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Editorial

- Prasad Parekar
E-mail: prasad_parekar02@yahoo.co.in

Dear readers

With great pleasure we are handing over this  
second issue of  Volume III  of  Journal  on  General 
Engineering.

We all love our dwellings and feel protected and 
comfortable in our house. Safety of our house is 
of upmost importance. An article on Fire Safety in 
buildings focuses on the same. The concept of fire 
safety aspects begins with the planning, design 
and construction of buildings and more so in the 
installation of the various services in buildings. So far  
it have not received the attention, it deserves. We 
will study the same in the first article on Fire safety 
in buildings.

We extensively need steels in various grades in our 
industries as well as for our day- to-day life. Final 
product is manufactured from raw steel, having a set 
of mechanical and chemical properties. In the next 
article on Heart treatment of steels we are discussing 
how they can be altered to the required ones, by 
heat treatment of them. Heat treating is often used 
to alter the mechanical properties of a Metal- alloy 
such as hardness, strength, toughness, and  elasticity.

There will be hardly any house where you will find, 
glass articles are not being used. Various glass 
articles are being manufactured and used since 
historical days.  Glass appears to have been produced 
as far back as 1500 BC by the Egyptians and perhaps 
the Phoenicians. Glass uses and manufacturing 
developments have gone through an interesting 

evolution throughout human history, influenced by 
many cultures including those in Africa, China and 
Europe. In the next article we are focusing on this 
interesting topic – How glass is manufactured, and 
how it is evolved since edges. 

Then we are bringing up two very interesting 
technologies in modern cars. First is the basic 
Speedometer, which is available on every dash board 
of vehicle. It gives alert to driver about the speed of 
his vehicle. We will study how it really works.

Second technology is on Telematics in cars. Telematics 
is the term used to refer to the wireless connectivity 
between a vehicle and a telecommunication 
infrastructure. Article discusses how the technology 
has played role in the safety and very good 
communication with the moving vehicle on the 
roads. Cab  services in the big cities is a very good gift 
of this technology.

In the beginning of this issue we studied the safety 
aspect of the buildings. And in the last article we 
are highlighting the modern concept of smart 
houses. The technology of smart houses may be 
used for monitoring, alarming and executing actions, 
according to the programmed criteria.

Dear friends, we hope, you are finding the subjects 
interesting, informative and helpful to you.

We anxiously await your contribution and feedback 
to make this journal more interesting and meaningful 
to all of us.
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Fire Safety In Buildings

- Sunil Wandhekar
E-mail: wandhekar.s@gmail.com

Abstract 

Fire safety measures include those that are planned 
during the construction of a building or implemented 
in structures that are already standing, and those that 
are taught to occupants of the building. Compared to 
other countries India fatal causalities are more. Fire 
occurs due to lack of discipline among the people and 
irresponsible social habits from natural calamities. 
Fire safety in planning, designing and construction 
of buildings – particularly multistoried buildings is of 
paramount importance as it concerns human lives. 
Passive fire protection measures, have to be build into 
the architecture, design and interiors of the building 
right at the planning stage. Likewise active fire safety 
installations have to be provided for different types 
of building occupancies as specified in National 
Building Code. Essential Fire Safety Measures are the 
life and fire safety systems required in commercial, 
industrial and public buildings to ensure the safety 
of occupants in the event of a fire or emergency. Fire 
systems should be monitored periodically. Hence it 
is important in India to give more importance to the 
Fire hazardous incidents.

Introduction

There is paramount need for fire safety in buildings. 
The major incidents like the fires in Uphar Cinema, 
Taj Hotel, and World Trade Centre etc. have shown 
that they result in large number of deaths, injury and 
property damage. It is very often even experienced 
professionals find difficulties in preventing such 
incidents.

Fig.1  Taj Mahal Hotel,Mumbai

Fire is considered to be the 3rd largest killer in the 
World, which is next to vehicle accidents and vehicular 
falls.  As per estimates fire accident, in cites and towns 
in India alone cause an annual average of 20,000 
fatal injuries and financial loss of Rs. 1200 crore. Fire 
safety refers to precautions that are taken to prevent 
or reduce the likelihood of a fire that may result in 
death, injury, or property damage and alert those 
in a structure to the presence of a fire in the event 
one occurs and also better enable those threatened 
by a fire to survive, or to reduce the damage caused 
by a fire.  Fire safety measures include those that 
are planned during the construction of a building or 
implemented in structures that are already standing, 
and those that are taught to occupants/users of the 
building.

The concept of fire safety aspects in the planning, 
design and construction of buildings and more so in 
the installation of the various services in buildings 
have not received the attention, it deserves. The large 
scale damages due to fires in multistoried buildings in 
different parts of the country have focused attention 
on this subject. There is an increasing awareness to 
consider the fire safety aspects also in the design of 
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buildings now. On account of various fire accidents taking place in many multistoried buildings resulting 
substantial amount of loss of properties and human lives; leave alone the scarring effect, it has on the build 
environment.

Considerable advances have been made in recent years, in improving the fire safety as well as methodologies 
for detection and fire fighting in buildings. Legislative measures such as building codes and municipal bye 
laws have been made more stringent. Yet we find that incidents of major fires with large damages to 
properties and often loss of precious lives continue to occur with alarming numbers. The process of rapid 
urbanization has resulted in higher densities of population and proliferation of build environment. Fire in 
high rise buildings, particularly raises specters of ‘towering infernos’.

Loss of life in fire is mainly due to smoke and hot gases being inhaled by occupants before flames have 
developed to a serious degree within the room concerned, smoke and hot gases spread through doorways 
and ventilators which are normally impossible to keep closed. These essential requirements for the fire 
safety in so far as materials and details of construction are concerned, are that the flame, smoke and hot 
gases should not spread so rapidly as to give the occupants insufficient time to escape. Should a fire occur, 
the conditions should not further tent to spread the fire?

Fire Statistics

It is difficult to analyze fire problems in India and also in other developing or under developing countries due 
to lack of reliable and comprehensive data. One has to therefore depend on fragmented data available with 
various agencies. Total number of fires may result about 3 million and direct material damage due to fires 
may result (estimated) to about 0.3% erosion of the G.D.P. If the figures of the Burn Association are taken 
as somewhat closer to actual fatal causalities in India are more than 20,000 per year. A comparison death in 
India with other countries is shown below: (Table 1 County deaths & Table 2 Fire statistics)

Table 1  Country Deaths per million people

Country Deaths
Switzerland 0.54
Netherlands 0.59

Austria 0.96
New Zealand 1.25

Denmark 1.37
Norway 1.45
Japan 1.56

Sweden 1.68
France 1.92
Finland 1.92

U,K, 2.02
Canada 2.71
U..S.A 2.72

Hungary 3.05
India 13.00 (estimated)
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Indian Fire Statistic (2007-2011)

Fireworks/ 
Crackers

Electrical 
fault

Cooking gas/ 
Cylinders/

stoves

Other fire 
accidents

Total

2007
Cases 482 1077 3569 16711 21839

Injuries 224 124 249 2196 2793
Deaths 429 1017 3830 15496 20772

2008
Cases 420 1206 3587 18437 23620

Injuries 194 202 316 2275 2987
Deaths 342 1098 3628 17386 22454

2009
Cases 583 1410 4104 18787 24884

Injuries 258 207 241 2328 3034
Deaths 547 1328 4127 17266 23208

2010
Cases 387 1387 4912 19339 26025

Injuries 163 158 313 2500 3134
Deaths 276 1312 4821 18006 24414

2011
Cases 312 1626 4096 20309 26343

Injuries 136 204 281 2629 3250
Deaths 237 1523 4005 18811 24576

Table 2. Indian Fire Statistic (2007-2011)

Source: Number of persons injured and killed by unnatural causes accidental deaths and suicides in India 
(Annual Publication), national crime records bureau, Ministry of home affairs, government of India, website: 
http://ucrb.gove.in

Looking to the above tables India’s fatal are more than the other countries hence corrective measures are 
to be taken on priority.

Major Fire Incidents
Some of the major fires which have taken place in our country are:

1. Dabewali School function in Haryana – 446 people killed, including students and parents, while 200 injured 
in December, 1995

2. Uphar Cinema Fire, Green Part, New Delhi tragedy occurred on Friday, June 13, 1997 where 59 people 
died and 103 were seriously injured. (Fig.2)
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Fig.2 Uphar Cinema

3. Kumbakonam Krishna School of Thanjavur District 
of Tamilnadu in the year 2004. In the incident on 
Friday eighty three children aged between eight and 
ten years were charred to death, 20 of them beyond 
recognition while over 27 others received serious 
burns.

4. Destructive fire at Shrivangam in Tiruchi District 
of Tamilnadu in January 2004 = A joyous moment of 
marriage turned into a disaster as 45 people including 
the bridegroom, 20 women and four children were 
killed while 50 injured due to fire.

5. Meerut Fair Fire – 2006 – On April 10, 2006 killing 
at least 50 people

6. Carlton Tower fire 2010 : Carlton Tower on the 
Old Airport Road in Bangalore on 23rd February, 2010 
where nine people died and about 40 were injured

7. Stephen Court Building fire at Kolkatta 150 year 
old multi storied heritage building leaving six dead 
and 20 injured on 24/03/2010

8. Major fire in four storied building at New Delhi on 
28/11/2010

9. AMRI Hospital fire in Kolkata in December 2011 
where 89 were killed and 70 injured.

10. Multi storey market complex in Kolkatta- At least 
19 people were killed and over a dozen critically 
injured in Feb. 2013.

11. Catastrophic explosion in a private fire works 
factory at Mudalipatti Near Shivkasi in Tamilnadu 
claimed 54 and 78 injured in September, 2012.

Causes Of Fire

Most fires in building occur because of human 
error or carelessness. While some causes of fire are 
general and can occur anywhere, other causes are 
more specific for certain areas.

General causes of fire – Although there are several 
causes of fire, some of the most common cause have 
been identified through the collation of statistics over 
many years.  From the analysis of past fire incidents, 
most general causes of fire can be grouped under:
1) Electricity (Power and/or Lighting)

a) Short Circuit
b) Static Electricity
c) Overheating
d) Improper selection of equipment

2) Arson (result of riot, strike and malicious damage 
types)

3) Heating systems

4) Lighted ends
a) Cigarettes, Matches
b) Gas cutting / Welding
c) Any installation in contravention to the 
established standards
d) Act of God causes like earthquake etc.

Fire Triangle

The “Fire Triangle” is a model which is used to 
understand the ingredients necessary to start most 
fires. This model (Fig 3) describes fire in terms of its 
three essential elements i.e. oxygen, heat and fuel. If 
one is absent or removed, combustion will not occur 
or will stop if it has already started.
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Fig 3 Fire Triangle showing three essential elements

Development And Growth Of Fire

A fire will not always start when the legs of the fire 
triangle meet, unless all three elements are present 
in the required amounts.  For example, vapors from 
a flammable liquid must be missed with a certain 
amount of air in order to ignite and propagate a 
flame. Fire once started will tend to grow till it has 
fuel and air available. A fire develops typically in for 
states and fire detectors are designed to detect some 
development (Shown in Fig 4) of the fire

Fig 4 Process of fire development

Fire Safety In Buildings

Every building which is constructed has to be 
provided safety against fire.

However, the degree of safety to be provided 
depends on the use the building will be put and the 
construction materials used in the buildings.

If the construction of the building has been done 
by non combustible and fire resistant materials fire 
threat is less.

The buildings have been divided into various types 
which is based on the occupancy/ use of the building 
and threat posed which are as follows --

a) GROUP A – RESIDENTIAL
b) GROUP B – EDUCATIONAL
c) GROUP C – INSTITUTIONAL
d) GROUP D – ASSEMBLY
e) GROUP E – BUSINESS
f) GROUP F – MERCANTILE
g) GROUP G – INDUSTRIAL
h) GROUP H – STORAGE
i) GROUP J – HAZARDOUS

Objectives Of Fire Safety
 
For having complete fire safety in a building, which is 
not only effective but economical also. It is must that 
the fire safety process be integrated into complete 
architectural process. All members of the building 
design team should incorporate as an integral part 
of their work, design for emergency fire conditions in 
the following three areas

a)Life safety
b)Property protection
c) Continuity of building operations.

Unfortunately it is impossible to provide more 
than general guidelines that must be considered in 
building design to assist in the identification of the 
fire safety objectives. Specific objectives must be 
developed for each individual building.

Design   Elements And Safety Measures

Fire safety design elements are directed towards 
three objectives:
Detecting the fire, separating people from the fire 
either by enabling prompt evacuation of the building 
or by providing a refuge area.  The design and 
planning of means of escape means the occupants 
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can escape unaided. However disabled people may 
need assistance. Hence it is necessary to make 
provision for these both in the design of a building 
and in the way it is managed.

In multistory buildings evacuating disabled person 
usually involves two stages – movement initially 
to a place of temporary safety (a refuge) followed 
by assisted escape to the outside of the building. 
Personal evacuation plans need to be constantly 
reviewed where a person’s level of  disability may 
change. However, adequate fire safety education is 
a necessary preventive measure.

Following are the guidelines –
i) Refuges – It is necessary to provide refuges on all 
storeys other than in those small buildings of limited 
heights where the distance of travel to a final exit 
is so limited that refuges are unnecessary. Refuges 
are temporary places of safety for wheelchair users 
where they can wait for assistance. There should 
be sufficient room to accommodate wheelchairs 
without obstructing the escape route for others. 
Rescue areas must be directly accessible to an exit 
and fire resistance for at lease 1 hour. It should be 
clearly indicated by appropriate fire safety signs. Area 
in the open air such as a flat roof, balcony, podium 
or similar space which is sufficiently protected (or 
remote) from any fire risk and provided with its own 
means of escape.

ii) Lifts – Specially designed evacuation lifts/may 
be used to evacuate disabled people. These need 
duplicate power supplies as well as special controls- 
normal passenger and goods lifts are not suitable for 
this purpose.

iii) Communications – Two way communication 
facilities will be needed between refuges and the 
building’s fire control room or the point in the 
building from where the evacuation is managed. 
Where evacuation lifts are present there should be 
communication between the lift car and the fire 
control room.

iv) Evacuation chairs – Special evacuation chairs will 
need to be provided in buildings in which there are 

no evacuation lifts

v) Fire warning / Alarm systems – Visual warning 
devices (e.g. flashing beacons) or vibrating pages 
linked to the fire alarm panel. Vibrating beds or 
variable velocity fans can alert deaf blind residents. 
Recorded messages and on the spot broadcasts from 
a central control centre would be of great benefit. 
(Fig.5)

Fig.5 Fire warning / Alarm systems

UK Legislation Demands The Following 
Resistances

The required fire resistance for walls, floors and 
ceilings and doors depend on the height of the 
building and its area (Table 3.)

