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2.1

Over view to construction safety

The construction industry is one of the most hazardous among all the industries
(Jaseiskis and Suazo, 1993). The major causes of accidents are related to the unique
nature of the industry, human behaviour, difficult work-site conditions, and poor
safety management which results in unsafe work methods, equipment

and

procedures. However, safety is not a luxury, and may be considered an important
function to be used against unnecessary loss of property, injury or death. Preventing
occupational injuries and illness should be a primary concern of all employers
(Harper and Kohen, 1995).
Several definitions on "safety" have been issued over the years but it is
recommended that a construction site is said to be safe when persons can go about
their normal every day work, without undue risk. This will be a realistic definition,
for it accepts that there are risk situations in all every day activities and doesn't make
believe that a work place or site can be entirely accident proof.
At a construction site, safety can be either "safety of persons at site" or "Safety of a
property which may or may not cause injury or damages through an accident". So the
controlling of work situation by providing safe working conditions and the use of
safe working methods and procedures are the art of accident prevention. These are
the fundamental concepts of safety in construction process.

2.2

Importance of safety in construction

Central Bank's report 2010 says that construction industry contributes 6% of GDP
while construction workers represent 7% of total labour force in the country. This
implies how importance of welfare of the construction workers.
Accidents in the construction industry tend to be costly in both physically and
monitory terms. These expenses may be concentrated in the areas of health care,
litigation, time management, workmen compensation and Occupational Health and
Safety Administration (OHSA) sanctions. Other expenses such as transport cost, loss
of productivity of workers, cost of fixing or replacing damaged equipment or
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material and the cost incurred when hiring new workers (Harper and Kohen,
1995).Further it appears that organizations pay for the cost of safety either through
the uncontrolled costs of accidents or through the controlled costs of a safety
program. It appears therefore, that safety should be a prime concern for any
constructor.
The ever increasing cost of medical treatment, recovery care, and the potential for
lawsuits all add up to higher insurance premium, which in turn tend to have a
negative impact on a company's profit (Wilson and Koehn, 2001). In addition,
companies with high experience variation rating are often banned from bidding on a
certain type of work. It is therefore, in the company's best interest to take whatever
means necessary to manage safety on the work site in order to be on the safe side for
future projects.
Davis and Tomasin, (1990) have revealed some important reasons for poor safety
performance in the industry, which in turn has given rise to high rate of accidents.
Such as,
•

Short term and transitory nature of the industry.

•

Lack of controlled working environment.

•

Complexity and the diversity of size of organization within the industry.

2.3

Common causes of accidents of work sites

An accident is an unexpected happening that results in injury, loss, or damage. Some
accidents are minor, such as getting a splinter in your finger. Other accidents are
serious, causing severe property damage, personal injury, or even death, can and
should be prevented by following appropriate safety precautions. Every accident has
a cause, or reason why it happened. An accident of a worker may be caused by the
carelessness, forgetfulness, using unsafe equipment, and without using safety
equipment etc.
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Whenever an accident happens, regardless of its cause, it may be an effect on
someone. A worker may be hurt, or there may be equipment or property damage. Of
course, time is lost also, which puts the work behind the schedule. As a result, each
and every accident cost money. The cost of construction rises due to accidents, so
that the whole process costs more in the long run. Also, insurance grow higher,
which contribute to the overall cost of a project.
Through the thorough examine of collected data, it was identified that several types
of common causes of accidents are in construction sites. Davis and Tomasin, (1990)
have identified the followings as causes of accidents.

2.3.1

Injuries due to falling

When considering the fatal accidents, it can be seen that the largest amount of fatal
accidents in the construction industry have occurred due to falling. Possible causes of
falls are working on scaffoldings, bad erection of work items, non consideration of
the loading factors and roof work. Such tedious causes in construction sites can be
eliminated by proper use of safety nets, scaffolding (with handrails), toe boards and
planks without knots, etc.

2.3.2

Struck by falling objects

Accidents due to falling of objects could be tackled by two ways. One way is to
make provision to detain, falling objects before it could land on worker or by way of
providing nets or boards at the appropriate places. Providing workers with helmets
reduce the risk of getting injured by falling objects.

2.3.3

Caught in or between objects

This type of accidents could take place when moving machineries which are engaged
in activities within the site. This can be overcome by providing proper planning,
better lighting, etc.
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2.3.4

Exposure or contact with electric currents

It is proof that the exposure or contact with electric current is the most dangerous
type of accident than any other. These accidents can be avoided by having proper
insulations, adequate inspection and proper earthling.

2.3.5

Exposure or contact with harmful substances or gases

In construction sites various chemicals are used for various types of works. If these
chemicals are not properly stored and used according to specifications, could lead to
health problems and fire hazards.

2.3.6

Fire explosions

This is one of the most dangerous types of accidents.Proper inspection and care are
needed to avoid explosions occurring due to fire.

2.4

Common safety procedures in aconstruction site

2.4.1

Arrangement of general site layout

Good site layout always gives safe place to work. Therefore site layout must be done
prior to commence the project to avoid the untidiness of the project. Further it is very
important to consider the volume of the project, nature, area when lay outing.
Prior to commencement of the works on a construction site, the following provisions
in a site layout plan have to be done to ensure site safety.
•

Arrange perimeter fencing or hoarding where appropriate.

•

Ensure good visibility and safe access at site entrances.

•

Provide adequate warning signs at the entrances and exits where necessary.
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•

Post emergency procedure and statutory notices at conspicuous locations.

