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Lecture - 21
Introduction to construction safety

[FL] and welcome back to the series of lectures on Principles of Construction
Management and today we start an entirely new topic construction safety. We will be
talking about different aspects related to construction safety in this module. Today we
will just do an overview of what construction safety in tales a kind of things that go on

and so on.

Now I must acknowledge the help and support from my friends and colleagues in the
construction industry and academic institutions who have help me repair this material.
And I am especially grateful to processor KN Jha of the Department of Civil Engineering
at IIT Delhi and Shri AK Tripathi and Shri Prabhat Narayan who are experts in safety
and work in different places in the country for sharing the valuable information and
having given me permission to use some of the material in some of the information in

this present lecture and also in this module.
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While working at a construction site, a worker is exposed to many safety

and health hazards.

Few examples:

+ A carpenter who erects formwork is exposed to fall hazards while
climbing the formwork

= Worker is at a risk of being struck by falling objects

= Workers moving at the site come across electrical wires used for
temporary illumination works

Hazards at a work site may have immediate impacts like accidents or
may have a gradual effect on the health of people involved
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Now, to get started while working at a construction site a worker exposed to many safety

and health hazards some of these examples could be a carpenter who erects formwork is



exposed to fall hazards while climbing the formwork. A worker is at risk of being struck
by falling objects, he may just be walking on the ground and they are may be work going
on at a height and a nut or a bolt or a screwdriver whatever it is may simply fall and hit
among the head it need not be a worker. In fact, it could just be a passer by this happens
very often when you are trying to do construction work, in built environment, in urban
areas. Workers moving at the site come across electrical wires used for temporary
illumination works they can flip on those wires, the wires can causes short circuit and

cause of fire and so on.

If you are working in marine environment or near the water there is always the
possibility that the worker may fall in water and there is a drowning issue involved. If
there are operations like welding being carried out there is an entirely different set of
hazards that are faced by construction workers. So, construction safety is an important
aspect we do not want to have accidents at site and it is an important responsibility as far
as the construction manager is concerned to ensure that the construction site is accident
free hazards at work site may have immediate impacts like accidents or may have a
gradual effect on the health of the people involved and that is why we often deal with
accidents and health hazards together and the environment is often called HSE which is
health safety and environment. So, these three things are very closely linked to each
other and are often help together as far as the corporate policies are concerned. In fact,
even regulatory authorities like the OSHA is the Occupational Safety and Health

Administration.

This regulatory body which is a US regulatory body deals with occupational safety and
health. We are of course, talking of occupational safety and health, as far as construction
workers are concerned construction is there occupation and all that environment there

basically involves concerns about their health and their safety.



(Refer Slide Time: 03:34)

@@=  Department of Civil Engineering
3 Indian Institute of Technology Kanpur

A hazard is something which has the potential to cause an
accident or an injury. E.g. heavy overburden on the edge of
excavationis a hazard.

The risk the likelihood that a hazard will result in an accident.

Accidentis an ev teh.is Unplanned, Undesired,
Unexpected and Uncontrolled, and, which may or may not result
in damage to property or injury to person or both in the course

of the employment

So, before we move further we should try to have more precise understanding of some of
the words that we will use a hazard is something which has the potential to cause an
accident or an injury. For example, heavy over burning on the edge of an excavation is
an hazard. The risk is the likelihood that hazard will result in an accident and the
accident itself is an event which is unplanned undesired unexpected and uncontrolled and
which may or may not result in damage to property or injury to person or it may result in

both in the course of employment.

So, these four words unplanned, undesired, unexpected and uncontrolled these are very
important to understand in the context of an accident. All afford as far as safety is
concerned is directed towards reducing the chances or the probability of an accident
occurring at sight because it is uncontrolled at the end of it sometimes we really do not
know what would be the result of an accident. It could be something which you will just
not forcing now before we go further I would like to share with you some of the
photographs of construction related accidents and; obviously, as a civil engineers we
cannot be proud of them these are something which is a very very difficult situation for
us to reconcile with and we must leave no stone unturned in ensuring that these kind of

things do not happen at sites where we are in charge.
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' Collapse of one floor leading to another
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This picture here is the collapse of floors in a multistory building. Now how that

happened why that happened is a different matter. The fact that some of these floors have
simply collapsed while the building is under construction is a matter of great concern, it
could have happened because of faulty materials, it could have happened because of
faulty designs, it could have happened because of faulty or bad workmanship in terms of
erecting formwork removal of formwork and so on and that is exactly what is the issue.

Construction safety involves handling these things learning lessons from them and

ensuring that the accident is not repeated.
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View of collapsed waffle slab
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This is another accident where we can see the collapse of a waffle slab. So, we can see
that once an accident happens there is so much of reconstruction that has to be done,
there is so much of loss that has happened that it is very very difficult to recover from
that. The cost of an accident is simply very high those are things which we need to talk

about and at least be aware of as construction professionals.
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This picture here shows bent shoring, now this bent shoring could be on account of

excessive loading.
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This is a view of a collapsed deck slab between two piers.
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A portion of the slab which failed due to concrete overloading

A
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This picture here you can see this sky because the slab between the two piers has simply
collapsed a portion of the slab which failed due to concrete overloading. Now there is no
question of overloading as far as the structure is concerned the structure is not even in
service if the causes overloading then it is loads while construction is going on, at that
time you must remember that the concrete may not have achieved full strength. So, we
have to be very careful and plan for what are the loads that are likely to come on their
structure while it is being built and make sure that concrete at a given point in time has

sufficient strength to with stand those construction loads.
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Failure of Launching Girder
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Here is another view of the portion of the beam and slab formwork that has collapsed.
So, here is the entire slab which has just caved in here is the picture of the failure for
launching girder you can see that working in built up areas has its own challenges, it has
its own implications in terms of consequences of failure the effect on passes by and so
on. Now this is yet another picture of an accident where there is a metro bridge span that
has collapsed the intention of going through some of these pictures was not to discuss the
accidents or discuss the causes of those accidents, but just to show you that construction
accidents are very very painful to see their very painful to investigate, but yet it is an
important that a construction manager understand the issues involved in construction
safety and take steps that accident do not happen at their site and if each manager ensures

that we will indeed have a accident free construction industry.