Area Height Resistance
<3000 sq.mt Single storey Half an hour
<500 sq.mt 7.5 m Half an hour

<3000 sq.mt 15 m One hour
1000-7000 

sq.mt
28 m One hour

Over 7000 
sq.mt

28 m
One and a half 

hour
Table 3 Fire resistance

Architectural Aspects Of Fire Safety 

Architectural design of any building shall consider 



10 The Exponent Group of Journals For General Engineering, Volume 3, Number 2, Mar 2015 - May 2015

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

among various aspects. Fire and life safety are most 
paramount. Incorporation of safety systems at a 
later stage or retrofitting afterwards is by and large 
not feasible. Hence safety systems shall be built 
in the initial stages of the design of any building. 
Architectural aspects while designing buildings are 
listed below

i) Classification of buildings
ii) Fire zone
iii) Height of the building
iv) Type of construction
v) Exposure to the building
vi) Access Planning
vii) Exit requirements
viii) Capacities of exits based on occupant loads
ix) Arrangement number and types of exits
x)  Provisions of pressurization, smoke extraction/
venting
xi) Provision of passive systems to prevent 
horizontal and vertical communication of smoke/
fire.
xii) Provision of refuge areas/floors
xiii) Other requirements if any, specific to 
buildings.

Selection of Material for Heat, Flame And 
Smoke Performance

Nearly three fourths of all building related fire deaths 
are from inhalation of the smoke and toxic gases 
produced in fires rather than from exposure to flame 
or heat.

Interior finish affects the fire in four ways:- 
a) It affects the rate of heat build up to a flash over  
condition

b) It contributes to flame spread over the surface

c) It adds to the intensity of fire by contributing 
additional fuel and

d) It produces toxic gases and smoke that adds to life 
hazard and property damage.

Fourth factor is the most important since it affects 

occupant life safety seriously.

Interior finish is one of the three principal elements 
which determine the fire hazard potential of a 
building. Based on the rate of spread of flame, 
surfacing material shall be considered as divided into 
four classes as follows:

• Class 1 Surfaces of very low flame spread
• Class 2 Surfaces of low flame spread
• Class 3 Surfaces of medium flame spread
• Class 4 Surfaces of rapid flame spread

Structural Fire Protection

The design of the structural system of a building 
shall be in such a way that its primary load bearing 
members will not collapse prematurely in the even 
of a fire.

Objectives – The idea of a high rise say 40 level 
building collapsing on adjacent properties and in the 
streets would not appeal to the general public, which 
sought the enforcement of measures to ensure 
that the structural frame or shell of a high building 
remained standing following a fire.

A property protection objective hence plays an 
important role in early requirements for structural 
fire protection.

• provide sufficient time for occupants on the 
floors above the fire floor to reach an area of 
safety

• support the fire separations necessary to 
limit the over all size of the fire and prevent 
conflagration

• Minimize potential damage to adjacent 
properties.

Industrial Structures
In industrial premises, sheds /structures are to very 
close to each one. Below the roof / trusses of this 
structure, it is necessary to provide ventilator / 
louvers due to which smoke can pass in case of fire. 
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Also fire can be located easily at the particular shed. 
If the ventilator / louvers are provided then at the 
time of fire suffocation will not take place. Therefore 
size of the louvers shall be designed properly. If the 
ventilators are provided then fire will not spread to 
nearby structures. (Fig.6)

Fig. 6 Industrial ventilators

Structural Design For Fire Safety

Structural design of any building and the type of 
materials used in its construction are important 
factors in making the building resistant to a complete 
burn out and in preventing the rapid spread of fire, 
smoke or fumes, which may otherwise contribute to 
the loss of lives and property.

Fire resistance shall be classified into four categories, 
namely Type 1 Construction, Type 2 Construction, 
Type 3 Construction and Type 4 Construction.

For buildings 15 m in height or above non combustible 
materials should be used for construction and the 
internal walls of staircase enclosures should be 
of brick work or reinforced concrete or any other 
material of construction with minimum of 2 hrs rating

Structural Design For Fire Safety Is Based 
On The Following

• Interpreting code requirements for fire safety
• Understanding the concepts of fire severity and 

fire resistance
• Estimating time temperature curves for fully 

developed compartment
• Understanding the behaviour of structural 

elements and buildings exposed fires
• Designing steel, concrete and timber structures 

to resist fire exposure
• Assessing the fire performance of existing 

structures

Refuge Area

Provisions shall apply for all buildings except multi 
family dwellings, refuge area of not less than 15 m2 
shall be provided on the periphery of the floor or 
preferably on a cantilever projection and open to air 
at least on one side protected with suitable railings
• For Floors above 24 m and up to 39 m – One 

refuge area on the floor immediately above 24 m
• For Floors above 39 m – One refuge area on the 

floor immediately above 39 m and so on after 
every 15 m (Fig.7)

The details of the refuge area are described in 
Development of Control Rules.
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Fig. 7 Refuge Area

Fire Safety Measures For Building Services

It is very necessary to limit the spread of fire through 
the opening in fire resisting walls and floors that 
are necessary for the passage of building and 
communication services.  Highly volatile materials 
are stores in the most innocent occupancies, let 
along factories and computer rooms, increasing 
the severity of a fire and the speed at which it 
spreads. Fire door could glow white hot and transmit 
radiant heat may cause spontaneous combustion 
of materials on the safe side of the door. The fire 
door must satisfy all the three criteria i.e. Stability, 
Integrity and insulation as per BS:476

Electrical Services Shall Conform To The 
Following
• The electric distribution cables/wiring shall be 

laid in a separate duct
• Water mains, telephone lines, intercom lines, gas 

pipes or any other service line shall not be laid in 
the duct for electrical cables, use of bus ducts/
solid rising mains instead of cables is preferred

• Separate circuits for fire fighting pumps, lifts, 
staircases and corridor lighting and blowers for 
pressurizing system shall be provided directly 
from the main switch gear panel and these 
circuits shall be laid in separate conduit pipes

• Provide air tight fire doors having fire resistance 
of not less than 2 h

• It shall have 660 V grade insulation
• If service room is located at the first basement, it 

should have automatic fire extinguishing system.

• Suitable circuit breakers shall be provided at the 
appropriate point

Gas Supply Shall Conform To The Following
• Town gas /L.P gas supply pipes – It shall be run 

in separate shafts exclusively for this purpose 
and these shall be on external walls away from 
the staircases. The exhaust system should be 
designed to take care of 30 m2 per minute of 
hood protected area. It should have grease filters 
using metallic grill to trap oil vapors escaping into 
the fume hood.

• All wiring in fume hoods shall be of fiber glass 
insulation.

• Gas meters shall be housed in a suitable 
constructed metal cupboard located in a well 
ventilated space, keeping in view the fact that 
:PG is heavier than air and town gas is lighter 
than air.

Illumination Of Means Of Exit
Staircase and corridor lights shall conform to 
following
• Both shall be on separate circuits. It should be of 

miniature circuit breaker type of switch
• The alternatives source of supply may be provided 

by battery continuously trickle charged from the 
electric mains

• Double throw switch shall be installed in the 
service room for terminating the stand by supply

• Emergency lights shall be provided in the staircase 
and corridor

• All wires and other accessories used for 
emergency light shall have fire retardant property

Fire Resistant Doors

• Maintain compartment of the buildings 
• Allow the Passage of people or goods between 

one compartments to other
• Allow smoke free access to the escape routes 

(Fig.8)
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Fig. 8 Fire Resistance Doors

A fire door is a door with a fire-resistance rating  used as 
part of a passive fire protection system to reduce the 
spread of fire or smoke between compartments and 
to enable safe leaving from a structure.

Generally, two types of  fire door are available in 
market, 60 minute rated fire door and 120 minuteif a 
fire is spreading throughout the home.

Generally fire doors can be made by combination 
of Glass sections, Gypsum (as an endothermic 
fill),Steel,Timber ,Vermiculite-boards and aluminum 
materials.
As per N rated fire door which means that we have up 
to 60 minutes and 120 minutes of protection ational 

Building Code 2005, a fire door should pass through 
three test i.e. Stability, integrity and insulation Fire 
Doors are governed by following specifications:-

• BS476 Part 20 & 22 - Fire Test on Building 
Materials and Structures.

• ISO 834 - Fire Resistance Test Elements of 
Building Constructions.

• ISO 3008 - Fire Resistance Test on Doors & 
Shutter Assemblies.

• IS 3809/IS 3614 Part-II-1992 - Metallic and non 
metallic fire check doors Resistance Test and 
performance criteria.

It is strongly advised that the fire check doors should 
be erected as per design factors given in IS:3614(Part 
I )-1966 “Specification for fire-check doors”, which 
can be used  while designing industrial and non 
industrial building so that we can provide restriction 
of spread of fire internally and externally.

Technical Requirements Of Fire Proof 
Doors
• Stability
• Integrity
• Insulation

Wired Glass Windows
Windows are integral fabricated units placed in an 
opening in wall and are primarily intended for the 
admission of light and air and not primarily intended 
for human entrance or exit.
(i) Area of the openings shall not exceed 50 sq.ft.
(ii) Size of window panes shall not exceed 400 sq.ft.

Dampers
Dampers are normally fabricated with single flap or 
multilouvers. CBRI Roorkee have the required testing 
facilities to evaluate the fire rating of dampers and 
the tests normally conducted are fire endurance and 
hose stream test, closing reliability test, spring closing 
test etc. The rating provided is upto 90 minutes

Fire Protection Systems
Fire protection is the study and practice of mitigating 
the unwanted effects of fires. Once construction 
is complete a building must be maintained in 
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accordance with the current fire code, which is 
enforced by the fire prevention officers of local fire 
department

Fire Suppression And Extinguishment

From the knowledge of fire triangle in early chapter 
we have seen that the rate of burning may be 
reduced by
a) Starvation (or limitation of fuel)
b) Smothering / Blanketing (or the limitation of 
oxygen)
c) Cooling (or the limitation of temperature)

Following are the Fire Protection Systems --

• Portable extinguishers 
• Small bore hose reels
• Hydrant system
• Automatic sprinkler system
• Automatic water spray system
• Automatic Fire alarm system
• Foam system
• Gas suppression systems
• Other systems(Fig.9)

Fig. 9 Fire Protection System

Fire Safety In Buildings And Rehabilitation 
Of Fire Damaged Structures

Fire safety in planning, designing and construction 
of buildings particularly multistoried buildings, is 
of paramount importance as it concerns human 
lives. Fire safety is a subject connected not only 
with human safety but is related with design of 
buildings and their services. Fire although a good 
friend of humanity when it spread uncontrolled in 
buildings, can be a vicious enemy resulting in heavy 
loss of property and lives. Fire occurs due to lack of 
discipline. The people and irresponsible social habits 
apart from natural calamities.

Fire Safety Evaluation
Many building which were built previously have 
added various modern amenities and services 
but have not upgraded the fire safety measures 
accordingly. Hence they are ill-equipped in case of 
an emergency. In some building renovations have 
been undertaken but the fire safety measures are 
still outdated, because they are not well maintained.

Fire Risk Asessment
Risk as defined by the ASTM standards is the 
combination, probably the product, of the expected 
frequency of the event, the expected degree of 
exposure, and the potential for harm.

RISK = (expected frequency of the event) x (expected 
degree of exposure) x (potential for harm)

In the case of fire risk, the event is the fire itself, 
the exposure is of the people property or operation 
exposed to the fire and the potential for harm is the 
consequences of the applicable products of the fire 
– for example heat, flame smoke and toxic gases – to 
those exposed

The risks of fire from natural or man made causes 
can never be completely eliminated. The objective of 
control of risk from fires is to reduce the probability 
and consequences of events leading to fires to a level 
where the residual risks are commensurate with the 
benefits of society’s undertakings.
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Approaches To Fire Evaluation

Some of the important techniques developed for 
fire safety evaluation and try to analyze the positive 
aspects and shortcomings of these evaluation 
systems are given below:--
1. Gretener Method –
 In this method, fire risk is measured as the ratio 
of negative features that increase risk to positive 
features that decrease risk. The basic relationship to 
the method is given by the equation
R = (P.A.) / (N.S.F.)
 Where R = Risk,
 P = Potential hazard
 A = Probability that fire will start,
 N = Normal Protection measures,
 S = Special protection measures and
 F – Fire resistance of the structure.
The process is normalized so that a standard building 
has a computed fire risk value of 1.00, An acceptable 
risk is one for which the calculated ratio is less than 
or equal to 1.30.

2. NFPA Fire Safety Evaluation System
NFPA 101, Life Safety Code, is one of the most widely 
used voluntary codes for identifying a minimum level 
of fire safety. The Fire safety Evaluation System (FSES) 
provides multi attribute approach to determining 
equivalencies to the Codes requirements for certain 
occupancies.

3. System for Fire Safety Evaluation of Health Care 
Facilities.
The fire safety Evaluation System (FSES) for Health 
Care Facilities was the first of a series of FSES 
documents covering a variety of types of occupancies 
including apartment buildings, prisons and jails, office 
and laboratory buildings, overnight accommodations 
in National Parks and board and care facilities.

Fire Safety In Buildings And Rehabilitation 
Of Fire Damaged Structures

After assessing the extent of fire damage by 
extensive tests and obtaining opinion of experts, the 
rehabilitation of the structure is taken in hand by 

adopting following procedures.

Inspection And Assessment Of Damage
The fire damage effects are 

• Delaminating / spalling of concrete
• Cracking in concrete
• Loss of strength in concrete and steel
• Buckling / distortion of member
• Smoke damage
• Peeling of plaster and quenching damage

Detailed visual inspection element wise and 
system wise coupled with required number of Non 
Destructive Tests (NDTS) including X-Ray Diffraction 
and Differential Thermal Analysis are to be carried out 
to arrive at damage type and to propose appropriate 
restoration strategies.

• Condition of plaster/finish
• Colour
• Crazing
• Spelling
• Exposure and condition of main reinforcement
• Exposure and condition of links
• Cracks
• Distortion
• Honey combing / hollow sounding area

Selection Of Repair Techniques
Following factors to be considered ---

• Efficacy of repairs
• Restoring loss of strength
• Maintaining durability
• Fire Protection
• Relative cost
• Viability of repairs depending upon access 

position and extent of repairs
• Original construction defects.

