible materials present in the area over the total floor area, i.e.: say, the area

have:

Soft wood 1 O kg

Hard wood 15 kg

Polystyrene materials 8 kg

Polyurethane materials 12 kg

Dimensions of the room are: width 5 m
.. Length 6m

Determination of the fire load of that area of the building would be:

Soil: wood

Hard wood

Polystyrene materials

Polyurethane materials

10 x 22.5 = 225 MJ

15 x 19.0 = 285 MJ

8 x 41.8 = 334.4 MJ

12 x 35.2 = 422.4 MJ

Total heat that will be created 1266.8 MJ

4



Area of the room 5 X 6 = 30 nl

'Then füe c\en.sity 01 t\1e ırre \oac\ wı\\ be·.

1266.8 -;-- 30 = 42.23 MJ/m2

Fire loading in a building gives the level of the fuel available for the fire in case of such
event.

1.4. Toxicity

The smoke produced by fire will vary in both, from fire to fire and with time at the same

fire. The gases just above the plume of fire is composed of:

a) hot vapour and gases given off by the burning material

b) unburnt decomposition products and condensation matter which may vary in

appearance from light colour to black and sooty

c) air heated by the fire is carried along the plume of fire

The mass of smoke produced is given by:

M = 0.188 Py312

..
Where M is the mass rate of smoke production (kg/s)

P is the perimeter of the fire (m)

Y is the height of the clear space above the fire

In the calculations below, the density of air at l 7°Cmay be taken as 1.22 kg/rrı'.

Using the law of gases we can convert the given mass to a volume ın Kelvin (K):

1.22 x (290/(T+273)) kg/rrı'
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In practice it is not so easy to calculate the volume of the smoke as indicated earlier but

it will give us an idea with what we are dealing with. The lethal effects of the

combustive products of a fire are the functions of temperature and toxic components in

the smoke. The toxic products found in the smoke will depend largely on the nature of

material which is burning.

The following permissible quantities for short term exposure (i.e.: 10 minutes) are taken

from the "Occupational Exposure Standards":

Carbon monoxide 300 ppm*

Nitrogen oxide 5 ppm

Hydrogen cyanide 10 ppm

Acrolin 0.3 ppm

Sulphur dioxide 5 ppm

Halogen acids: HCl 5 ppm

HBr&HF 3 ppm

Phosgene 0.1 ppm

Ammonia 35 ppm

Benzene 15 ppm

Isocynates 0.07 ppm
* ppm : parts per million

These figures therefore can be taken as a mesure in designing or calculating the safety

factors.

..
1.5. Spreading ofFire

Fire is spread from the room in which it started towards the rest of the building, through

conduction, convection and radiation. Heat can be conducted tlu·oughwalls, doors and

structural steelworks to cause ignition of flammable materials in other places. The

plume of hot gases from the fire is not confined and will be spread by convection along

any routef it can find, i.e.: corridors, stare cases, lift shafts, service ducts and cavities.

Openings will allow radiated heat to transfer the fire to other rooms and other buildings.

6



1.6. Movement of Smoke

Smoke in the buildings moves pertinent to the following reasons:

a) it is hot and therefore floatable because its dense is lesser than the

surrounding air

b) The smoke in the rooms draw large quantity of air in order to support its

combustion, causing movement of smoke at a high rate

c) Under normal conditions there is a normal movement of air within the

building. This movement, albeit to modified effects of the fire, still will

continue to move within the building, causing smoke to move also.

1.7. Precautions Against Fire

In order to protect the people and the property from the hazards caused by fıre, certain

precaustions are necessaı·yto be taken before the construction, during the construction

and after the construction throughout the lifetime of the building.

In line with this requirement, governments ofmany countries are introduced certain Fire

Safety Legislations and Regulations to make sure that such steps are taken and enforced

in time and where necessary.

This thesis investigates the fire detection and warning systems that can be installed in

the buildings as a measure to fullfil the legislations and regulations as well as the

protection of the occupants and their possessions in the public buildings.

In the investigation of the methods applied for the protection of the buildings the

methods of operation oftlıe following sensing equipment are analysed.

a) Smoke detectors

b) Infra-red detectors

7



c) Ultra-violet detectors

d) Heat detectors

e) Ionisation detectors

f) Optical detectors

1.8. Basic Protection Concept

It is the nature of that threat that forced the mankind to develop certain techniques to

protect themselves and their properties from fire. Many techniques were developed

throughout the history. The earlier techniques were not very advanced but today

technology is so advanced that fire can be detected much earlier that it can happen.

Technology is still working on much more advanced techniques that already exsists.

The huge industrial places, hotels, etc. are using these new technologies to sense and

warn and suppress the fire on the spot.

The. most important property of the fire sensing and warning systems is to sense the fire

in a short time or even earlier than that and inform the exact location of the fire and take

action to suppress it. Before investigating these systems in detail it is convenient to have

a look at the basic structure of these systems. A fire sensing and alarm systems (FİSAS)

has three basic parts,

1- Input Devices

2- Processing Unit

3- Output Devices
..

This chapter presented the fire propagation in buildings, the combustion materials and

their calorific value in a fire, the methods of determining the fire load in building, the

toxidity values produced in a fire, spreading and movement characteristics of fire and

smoke. It has also introduced the devices that used in protection from fire that will be

discussed later on in detail.

8



CHAPTER2

2. FIRE SENSING AND WARNING SYSTEMS

2.1. Overview

Fire sensing and warning system is a programmable control system that sense the

formation of a fire, before or just it is beginning to start and take necessary precautions,

send signals and commands to the related systems and centres for evacuation or for

extinguishing. Figure 2.1 shows a complete system relevant to the subject.

The chapter describes currently available conventional systems that are commonly used

in many buildings and their addressing possibilities and highlights the differences in

digital and analogue addressing concepts. It introduces the wireless warning systems,

their methods of communication and the places they are used. It also discusses the air

sampling systems and how they are used in early warning systems.

..
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Figure 2.1. General concept of the Fire Detection and Warning System

Generally a fire sensing and warning system should carry out the following tasks:

• Accept the data corning from manual and automatic warning devices and

evaluate it accordingly.

• Show the signals on the control panel by sound or light.

• Follow the system continuously and show the faults on the panel by light and

sound. ..

• If a warning signal is present activate the warning and output devices.

It is possible to separate the fire sensing and warning devices into three groups.

1- Conventional systems.

2- Systems with addresses.

3- Air sampling systems.
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2.2. Conventional systems

The sensors used in these systems are two positional devices. They keep their normal

position as long as electrical energy is applied.

In conventional systems, the sensors are grouped to form areas and each area is

connected to the control panel with a separate line. (Figure 2.1) By this system panel

can sense and view only the area but not the exact place.[8]

To find the source of fire it is necessary to search the specific area. As it is necessary to

do this in a short time, some limitations are applied while forming the areas. There are

some international standard limitations for this purpose. e.g. Not to exceed 20 sensors

per area and limit the area in specific meter square.

l 2

1. Encl of line resistor
2. Smoke Dedecror "
3. Public address system
.ı Additional ıniınic panels

FIRE PANEL

Figure 2.2. A conventional fire detection and warning system

It is possible that some doors may be locked in the area of fire and this may delay the

action to extinguish the fire. This is the reason why each door in places like office

buildings should have parallel warning lamps outside. These lamps will be connected to

the sensors inside the room and help to detect the specific place of fire.
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