With this let us try to move on to some more discussion as far as construction safety

related issues are concerned.
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EVOLUTION OF SAFETY cont...
1966 National safety Council was Setup. March 4 of every year is
celebrated as National Safety Day.

August | Lok sabha passed construction workers bill to regulate the work
conditions on all construction sites.

1998 The central rules on building & other construction workers
(regulation of Employment & Condition of Service) also came in
existence.

Various state governments are in advanced stages of framing
rules
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This slide here shows how over the last about hundred and fifty years different aspects of
construction safety and industrial safety have evolved as far as the world is concerned
and as far as India is concerned it was in 1996 which was a milestone when the Lok
Sabah passed the construction workers bill to regulate the work conditions of all
construction sites and the central rules on building and other construction workers call
the BOCWA came into effect and various state governments are now in advance the
stages of framing the rules. And I had leave it to you to try to understand or try to do a
little bit of search and find out what these rules are will talk about it a little when we are
talking about legal issues related to construction and also what are the provisions which

are the states that have implemented them in India and so on.
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6,000 die every day due

to hazardous work: ILO  umbsisuiysz 2008

Now, this picture here just a snapshot taken from the times of India of 2004 and it says
that 6000 people die every year due to hazardous work. Now when it comes to these
numbers we have to remember these are statistics the number which have been collected
by agencies from different countries and put together. So, there could be a few things
here and there the exact definition has to what is hazardous work what are the standards
that are prevailing in different countries whether the death occurs immediately after
exposure to hazardous work does this number include health related deaths which are
also of course, occupational health related issues or is it only accident related deaths

those details are the fine print.

But the spirit of the discussion is that indeed occupational health and safety is a very
very serious concern to the engineering profession and that is why we are talking about it

here.
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This picture here shows how the construction industry fairs with respect to other
industries and these statistics are all other detect to about 2000 and a taken from Japan.
There are different ways of looking at this picture and what I see is that up to this point
here the construction industry the frequency of accidents was much higher than in the
other industries. All these industries due to efforts which must have taken place around
1970 and so on, as far as the frequency has is concerned it has gone down so what can be
stated is that in Japan due to whatever sustained efforts that were taken to introduce
safety measures at sites introduced safety measures in the industry tighten the safety

culture and so on there is a decline in the accidents.

What is equally important to understand is that in the 70 75 80 and 85 and so on the
construction accidents frequency was higher than the other industries that in 2000 has
finally, come to a situation where the construction industry frequency is lower than the
other industry which means in the construction industry indeed put in a lot of effort to
reduce the construction accident to bring down the accident rate or the frequency as far
as construction sites is concerned. So, this is the kind of information that is very

encouraging to see and I am sure there is a lot more to do.

Please see that the number here is only 2. So, there is about 2 to 4 this is the kind of
number of accidents that you are talking about. I would like to invite you to go to the

newspapers in any other source of information and try to find out what is the kind of



numbers of accidents that are taking place around you in the neighborhood it could be
the city, it could be the state it could be the country we are all in India most of us and it
could be anywhere else in the world, but please remember that this data is not easy to
come by. There are lots of reasons for it and we are not getting into details of that, but

yes a sustained effort can still be made and must be made.
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This is a study from the United States and UK and this data is even more dated its 89 98-
99 and this gives us what is the breakup of the nature of the cost of construction
accidents in United States and UK. We find that falls from elevation shocks is struck by
incidents that is your hit by something caught in between accidents meaning that you
caught between two objects and others this is the breakup as for the United States is

concerned.

So, we find that fall from a height contributes to 33 percent a one-third of the total
accidents. Fall from height in the UK in a different time period is about 35 percent. Trips,
slips and falls is another 21 struck by moving in falling objects is 18 injury while lifting
handling and carrying is 10 and the other is 16. So, it is not a matter of how we divide
this, the issue really is to understand that there are different factors that contribute to an

accident we have to be careful about things which cause an accident.
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Stahstics of man = hours worked and frequency rate of accidents over the yeors for a
large Indian construction company

Year Man-hours worked (in millions) Frequency rate
1995-96 225.1 L
1996-97 267.2 3.02
1997-98 306.6 204
1998-99 375.5 1.53
1999-2000 320 1.4
2000-01 278.8 1.28
2001-02 283.56 1.04
2002-03 332.57 0.8
2003-04 3779 0.59
2004-05 4475 0.4
2005-06 454.8 0.34
2006-07 4993 0.33
2007-08 0.24
Acknowledgement : Prof KN Jha, Dept of CE, IIT Delhi 19

This is the information that we have about the Indian construction industry ranging from
1995 to about 2008 this is the million man hours being worked as far as the construction

industry is concerned and this is the frequency rate.

(Refer Slide Time: 13:31)

Department of Civil Engineering

Indian Institute of Technology Kanpur

g

_5&00.