Selection Of Repair Material
Following factors are to be taken into consideration 

• Arrest deterioration of the structure
• Restore structural integrity
• Provide acceptable aesthetic finish
• Bond to the substrate.

After finalization of the report, the repair work is 
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proposed to be taken in hand to restore the structure.

Fire Safety Codes, Standards And 
Regulations

Perhaps the earliest reference to fire control 
guidelines is in the law code of Hammurabi, a 
Babylonian king of the twentieth century B.C. King 
Hammurabi who ruled over Babylonia some 3500 
years ago and will ever be remembered for his from 
his Code which had death penalty for an architect 
if the owner got killed due to the collapse of the 
building.

The beginning and out of which came the first major 
step forward, was the formation of organized fire 
brigades in  Rome in about 300 B.C. Also after many 
fires plagued ancient Rome, where multistoried 
wood buildings were build in great clusters laws 
were passed to control construction by regulating 
the density to which the structures might by built.

The Great Fire of London in 1666 which destroyed 
four fifths of the city before being brought under 
control and as a result the first real positive steps were 
taken which in effect provided for the forerunners of 
building control as we know it.

Need And Role Of Buildings Codes
A building code is a legal document which sets forth 
the minimum requirements to protect the public 
health, safety and general welfare as they relate 
to the construction and occupancy of buildings and 
structures. 

Classification Of Codes
Building codes are commonly classified as being 
specification codes (prescriptive) and performance 
codes. Building codes in many countries around 
the world are shifting from prescriptive based to 
performance based a move that is due, in part, to 
the negative aspects of the prescriptive codes, to 
economic and social reasons, to advances made in 
fire science and engineering, to the need for codes 

to use fire safety engineering principles within 
the context of their regulations and to the global 
harmonization of regulation systems

National Fire Protection Association (NFPA) 
NFPA is an international non profit organization 
founded in 1896 as the National Fire Protection 
Association. It is the world’s leading advocate of fire 
prevention an authoritative source on public safety.
NFPA codes include some of the worlds most 
referenced and respected codes some of the 
important one being
NFPA 101 LIFE SAFETY CODE – 
NFPA 101-An Alternative approach to fire safety
NFPA 101 B Means of Egress for Buildings and 
Structures

International Code Council (ICC)
ICC is a United States based non Government 
organization which allows U.S. Jurisdictions (States, 
countries etc) and other stakeholders to collaborate 
in the creation of model building codes and other 
standards ICC was established in 1994 non profit 
organization dedicated to developing a single set 
of comprehensive and coordinated national model 
construction codes.

International Organization For Standardization (ISO)
ISO is the world’s largest developer and publisher 
of International standards. It is a network of the 
national standards institutes of 15 countries one 
member per country with a central Secretariat in 
Geneva, Switzerland that coordinates the system. 
It is a non governmental organization that forms a 
bridge between the public and private sector.

British Standads (BSI)
BSI is the UK’S National Standard Body (NSB) and was 
the world’s first. Some facts about BSI are
• BSI British Standards has 27,000 current 

standards, this equals one for every 59 business 
in UK

• BSI standards cover everything from accounting 
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to zoom lenses

Indian Scenario

The National Building Code of India-2005 is the 
prime document for fire safety in our country, which 
is supplemented by local bye laws. The objective of 
the code is to specify measures that will provide that 
degree of safety which can be reasonably achieved.

Conclusion

In India much more importance is not given to 
Fire safety in spite of big hazardous incidents.  
Detailed information is given in above paras.  Every 
Architectural Engineers in India and each and every 
occupants occupying the buildings should take 
precautions and should see to it that proper Fire 
safety measures are adopted by the Builders by 
which big incidents will not occur or will be minimized 
hence loss of property as well as human beings will 
definitely be less.

Rural economy is poised for an outright improvement. 
It is, therefore, imperative that efforts should be 
made to totally it  impart proper training through 
audio and visual education programs to all the rural 
masses through national communication media such 
Turning Point, T.V. programme for different stages 
in different languages. The training will result into 
better knowledge on fire hazard, their preventive 
and protective measures

The in depth study on the assessment of fire hazards 
and subsequent work on its mitigation will not only 
see the economic progress of rural masses but would 
also result in better life safety. In fact it should be 
our endeavor that even the smallest segment of 
the society is aware of the risk associated with 
the environment and he/she takes advantages of 
scientific means while scientists and fire officials 
prove him/her the most economical means of 
mitigation of these hazards.
Fire systems should be monitored periodically and 
fire drill should be conducted every six months.

Following corrective measures are to be taken.
i) Mock drill about fire safety at regular intervals 
should be taken by societies, public buildings like 
Malls, Cinemas etc.

ii) The Fire safety programme shall be organized 
periodically in Schools, Colleges and big 
establishments, so that the awareness about fire 
safety will increase.

During renovation of residential premises, offices 
and commercial places proper care shall be taken 
about the same and as far as possible fire proof 
material shall be used in it.

iii) During construction of buildings the fire safety 
aspect shall be taken seriously. The fire safety 
component in building is less than 5% even though 
most of the places it is ignored. Hence special 
attention shall be given

iv) Every year/ six months the fire audit shall 
be done seriously by the Housing Societies and 
Commercial Buildings / Public Buildings.

v) The Government and NGO shall conduct 
awareness Programme about fire safety.
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Synopsis

Steels often require heat treatment to obtain 
improved properties e.g increase hardness or 
strength, or to neutralise negative effects resulting 
from previous manufacturing processes e.g.remove 
internal stresses generated by fabrication processes.  
Heat treating is a group of industrial and metalworking 
processes used to alter the physical, and sometimes  
chemical, properties of a material. The most common 
application is metallurgical. Heat treatment involves 
the use of heating or chilling, normally to extreme 
temperatures, to achieve a desired result such as 
hardening or softening of a material. We will be 
discussing the heat treatments for carbon steels in 
this article.

Introduction

Heat treatment techniques include annealing,  
hardening,  precipitation strengthening, tempering 
and quenching. It is noteworthy that while the 
term heat treatment applies only to processes where 
the heating and cooling are done for the specific 
purpose of altering properties intentionally

Metallic materials consist of a microstructure of 
small crystals called “grains” or crystallites. The 
nature of the grains (i.e. grain size and composition) is 
one of the most effective factors that can determine 
the overall mechanical behavior of the metal. Heat 
treatment provides an efficient way to manipulate 
the properties of the metal by controlling the rate 
of diffusion and the rate of cooling within the 
microstructure. Heat treating is often used to alter 

the mechanical properties of a Metal- alloy such as 
hardness, strength, toughness, and elasticity .

There are two mechanisms that may change an alloy’s 
properties during heat treatment the formation of  
martensite causes the crystals to deform intrinsically, 
and the diffusion mechanism causes changes in 
the homogeneity of the alloy The crystal structure 
consists of atoms that are grouped in a very specific 
arrangement, called a lattice. In most elements, this 
order will rearrange itself, depending on conditions 
like temperature and pressure. This rearrangement, 
called allotropy or polymorphism, may occur 
several times, at many different temperatures for a 
particular metal. In alloys, this rearrangement may 
cause an element that will not normally dissolve into 
the base metal to suddenly become soluble, while 
a reversal of the allotropy will make the elements 
either partially or completely insoluble. 

When in the soluble state, the process of diffusion 
causes the atoms of the dissolved element to spread 
out, attempting to form a homogenous distribution 
within the crystals of the base metal. If the alloy is 
cooled to an insoluble state, the atoms of the dissolved 
constituents (solutes) may migrate out of the 
solution. This type of diffusion, called precipitation, 
leads to nucleation, where the migrating atoms 
group together at the grain-boundaries. This forms 
a microstructure generally consisting of two or more 
distinct phases.  Steel that has been cooled slowly, for 
instance, forms a laminated structure composed of 
alternating layers of ferrite and cementite, becoming 
soft  pearlite .
 
Unlike iron-based alloys, most heat treatable alloys 



20 The Exponent Group of Journals For General Engineering, Volume 3, Number 2, Mar 2015 - May 2015

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

do not experience a ferrite transformation. In these 
alloys, the nucleation at the grain-boundaries often 
reinforces the structure of the crystal matrix. These 
metals harden by precipitation. Typically a slow 
process, depending on temperature, this is often 
referred to as “age hardening”. 

Many metals and non-metals exhibit 
a martensite transformation when cooled quickly. 
When a metal is cooled very quickly, the insoluble 
atoms may not be able to migrate out of the 
solution in time. This is called a “diffusionless  
transformation.”  When the crystal matrix changes 
to its low temperature arrangement, the atoms 
of the solute become trapped within the lattice. 
The trapped atoms prevent the crystal matrix from 
completely changing into its low temperature 
allotrope, creating shearing stresses within the 
lattice. When some alloys are cooled quickly, such 
as steel, the martensite transformation hardens 
the metal, while in others, like aluminum, stainless 
steels,  the alloy becomes softer

The common  heat treatment processes are . 
1. Normalising
2. Anealing
3. Hardening
4. Tempering
5. Refining
6. Sub-critical Anealing
We will now study heat treatments for Carbon 
steels. For Carbon steels temperature ranges and 
the transformation while heat treatment is well 
understood from the Iron- Carbon equilibrium 
diagram . See  Fig 1

Fig 1 Iron Carbon equilibrium diagram

We will now study few Heat treatment processes 
commonly being used in the industries.

1 ) Normalising 
Normalising involves heating the steel to about 400C 
above its upper critical limit. The steel is then held 
at this temperature for a period of time and is then 
cooled in air.. It is desirable  that the temperature of 
the steel shall be maintained for a time period more 
than 2 minutes per mm of section thickness and shall 
not exceed the upper critical temperature by more 
than 500C. The structure produced by this process 
is a) pearlite (eutectoid) or b) pearlite in a ferrite 
matrix (hypoeutectoid) or c) pearlite in a cementite 
matrix (hypereutectoid). Because the steel is 
cooled in air, the process results in a fine pearlite 
formation with improved mechanical properties 
compared to the full annealing process below 
 
Normalising is used to

• To refine the grain structure and to create a 
more homogeneous austenite when a steel 
is to be reheated for quench hardening or full 
annealing

• To encourage reduced grain segregation in 
Rolled steel plates,castings and forgings and 
provide a more uniform structure 

• To provide moderate hardening

Full Anealing
Anealing is reheating steel followed by slow cooling. 
It is used
a) to remove internal stress or to soften  
b) to refine the crystalline structure (This involves 
heating job to above the upper critical temperature). 
The steel is heated about 250C above the upper 
critical temperature, held for a set time and then 
cooled slowly in the furnace. This process is used 
to remove internal stresses built up as a result of 
cold working and fabrication processes. Following 
annealing the dislocations are rearranged in to a 
lower energy configuration, new strain free grains 
are formed and grain growth is encouraged.

Stress Relieving/Recovery (Process Anealing)
This process involves heating the metal to a 
temperature in the range 5500C to 6500C and held at 
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this temperature before being cooled at a controlled 
rate.  This also reduces stresses resulting from cold 
working and fabrication by allowing dislocations to 
rearrange to a lower energyconfiguration.
 
This process is used to allow further forming 
operations and to prevent distortion of the steel 
components as a result of subsequent machining 
operations 

Spheroidising
The process applies more to the hypereutectoid 
steels (above 0,8% C). The process involves heating 
the metal to between 600oC and 650oC and holding 
it at at the selected temperature for a period of time 
the cementite changes from a lamella formation 
to a formation based on an alpha ferrite matrix 
with particles of spheroidal cementite (Fe3C) are 
embedded. This resulting steel has improved ductility 
and toughness compared to the original steel with 
reduced hardness and strength.

Hardening
Hardening involves heating a steel to its normalising 
temperature and cooling (Quenching) rapidly in a 
suitable fluid e.g oil, water or air( Quenching media) 
Steel is basically an alloy of iron and carbon. Some 
steels alloys have have various other elements in 
solution. When steel is heated above the upper 
critical temperature (about 760oC), the iron crystal 
structure will change to face centered cubic (FCC), 
and the carbon atoms will migrate into the central 
position formerly occupied by an iron atom. This 
form of red-hot steel is called austentite (γ iron). If 
this steel form cools slowly, the iron atoms move 
back into the cube forcing the carbon atoms back 
out, resulting in soft steel called pearlite. If the 
sample was formerly hard, this softening process is 
called annealing.
 
If the steel is cooled quickly (quench) by immersing 
it in oil or water, the carbon atoms are trapped, and 
the result is a very hard, brittle steel. This steel crystal 
structure is now a body centered tetragonal(BCT) 
form called martensite. 

Hardenability
The hardenability of a steel is broadly defined as 
the property which determines the depth and 
distribution of hardness induced by quenching. 
Hardenability is a characteristic determined by the 
following factors
• Chemical composition
• Austenite grain size
• Structure of alloy before quenching

The hardenability is the depth and evenness of 
hardness of a steel upon quenching from austenite.

Thickness of the part and quenching medium also 
influence the hardenability  

Thickness Considerations
The properties of heat treated steel are significantly 
affected by the thickness of the section. Hardening 
consist of heating the steel through and just above 
its critical range to obtain the condition of solid 
solution and quenching it sufficient rapidity to retain 
this condition. If a steel has a large thickness it is 
practically impossible to obtain an even temperature 
throughout the depth. And the middle of the section 
is always at a lower temperature compared to the 
outside surfaces. On quenching the heat is absorbed 
rapidly from the outside and it is impossible even 
with the most drastic quench processes to remove 
heat from the core region sufficient to obtain the 
desire structure. For thin sections it may be possible 
to obtain the desire structure throughout the section 
with a comparative mild quenching process. 

Quenching Medium
There are a number of fluids used for quenching 
steels listed below in order of quenching severity 
1.Water,  2. Oil, 3. Special liquids, 4 Brine, 5. Air

Note: Agitation of medium increases its quenching 
severity 
 
Soft distilled water is the preferred medium,  when 
using water for quenching carbon steels. The water 
should have no impurities such as oil, grease or 
acids as they could result in uneven hardening, if 
they stick to the surface of the steel being hardened 
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and  provide local thermal insulation. Hard water is 
unsatisfactory because it may release scale as the 
temperature is raised. Soap is sometimes added to 
adjust quenching rates. Cold brine or water is used to 
provide the most severe quench with the consequent 
maximum hardness. Extreme care is required  in 
the selection of sections shapes being hardened 
as the process result in, severe thermal shock with 
consequent cracking and distortion.
 
