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Abstract— Catastrophes concerning fire are an inordinate 

risk to human life and property. Ascribed to the lack of 

knowledge on fire safety among people, building fire safety 

at the present has progressively established its significance. 

Several approaches to avert fire have been undertaken. Fire 

safety systems such as automatic fire alarms deliver 

instantaneous automated surveillance and monitoring of the 

fire accidents, triggering an alarm indicating fire while fire 

extinguishers put off fire instantaneously. The fire alarm 

systems detect the signs of fire such as smoke and generate 

correspondingly a prompt alarm triggering an evacuation 

immediately and employing fire extinguishers such as water 

sprinklers or a call to the fire safety personnel, thus aiding in 

reduction of the damage caused to human lives as well as 

the buildings. Attributed to rapid urbanization, a myriad 

number of buildings are on a rise necessitating a large 

amount of fire safety systems to be devised that regularly 

check for smoke and an increase in temperature. This paper 

reviews and emphasises the use of fire safety systems and 

emergency response systems that must be adopted leading to 

a safe environment. 
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I. Introduction 

Fire accidents can be devastating, particularly when there is 

a large populace who need to be evacuated. A majority of 

people aren’t familiar with the evacuation drill and when a 

fire accident befalls, there is a state of panic among people 

who rush in an urgency towards the exit in an unorganized 

manner causing a high amount of exertion in the evacuation 

process. Therefore it becomes a necessity for evacuation to 

happen in a controlled way. Since it is an impossible task to 

educate every person about the evacuation procedure, it is 

vital to include fire safety in the design of each urban 

building. 

Fire safety in buildings is determined by a number 

of factors such as the provisions of means of escape in case 

of fire with a well-defined evacuation plan (Figure 1), the 

ability for a building to resist the effects of fire and to 

minimize the spread of fire and smoke and the provision of 

means of access to enable firefighters to effect rescue and 

fight fire. (Buildings Department, Code of Practice for Fire 

Safety in Buildings, 2011) 

 
Fig. 1: A well-defined fire evacuation plan 
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The International Code Council (ICC) has set 

several standards for fire safety. Construction of buildings 

are required to comply with their codes depending on their 

function and their use. For fire safety, these include 

building, residential, fire, life safety, electrical and 

mechanical codes, the air conditioning and ventilating 

system standards (Flame Retardants, n.d). In India, along 

with ICC standards, the ‘part 4’ of ‘National Building Code 

of India – 2005’ on ‘Fire & Life Safety’ covers the 

requirements for fire prevention & life safety in relation to 

fire and fire protection of buildings. The Code specifies 

construction, occupancy and protection features that are 

necessary to minimize danger to life and property from fire 

(Menon, Vakil, 2005).  

A key aspect of fire protection is to detect a fire in 

its early stages, notify the building occupants that there is a 

fire emergency and report the emergency to emergency 

response personnel like the fire station before extensive 

damage can occur. While fire safety is installed in buildings, 

there is however, a constant threat of fire in every building 

and it is conventional to understand that total fire safety 

cannot be accomplished. Fire safety is emphasized only 

when a serious fire incident occurs accentuating the 

criticality of fire safety in the design and construction of 

buildings.  

The precise measures taken to achieve the 

fulfilment of fire safety objectives through specific 

strategies can be considered as the components of fire 

safety. There are five strategies available to the building’s 

architect seeking to fulfil the objectives of fire safety and 

property protection:  

1) Prevention: ensuring that fire does not start by 

controlling ignition and fuel sources.  

2) Communication: ensuring that if ignition occurs, the 

occupants are informed and any active fire systems are 

triggered.  

3) Escape: ensuring that the occupants of the building and 

the surrounding areas are able to move to places of 

safety before they are threatened by the heat and 

smoke.  

4) Containment: ensuring that the fire is contained to the 

smallest possible area limiting the amount of property 

likely to be damaged and the threat to life safety.  

5) Extinguishment: ensuring that the fire can be 

extinguished quickly and with minimum consequential 

damage to the building (Stollard and Abrahams, 1999). 

Automatic fire alarm systems play a key role in 

hampering damage during a fire emergency. Depending on 

the anticipated fire scenario, building and use type, number 

and type of occupants, and criticality of contents and 

mission, these systems can provide several main functions. 

First they provide a means to identify a developing fire 

through either manual or automatic methods and second, 

they alert building occupants to a fire condition and the need 

to evacuate. Another common function is the transmission 

of an alarm notification signal to the fire department or other 

emergency response organization. They may also shut down 

electrical, air handling equipment or special process 

operations, and they may be used to initiate automatic 

suppression systems (Artim, n.d).  