? w0

5

;o :

'§3‘30'. z 257 \
g

p 20 3 154 i~

3 100 4

_'T w

g 0 T T

= ]

1.5
1 H‘_‘-‘.—
0.5 -
J 0
O r 2 3C ~UNTO O N !
Gk B 0 LS B R S ) - - 1 - N O T 0 0 K
gg;gmgaggggg i O | o e A o R
B h ") P~ (=] @ e o
SRRERERERER it3ds3:2::2¢
3 SR REERREERER
Year T Year

(a) Man-hours worked over the years (b) Frequency rate of accidents over the years

Details of man-hours worked and Dechine of frequency rate’ of acaidents over the years

Acknowledgement : Prof KN Jha, Dept of CE, IIT Delhi 20

This picture here shows the man hours worked in millions and also the frequency rate it

is the same data that we saw earlier.
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Falls from elevation/height

Now, this picture is an analysis of what 500 accidents and here in India we find that fall
from heights again contributes about 32 percent mechanical impact which is caught in
between the machinery is 10 percent, fall or hit by objects in other 10, accidents involve

vehicles is 9, electrocution is 8 and so on the list goes. So, it is interesting to see that no

= assh

constitute about 32 per cent of all
fatalities, followed by mechanical
impact (caughtin/between
machinery), fall of objects, vehicles
and electrocutions

(Analysis of about 500 accidentsin a
large construction company

Acknowledgement : Prof KN lha, Dept of CE, |IT Delhi 21

matter what a fall from heights is about one third of the total accidents.

Now, it is interesting also to see that when we say fall from heights 40 percent of the

accidents are taking place at heights less than 10 metres.

(Refer Slide Time: 14:09)
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Close to 40 per cent of total ‘fall accident’ in projects
invalving height of less than10 metres. This can be
attributed to negligence, overconfidence and failure
to use protective equipments at lesser heights.

Acknowledgement : Prof KN Jha, Dept of CE, IIT Delhi




Now, this is a very interesting thing to look at because when we say heights there are two
ways of looking at this discussion. One is heights may mean high rise structures were the
pot towers where the worker is working at an elevation which is fairly high 60 metre 70
metres and so on. What we find in this statistic is that it is just 10 metres, 10 metres is
about 2 to 3 story kind of a building from that height we have 40 percent accidents. Now
that is something which is very difficult to digest because it shows negligence over
confidence and failure to use protective equipment at lower heights. What happens is that
workers and perhaps the management become complacent when the height involved is
not very high. We allow the compromise on the standards which are required for working

on heights. Not realizing that an accident is an accident and it can happen at any height.
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Moving forward this is the compliance comparison which Professor Jha put together
with temporary structures there is something very interesting call document compliance
and feel compliance. Now what we find is that the document compliance is very high in
a lot of cases it could be has highest 100 percent, but the field compliance is very low
now this is something which is another very very unfortunate thing is something which
needs attention. That document compliance is high, but the fields compliance is low and
this kind of data is very very difficult obviously, to get, but there has to be some basis to
be able to draw this information we cannot; obviously, share that kind of discussion with
you, but please remember and appreciate the fact that it is important that the field

practices what is laid down in the document.



Unless that is done it is very difficult to ensure construction safety.
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Moving forward as far as cause of accidents is concerned here we are introducing a few
other things we are saying that the victim was at fault is 53 percent, there was some

unsafe conditions which is 25 percent one-fourth, the coworker was it fall that is about 6

percent both were at fault is 9 percent and unexpected is 7 percent.
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Let us try to look at a few other pie charts like this no handrails is 32 percent, no working

platform 25 percent, lack of supervision 18 poor housekeeping 17 and unprotected



opening is 8. This is the breakup of fall from height. When we look at the fault of the
victim non adherence to PPE which is the personal protective equipment wrong person

for the job is 34 and carelessness overconfidence of the victim is 33.

So, very nicely one-third, one-third, one-third it really shows that it is a matter of
complaint it is a matter of educating the worker to use the kind of equipment to follow
the kind of norms which will make the construction site a safe place to work. As far as
non adherence to PPE is concerned safety belts is 40 percent, helmet is 18 percent and
not anchoring the safety belt properly is 42 percent. So, some of these things we will talk
again when it comes to details of PPE and so on, but at this point in time when we were
trying to talk about the different issues which are related to construction safety it is
enough to understand that there is a whole lot of education that needs to be imported.
There is a whole lot of analysis of data which has to be done in order that construction
managers understand the importance of safety know where to concentrate as far as steps

to reduce construction accidents are concerned.

From this picture and the previous one there is also very important conclusion that we
can draw let me leave that question to you. What percentage of these accident do you
think are preventable, what is the percentage of accidents which would not have
happened if there was proper education and proper compliance of provisions. We will
answer this question at a later point in time in this discussion, but for the time being just

keep at the back of your mind.
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90,000 medium to large firms known as class- A contractors
(registered with government construction bodies) and also

6 lakh small firms of contractors and sub- contractors who
execute small jobs including repairing.
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This slide tells you about the Indian construction industry there are 200 large firms

including large public sector construction undertakings, 90,000 medium to large firms

known as class a contractors registered with government construction bodies and there

are 6 lakh that is 600,000 small firms are contractors and subcontractors who executes

small jobs including repair.

Now, the idea of showing you these numbers is to basically make you aware of the
challenges involved when it comes to implementing construction safety laws or

construction safety rules.
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As per the survey conducted by National Sample Survey
Organization in 1999- 2000,

About 17.62 million building and other construction workers are
there in India.

Besides large companies employing millions of workers, there are
equally large number of self- employed individuals engaged in the
actual construction work and allied activities, like whitewashing,
painting, plumbing and fixing of mechanical or electrical fixtures
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Now, as per a survey conducted by the national sample survey organization in 2000
about 17.62 million building and other construction workers are working in India
different construction sites and besides large companies employing millions of workers
there is an equally large number of self employed individuals engaged in actual
construction work and allied activities like whitewashing painting plumbing and fixing

of mechanical electrical fixtures.