Oil bath quenching is used where extreme hardness 
is not required and where freedom from quenching 
shock is needed. Oils used are mainly mineral oils 
with the viscosity selected to suit the type of steel 
to be quenched. Oil cooling systems are required 
when significant quenching capacity is required to 
prevent the oil from breaking down and to maintain 
the quenching conditions. Air cooling is used for 
mild hardening process when a tough hard pearlitic 
structure is required. 

We will now study various hardening processes, 
being often used in the industries. 

Flame Hardening
This process involves using  an oxy acetylene flame 
direct  on the surface of the steel being hardened 
and heating the surface above the upper critical 
temperature before quenching the steel in a spray 
of water. This is also known as the shorter process.
 
This is a surface hardening process resulting in a hard 
surface layer of about 2mm to 6mm deep. The main 
difference between this process and other surface 
hardening processes is that the composition of 
the steel being hardened is not changed. The steel 
must itself have sufficient hardenability, particularly 
carbon content. This limits this process to steels 
having carbon contents of above 0,35%. Steels with 
carbon contents of 0,4%-0,7% are most suitable for 
this process. Steels with higher content and high 
alloy steels may not be suitable as they are  liable 
to cracking. This process produces similar result to 
the conventional hardening process but with less 
hardness penetration.

Induction Hardening
Induction hardening provides a similar surface 
treatment regime to flame hardening. Only difference 
is way of heating. The steel component is located 
inside a water cooled copper coil which has (AC) 
alternating current through it. This causes the outer 
surface of the component to heat up. Depending on 
the AC frequency and current, the rate of heating as 
well as the depth of heating can be controlled. This 
process is well suited for surface heat treatment.
  
Case Hardening
The primary purpose of case hardening is to produce 
a surface which is resistant to wear while maintaining 
the overall toughness and strength of the steel 
core. This type of process is normally used on a steel 
with a low carbon content and introduces carbon 
by diffusion (carburising) into the local surfaces 
requiring treatment. Subsequent heat treatment 
develops the desired combination of high surface 
hardness and internal toughness. (Another process 
called Nitriding consists of the diffusion of nitrogen.)
 
Case carburizing process is  further classified  as 
follows. 
C1)Pack Carburising
This process is the simplest and earliest carburising 
process based on placing the components to be 
treated in metal containers with the caburising 
mixture, based on powdered charcoal and 10% 
barium carbonate, packed around the components.   
The containers are then heated to a constant 
temperature (850 0Cto 850 0C )for a time period 
to ensure an even temperature throughout and 
sufficient to enable the carbon to diffuse into the 
surface of the components to sufficient depth. 
 
As  this process is difficult to control, case depths of 
less than 0.6 mm are not viable and the normal case 
depths produced are 0.25mm to 6 mm.   

C2) Gas Carburising
Gas caburising allows  accurate control of the process  
temperature and caburising atmosphere. The 
components are brought to a uniform temperature 
in a neutral atmosphere. The caburising atmosphere 
is introduced only for the required time to ensure 
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the correct depth of case. The carbon potential of 
the gas can be lowered to permit diffusion avoiding 
excess carbon in the surface layer.
 
Gas carburising uses a gaseous atmosphere in a 
sealed furnace usually containing propane (C3H8) or 
butane (C4H10). Sometimes the generated carbon 
dioxide, water vapour, and oxygen are controlled at 
low levels by purifying using activated carbon filters 
at high temperatures.
 
An alternative carburising atmosphere is sometime 
generated by using a drip feed system by feed an 
organic fluid based on methyl, ethyl or isopropyl 
achohol + benzene or equivalent is fed into the 
carburising chamber at a controlled rate. In this 
process there are generally internal fans working to 
ensure  even gas in the chamber.
 
After carburizing, the work is either slow cooled  for 
later quench hardening, or quenched directly into 
various liquid quenches. Quench selection is made 
to achieve the optimum properties with acceptable 
levels of dimensional change. Hot oil quenching is 
preferred for minimal distortion, but may be limited 
in application by the strength requirements for the 
product. 

C3) Liquid Carburising
This process is mostly used for producing shallow 
case depths in thin sections. The components are 
heated quickly in a bath containing a suitable sodium 
cyanide salts and sodium carbonate. The proportion 
of NaCN being maintained 20% to 30% by controlled 
feed strong NaCN. 
 
The normal case depths for this process are about 
0,25mm with bath strengths of 20% to 30% NaCN. 
High bath strengths 40% to 50% NaCN are required 
for case depths of 0,5mm. The case resulting from 
this process includes carbon and nitrogen. The 
nitrogen does provide a hard surface but can also 
encourage retained undesireable austenite in the 
surface layer. The bath is sometimes convered with 
a graphite material to reduce the nitrogen content. 
This process normally  works with bath temperatures 
of 8000C to 9500C for immersion times from 2 to 7 

hours depending on the depth required.
 
For thicker case depths (up to 1,6mm) activated 
salt baths are used. These are based on cyanide and 
alkaline earth chlorides which act as the activators.
Components are normally jigged and pre-heated to 
about 350oC before being introduced into the bath.
 
 
Heat treatment following carburisation

The time of heat treatment for  post carburisation 
relates to the condition of the steel. If the steel 
is prepared as a fine grain steel it is possible to 
complete a single quench operation following case 
hardening. If the steel does not have a fine grain 
structure a normal process is to quench from about 
870 0 C the quench again from about 790 0 C. This 
ensures reasonable mechanical properties in case 
and core.

Nitriding
Certain steel alloys can absorb nitrogen with a 
resulting extremely hard surface layer. The process 
consists of maintaining the steel component at a 
carefully controlled temperature of 4900c to 5300C 
under the action of nascent of active nitrogen 
produced on the surface of the component by the 
decomposition of gaseous ammonia. The resulting 
surface is extremely hard and extremely thin but very 
brittle. Nitrides based on steel alloys are less brittle and 
more stable than straight iron nitrides and therefor 
this process is only used for certain alloy steels.. 
The process time is relatively long compared to 
the carburising process at about 90 hours. The 
temperature of the furnace has to be maintained 
within ±50C and therefore electrical heating is 
generally used. The components are generally 
stacked in gas-tight boxes supported on nickel mesh 
trays.  The boxes include a inlet and outlet pipes for 
the ammonia gas circulation flow. 
 
Quenching is not normally required following 
nitriding and therefore is normal practice  to 
machine the components to size before nitriding. 
After nitriding due to very high hardness maching 
becomes very very difficult. Nitriding does involve 
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small dimension increases of up to (0,05mm) on 
diameters and smaller amounts on individual flat 
surfaces and lengths.
 
Nitrided surfaces retain hardness even if cycled 
for short periods at temperatures of up to 
500oC. Carburised hardened surfaces lose their 
hardness under similar circumstances.
 
Steel subject to nitriding is generally hardened and 
tempered and finished machined. The components 
are often stress relieved prior to final machining.   
The nitriding process is also often followed by surface 
grinding to remove the most brittle outer layer.

Tempering
Tempering is the process of reheating the steel 
leading to precipitation and spheroidisation of the 
carbides. The tempering temperature and time are 
generally controlled to effect the final properties 
required of the steel. The benefits resulting are the 
increase in the metal toughness and elongation. The 
negative effects are the reduction of the martensite 
(BCT) structure and the progression towards a 
spheroidal carbide + ferrite matrix structure. Usually 
required after hardening cycle to eliminate the 

stresses  induced due to hardening and also  to 
reduce / correct the hardeness.

Vacuum Treaments
Now-a-days many of the heat treatment processes 
can be completed in vacuum furnaces at very low 
pressures (high vacuums). The advantages of using 
vacuum furnaces are listed below.  

No surface oxidation or discolouration

Minimal distortion 

No post cleaning operations 

Near finished, machined shape prior to treatment 

Normally improved control processes.
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When was the  Glass manufactured first

The history of glassmaking can be traced back 
to 3000 BCE in Mesopotamia. Glass appears to 
have been produced as far back as 1500 BC by 
the Egyptians and perhaps the Phoenicians. Glass 
uses and manufacturing developments have gone 
through an interesting evolution throughout human 
history, influenced by many cultures including those 
in Africa, China and Europe.

In the beginning glassmaking was slow and costly, it 
was luxury item and few people could afford it. The 
discovery of new technique of ̀ `glass blowing` around 
the end of the 1st century and was a revolutionary 
event in the history of glass making. This invention 
was attributed to Syrian craftsmen. The glass bowling 
made glass production easier, faster and cheaper 
and glass

The art of glass making flourished in the Roman 
Empire and spread across Western Europe and the 
Mediterranean. Glass was one of the most important 
items of trade beyond the borders of the Roman 
Empire. The Romans were the first one who began 
to use glass for architectural purposes, when clear 
glass was discovered in Alexandria around AD 100.

A flourishing glass industry was developed in Europe 
at the end of the 13th century when the glass industry 
was established in Venice by the time of Crusades 
(AD 1096-1270). In 1291, equipment for glassmaking 
was transferred to the Venetian island Murano 
where ``cristallo`` (colorless glass) was invented by 
Angelo Barovier. Despite the efforts of the Venetian 
artisans who dominated the glass industry to keep 

the technology secret, it soon spread around Europe.
After 1890, the development, manufacture and 
use of glass increased rapidly.In the late 1950`s 
Sir Alastair Pilkington introduced a float glass 
production method by which 90% of flat glass is still 
manufactured today.

Today, glass-making is a modern, hi-tech industry. 
Modern glass plants are capable of making millions 
of glass containers a day in many different colors 
and have been developed for precise continuous 
production of sheet glass tubing, containers, bulbs 
and host of other products.

Basic raw materials

Even though our modern technology enables us to 
create glass in much larger quantities, the initial 
recipe and ingredients that were perfected in 
Ancient Egypt, Rome and Persia remains almost the 
same. In its basic structure, glass is made from pure 
silica that can most commonly be found in sand. 
However because pure silica has very high melting 
temperature and is not most durable material, many 
additional substances were introduced into recipes 
to strengthen it and change many of its properties, 
which helped the glass to become one of the most 
common materials in modern society.

So we can say that glass is made up of the following 
three major ingredients:

• Pure Silica (SiO2, fused quartz) represents 
70-74% weight of modern glass. In ancient 
times, glassworkers prepared recipes with 
more than 90% of pure silica, but because 

Manufacturing of Glass
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this substance has a melting point of about 
2000 degrees centigrade (3,600° F) chemist 
found a way to lower that temperature by 
introducing various additives into the mix, 
most notably sodium carbonate. One of the 
most interesting features of pure silica glass is 
its ability to block UV radiation, which modern 
70-72% silica glass can’t do.

• Sodium carbonate (Na2CO3) represent 
important ingredient of modern glass that 
adds both positive and negative features. It 
successfully lowers the melting point of silica 
to more manageable 1200 °C but it alsomakes 
the glass water soluble.

• Lime:To prevent glass from being water 
soluble and to increase its chemical 
structure, lime (calcium oxide, CaO) is added 
to the mixture. Besides lime, magnesium 
oxide (MgO) and aluminium oxide (Al2O3) are 
also added for better stability.

Also the most important raw material available 
regularly is the cullets. Cullets is the recycled form 
of the waste glass material which is crystallised to 
be used in the mixture of the glass manufacturing 
process.

Current process of glass making

The initial phase of manufacturing glass includes the 
mixing of all the raw material. In modern days the 
use of cullet is very important and beneficial factor 
for making glass.

Process of making cullets:
1. The waste glass bottles and glass materials are 
collected from various sources.
2. These waste bottles are then crushed in a crusher 
to form about 5 -15 mm of glass particles named as 
cullets. The size of the cullets may vary as per the 
requirements.

I. Batch formation
The Sand, soda ash and Lime are mixed in proper 

proportions in the mixing chamber or large cylinders. 
As cullets are extensively used today, the batch of 
raw material can contain almost 90% of the cullet 
proportions. It is needed and added to enhance 
the melting rate and it significantly reduces energy 
required for glass production. This mixture is 
thoroughly blended and then passed on to the 
furnace.

II. Heating in a Furnace
The well mixed batch is sent to the furnace where 
it is heated at a temperature of 1000°C to 1400°C 
depending on the proportion of the cullets used. 
Here the mixture gets melted to a liquid state.

If required coloring agents are added in the molten 
mass for coloring the glass.This liquidated material 
is allowed to cool a while but still maintaining its 
liquidity. 

III. Formation of Gob
• Gob is one individual mass of molten glass which 

makes one container
• Molten glass flows depending on the bottle size.
• Mechanical shears snip off “gobs” of molten 

glass. Each makes one container. 
• Falling gob is caught by spout and directed to 

blank molds.
• Mass-production is made up of several individual 

sections, each is an independent unit holding a 
set of bottle-making molds.

• Large bottles consist of a blank mold and a blow 
mold.

• Higher production using double or triple gobs 
on one machine. two or three blank molds and 
similar blow molds. 

IV. Formation of shaped products

Two methods:
1. Blow and blow
2. Press and blow

In both the above processes two stage molding takes 
place.

• Blank mold Stage: In this first stage the formation 
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of the initial shape and the neck takes place. We 
can say that a preform of the glass bottle or jar is 
prepared in this stage.

• Blow Mold: In this stage the preform developed 
from the gob in the previous stage is blown into 
the final shape of the product.

Now we will see in brief how the two methods work:

1. Blow and Blow method

a. This method is used mainly for narrow necked 
bottles.
b. The two methods basically differ in the parison/
preform producing.
c. The gob is guided into a blank mould and air 
is blown into the mould from the bottom which 
creates a basic shape of the product alongwith its 
neck. This is the parison/preform developed for 
the product.
d. This preform is them rotated up-side down and 
placed into the final shaped blow mould. Here 
again air is blown into the mould to acquire the 
final shape of the products as per the mould.

2. Press and Blow method

a. In this method the making of parison is different.
b. The gob is guided in the blank mould and 
is eventually pressed using a metal plunger to 
acquire the blank mould shape and formation of 
the neck.
c. Further it is similarly worked on, as in blow and 
blow method, by placing the parison in the final 
shapes mould and air is blown to get the final 
shape. 

The blown bottle is removed from the blow mold 
with takeout tongs and placed on a deadplate to air 
cool for a few moments before transfer to a conveyor 
that transports it to the annealing oven. 