There are several types of equipment used in fire 

safety systems. Fire detectors and alarms systems include 

heat detectors, smoke detectors, fire alarms; fire 

extinguishers include water sprinklers and chemical 

cylinders (See figure 2). Automatic fire detection systems, 

collectively used with additional requisites of an emergency 

response and a well-defined evacuation plan, can 

considerably decrease property destruction, injuries to 

people, and loss of life to a greater extent. Automatic fire 

detection systems function by using electronic sensors to 

detect smoke, heat, or flames from a fire and provide a 

timely notification. Whilst a smoke detector or fire alarm 

detects fire, a fire extinguisher will give a prospect to 

dampen out the fire carefully before it can cause widespread 

destruction to the buildings. 

 
Fig. 2: Fire safety system 

In this paper, we will review various scenarios 

indicating the importance of using automated fire alarm 

systems in the design of the urban buildings and how these 

systems help put out fire efficiently. 

II. LITERATURE REVIEW 

As per Sen et al (2015), generally fire detectors are devised 

to respond at an early stage to the four major characteristics 

of combustion, heat, smoke, flame or gas. No single type of 

detector is suitable for all types of premises or fires. Heat 

detectors respond to the temperature rise associated with a 

fire and smoke detector respond to the smoke or gas 

generated due to fire. The authors proposed an automatic 

fire alert and fire distinguishing system by sensing smoke 

and heat. An installation of the proposed system in a 3- 

storied building with smoke and heat sensors along with the 

display of the status of this system is shown in figure 3. 

 
Fig. 3: Heat and Smoke sensors in a 3- storied building 

An automatic fire alarm (AFA) system detects fire 

and also reports the alarm to an alarm receiving centre 
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(ARC) in order to summon the fire service. Some systems 

will similarly actuate equipment to control the spread of fire 

and smoke e.g. closing fire doors and opening roof vents. 

Systems can be automatically actuated (e.g. where they 

automatically detect smoke or heat and sound the alarm), 

manually actuated (e.g. where you break the glass to sound 

the alarm in case of fire), or both. The type of alarm used 

will be reliant on the building and its use. For example, a 

simple office or shop premises may just need a basic manual 

break glass system connected to alarm sounders; a hotel or 

boarding house where people sleep will usually always 

require a system with smoke detectors; more complex 

premises such as hospitals or shopping centres will 

generally need a more complex system that will provide 

very early fire detection as an element of the fire strategy for 

the building. AFA systems vary in complexity depending on 

factors such as the type and construction of the building, its 

use, and the type and number of people using the premises 

(Kent Fire and Rescue Service, n.d).  

There is a compelling case to be made for sprinkles 

in any commercial premises on the basis of loss of 

production or interruption to business. It is a recognised fact 

85 per cent of small and medium businesses that suffer a 

serious fire either never recover or cease trading within 18 

months. The London Fire Brigade promotes the installation 

of sprinklers as a proven means to reduce the impact of fire 

on people, property and the environment (London Fire 

Brigade, n.d).  

Fire detection systems are designed to discover 

fires early in their development when time will still be 

available for the safe evacuation of occupants. Early 

detection also plays a significant role in protecting the safety 

of emergency response personnel. Property loss can be 

reduced and downtime for the operation minimized through 

early detection because control efforts are started while the 

fire is still small. Most alarm systems provide information to 

emergency responders on the location of the fire, speeding 

the process of fire control. To be useful, detectors must be 

coupled with alarms. Alarm systems provide notice to at 

least the building occupants and usually transmit a signal to 

a staffed monitoring station either on or off site. In some 

cases, alarms may go directly to the fire department, 

although in most locations this is no longer the typical 

approach (Schroll, 2007).  

Apart from fire detection another advantage of fire 

alarms is the flexibility to place them in specific rooms and 

areas of your choice. Although there are guidelines about 

certain areas to avoid, such as spots too close to bathrooms, 

where steam from showers and baths will inadvertently 

trigger the alarm, there are other options to install the units. 

For example, shared hallways for multiple bedrooms can be 

the location for a single fire alarm, the alarm can be installed 

in a bedroom that is usually closed off to other rooms (John, 

n.d).  

Fire alarm systems are usually incorporated into 

buildings to protect life and/or property. The most 

appropriate system will depend on the type of building, the 

ease of egress in an emergency and the type of occupancy. It 

might also depend on what other protection systems are 

present, especially if a fire engineered design approach has 

been used. The fire detection and warning system should 

typically include the automatic fire detectors (AFD) - e.g. 

smoke, heat; manual call points (break-glass call points) 

next to exits with at least one call point on each floor; 

electronic sirens or bells; and a control and indicator panel. 

The AFD system can be linked to other active fire safety 

systems in a building (e.g. door closing devices and smoke 

control vents) so that they operate automatically (County 

Durham and Darlington - Fire and Rescue Services, n.d).  

Latest technology developments in designing of 

fire alarms include individual smoke detector sensitivity 

adjustment, drift compensation, and maintenance-needed 

indication. These features decrease the time taken to detect 

actual fires. The use of these "smart systems" is being 

extended to buildings of all sizes as fire protection 

professionals come to understand the benefits they can 

provide in small, midsize and large buildings. By some 

estimates, the use of addressable smoke detectors has 

increased to the point where they now account for more than 

50% of the total non-residential market. The effectiveness of 

these systems has also increased due to the competency of 

people engaged in the detection and alarm business. The 

level of competence of the people who design, install, and 

maintain these systems-and of the officials who inspect 

them-continues to improve with the technology (Knisley, 

n.d).  