In fact, the construction industry would be a very large employer of people in the country
and that is true with a lot of developing countries where infrastructure is being built. So,
the construction industry by nature is sometimes the labour intensive industry and that is
very important appreciate and understand and keep at the back of your mind when we
talk of provisions relating to industrial safety or construction safety as far as that diverse

group of workers is concerned.
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Dimensions of construction safety

Cost

Productivity
Human suffering
Statutory problems
Quality

Reputation
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Now, before we go further let us talk of the different dimensions of construction safety

studies. Cost of course, accidents is a cost involved we will talk about that in a

subsequent lecture it is a direct cost indirect cost direct, cost to the company, direct cost

to the worker, indirect cost to both of them and so on.

Loss and productivity the site is closed, the debry has to be removed and only then
construction work can start so there are delays there is a loss on productivity human
suffering, injuries, deaths, disabilities, temporary permanent hospitalization, not only for
the worker or the victim, but also their families and near ones it is a very very difficult
and a painful situation. Statutory problems including issues such as being barred from
future contracts the impact of accidents on quality, quality and safety are very closely
related to each other and I am leaving it to you to think about this relationship how it
exists and why it exists and the loss of reputation to the construction company. These are
some of the dimensions of construction safety which must be kept in mind by the safety

organization or the companies engaged in construction work.
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Let us briefly look into some terms
often used in construction safety
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Now, let us briefly look at some of the terms used in construction safety.
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A dangerous or unpleasant situation from which someone just
manages to escape. This includes a potentially hazardous condition.
Also known as near hit or close call.

Any disruption in the normal or smooth flow of work that involves in
an injury, property loss, damaged equipment, work stoppage or near
miss

ACCIDENT

An unplanned or unforeseen event that causes or the potential to
cause damage, injury or loss of life and property.
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The first thing is a near miss it is a dangerous or unpleasant situation from which
someone just manages to escape. This includes a potentially hazardous condition and is
called a near hit or a close call, then we talk of an incident which is the disruption the
normal or smooth flow of work that involves an injury, property loss, damaged

equipment, works stoppage or even an near miss accident we have already seen in this



case I have just written a shorter definition and unplanned or unforeseen event that

causes or has the potential to cause damage injury or loss of life and property.
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HAZARD

An unsafe physical condition that could lead to an injury, accident or
loss. It may exist in dormant, armed or active state.

RISK

The potential for loss resulting from a given action, activity and/or
inaction.

RECORDABLE INJURIES
___,-!'

Injuries are recorded for insurance, analysis and documentation
purpose. Depending on the severity, injuries could be either medical
case injury or Days Away Restricted and Transferred (DART) injury.
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A hazard is an unsafe physical condition that could lead to an injury accident or loss it
may exist in dormant armed or active state and the risk is the potential for loss resulting
from a given action activity or in action and recordable injuries are injuries are recorded
for insurance analysis documentation purposes. Depending on the severity of accidents
the injuries could either be medical case injuries or days away restricted and transfer
injuries when it comes to definitions such as recordable injuries it is important that these
definitions are laid down in a statutory or contract documents. So, that there is no dispute

or there is lesser amount of dispute on the statistics and the data.

So obviously, depending on a severity of an accident it has to be reported to a certain
level of course, a fatality has to be reported right up to the top. Their compliance issues
relating to regulatory bodies where it is no longer between the client and the contractor
the government and the police the investigations have to be carried out in a different

manner all those things are documented.
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Reportable accident: An injury causing disablement extending
(4_8)1our5 beyond the day or shift in which the accident occurred

Minor: absenteeism up to ys
Major: absenteeism 21 days and above

*No injury

*Near Miss

«First Aid Cases A conscious effort to prevent Loss
and/or elimination of danger

EACH FATALITY- LOSS OF NDAYS -

Safety Engineering
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Reportable accident is one wherein injury causing disablement extending 48 hours
beyond the day or shift in which the accident occurs that is how a reportable accident is
defined. It could be a minor accident and a major accident also a minor accident involves
a worker not being able to perform his duties up to 20 days and a major accident is one
where the period of extends beyond 21 days. Then there are no injury near miss or first
aid cases as far as statistics are concerned each fatality is taken has a loss of 6000
mandays and finally, safety engineering is basically a conscious effort to prevent loss and

or elimination of hazards or risks.

I must also point out that these numbers like 48 or 20 or 6000 these are not leaving stone
these are numbers which may vary from one standard to another and I will request you or
call upon you to read some of the standards and find out what the different international
standard say. For example, as far as fatality is concerned the Japanese standards have
7500 manday loss. So, that is basically saying that depending on the loss of mandays that
you put here that will affect the statistics of safety. So, that is why it is important to have

these definitions clearly understood and laid down.
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UNSAFE ACTS

An unsafe act is an act of doing something that has
potential to cause injury, loss or a serious accident.

wnked”

Examples : Not using PPE, intoxication during working, -
operating an equipment without proper training etc.
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Now, beyond this point let us try to see what causes an accident there are several ways of
looking at 8 and I am not getting into the details of the theory of accidents, but

principally it is believed that there are unsafe acts which are responsible for an accident.

Now, an unsafe act is an act of doing something that has the potential to cause injury loss
or a serious accident now examples of this unsafe act could be not using PPE
intoxication during working operating an equipment without proper training and license.
These are all attributed to or attributable to the worker concerned. So, the unsafe acts are

actions of workers which cause an accident.
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UNSAFE CONDITIONS

An unsafe condition is one in which the physical layout of the work
location, and the status of tools, equipment and/or material are in
violation of contemporary safety standards.
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Unsafe conditions however, are slightly different. It is one in which the physical layout
of the work location and the status of tools equipment and or material are in violation of
contemporary safety standards. We will see several examples of unsafe acts and unsafe
conditions as far as unsafe conditions are concerned some examples could be defective
equipment, slippery surfaces, improperly arranged, the scaffolding, lack of PPE
inadequate ventilation and illumination unshielded or protruding ends of reinforcing bars

and so on.