V. ANNEALING
The walls of the bottles are comparatively thick.  
Due to this after the bottle is made, the inner and 
the outer skins of the bottle cool faster and become 
rigid. But the still-contracting inner portion build 
up internal stresses. Also uneven cooling causes 
substantial stresses in the glass.

The bottles are then passed through a LEHR. A lehr is 
a temperature-controlled kiln for annealing objects 
made of glass. LEHR is basically a belt passing 
through the controlled temperature oven at a rate of 
about 200mm to 300mm per minute. Glass temp is 
raised to 5650 C and then gradually cooled to room 
temperature with all internal stresses reduced to safe 
levels in about an hour as they exit. The average time 
for the bottles to travel through the lehr is between 
60 to 80 minutes.

VI. COATING
After annealing the glass needs to be coated to 
avoid scratches as well as to reduce the coefficient 
of friction.

Coatings can be done by two ways: hot end coating 
which is done before annealing. A thin coat of tin is 
given on the bottles.

The second way is cold end coating. A thin layer of 
the coatings is applied once the bottles come out 
from the lehr. Generally polymer coatings are done 
to avoid scratches.
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Process of tempered glass manufacturing
Types of glass
How variations are applied to glass

Advantages of using glass

• Most important advantage of Glass is that is 
environment friendly and is forever recyclable.

• inert
• Perfect food container. It does not absorb any 

flavors or odours.
• Impermeability
• Clarity and rigidity
• Excellent abrasion resistance
• Resistant to chemicals, solvents, oil, grease
• No problem with UV degradation
• Stable over a wide range of temperature
• Easily cleaned
• Long life product

Disadvantages
• Sometimes heavy to be used.
• Fragile and can break more easily than other 

materials.

References
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Synopsis

The dashboard instrument cluster in your car 
organizes a variety of sensors and gauges, including 
the oil pressure gauge, coolant temperature gauge, 
fuel level gauge, tachometer and more. But the most 
prominent gauge -- and perhaps the most important, 
at least in terms of how many times you look at it 
while you’re driving -- is the speedometer. The job of 
the speedometer is to indicate the speed of your car 
in miles per hour, kilometers per hour or both. Even 
in late-model cars, it’s an analog device that uses a 
needle to point to a specific speed, which the driver 
reads as a number printed on a dial.

Speedometer is universally fitted to all types of 
vehicles.  Speedometers for other vehicles have 
specific names and use other means of sensing 
speed. For a boat, this is a pit log. For an aircraft, this 
is an airspeed indicator.

History & Types of Speedometers

The electric speedometer was invented by the 
Croatian Josip Belušić in 1888, and was originally 
called a velocimeter.

Operations started in 3 types:-
1) Eddy Current:   The eddy current speedometer has 
been used for over a century and is still in widespread 
use. Until the 1980s and the appearance of electronic 
speedometers it was the only type commonly used.
 
Originally patented by a German, Otto Schulze on 

October 7, 1902, it uses a rotating flexible cable 
usually driven by gearing linked to the output of the 
vehicle’s transmission. The early Volkswagen Beetle 
and many motorcycles, however, use a cable driven 
from a front wheel.

2) Electronic: Many modern speedometers are 
electronic. In designs derived from earlier eddy-
current models, a rotation sensor mounted in the 
transmission delivers a series of electronic pulses 
whose frequency corresponds to the (average) 
rotational speed of the driveshaft, and therefore 
the vehicle’s speed, assuming the wheels have 
full traction. Another early form of electronic 
speedometer relies upon the interaction between 
a precision watch mechanism and a mechanical 
pulsator driven by the car’s wheel or transmission

3) Bicycle speedometers: Typical bicycle 
speedometers measure the time between each wheel 
revolution, and give a readout on a small, handlebar-
mounted digital display. The sensor is mounted on 
the bike at a fixed location, pulsing when the spoke-
mounted magnet passes by.  

Raw Materials used for making
speedometer

Materials used in the production of speedometers 
vary with the type of gauge and intended application. 
Older mechanical models were entirely comprised of 
steel and other metal alloys, but in later years about 
40% of the parts for a mechanical speedometer 
were molded from various plastic polymers. Newer 
electronic models are almost entirely made of 

Speedometer – an Essential  Tool 
for Every Vehicle
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plastics, and design engineers continually upgrade 
the polymers used. For example, the case of a 
speedometer’s main assembly is usually made of 
nylon, but some manufacturers now employ the 
more water-resistant polybutylene terephthalate 
(PBT) polyester. The worm drive and magnet shaft 
are also nylon, as is the speedometer’s gear train and 
spindles. The glass display lens of the recent past is 
now made of transparent polycarbonate, a strong, 
flexible plastic that is resistant to heat, moisture, and 
impact.

Design of Speedometer

In a mechanical speedometer, a rotating cable 
is attached to a set of gears in the automobile’s 
transmission. This cable is directly attached to a 
permanent magnet in the speedometer assembly, 
which spins at a rate proportional to the speed of 
the vehicle. As the magnet rotates, it manipulates 
an aluminum ring, pulling it in the same direction as 
the revolving magnetic field; the ring’s movement, 
however, is counteracted by a spiral spring. Attached 
to the aluminum ring is the pointer, which indicates 
the speed of the vehicle by marking the balance 
between these two forces. As the vehicle slows, the 
magnetic force on the aluminum ring lessens, and 
the spring pulls the speedometer’s pointer back to 
zero.

Electronic speedometers are almost universally 
present in late-model cars. In this type of gauge, a 
pulse generator (or tacho- generator) installed in 
the transmission, measures the vehicle’s speed. It 
communicates this via electric or magnetic pulse 
signals, which are either translated into an electronic 
read-out or used to manipulate a traditional magnetic 
gauge assembly.

The Manufacturing Process

Steel components
• To form molten steel, iron ore is melted with coke, 

a carbon-rich substance that results when coal 
is heated in a vacuum. Depending on the alloy, 

other metals such as aluminum, manganese, 
titanium, and zirconium may also be introduced. 
After the steel cools, it is formed into sheets 
between high-pressure rollers and distributed 
to the manufacturing plant. There, the individual 
parts may be cast into molds or pressed and 
shaped from bar stock by large rolling machines.

Plastic components
• The various plastics that arrive in an instrument 

manufacturing station were first created from 
organic chemical compounds derived from 
petroleum. These polymers are distributed in 
pellet form for use in the injection-molding 
process. To make the small parts for a 
speedometer assembly, these pellets are loaded 
into the hopper of a molding machine and melted. 
A hydraulic screw forces the plastic through a 
nozzle and into a pre-cast mold, where the plastic 
is allowed to cool and solidify. The parts are then 
gathered and transported to assembly stations.

Assembly
• The manner of assembly and degree of 

human interaction depends on the quality of 
speedometer. Some inexpensive speedometer 
systems are made to be “disposable,” meaning 
that the instruments are not built for easy 
disassembly or repair. In this case, the hardware is 
fastened using a process called riveting, in which 
a headed pin is inserted and blunted on the other 
end, forming a permanent attachment. Higher-
end speedometer systems consist of two major 
assemblies attached by screws; the advantage is 
that the inner hardware of the gauge is accessible 
for repair and recalibration.

• The inner shaft and speedometer assembly 
are then fitted into place with rivets or screws. 
The permanent magnets used in mechanical 
speedometers are compressed and molded 
before arrival at the plant, and therefore only 
require mounting onto the worm drive. In the 
case of electronic speedometers, fiberglass-
and-copper circuitry is also manufactured by 
vendors, and does require programming before 
it is screwed into the larger system. These larger 
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components are transported to a separate 
assembly station, where they are mounted into 
the housing with stud-terminal or blade-terminal 
plastic connectors. Beyond its primary duty as 
a protective case, the housing also serves as a 
platform for attaching exterior features such as 
the dial face, needle, and display window. Again, 
these processes require automation due to large 
output, but human effort is needed at every step 
to inspect and ensure product consistency.

Calibration
• Calibration is the process of determining the true 

value of spaces in any graduated instrument. It 
is an especially vital process in the manufacture 
of speedometers because driver safety is reliant 
on an accurate readout. In a mechanical gauge, 
magnetic forces produce the torque that deflects 
the indicator needle. When calibrating this type 
of gauge, an electromagnet is used to adjust the 
strength of the permanent magnet mounted in 
the speedometer until the needle matches the 
input from the rotating cable. When calibrating 
an electronic gauge, adjustments are made when 
calibration factors are written into the memory 
of the meter. The system can then refigure the 
balance between input from the transmission 
and output of the needle. New automated 
systems for calibrating both mechanical and 
electronic speedometers are now available, 
saving an immense number of the man-hours 
usually required for this process.

Quality Control
• Probably the most direct method of quality 

control is the calibration process. Auto parts 
manufacturers work under the measurement 
standards developed by International 
Organization for Standardization (ISO), which 
ensures that universal guidelines between 
gauge manufacturers are used. In-house quality 
assurance teams develop specifications for each 
new product before it moves to the assembly 
line, and the same teams later report whether 
those guidelines are adhered to on the factory 
floor. Gradual levels of assembly also involve 
inspection by factory personnel to make sure 

that the automation is working smoothly.

Byproducts/Waste
• No byproducts result from the manufacture of 

gauges. Waste materials include scrap metals 
and plastics, some of which can be reused in 
later production runs. Because the raw materials 
involved are prepared outside of the factory, no 
significant amount of hazardous industrial waste 
results from manufacture. Emissions from factory 
automation are government-regulated and 
surveyed by environmental protection groups.

The Future of Speedometer

Design firms are currently experimenting with 
improvements in speedometer readout, an effort to 
eliminate the moment of distraction needed for a 
driver to look down and gauge his or her speed. Digital 
readouts projected onto the windshield appear to 
be the next developmental step. Some proto-types 
for these speedometers actually make the readout 
appear as though it is floating over the engine 
hood. Because this type of display looks as though 
it is several feet beyond the steering wheel, drivers 
will be able to continually monitor speed without 
having to take their eyes off the road. The mirrors 
and projection devices used in this system could also 
be adjusted to suit the driver’s position, much in the 
same way that a rear-view mirror does. In addition, 
speedometer projection systems will eventually be 
integrated with navigation tools, allowing directional 
information to appear with gauge readouts.

How does The speedometer work?
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1. When the engine turns over, the driveshaft turns 
to make the wheels spin round.

2. The speedometer cable, powered by the driveshaft, 
turns as well.

3. The cable spins a magnet around at the same 
speed inside the speed cup. The magnet rotates 
continually in the same direction (in this case, 
counter-clockwise).

4. The spinning magnet creates eddy currents in the 
speed cup.

5. The eddy currents make the speed cup rotate 
counter-clockwise as well in an attempt to catch up 
with the magnet. Remember that the magnet and 
the speed cup are not joined together in any way—
there’s air in between them.

6. The hair spring tightens, restraining the speed cup 
so it can turn only a little way.

7. As the speed cup turns, it turns the pointer up the 
dial, indicating the car’s speed.
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Etymology

Telematics is derived from Greek words - ‘tele’ 
(far away) and ‘Matos’ (A derivative of the Greek 
‘machinari’). Combined Telematics describes the 
process of long distance transmission of computer 
based information. It was first introduced in France  
by Simon Nora and Alain Minc in ‘L’informatisation de 
la Société.’ (The computerization of the Company).

Introduction

Telematics is the term used to refer to the 
wireless connectivity between a vehicle and a 
telecommunication infrastructure.

Telematics is an integrated technology where 
telecommunication and IT technology are combined 
together to provide a single solution.

Telematics uses Telecom equipment to send, 
receive & store Information in a vehicle. Telematics 
connectivity can be machine to machine or machine 
to human.

Telematics is used in applications such as vehicle 
tracking, satellite navigation. It also plays major 
role in providing improved security to drivers and 
passengers.

In coming three years it is an analyst forecast that 
over 20% of new vehicles will born with Telematics 
in their body.

Telematics are an interdisciplinary field 

encompassing telecommunications, vehicular 
technologies, road transportation, road safety, 
electrical engineering (sensors, instrumentation, 
wireless communications, etc.), computer science 
(multimedia, Internet, etc.). Hence the application of 
Telematics includes any of the following:

Lexus Gen V navigation system
1. The technology of sending, receiving and storing 
information via telecommunication devices in 
conjunction with affecting control on remote objects.

2. The integrated use 
of telecommunications and informatics, for 
application in vehicles and with control of vehicles 
on the move.

3. Telematics includes but is not limited 
to GPS technology integrated with computers and 
mobile communications technology in automotive 
navigation systems.
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In contrast, telemetry is the transmission of 
measurements from the location of origin to the 
location of computing and consumption, especially 
without affecting control on the remote objects. 
Telemetry is typically applied in testing of flight 
objects but has multiple other uses.

This is what the Future of Worlds Automotive Sector. 
Every vehicle is embedded with the Telematics 
System providing more Road Safety.

Typical applications of Telematics
1.  Vehicle tracking
2.  Trailer tracking
3.  Fleet management
4.  Satellite navigation
5.  Mobile data
6.  Wireless vehicle safety communications
7.  Emergency warning system for vehicles
8.  Intelligent vehicle technologies
9.  Car sharing
10. Auto insurance

1. Vehicle Tracking
Vehicle tracking is monitoring the location, 
movements, status and behavior of a vehicle or fleet 
of vehicles. This is achieved through a combination of 
a GPS(GNSS) receiver and an electronic device (usually 

comprising a GSM GPRS modem or SMSsender) 
installed in each vehicle, communicating with 
the user (dispatching, emergency or coordinating 
unit) and PC- or web-based software. The data is 
turned into information by management reporting 
tools in conjunction with a visual display on 
computerized mapping software. Vehicle tracking 
systems may also use odometry  ordead reckoning as 
an alternative or complementary means of 
navigation.

GPS tracking is usually accurate to around 10–
20 meters, but the European Space Agency has 
developed the EGNOS technology to provide 
accuracy to 1.5 meters. 

2. Trailer Tracking
Trailer tracking is tracking the movements and 
position of an articulated vehicle’s trailer unit, 
through the use of a location unit fitted to the trailer 
and a method of returning the position data via 
mobile communication network or geostationary 
satellite communications, for use through either PC- 
or web-based software.

Cold store freight trailers that deliver fresh or frozen 
foods are increasingly incorporating Telematics 
to gather time-series data on the temperature 
inside the cargo container, both to trigger alarms 
and record an audit trail for business purposes. An 
increasingly sophisticated array of sensors, many 
incorporating RFID technology, are being used to 
ensure the cold chain.