Jessica from Alberta, US, forgot a pot of water on 

the stove to boil when she left to drop her son off at a 

birthday party. Jessica’s fluent smoke and fire detector was 

set off, but was the only detector in the home to detect the 

smoke. The alarm was set off and the Fire Department was 

notified since she was unavailable, and eventually the Fire 

Department immediately arrived. However due to the fire 

detector, only the pot on the stove was damaged thereby 

emphasizing the importance of fire alarm and detector 

systems (Fluent Blog, 2014).  

According to figures gathered by the Fire 

Protection Association, 70% of all fires start between 6pm 

& 8am, when most buildings are vacant. Between 1988 and 

2008, total losses sustained from fires occurring between 

6pm and 8am surpassed £3 Billion – these figures exclude 

the resultant business interruption losses. For the buildings 

which are unoccupied overnight and are not protected by an 

adequate automatic fire detection system there is clearly an 

increased risk of loss or damage as a result of delayed fire 

detection and fire brigade notification (AIG, 2014). 

The National Fire Protection Association (NFPA) 

survey estimated that approximately two-thirds of U.S. 

household fire deaths resulted from fires in homes due to 

either no smoke alarms or working smoke alarms with old 

or missing batteries. Whether it's a household setting or in a 

business, the selection and maintenance of an early warning 

system is critical to save lives and minimize property loss 

(Graiger, n.d). 

Appropriate fire safety equipment must be 

provided in the storage units of all the buildings. In order to 

meet the requirements of local Building guidelines, a 

manual alarm system may be the minimum standard 

required in buildings. Conversely under tougher conditions 

an automatic fire detection system is desirable. It is essential 

to have a well maintained automatic fire detection and alarm 

system and a first aid fire-fighting equipment which 

comprises of hand held fire extinguishers, both of which are 

compliant with the fire safety standards. Automatic 

http://www.london-fire.gov.uk/sprinklers.asp
http://www.nfpa.org/categoryList.asp?categoryID=1491&URL=Safety%20Information
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detection should be designed and installed in accordance 

with the applicable standard code of fire safety in 

construction. Also, an automated fire safety system must be 

frequently maintained when contracted out (WHO, 2014).  

Integrating fire alarm systems with building 

automation systems can result in many economic and 

operational benefits. Such integration requires 

communication standards and careful design practices. The 

technology of building automation and control systems has 

advanced rapidly over the past fifteen years. Today’s 

technology provides building owners and designers with a 

rich assortment of options and flexibility. Powerful personal 

computer workstations and intelligent distributed controllers 

that process complex algorithms quickly and efficiently 

characterize state-of-the-art building automation and control 

systems. These advances have taken place across a variety 

of building services including heating, ventilating, and air 

conditioning (HVAC) control systems, lighting control 

systems, access control systems, and fire alarm systems 

(Bushby, 2001).  

With an upsurge in the usage of surveillance 

cameras, vision based fire detection with the same 

equipment as the normal fire detectors have been introduced 

for this implementation. However, video based method is 

not suitable for fire detection in the early stages as fire is 

very minimal and resultant smoke emission also is 

considerably low (Somov et al, 2010).  

In situations where older buildings do not comprise 

of the automatic fire safety systems, these buildings will be 

subject to a development consent, building approval or fire 

safety order at a future date. It would be appropriate for the 

owners of these buildings to obtain a fire safety report from 

a building and fire consultant and to voluntarily carry out 

any necessary fire safety upgrading works (subject to 

obtaining the prior consent of Council). This way, the 

building owner is in a better position to specify the 

necessary works, which suit the characteristics of the 

building as well as achieving an acceptable level of fire 

safety over a reasonable period of time (Waverly Council, 

n.d).  

A fire extinguisher takes very less space and using 

fire extinguisher is easier to use. Another advantage of fire 

extinguisher is that it has a very long expiry i.e. there is no 

need to worry about replacing the older ones again and 

again as they can be used for more than fifteen years. It also 

doesn’t require any maintenance . The fire extinguishers can 

help avert a big damage by immediately putting the fire off 

before the fire can spread and further help the fire safety 

personnel. Using the extinguishers also helps save important 

items such as files (Hussey, 2010). 

III. CONCLUSION 

This paper reviews various reads on the automated fire 

safety systems. The conclusion of this review is that all 

urban buildings must have formalized fire safety and 

emergency response procedures as buildings in towns and 

cities are more likely to catch fires. These procedures are 

designed around the special needs of the facility concerned. 

The fire safety equipment should be reviewed at least 

annually and as required and where necessary updated to 

reflect any changes to installed systems, emergency 

response protocols or regulatory change. 
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