So, these are related not to the individual workers, but to the site itself it could be related
to the layout, it could be related to the status of the tools or the equipment or it could be
just a violation of contemporary of prevailing safety standards. These are what constitute

unsafe conditions.
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Causes of accidents

* Unsafe act by victim
* Unsafe act by co-worker

+ Unsafe condition created by worker
+ Unsafe condition created by us

+ A combination of unsafe act and unsafe condition
« Qthers

35

Looking at the causes of accidents in a little more detail they could be caused by an
unsafe act of the victim himself or herself. They could be caused by an unsafe act of a
coworker now you recall the kind of discussion that we had with those pie charts and you

can relate some of the numbers to the discussion we are having now.

Unsafe condition created by the worker they are could be also unsafe conditions which
are created by used. For example, if there is a sling row which is being used over a
period of time it where is out. So, now, using an worn out sling row is an unsafe
condition which is brought about by use. The fact that the worker continues to use it if it
is with his knowledge then it becomes an unsafe act on his part. So, it is very difficult at
times to distinguish between an unsafe act and unsafe condition, but we must understand
or keep in mind this spirit of the discussion. The, a combination of unsafe act and unsafe

condition and of course, there are some other reasons.
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Unsafe Act of Persons 88%
Unsafe Mechanical / 10%
Physical Condition —

- 29
Natural Calamities 7

98 % of the accidents are preventable

36
e o

If you want to summarize if you say that there are unsafe acts of persons unsafe

mechanical of physical conditions and natural calamities as the causes of the accidents

and we try to assign some numbers as to what is their contribution to accidents. Unsafe

acts of persons is 88, unsafe mechanical or physical conditions is 10 and natural

calamities is 2.

What it shows is that 98 percent of the accidents are actually preventable. 88 percent are
preventable by shear education of the workers themselves, if the workers do not commit
an unsafe at 88 percent of the accidents perhaps would not happen. If they become
conscious as individuals and as construction companies of those involved in the
construction process become aware not to create unsafe conditions another 10 percent
would be avoided it is only 2 percent of the accidents which will be difficult to avoid. So,
98 percent the accidents are preventable and this is an eye opening shocking kind of a

statistic and this 98 percent whether its 98 or 95 is not an issue.

If you go back to the statistics that were presented in the pie charts there also you will
realize that if we are able to put together everything somewhere and say that ok how
many accidents were actually not preventable I do not think the number would exceed 5

to 7 percent in most cases.
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Hamurabi code At Babylon

Dates back 1700 BC
‘__,..-r-"‘

Eye foraneye..........
e
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Now, this is the very interesting anecdote or a very interesting old story if you look at the

Hamurabi code in Babylon which is dating for 1700 BC that is several years ago it was

based on an eye for an eye concept. So, of course, construction work has been going on

for a long time as far as human civilization is concerned and accidents are also not new. I

am sure they were accidents even earlier when people were carrying out the exercise of

building large structures small structures without the help of equipment.
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Hammurabi Code
229 If a house collapses due to construction defect, the builder
shall rebuild at his own expense. If the collapse causes
death of the owner, the builder shall be put to death

232  Ifit destroys property, the builder shall restore whatever is
destroyed

233  If the construction does not meet the needs and a wall falls
in, the builder shall strengthen the wall at his own expense
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At that time if you look at some of the tablet us which have been found one of them says
if a house collapse is due to the construction defect the builder shell rebuild at his own
expense and if the collapse causes death of the owner the builder shall be put to death.
So, this is more often eye for an eye kind of a concept if it destroys the property the
builder shall restore whatever is destroyed and if the construction does not meet the

needs and a wall falls in the builder shall strengthen the wall at his own expense.

So, basically the kind of discussion that we have today is very contemporary that we
have a contractor or a construction company that carries out the construction work that
person or that company has to take the responsibility of rebuilding in case of a defect
liability and also ensuring the structure that has been built is safe an accident free. I will
not go in to this accident causation theory is in any detail, but I am just included that for

your reference.
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ACCIDENT CAUSATION THEORIES
Heinrich’s domino theory

Accidents are the result of a chain of sequential events known as dominoes.
The five dominoes proposed by Heinrich are:

1) Social environmentand ancestry

2) Fault of a person

3) Unsafe act and / or unsafe condition

4) Accident

5) Injury

The theory suggested to remove the central domino i.e. unsafe act /
condition to prevent the chain reaction
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There is a very interesting and a very pioneering work from Heinrich with a whose

domino theory says that accidents are the result of a chain of sequential events known as

dominos in the 5 dominos propose by Heinrich are social environment and ancestry, fault

of a person, unsafe act and or unsafe condition, accident and injury. And the theory

suggest to remove the central domino unsafe act to prevent the chain of accidents.
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INJURY PYRAMID

Heinrich’s injury pyramid graphically represents the relative number of
injury incidents based on severity

The ratio proposed by Heinrich is 300:29:1

@ 2%
Injury e
Incidents
(near miss)
After Heinrich 1959
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This is a very interesting injury pyramid proposed by Heinrich which says that for 300
near misses or incidents only 29 would have minor injuries and one major injury.
Basically what it says is that only one major injuring will happen in 330 reportable
accidents, but that itself is cause enough for us to take steps and prevent accidents. These
axioms from Heinrich or industrial safety I am leaving it to you read because they are

often focused on industrial environment which is slightly different from construction.
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Heinrich’s axioms of industrial safety

= Injuries result as a series of preceding factors.