3.  Fleet management
Fleet management is the management of a 
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company’s fleet. Fleet management includes the 
management of ships and or motor vehicles such as 
cars, vans and trucks. Fleet (vehicle) Management 
can include a range of Fleet Management functions, 
such as vehicle financing, vehicle maintenance, 
vehicle Telematics (tracking and diagnostics), driver 
management, fuel management, health & safety 
management and dynamic vehicle scheduling. Fleet 
Management is a function which allows companies 
which rely on transportation in their business to 
remove or minimize the risks associated with vehicle 
investment, improving efficiency, productivity 
and reducing their overall  transportation costs, 
providing 100% compliancy with government 
legislation and Duty of Care obligations. These 
functions can either be dealt with by an in-house 
Fleet Management department or an outsourced 
Fleet Management provider.

4. Satellite navigation
Satellite navigation in the context of vehicle 
Telematics is the technology of using a GPS and 
electronic mapping tool to enable the driver of a 
vehicle to locate a position, plan a route and navigate 
a journey.

5. Mobile data
Mobile data is the use of wireless data communications 
using radio waves to send and receive real time 
computer data to, from and between devices used 
by field based personnel. These devices can be 
fitted solely for use while in the vehicle (Fixed Data 
Terminal) or for use in and out of the vehicle (Mobile 
Data Terminal). See mobile Internet.

The common methods for mobile data communication 
for Telematics were based on private vendors RF 
communication infrastructure. During the early 
2000, manufacturers of mobile data terminals/AVL 
devices, moved to try cellular data communication in 
order to offer cheaper ways to transmit Telematics  
information and wider range based on the country 
full coverage of cellular providers. Ever since then, 
thanks to the cellular providers that offered low 
GPRS (2.5G) and later UMTS (3G) rates, mobile data 
is almost totally offered to Telematics customers by 
cellular communication.

6.  Wireless vehicle safety communications
Wireless vehicle safety communications Telematics 
aid in car safety and road safety. It is an electronic 
sub-system in a car or other vehicle for the purpose 
of exchanging safety information, about such things 
as road hazards and the locations and speeds of 
vehicles, over short range radio links. This may involve 
temporary ad-hoc wireless local area networks.

Wireless units will be installed in vehicles and 
probably also in fixed locations such as near traffic 
signals and emergency call boxes along the road. 
Sensors in the cars and at the fixed locations, as 
well as possible connections to wider networks, will 
provide the information, which will be displayed 
to the drivers in some way. The range of the radio 
links can be extended by forwarding messages 
along multi-hop paths. Even without fixed units, 
information about fixed hazards can be maintained 
by moving vehicles by passing it backwards. It also 
seems possible for traffic lights, which one can expect 
to become smarter, to use this information to reduce 
the chance of collisions.
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Further in the future, it may connect directly to 
the adaptive cruise control or other vehicle control 
aids. Cars and trucks with the wireless system 
connected to their brakes may move in convoys, 
to save fuel and space on the roads. When any 
column member slows down, all those behind it 
will automatically get  slowed  also. There are also 
possibilities that need less engineering effort. A radio 
beacon could be connected to the brake light, for 
example.

7. Emergency warning system for vehicles
Telematics technologies are self-orientating 
open network architecture structures of variable 
programmable intelligent beacons developed 
for application in the development of intelligent 
vehicles, with the intent to accord (blend, or mesh) 
warning information with surrounding vehicles in the 
vicinity of travel, intra-vehicle, and infrastructure. 
Emergency warning systems for vehicles Telematics  
are developed  particularly for international 
harmonization and standardization of vehicle-to-
vehicle, infrastructure-to-vehicle, and vehicle-to-
infrastructure real-time Dedicated Short Range 
Communication (DSRC) systems.

Telematics most commonly relate to computerized 
systems that update information at the same rate as 
they receive data, enabling them to direct or control 
a process such as an instantaneous autonomous 
warning notification in a remote machine or group 
of machines. By use of Telematics as applied to 
intelligent vehicle technologies, instantaneous 
direction travel cognizance of a vehicle may be 
transmitted in real-time to surrounding vehicles 
traveling in the local area of vehicles equipped (with 
EWSV) to receive said warning signals of danger.

8. Intelligent vehicle technologies
Telematics comprise electronic, electromechanical, 
and electromagnetic devices — usually silicon micro 
machined components operating in conjunction with 
computer controlled devices and radio transceivers 
to provide precision repeatability functions (such as 
in robotics artificial intelligence systems) emergency 
warning validation performance reconstruction.

Intelligent vehicle technologies commonly apply to 
car safety systems and self-contained autonomous 
electromechanical sensors generating warnings that 
can be transmitted within a specified targeted area 
of interest, say within 100 meters of the emergency 
warning system for vehicles transceiver. In ground 
applications, intelligent vehicle technologies are 
utilized for safety and commercial communications 
between vehicles or between a vehicle and a sensor 
along the road.

On November 3, 2009 the most advanced Intelligent 
Vehicle concept car was demonstrated in New 
York City. A 2010 Toyota Prius became the first LTE 
Connected Car. The demonstration was provided 
by the NG Connect project, a collaboration of 
automotive Telematics technologies designed to 
exploit in-car 4G wireless network connectivity.

9. Car sharing
Telematics technology has allowed car 
sharing services to emerge, such as Local 
Motion, Car2Go worldwide or City Car Clubin the UK. 
Telematics-enabled computers allow organizers to 
track members’ usage and bill them on a pay-as-you-
drive basis. Some systems show users where to find 
an idle vehicle. Car Clubs such as Australia’s Charter 
Drive use Telematics to monitor and report on vehicle 
use within pre-defined  geo-fence areas, in order to 
demonstrate the reach of their media car club fleet.

10. Auto Insurance
The basic idea of  Telematics  auto insurance is that 
a driver’s behavior is monitored directly while the 
person drives and this information is transmitted to 
an insurance company. The insurance company then 
assesses the risk of that driver having an accident and 
charges insurance premiums accordingly. A driver, 
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who drives less responsibly, will be charged a higher 
premium than a driver who drives smoothly and with 
less calculated risk of claim propensity.

Other than these, Telematics Offers below mentioned 
important values to car driver;
• Security Services - Services such as vehicle-

collision notification and emergency services are 
the core Telematics  features found on all systems

• Convenience Services - Telematics systems offer 
various convenience features to help vehicle 
owners out of a nonemergency jam, or just 
make their lives easier. The system can remotely 
unlock a car’s door after you’ve accidentally left 
the keys inside, for example. A Telematics system 
can also flash a car’s lights and sound the horn in 
a crowded parking lot to help you find it.

• Calling and Internet-Connected Search 
Many Telematics Systems offers hands-free 
calling using the cellular modem embedded in 
the car, and subscribers can purchase prepaid 
minutes. BMW Assist’s Convenience Plan allows 
subscribers to make up to four five-minute calls 
per year through the system if they forget their 
own cell phone or if it has a dead battery.

• Luxury automakers typically kick things up a 
notch in terms of conveniences. Mercedes-
Benz’s  mbrace system offers a service called 
Safe Ride that will contact a taxi company or help 
arrange other transportation if car owners feel 
they shouldn’t drive. Mbrace also has an alarm 
notification feature that alerts owners by phone, 
e-mail or text message when the vehicle’s alarm 
activates for longer than 30 seconds.

• BMW Search has an Internet-connected Google 
search of businesses and services that’s tied to 
the car’s navigation system. The feature also 
provides information on gas stations in an area 
and their fuel prices. It can even supply stock-
market indices. BMW Assist and Mercedes-Benz 
mbrace both provide traffic information and 
weather forecasts.

• Smartphone Apps - Telematics systems 
traditionally allow drivers to access services 
while they’re in the car. Now Smartphone apps 
for the systems let owners remotely control 
features while they’re away from the car. Most 
Telematics-system Smartphone apps let you 
unlock a car’s doors without having to call an 
operator. You can also remotely lock the doors 
if you forgot to do so before leaving the vehicle. 
On Star’s MyLink app also allows you to remotely 
start a vehicle. Hyundai’s BlueLink lets you do a 
remote start via an app, a toll-free number or an 
owner’s Web site.

• Most Telematics system apps also have a lights-
flash and horn-sound feature that makes it 
easier to locate a car in a crowded parking lot. 
BMW Assist and Mercedes-Benz mbrace show 
a vehicle’s  location on a map. The BMW My 
Remote app for the iPhone also lets you set the 
climate controls and send destinations found on 
Google Maps to the car’s navigation system.

Future of Telematics in Automotives

According to experts, car industry will evolve and 
develop a lot more in the next decade owing to the 
rise in internet connectivity and mobile technology, 
and ever evolving in-vehicle apps and infotainment 
systems. The industry is gearing up for the age of 
‘autonomous and connected cars’ and consumers 
and automakers are all set for the manifestation.
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Smart Home Technology
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Synopsis

Smart home technology has proved to contribute to 
increased independence and safety. It is a collective 
term for information and communication-technology 
in homes, where the components are communicating 
through a local network. The technology may be 
used for monitoring, alarming and executing actions, 
according to the programmed criteria.

Smart home technology is a collective term for 
information and communication technology (ICT) as 
used in houses, where the various components are 
communicating via a local network. The technology 
can be used to monitor, warn and carry out functions 
according to selected criteria.Smart home technology 
also makes the automatic communication with the 
surroundings possible, via the Internet, ordinary 
fixed telephones or mobile phones.

Smart home technology gives a totally different 
flexibility and functionality than does conventional 
installations and environmental control systems, 

because of the programming, the integration and 
the units reacting on messages submitted through 
the network. The illumination may for example be 
controlled automatically, or lamps can be lit as other 
things happens in the house. Smart homes is the term 
for houses with smart home technology installed. 
Good physical access is a prerequisite for the optimal 
utilisation of the technology. The requirements, 
called lifespan standards, represent a basic standard 
for physical accessibility.

Conventional Installations

With conventional installations every action must be 
actively triggered. To turn the light on, a switch must 
be pushed. Every action on the television set requires 
the handle of the remote control. Conventional 
installations are still the most usual.

Environmental Control Systems

In this guide we make a division between smart 
home technology, conventional installations 
and environmental control systems, even if 
environmental control systems strictly speaking is 
conventional installation. Environmental control 
systems technology is often classified as assistive 
technology for elderly and disabled people. These 
systems are most often operatedby a remote control, 
often through one command from the user resulting 
in one response from the system. They can be used 
without attaching to smart home technology. If a 
network or a data bus is installed, the integration of 
the two systems should be considered.Conventional 
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installations and environmental control systems 
cannot monitor incidents in the house or effectuate 
automatic actions as the integrated smart home 
technology can.

Application

Smart home technology is primarily used in 
residential homes and nursing homes where the 
technology was installed during the building process.
Residents may achieve:
• Increased safety
• Increased independence

Municipalities may achieve:
• Improved quality of services
• Improved working conditions for employees
• Financial benefits

Safety

Increased safety is of primary concern for the 
person living in a smart home, and often for the 
relatives and the employees too. The safety is 
based on the possibilities to register regular and 
irregular incidents in the house, as well as incidents 
not occurring. Such registrations can trigger off 
reminders or alarms. Alarms are rarely or never bells 

or red lamps associated with alarms in the health 
and caring sector. Most often the alarms take the 
shape of a message to employees, for instance a SMS 
(short message sender),vibration or a telephone call. 
Passive alarms may be triggered without the person 
having to take personal action. Passive alarms are 
used to avoid dangerous or harmful situations, and 
the use of such alarms must becarefully assessed 
ethically and legally. Incidents like fire, a fall or 
unfortunate consequences of nightly wandering 
can be prevented. Sensors to register weight in the 
bed can activate the lighting of the route to the 
toilet, when the bed is left. The smart home can 
also register the time lapse before the person has 
returned to bed. If too long a time lapse might be 
connected with a dangerous situation, for instance a 
fall, an alarm can be triggered. Sensors in the doors 
and windows register if these are open or shut. For 
example may the heating decrease when the door 
is opened during daytime, and an alarm can be 
triggered if the door is opened during the night. The 
last instance could be a sign of burglary or a resident 
on his way out. Ordinary burglar alarms can also be 
connected to the system, as can smoke detectors.

A “day/night” switch and a “home/away” switch are 
programmed so that, at the touch of one switch, the 
house is set in the desired state. At night potential 
fire-raisers, like coffee makers and television sets are 
disconnected and at day-time they are automatically 
reconnected. On leaving the house, the house is also 
set in the desired position. For a person who tends to 
forget important tasks, this may serve as a memory 
jogger. Safety can include some negative aspects, 
especially if the border of surveillance is trespassed. 
For some people, in particular for the older part of 
the population, safety based on technology might 
seem frightening. The use of technology can be 
experienced as alien and cold, whilst the regular care 
from employees is experienced as “real” care. Other 
users happily use smart home technology exactly to 
limit the number of calls, and thus the number of 
persons visiting them. The main point is to emphasize 
the need of individual assessments and adaptations.
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Independence

Several of the functions providing safety in the smart 
home, may also yield increased independence. An 
important bonus regarding independence is the 
possibility to live in your own apartment, to govern 
your own life, and to lock your own door. For some 
persons, for instance persons with senile dementia 
or learning difficulties, smart home technology can 
be an important prerequisite for independent living. 
Independence increases when the resident can 
master several tasks, and determine the time and 
way it should be done. By integrating environmental 
control systems in smart home technology several 
actions can be automatically triggered, for instance 
the drawing of the blinds as the television is switched 
on in daylight. Smart home technology may serve as a 
memory joggerand reduce worries about potentially 
dangerous situations. Technology can be a support 
both for physical and cognitive functions, for instance 
through integrating environmental control systems 
like opening and closing doors. Opening doors can 
be physically exerting and remembering to lock 
them might be mentally demanding. Saved personal 
energy can be invested in more meaningful activities.

Quality of the Services and the Workplaces

Employees in residential homes with smart home 
technology claim that their work has become more 
calm and structured, and that the technology has 
made their planning of the day easier. Experiences 

show that this tranquillity also affects the residents. 
This was particularly emphasised by employees in 
residential homes for persons with senile dementia. 
The wireless receivers make alarm bells and monitors 
in the corridor or the staff room superfluous. Hence, 
the staff may concentrate on the care tasks.

The introduction of new technology in a workplace 
can be a challenge. For some employees the smart 
home technology has yielded new and meaningful 
tasks, giving new perspectives to care and nursing 
occupations. Others emphasize the frustration when 
the technology fails, and the feeling of being forced to 
deal with new tasks. Several employees emphasized 
the importance of good training in the systems.