= Accidents occur as the result of physical hazard or an unsafe act.

* Most accidents are the result of unsafe behavior.

= Unsafe acts and hazards do not always result in immediate
accidents and injuries.

= Understanding why people commit unsafe acts helps to establish
guidelines for corrective actions.

= The severity of the injury is largely fortuitous and the accident
that caused it is preventable.

* Management should assume safety responsibilities.

... Contd
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And best accident prevention techniques are analogous to best quality and productivity
techniques and the supervisor is the key person in preventing industrial accidents and the

cost of accidents include both direct and indirect costs.
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Heinrich’s axioms of industrial safety

* Best accident prevention techniques are analogous to best

quality /productivity techniques.
» The supervisor is the key person in preventing industrial accidents.
* Cost of accidents include both direct costs and indirect costs.
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We have already gone through this discussion little bit earlier as to how the construction

industry performs with respect to safety.
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How does construction industry perform with regard to safety?

Construction safety has its own very unique issues that need special
attention — nature and environment of work, untrained workers,
diverse nature of jobs, etc.

As per Labor statistics in US, since 1950, construction industry has
employed 6% of industrial workforce every year, but accounted for
approximately 12% of the disabling injuries and 18% of fatalities that
occurred at the workspace.
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The construction safety has its own very unique issues that need special attention the

nature and environment of work untrained workers diverse nature of jobs you have



already talked about some of this at the outset of the discussion today. And as per labour
statistics in the united states since 1950 construction industry has employed 6 percent of
the industrial work force every year, but has accounted for 12 percent of the disabling

injuries and 18 percent of the fatalities that have occurred at the workspace.

This is the exactly the kind of statistics which we had shown for Japan where the
information was available over the period of time that yes there was a time in
construction industry was having a higher frequency of accidents of course, in this case
its talking about fatalities. It had a higher accident rate and therefore, possibly the higher
fatality rate, but that has come down over a period of time. As far as the United States is
concerned this data is something which you need to do as an exercise if you are

interested in this subject and get it better understanding.
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COMPETENT PERSONS OF A WORK

They are the people who are properly trained and authorized to
perform a specific work in a safe manner, capable of identifying
existing predictable hazards and who has the authority to make
prompt corrective actions

as
R
Now, one important thing that we must understand as far as construction safety is
concerned that competent persons are very very important to be identified for all work.
There are people who are properly trained and authorized to perform a specific work in a
safe manner, capable of identifying existing predictable hazards and who have the
authority to make prompt corrective actions. It is very important that people at
construction sites do not try to do others work, it is very important that they understand
the issues involved with training and handling different environments and different

works even though they may look simple.
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Frequency Rate

. Number of lost-time injury
F, = - % 1,000,000 (15.1)
A Man-hours worked

. _ Number of reportable lost-time injury
F. = = ¥ 1,000,000 (15.2)
- Man-hours worked

Note: Lost-time injury is the one in which the injury require little medical
attention and the worker returns to his work quickly. A reportable lost-
time injury is one that may result in worker absenteeism for more than
48 hours (a clear two days after accident has occurred, leaving the day of
accident) and is supposed to be reported to the appropriate authority.
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Now, it is important for us to understand some definitions of different statistical
parameters which are used or can be used to compute the kind of statistics that we have

been talking about - frequency rate, reportable accidents, fatalities and so on.

Now obviously, it is important that the man hours worked is something which has to be
kept into; obviously, the number of accidents as an absolute number is one parameter, but
those number of accidents have to be viewed in perspective with respect to the man
hours that have been put in. So, if you are not working at all then; obviously, the chances
of accidents are zero, but that does not mean that the frequency is zero. Only when there
is a lot of work being done and man hours being put in then we have to see whether a
company is actually having a low frequency rate or not. So, in this case we have man
hours work in the denominator and we have statistics like frequency F A and F B which
is number of reportable lost time injuries and number of lost time injuries total which is

given to us with respect to a million here.

So, because a man hours will give a very large numbers it is multiplied by a million to
get the numbers in a more reasonable range. Lost time injury is one in which the injury
requires little medical attention and the worker returns to his work quickly. A reportable
lost time injury is one that may take the worker to be absent from his work for 48 hours a
clear two days after the accident has occurred and leaving the day of the accident and is

supposed to be reported to higher authorities. Now of course, at different sites with



different clients with different regulatory bodies this appropriate authority could be
different.
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Fatality Rate
Where, FC = referred to as fatality rate.
1LO:
Frequency rate for fatal and non-fatal injuries are computed separately. Further
the denominator should ideally be the number of hours actually worked by
waorkers in the reference group. If this is not pessible, it may be calculated on the
basis of nermal hours of work, taking into account entitlements to periods of
paid absence from work, such as paid vacations, paid sick leaves and public
holidays.
IS Code:
It suggests that man-hours should include managerial, supervisory, professional,
technical, clerical and other workers including contractors’ labour.

* 1,000,000 (15.3)
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Fatality rate similarly is the number of fatal injuries again with a man hours work to the
denominator. So, where as the ILO suggest that the frequency rate for fatal and nonfatal
injuries are computed separately and the denominator should ideally be the number of
hours actually work by the workers in the reference group and if this is not possible it
may be calculated on the basis of normal working hours taking into account entitlements
to periods of paid absence from work such as paid vacations, paid sick leaves and public
holidays. Similarly as far as the Indian courts are concerned they suggest that man hour
should include managerial supervisory, professional, technical, clerical and another

workers including contractors labours.

So, this is what gives you the idea that it is not simple to compute the man hours worked
who is man hours are we talking about - are we talking about only the workers at site or
we are also including the workers who are working in offices supporting that site work.
So, it is not that one is right or the other is wrong, it is only a matter of having a clear
definition which is understood by all concerned and is followed as far as generating these

statistics are concerned.
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Severity Rate
X Man-days lost due to lost-time injury
S = - — # 1,000,000 (15.4)
- Man-hours worked
3 Man-days lost due to reportable lost-time injury _
BT ————— -— — X 1,000,000 (15.5)
- Man-hours worked
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Similarly, when it comes to severity rate there is A and B which is mandays lost due to
lost time injuries and mandays lost due to reportable lost time injuries again related to the

man hours.
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Severity Rate

The reference period such as the month, the quarter, or the year must be
clearly identified.

For example, if the accident has resulted in the death of a worker, the
corresponding lost time is equivalent to 6,000 man-days. Code specifies that
lost time corresponding to loss of one thumb is considered equivalent to 1,800
man-days; loss of one eye is considered equivalent to lost time of 2,400 man-
days; and so on. The lost time prescribed corresponding to fatality and other
types of disablement varies across countries.

For example, Japanese code considers lost time in fatality as equivalent to
7,500 man-days.
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As far as severity rate is concerned the reference period that is the month quarter or year
must also be clearly identified. So, for example, if an accident has resulted in the death of
a worker the corresponding lost time is equivalent 6000 mandays we had mentioned this

in a slide earlier if you will recall and the code specifies that the lost time corresponding



to loss of 1 thumb is considered equivalent to 1800 mandays, loss of an eyes considered

equivalent to lost time of 2400 and so on and so forth.

Construction accidents can have minor injuries, major injuries which include temporary
disability, maybe permanent disability and all that has to be finally, reduced to how much
is the lost time. Now that last time is difficult to compute and therefore, codes also lay
down certain number such as the number suggested here in order to assign a certain

amount of severity to a certain accident.
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Incidence rate

* Itis defined as the ratio of the number of injuries to the number of
persons during the period under review. It is expressed as the number of
injuries per 1,000 persons employed.

Number of lost-time injuries

Lost-time injury incidence rate = 1000 (156)
Average number of persons employed
. o Number of reportable lost-time injuries o
Reportable lost-time injury incidence rate = y X 1,000 (15.7)
' Average number of persons employed
Acknowledgement : Prof KN Jha, Dept of CE, IIT Delhi 50

Similarly, the incident rate is defined as the ratio of number of injuries to the number of
persons during the work period under review and is expressed as a number of injuries per
thousand people employed. So, here we have two clauses - the lost time injury incident

rate and the reportable lost time injury incident rate which is defined as given here.
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Other measures

Numberof WC claims 200000 (158)

Workmen compensation clim frequency index (WCCFI) =
‘ Total man-hours
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And then of course, there can be other measures which can be adopted to quantify the
safety performance of a construction company. It could be workmans compensation

claim frequency which is the number of claims to the total number of man hours worked.
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Unsafe acts

+ An unsafe act may be an act of commission (doing something that is
unsafe) or an act of omission (failing to do something that should have
been done), and, has the potential to cause an accident

* Not every unsafe act produces an injury or a loss, but by definition it has
the potential for producing an accident.

* A worker may commit unsafe acts regardless of the initial conditions of
the work (i.e., whether the condition was safe or unsafe).

+ Physical or mental deficiency (eye sight or hearing, fatigue etc.)
* Improper attitude (disregard of instruction etc.)
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Let us come back to this discussion on unsafe acts and unsafe conditions once again and
unsafe act maybe one of omission doing something that is unsafe or an act of omission

which is feeling to do something which should have been done and has the potential to



cause an accident and not every unsafe act produces an injury or a loss, but by definition

it has the potential of producing an accident.

A worker may commit unsafe acts regardless of the initial conditions of work whether
the condition was safe or unsafe it could be on account of physical or mental deficiency,
eye sight, hearing, fatigue these are conditions which could induce or cause a worker to
commit and unsafe act improper attitude which is disregard of instruction it could
include over confidence arrogance, and if you continue with this list cleaning, oiling or
adjusting or repairing of moving electrically energized pressurized equipment while they

are running.
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Unsafe acts (Contd..)

* Cleaning, oiling, adjusting, or repairing of moving electrically energized
or pressurized equipment

* Failure to use available personal protective equipment (life-saving
devices) such as safety helmet or hard Hat, safety belt, fall arresters and
safety net.

+ Improper use of equipment (overloading, etc.)

* Improper use of hands or body parts (gripping objects insecurely, using
hands instead of hand tools, etc.)

* Taking unsafe positions or postures (under suspended loads, riding on
forks of lift trucks, etc.)
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Failure to use available personal protective equipment like life saving devices such as
helmets hard hat safety belts improper use of equipment which could include
overloading. Improper use of hand or body parts gripping objects insecurely using hands
instead of hand tools these are all things which are coming under the larger ambit of
unsafe acts and; obviously, with the proper amount of worker training they can all be
eliminated. Taking unsafe positions or postures for example, it could be under suspended
loads riding on the fork of lift trucks time permitting will probably going to some of
these actual cases of accidents arising out of this kind of unsafe behaviour on part of

workers.
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Unsafe conditions

= An unsafe condition is one in which the physical layout of the
workplace or work location, and the status of tools, equipment
and/or material are in violation of contemporary safety standards.