Financial Benefits

Financial benefits from the use of smart home 
technology as part of municipal services have 
not been investigated to any large extent. First 
and foremost the technology is introduced as a 
support for the residents and the staff and not as a 
replacement for human resources. In describing how 
technology might contribute to increased safety and 
independence, it is tempting to estimate the number 
of man-labour years that might be saved. The use 
of technology can yield better exploration of staff 
resources. None of the investigated municipalities 
had estimated possible additional costs followed by 
the installation of smart home technology versus 
conventional installations. The tenders had been 
made according to specifications of requirements 
related to one type of installation, making comparison 
impossible. In a possible comparison of costs, one 
must nevertheless compare two systems with very 
dissimilar functionality, making precise conclusions 
regarding costs and financial benefits difficult. The 
majority of the municipalities had included central 
management of energy-control as a part of the smart 
home technology. Some of those responsible for this 
central management believe that there are potential 
economic benefits in energy economising and that 
both the municipality and the residents are winners. 
The municipality may control heating and electricity 
consumption in common areas and offices as can 
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the residents in their apartments. The debate on 
financial benefits includes a diversity of arguments. 
The municipality must decide on the quality of the 
municipal services, and it must consider quality 
against economy. In the investigated municipalities 
the decisions on standards were dominated by the 
different partiesarguments.

Technology – Structure and Elements

In order to understand the potential of the 
technology, we will describe the different elements, 
which standards are relevant.

In general the components are divided into:
• Sensors; monitoring and submitting messages in 

case of changes
• Actuators; performing a physical action
• Controllers; making choices based on 

programmed rules and occurrences
• Central unit; rendering possible programming of 

units in the system
• Networks; allow communication between the 

units and possibly to the surroundings
• Interface; the users communication with the 

system

Sensors

Sensors monitor and measure activities in the 
surroundings. Examples are movement and heat 
sensors, humidity sensors, bed mats, thermometers 
and smoke detectors.

Actuators

Actuators perform physical actions. Examples are 
door- window- and garage door openers, curtain- 
and awning engines, automatic light switches and 
relays. Several of the components of environmental 
control systems are actuators.

Controllers

Controllers make choices based on programmed rules 
and occurrences. Controllers are microprocessors 
often built-in with sensors and actuators. They 
receive and process values from the sensor or 
other controllers. For instance the controller of 
a thermometer can be programmed to submit a 
message to switch off the electric heating when 
the temperature exceeds 22 degrees. This message 
is received by the heating controller, which will 
start the actuator. If on a hot day the temperature 
exceeds 23 degrees, a message can be submitted to 
the window opener to open the window.

Central Unit

All units in modern, decentralized bus systems have 
their own microprocessors (micro controller). Thus 
in principle no controlling central unit is necessary to 
manage the system after having programmed it. In 
practical terms however, a central unit it is useful for 
the re-programming, maintenance and changes in 
the system. Some units are delivered with their own 
central units, whilst others use a PC with additional 
software. In residential homes the programming and 
re-programming of the system must be simple and 
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intuitive. A good user interface, documentation of 
the system and training of the staff are important 
factors for the system to be used in an efficient way. 
Residential homes often have one or two “super 
users” responsible for the reprogramming of units, 
which is password protected programming. In 
residential homes or institutions with a staff room, 
a PC will receive all the alarms. Such solutions can 
be combined with cordless telephones, for instance 
through using PCs during daytime and cordless 
telephones or cell phones during night time for the 
receiving of alarms.

Network/Data Bus

The network is the transmitter of the signals in the 
system. The most used transmitters are signal cable 
(twisted pair), strong current cable(power line), 
radio signals (RF) and to some extent lights (IR or 
optical fibres). All modern smart home systems has a 
bus-based network. In a bus-based net all the units in 
the system may read all the messages. The messages 
include the address of the one or several units who 
are to receive the message. The system unit or units 
recognising their ownaddress react to the content 
of the message. A unit can receive a message 
individually or as member of a group. Hence, in one 
case a message can be submitted for one lamp to 
light, and in another case a message for all lamps to 
light.

Bus Standards

The units in the system must “speak the same 
language” in order to interact. This implies the same 
standards regarding physical interfaces, cabling, 
contacts, electrical current levels and in the structure 
of messages to be interchanged. There are several 
standards both on the physical and the logical level.

Open and Proprietary Standards

Producers of smart home equipment must choose 
the standards their equipment are to follow. Some 

producers have made their own standards, where 
one or a few suppliers own the rights and are the 
sole suppliers of equipment for this standard. Such 
standards are called proprietary. By choosing such 
systems the customer might be dependent of the 
supplier for management, extensions and repairs of 
the system. Other standards are developed through 
co-operation between the industry and interested 
parties within the framework of public standardisation 
bodies. These standards are accessible for all and 
are called open standards. Systems based on open 
standards provide the customers with greater 
freedom of choice in relation to suppliers, or in 
choosing another supplier or service company.

By choosing equipment with proprietary solutions, 
one must either relate to the sole supplier or 
“translate” between the standard used by the bus 
system and the signalling system of the equipment. 
This usually implies the installation of additional 
equipment to convert the signals. This might be cost 
increasing, imply loss of functionality and impede 
maintenance.Systems based on open standards 
are the most beneficial, because one is in a better 
position to choose freely between equipment and 
service suppliers.

The most relevant standards are:

EIB (European Installation Bus) is an open standard 
widely used in Europe. All municipalities in our 
surveys used the EIB. EIB is available for powerline 
(EIB.PL), signal cable (twisted pair: EIB.TP) and radio 
(EIB.RF). EIB.TP is currently the most widely used in 
smart homes.

KNX is a new standard resulting from an amalgamation 
of three European bus standards, with EIB being one 
of them. KNX is expected to replace EIB in the near 
future. Today we refer to “EIB / KNX” as a common 
term.

LON (Local Operating Network) is a proprietary 
standard, used for energy-control, steering 
machinery and access control systems in industry 
and larger buildings. The standard is mostly known 
for powerline signalling, but also supports signal 
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cables (twisted pair), coaxial cables, radio and fibre 
optical transmission.

X10 is a standard for powerline signalling, widely 
used for management of domestic electrical 
commodities, like lamps and radiators. It is also used 
in environmental control systems in single houses. 
The protocol has a small range of commands, limited 
to start and stop.

BACnetis a standard developed in the USA for the 
control of functions in larger buildings, but has so 
far not been observed in European smart homes. 
BACnet is supposed to easily communicate with the 
EIB.

Internet protocol (IP) is not used as a bus system, 
but is relevant for communicating in and out of local 
networks during re-programming and maintenance.
Networks based on the mentioned standards are 
able to communicate with other systems, but the 
functionality in the interconnected system will not 
be better than its weakest link. A standard called 
OPC (Open Connectivity) describes the interface 
for interaction between networks with different 
standards.

Capacity and Net Speed

Signals and messages to be transmitted in smart 
homes are normally, short messages with relatively 
little information content. It is normally not 
critical if an alarm is received in 1/1000 second or 
1/10-second, even if waiting periods between the 
user activating an occurrence and the occurrence 
being executed must be avoided. It is probable that 
all the mentioned protocols have good capacity for 
transmitting signals. Reservations must be taken for 
the powerline signalling, which should not be used 
for larger common installations. The reason is that 
signal cables, both optical and twisted pairs, have a 
higher capacity and are less sensible for disturbances 
than are powerline or radio transmission. Other 
transmission of data, such as speech, videophone 
or ordinary television signals will normally have 
separate cables.

Communication in and Out of the House

Alarms and management/maintenance of the 
system are the two types of traffic most relevant for 
outward and inward communication in the house. 
Alarms are priority traffic and must get through 
immediately. It is important to be aware that the 
SMS protocol does not guarantee delivery of text 
messages within given time limits. Other possibilities 
for outward communication from the house are 
fixed telephones and Internet based communication. 
Management and maintenance tasks can be carried 
out by the central unit being connected to the 
Internet. In that way configuration, fault location and 
re-programming in principle may be carried out from 
anywhere.

Interface
Standard Units
The interface allowing the communication between 
the user and the smarthome technology are often 
equivalent to mainstream installations, such as a 
light switch, a door lock or a cooker. The devices are 
utilized by the resident, when needed. However, one 
should be aware that the design and function might 
be unfamiliar, for instance if there is a “switch-on” 
and a “switch-off” for the lamps. Such designs may 
thus be a challenge to use.

A smart home can include several interfaces between 
the resident and the system. Examples are a medical 
alarm (a press-button to call for attention) or special 
buttons and remote controls for the managing of 
curtains and awnings. The units must be simple to 
understand and to use, and they must endure the 
use for which they are designed. Remote controls 
should for instance survive being dropped on the 
floor, impacts and vapour. In addition they should be 
of a good design, well fitting into the flat. Staff  are 
receiving the alarms and messages from the system, 
they check on the situation and then sign out the 
alarm. There are several possible solutions for the 
transmitting of alarms. The transmittances must be 
reliable, be simple to read and easy to sign out the 
messages.
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Mobile Phones
Several municipalities have chosen SMS messages 
for transmitting occurrences, in particular where 
the receiving person is ambulating. It is important to 
be aware that the SMS service does not guarantee 
that a message reaches the receiver within a given 
time, or reaches him at all. Many users of SMS have 
experienced this particularly on very busy days, for 
instance on New Year’s Eve. The solution to this 
problem is to send a new message to another receiver 
if there is no response to the first one within a given 
time, and then to a third one, maybe back to the first 
again, until the message is signed out. Another way 
of dealing with this is to carry out regular controls 
of important lines. Alarms in lifts are operating from 
such lines. Both fixed line connections and GSM 
can be checked in this manner, and it is possible to 
subscribe to such regular checks. Dependent on the 
type of subscription, lines may be checked anytime 
from once a day to several times a minute. Routines 
for fault locations, and plans of action in case of 
faults is highly imperative, as faults will occur from 
time to time.

Cordless Dect Telephones
Within a local digital telephone network, cordless 
telephones can be used to receive messages on the 
display, equivalent to SMS in the mobile network.

Standard Installation/Basic Package
During the planning of residential homes and 
institutions, consideration must be taken on what 
standard infrastructure and standard equipment isto 
be installed in all apartments (basic package), and 
what might be activated and installed for individual 
residents. A thorough assessment must be done as to 
how the infrastructure should be for all apartments, 
to reduce the need for later installations.

Elements relevant to consider, include:
• Automatic lighting the in bedroom, hall and 

bathroom on leaving the bed
• Heat sensor above the cooker
• Humidity sensor in the bathroom
• Fire alarm, automatic lighting in escape corridor 

and unlocking of electrical door-locks, if installed

• Sensors in windows and doors

During the Building Process or Later

The ideal situation is to enter the planning process 
at an early stage when constructing new buildings. 
In particular where structured cabling is installed, 
i.e. cables drawn to fixed points in all units, it will be 
simpler, cheaper and neater to include this during the 
building. It is recommended to install at least one point 
for signal cables in each room, preferably in places 
where further cabling can be kept at a minimum. 
The installation of windows and doors should be 
dimensioned for electric openers. Sometimes there 
is a need for power supply in “unusual places” like 
above the door case, in addition to the signal cable. 
The additional cost through drawing of cables for 
future planning, should be compared with costs 
and inconveniences arising from later installations.
Some of the advantages of installing smart home 
technology during the building process:
• Cheaper
• Part of a totality
• Savings also for parts of conventional installations
• The installation can be concealed

In Case of Power Failure

Normally one includes emergency power in all 
installations, even if this is not required. The 
emergency power unit, called UPS (Uninterrupted 
Power Supply), must serve both the central unit, 
transmission systems, lights and door openers 
long enough for the residents to communicate 
or to escape. As there are several ways to utilize 
emergency power, the choice must be made for each 
installation.

Passive Alarms

Smart home technology makes the use of passive 
alarms possible. Passive implies the triggering of an 
alarm as certain, predefined criteria are fulfilled, for 
instance a resident opening the door at a certain 
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time. Such use of alarms require thorough ethical 
assessments, because the occupant is not necessarily 
aware of the alarm being triggered and the 
subsequent information being transmitted. Passive 
alarms are often used in housings for residents with 
learning disabilities or senile dementia. Many of these 
persons have reduced abilities to consciously agree 
to such use of the technology, and this reinforces 
need of thorough ethical assessments. The alarms 
can be selective, and may be activated and used in  
different ways. Among others, an electronic chip can 
be attached to the individual resident, activating an 
alarm as the person passes a sensor, for instance at 
the entrance door. With such a selective alarm, it will 
not be triggered as other persons pass the sensor. 
Certain solutions are ethically less problematic, 
while others imply great restrictions of the resident’s 
private life. With these kinds of alarms one can avoid 
dangerous situations, or call for assistance. The 
resident himself may not necessarily feel the need 
for assistance. The resident might not even view 
his own need for assistance in the same way as his 
relatives or the welfare services. It may, however 
be ethically unjustifiable not to use technology that 
yields greater safety.

Tracking Systems

Technology allowing tracing a lost person is available, 
by equipping the person with an electronic chip. 
This type of technology are mostly used for persons 
being disoriented and having lapses of memory. This 
type of technology is regarded as less radical than 
the locking of exit doors and may, for certain people, 
be a good alternative to such locking. All the same 
it is emphasised that tracking systems can be more 
radical than the use of alarm systems, because they 
can be used to trace a person continually. The use 
of tracking systems thus raises a series of ethical 
questions.

Monitoring Systems

Monitoring systems transmitting sound and pictures 
of individuals are regarded as far  more impeding on 

the resident’s integrity than are alarms and tracking 
systems. Monitoring submit a large amount of 
personal information and the use of such systems 
should be avoided.