» Afew examples of unsafe conditions are:

— Defects of agencies such as rough, sharp, or slippery work,
defective equipment, overloaded tools or equipment, defective
ladders at site, and improperly constructed scaffolds

— Dress or apparel hazards such as lack of protective equipment and
improper clothing

— Environmental hazards such as inadequate aisle space, insufficient
work space, inadequate ventilation and improper illumination
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Now, coming to unsafe conditions that is one when the physical layout of workplace or
work location and the status of tools this what we have already seen and few examples of
these could be defects of agencies such as rough sharp or slippery work, defective
equipment overloaded tools or equipment defective ladders at site improperly
constructed scaffolds, dress or apparel hazards such as lack of protecting equipment and
improper clothing environmental hazards such as inadequate aisle space, insufficient

workspace, inadequate ventilation and improper illumination.
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Unsafe conditions (Contd..)

* Placement hazards such as inadequately guarded, unguarded,
unshielded, or protruding ends of reinforcing rods, protruding nails
and wire ties, and unshored trenches.

+ Toole (2002) identified some of the root causes of construction
accidents and classified these under unsafe conditions.

* These conditions include lack of proper planning, deficient
enforcement of safety, absence of safety equipment, unsafe
methods or sequencing, unsafe site conditions such as poor
housekeeping, broken ladder and structurally deficient work
platform
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And if you continue with this list it could be placement hazard such as inadequately
guarded, unguarded, unshielded, protruding ends of reinforcing bars, protruding nails,
wire ties and unshored trenches. These conditions are basically due to lack of proper
planning deficient enforcement of safety, absence of safety equipment, unsafe methods
of sequencing, unsafe site conditions such as poor housekeeping, broken ladder

structurally deficient work platforms and so on.
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Shuttering plates being used
to form brackets to support
working platform
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Now, let us take a look at some of the unsafe conditions and photographs from sites
where we will be able to clearly see how safety norms are violated. Here for example, we

see shuttering plates being used to form brackets to support platforms.
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Shuttering plates being
- - —
| as pedestal (even worse, they
' are kept on loose soil)
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Here we see shuttering plates being used as pedestals and even worse they are kept on

loose soil.
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A view of access to workplace- .
misuse of shuttering plate Another view of access to workplace
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These picture show a view of access to the workplace again it is a misuse of shuttering

plates.
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Aview of bridge formwork- Another view of bridge formwork-
No trestle is anchored Reinforcement is being used as bracing
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This is the view of a bridge formwork with trestles not anchored and another view where
the bridge formwork reinforcement being used as bracings. It is important to understand
that no matter what the worker does the management must ensure a clean site it is
important for the execution team to have good housekeeping and good practices being
practiced at site and therefore, such conditions are unsafe conditions arising out of

misuse of tools misuse of material and so on.
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Now, in this case we see that there is absolutely no control on the public movement in a
risky works zone so; obviously, if there is an accident in this case it is not the worker
who will be injured, but somebody who is not connected directly to the construction
work at all. The question 1s whether it is the constructor’s responsibility to also ensure
that people who are not related, who are not trained to enter the construction site should
they be allowed free access there have to be provisions there have to be ways and means

by which the site is barricaded.
The same thing is here we find a small boy standing on the shuttering plates.
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Here we find foot plates not in proper contact with concrete pedestals.
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Imeroper working platform,
no hand rails, no foot guards
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We find working platforms with no hand rails or foot guard.
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We find shoring where there is erosion of soil beneath.
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Immediately remove damaged or
defective slings from service

This is the case of a damaged link which needs to be removed from service.
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Proper zoning of
material at site

Shielding the protruded
ends of reinforcement at
site

Examples of few
safe work practices

Safety nets to prevent

accidents due to falling st
at site

Now, after seeing so many poor housekeeping slides this is an example of a better
management where there is shielding of protruding ends of reinforcement, safety nets
and proper zoning of the materials at site. So, it is not that it cannot be done it is only a

matter of having the will to actually do it.
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Regular and planned safety inspection to detect and correct
unsafe conditions.

Conditions such as material left in the passage, guard which has
been removed, improperly stacked material etc can be eliminated
without the assistance of any one in higher Management.
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Regular and planned safety inspections to detect and correct unsafe conditions are a very
important part and that is what I said that it is the management responsibility that a
culture is enforced at sites where unsafe conditions are not allowed to prevail. Conditions
such as material left in the passage, guard which has been removed, improperly stack
material can be eliminated without the assistance of anyone in higher management. It
does not go try to the top of the company to introduce or to ensure compliance with these

simple things.
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Incident Investigation and Analysis

+ Gathering Information
* Analysis of data

« Recommending corrective action f
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One important part before we close the discussion today is that relating to incident
investigation and analysis. There are three parts to this one is gathering information, the
other is analysis of data and then it is recommending corrective action. This also comes

into ambit of the responsibilities of the safety group.

The first thing is gathering information now this information can be gathered either by
photographs or by inter going people going through CC TV footage, using technology
for this purpose and then carrying out an analysis. Finally, recommendations should
always be in two or three parts - one is what went wrong in this particular incident and

action against people who were found to be negligent.

The second part of the report or recommendations should always be preventive steps for
the future as to what steps need to be taken so that they accident does not recur. It is very
important that been investigation and analysis are carried out not with the intension of a
witch hunt or trying to fix responsibility and making somebody escape road, but with the
honest professional desired to get to the bottom of the cause of the accident and

eliminated.
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Structure of this module

» Special conditions at construction sites

» Cost of safety

* Personal Protective Equipment

* Role and responsibility of a Safety Officer
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As far as this module on construction safety is concerned we will cover these aspects, a

special conditions at construction sites, the cost of safety, personal protective equipment,

and the role and responsibility of a safety officer this discussion will be carried out

within the framework that we have defined today.
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With this we come to an end of the discussion today and you would have noticed that I
have taken a lot of material from this book from Professor KN Jha and you will find it a
very interesting read if you want to know something more and I look forward to seeing

you in subsequent discussions.

Thank you.