Solutions Limiting Individual Freedom

Technology can be used to limit individual freedom. 
The locking of doors and similar measures implies 
a limitation of freedom and is, according to current 
legislation, in most cases illegal. An example of using 
technology is a selective door-locking system, as 
mentioned above. The ethical questions are linked 
to the locking of doors, not necessary to the use 
of technology. The most important aspect is the 
retention, not the technology.
 There are two legal bases:
• Informed consent
• Statutory basis

Informed Consent

It is based on the principle that the individual decide 
whether or not assistive technology is what he or 
she wants, that is, a consent is required. For health 
services this follows the Patients’ rights. Other types 
of assistance follow non-legislative regulations. 
Some persons can for various reasons not be able to 
give their consent. This include persons with senile 
dementia, learning disabilities, brain injuries and 
some  times persons with mental diseases. Other 
residents, in particular elderly, can have difficulties 
in understanding and give an informed consent to 
the use of advanced technology. Informed consent 
implies that the person receives sufficient information 
on the assistive technology concerned and that he 
understands enough to make his own decision. An 
informed consent implies not only information on 
the technology itself, but also of the implications of 
the use of the technology. It should be considered 
whether the person is able to give an informed 
consent, and viewed in relation to how the technical 
solutions are to be used. A trustee or supporting 
guardian may in certain cases give consent on behalf 
of the person.  In practical terms it is a problem that 
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many persons unable to make such decisions do not 
have trustees or supporting guardians. If not possible 
to get an informed consent, a statutory basis is 
required for the use of radical technical solutions.

Statutory Basis

In many situations it will be unclear if authorisation 
is given to implement a radical measure. In these 
cases it is important to clarify the legality of the 
measure before it is eventually implemented. The 
municipality is responsible for the legality of the 
implemented measure. Legal considerations always 
include an element of assessment or judgement. 
It is important to make a thorough account of the 
assessment that the proposed municipal initiative is 
based on, including the ethical aspects.

Ethical Principles and Assessments

Regardless whether the chosen solution is regarded 
as radical or not, the use of technology must fulfil the 
needs of the individual, and not be a bad excuse for 
lack of human care. Employees and decision makers 
must among others assess whether:
• Is it professionally and ethically proper to use the 

chosen technical solution?
• How much of an infringement does the technical 

solution imply on the person’s private life, 
independence and personal freedom?

• Is the technical solution necessary in order to 
prevent or limit damage?

• What kind of damage is there a risk of?
• How probable is it that not using the technology 

will result in damage?
• Is the infringement resulting from the use of the 

technology proportional to the danger we want 
to avoid or reduce?

• How well suited is the technical solution to meet 
or avoid the dangerous situation?

• Are there any alternatives not implying 
infringement or less radical?

For instance is it possible to alter the home help?
As a general principle the least radical alternative 
should always be chosen.

Types of Housing

Smart home technology can be installed in any 
type of housing. As is the case for conventional 
installations, there are several arguments in favour 
of installing during the construction process, even if 
retrofitting is possible. In smart house, technology 
is installed as part of the municipal services during 
the construction of residential homes and in nursing 
homes. This guide is based on the experiences from 
housing, not institutions. The housing is among others 
called care homes, group homes and multi-occupied 
houses. We have chosen the term residential homes 
as a common term. The main point is that they are 
homes and not institutions. The municipalities often 
allocate the houses to persons in need of municipal 
domestic services. In the private market housing 
smart home technology is more frequently offered 
to all kinds of buyers. These apartments often 
have a relatively high standard and are relatively 
expensive. An increasing number of apartments 
with a so-called “senior profile” are constructed 
privately, incorporating smart home technology. 
The target group is elderly people planning their old 
age. In addition providers and electricians inform 
that they more and more often are employed in 
installing smart home technology in private homes. 
Smart home technology in private projects is used to 
increase security, comfort, energy economising and 
entertainment. The technology installed for such 
purposes should be utilised if the occupants at a later 
stage need alarms or environmental control systems 
because of normal ageing or disabilities.
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Financing

As the financing will vary in the different countries, 
the In short, the smart home technology is financed 
as part of the building as it mainly is during the 
building of residential homes the technology is 
installed as part of the home services. The cost of the 
installations is covered by the rent, as is the rest of 
the construction cost.

The National Insurance Administration

Disabled persons may apply for  support, which 
they might receive, free of charge, if the criteria for 
support are fulfilled. So far, smart home technology 
is not defined as assistive technology by the National 
Insurance  Administration, whereas several devices 
that can be integrated in the smart home are. 
Examples are environmental control systems and 
some alarms. The financing was tried out in the 
project  “Smart home for young people” where a 
disabled man applied for support for the retrofitting 
of smart home technology in his flat, which was 
not in a residential home. He was granted the 
environmental control system, but not the network, 
hardware or software to integrate it all, in order to 
make the system “smart”.

Financial Challenges

The challenges with the financing of smart home 
technology are connected to the splitting of expenses, 
ownership and responsibility in the building of 
residential homes. The government partially funds 

the building, the municipality is managing the 
building and the National Insurance Administration 
may contribute with assistive technology to 
individuals. During the planning of residential homes 
it should be made clear who is financing what. Are 
the installations for all, and hence the responsibilities 
of the building owner, and are there any individual 
needs for assistive technology to be financed by 
the National Insurance Administration? Analyses of 
the assumed needs of most of the residents must 
form the basis of a standards installation on all the 
apartments. The financial challenge in separate 
flats or detached houses is at present the fact that 
smart home technology is not classified as assistive 
technology.

User Requirements

The user’s  needs must be carefully assessed before 
planning any technological solutions. There are 
several groups of users of smart home technology as 
part of the municipal services:
• The residents
• Home care staff
• Technical services or management staff
• The municipality as an organisation and decision 

maker.

The needs of all these groups forms the basis of 
the planning. The needs are transformed into user 
requirements, which in turn form the basis for a 
specification of requirements.

The Residents

Specific documentation is imperative when passive 
alarms, trackingsystems or other installations 
infringing on the integrity of the individualare 
activated. On connecting such alarms, routines 
must be developed for information and the granting 
of consent from the resident and maybe fromthe 
relatives or trustees.

The user requirements for the residents:
• Interdisciplinary based
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• Thorough assessments of individual needs
• Technical solutions should be simple, intuitive 

and based on the principles of universal design
• Good routines and guidelines for information 

and the granting of consent
• Written documentation of connected technical 

solutions should be available in the apartment

Home Care Staff

The specification of requirements must also consider 
the interests of the employees, as technology 
becomes an important part of their work conditions. 
The alarms must be easy to sign out and the number 
of keystrokes should be kept at a minimum. A receipt 
must be sent for signed out alarms. Smart home 
technology makes possible the use of differentiated 
alarms, which means that the recipient receives a 
message on which alarm or sensor was activated. 
In many situations it is important to know if for 
instance the door alarm or a fire alarm was activated. 
Programming for new residents and changes in 
the programme must be intuitive, with a user 
interface adapted to the computer knowledge of the 
employees.

Summing up of the user requirements for the staff:
• The technology must be reliable
• The employees must be trained
• The alarm receivers/telephones must be easy to 

learn
• The alarm receivers/telephones must be handy 

to carry
• The alarm receivers/telephones must tolerate 

bathroom vapour
• The alarm receivers/telephones must tolerate 

being dropped on the floor
• The alarm receivers should give differentiated 

messages

Technical Support Staff

Several municipalities have involved the technical 
support staff in central and technical management 
of the building. Hence the smart home technology 

also affects their working situation. Some employees 
in technical departments claim that training and the 
use of smart home technology as a managerial tool is 
a positive experience yielding increased motivation 
and interest in their work. Often the smart home 
technology manages and controls the heating, 
ventilation and technicalalarms. Technical support 
staff has special passwords for such technical 
management. Guidelines for level of authority for 
changes and adjustments must be available.

Summing up of user requirements for technical 
support staff:
• Technical support staff also need training
• Clear routines and distribution of responsibility 

for changes, adjustments
• and programming
• Clear routines and distribution of responsibility 

for service and maintenance

The Municipality

There are great differences in the municipalities 
regarding their knowledge of and experience from, 
smart home solutions. In the current situation we 
can divide the municipalities into three groups:
• Municipalities having knowledge and experience 

with smart home technology
• Municipalities having knowledge on smart home 

technology, and chosen not to use it
• Municipalities lacking knowledge and thus also 

experience with smart home technology

The needs of the municipality must be analysed in 
a cross-departmental and multi disciplinary way, 
because smart home technology affects several areas 
of responsibility and services. Those most affected 
are the health, nursing and care services, technical 
support services and house allocation services. Smart 
home technology is a topic for political decisions 
regarding housing, in discussions on the quality of the 
nursing and care services and as part of discussions 
on future needs for the inhabitants. Central issues 
affecting municipal decisions are:
• Which standard should the nursing and care 

services have?
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• How may smart home technology affect these 
services?

• Which level of technological expertise does the 
staff have?

• How are the receiving of alarms to be organised?
• Who is to have the overall responsibility for the 

smart home technology?

The list of questions might be even longer and will 
vary in the different municipalities.

Success Criteria
When introducing smart home technology, the 
success criteria depend on a number of factors. 
It is not sufficient that all the requirements in the 
specification have been fulfilled. The specification 
of requirements is based on the needs, wishes and 
expectations of both the residents and the staff. 
Whether one has succeeded or not will probably also 
be a matter of opinion. The success criteria below are 
the ones mentioned by several municipalities.

Interviews with the employees revealed how culture 
and stories about technology have an impact on 
attitudes and ability to recognise the possibilities 
it provides. In some municipalities the smart home 
technology yields enthusiasm and commitment, in 
others scepticism and resistance.

Success criteria are here sorted according to topics:

Political and Administrative Decisions
• Early involvement of staff in the planning 

processes
• Training in the possibilities of smart home 

technology
• Involvement, both from political and professional 

management
• Decisions on financial framework and budgetary 

control

Planning
• Multidisciplinary organisation and involvement
• Training in communication with, and making 

demands towards suppliers and contractors
• Co-operation with the residents, relatives and 

other user representatives

User Needs and Specification Requirements
• Thorough, correct and multidisciplinary 

assessment of the residents’ needs and wishes
• Thorough estimation and analyses of the staff’s 

needs and wishes
• Communication between all parties during the 

development of the specification of requirements
• Thorough assessment of needs for, and content 

of management and maintenance contract.

Installation
• A clear allocation of the responsibilities in the 

municipality
• Participation of the residents and their 

representatives
• Participation of the employees

Management
• Information on smart home technology must be 

accessible
• Procedures for information to the residents and, 

if relevant, to their relatives
• Procedures for getting consent from the residents
• A plan and defined responsibility for training
• Practical training of all staff, including part-time 

staff, night-staff,deputies and students
• Training of staff responsible for central 

management
• Training of staff responsible for the smart home 

technology as a whole
• Procedures for changing the programming
• Procedures for extension of the residents’ 

installation
• Procedures for testing and fault location
• Procedures for rectification of faults, 24-hours a 

day and 7 days a week
• Procedures for evaluation and adjustments
• Exploit the advantages of combination of the 

different alarms, in relation to ownership, 
transfer system and the reception of alarms
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Art Homes (Home Automation)

Depending on the user’s needs, a smart house 
can include a basic network of wires operated by 
a central control panel in the home, while others 
might utilize wiring that allows the user to operate 
the appliances and features remotely from any area 
of the house—or even from outside the home—
using a remote-control device similar to a television 
remote control “clicker.” Through either method, 
home automation provides relative ease of use. 
Much of the work is carried out by the system itself, 
where it detects activity and discerns information 
based on homeowner input. The key goal for home 
automation is to give the occupant total control over 
the house from anywhere in the house or from a 
distant location.

Home automation can range from (1) simple, fixed 
applications with pre-defined and pre-established 
operations, to (2) applications and devices that are 
programmable by the user, to (3) fully flexible and 
automated applications and networks of devices 
that provide information to the home consumer or 

that can be programmed to share the information 
with others.

Historical Evolution

A major focus of this technology, which has existed 
since the 1980s, has been to provide convenience, 
personal comfort, security, and energy-conservation; 
for example: 
• All windows and doors can be locked from a 

central location in the home. 
• A telephone call to the house can turn on the 

coffee, oven, or other elements. 
• Lights can be programmed to turn on and off 

when someone enters and leaves a room. 
• Exterior sensors can turn lights on and off in 

response to the amount of daylight entering the 
home.

Benefits
• Security 
Advanced technology in the area of home security 
has provided a convenient and safe way to keep 
homes and family members out of danger, with 
improved methods of detecting a variety of unusual 
activities and potentially dangerous situations—both 
inside and outside the house. 

• Healthcare 
Costs: It is more cost-effective for older adults and 
persons with disabilities to remain living at home 
for as long as possible, with assistive, supportive, 
and health-monitoring devices, than to be placed in 
healthcare institutions.

Staffing decline: Appropriate and judicious use 
of smart house, home automation, and tele-care  
technology can be successfully used as one strategy 
to address this decline.

Older adults and people with disabilities:
Smart-based technology, integrated into the home 
environment, supports the ability of older adults and 
people with disabilities to continue living safely in 
their own homes for longer periods of time.
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Such technology increases a user’s ability to be self-
managing for longer periods of time—promoting 
feelings of competency and reducing vulnerability to 
depression.

Caregivers-emotional and physical support:
The availability of smart house technology supports 
the substantial caregiving efforts of the nation’s 
millions of family caregivers:
Caregivers’ emotional and physical stress is reduced 
by (1) reducing the number of hours of hands-on 
physical assistance needed by a frail or impaired 
family member, and (2) allowing caregivers to 
monitor family members and perform tasks from a 
remote location.

A caregiver’s ongoing emotional worry about the 
well-being of a frail or impaired family member is 
reduced by (1) increasing the safety and security of 
the family member’s home environment, and (2) 
delaying or eliminating the traumatic decision of 
relocating a family member out of his own home and 
into another environment.

• Ease of use 
Advancements in technology, together with 
increasing knowledge of and experience with 
computers and computerized devices by the general 
public of all ages, has made smart home technology 
much easier to use and to adapt to daily routines. 

• Rural areas
Smart house technology is especially attractive for 
use in rural areas, where lack of proximity to health 
care could compromise medical conditions. 

Conclusion

Smart houses (or homes) are known by a variety 
of names, including intelligent homes, home 
networking, home automation, sensor-embedded 
houses, and adaptive homes.

Smart home technology refers to houses installed 
with monitoring systems (sensors, actuators, and 
biomedical monitors) and special wiring to enable 
residents to program, control, and operate an 
assortment of appliances and other household 
features throughout the house. Smart homes have 
been defined as the integration of technology and 
services through home networking for a better 
quality of life.1 Monitoring devices, such as sensors, 
are small and can be installed anywhere—inside or 
outside the home, or worn by an individual.

The use of modern technology is adding to a safe and 
comfortable living environment for everybody. For 
the disabled person, the benefits are even greater. 
Smart home technology has proved to contribute 
to increased independence and safety for lots of 
end-users, their families and carers. Smart home 
technology may be used to minimize disabling 
obstacles.
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