•

Consider welfare

facilities to offices,

compounds

and workshops,

arrange

ventilation, lighting and temporary connections to utility services.
•

Provide skips or dumping areas for rubbish and waste materials, and make
arrangements for their clearance on a regular basis.

•

Arrange storage, transport and use of fuel, other flammable materials, and
explosive materials. Obtain the necessary licenses from appropriate authorities.

•

Plan fire escape routes and locate firefighting equipment.

•

Provide first-aid facilities and display notices at the various work areas to show
the locations of those facilities.

•

Provide adequate warning of overhead or underground utilities.

•

Provide lighting on hoarding or external fencing for public safety.

•

Provide and maintain proper drainage and means of sewage disposal.

Good site layout can be shown as in figure one.

Figure

I:

Good

Site

Layout

Arrangement
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2.4.2

Site access and site traffic

Following precautions should be taken to avoid traffic accidents on site due to human
errors caused as a result of bad driving, carelessness or ignorance during work with
special hazards (for instance near excavations or power lines), carrying unauthorized
passengers, poor maintenance of vehicles, overloading or improper stacking or
securing of loads. Figure two shows how to maintain safe site access and control site
traffic.
•

Site traffic routes should be clearly indicated and maintained. It should be
consistent with safe travel and should be carefully planned taking account of such
potential hazards as overhead power lines.

•

Establish and display clearly speed limits on site and erect notice boards/signs
to draw the drivers' attention on areas of potential hazards.

•

When vehicles have to cross public roads, drivers are responsible for seeing that
the wheels and tires are cleaned of mud so that the public roads will not be
contaminated.

Figure

2 : Safe

Access

and

Site

Traffic
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2.4.3

Fire prevention

The following precautions must be taken to minimize the risk of fire hazards that
may take place in site due to flammable materials, electric leakage, etc.
•

Store flammable material in a temporary Dangerous Goods (D.G.) Store. Install
fire alarm and provide fire protection measures for the D.G. Store. Paste
' D a n g e r o u s Goods' and 'No Smoking' warning notices in the vicinity of the D.G.
Store to enhance safety awareness as shown in figure three.

•

Electrical equipment that might have flammable or explosive effects should be
explosion-proof or basically kept in a safe place.

Figure 3 : Safe Storage Facilities for Flammable

2.4.4

Goods

Proper site keeping

Facilities and locations should be provided for proper placement of tools, materials,
etc. so that the work place should be maintained cleanly, tidily and unobstructively
always. To ensure safety against untidy environment, it is graphically shown in
figure four and five.
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Noise control

Permissible noise exposure in a construction site can be classified as follows. It is
essential that approved ear protectors shall be provided whenever the noise level
exceeds 70 dB.
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Tabic 1: Permissible Noise Levels & Exposure Times

Sound level dB

Exposure hours per day

Hours to rest

85

8.00

16.00

88

4.00

24.00

91

2.00

22.00

94

1.00

23.00

97

0.50

23.50

100

0.25

23.75

(Source: ACGIH Standers 2003)

Personnel should be made aware of noisy areas by suitable warning signs and the
requirement of wearing suitable ear protectors. Where the daily personal noise
exposure may exceed 70 d B . the area shall be identified

and defined as an

ear protection zone as shown in the figure six.

Figure

6: Ear
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for

Noisy

Equipment
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2.4.6

Fall protection

The Contractor should take necessary steps as stipulated in the construction site
safety regulations to prevent any person on a construction site from falling from a
height of two meters or more by the provision, use and maintenance of one or more
of working platforms, guard-rails, barriers, toe-boards and fences, coverings for
openings and gangways and runs.
•

In all circumstances, safe working platforms should be provided as far as is
practicable. Where the special circumstances of the work make it impractical to
provide working platforms, scaffolds and other means of fall prevention, suitable
and adequate safety nets and safety harnesses/belts (Figure seven) shall be
provided. Safety harnesses and belts should only be used as the last resort to
prevent falls, and they shall not be considered as suitable and adequate unless
they are attached continuously to a suitable and secure anchorage.

INCXPtNOfM nil LINE
FAIi .-.JtRFST DEVICE

Figure 7: Safely Harness and Safely Belt

•

Provide safety harness/belts and inform workers to keep it attached to a secure
anchorage whenever the use of a harness/belt is necessary for their or other
person's safety.
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The safety harness or belt anchor point should be directly above and the lanyard
shall be left with the minimum free length. All anchor points shall conform to
B.S. 5845 or equivalent.

2.5

Construction safety equipment

The wearing of protective clothing and the use of safety equipment is crucial in the
battle to reduce the effects of accidents in construction sites. Employers have the
legal duty to provide protective clothing and equipment free of charge whenever
other methods to control risk of safety cannot provide sufficient safeguard.
It should not be assume that all protective safety wear is satisfactory for all
circumstances. An employer or self employed person has to make an assessment of
the risk at the work place and the parts of the body in danger. According to the
Davies and Tomasin, (1990) the choice of the equipment must be taken in to account
considering following features,
•

The physical effort required to do the job

•

The methods of work

•

How long the personal protective equipment needs to be worn

•

The requirement for visibility and communication

2.5.1

Safety gloves

Gloves shall be provided by the employer and worn by the worker where a worker or
other person is required to handle materials, tools, equipment or substances, which
could harm the hands. Figure eight shows various types of safety gloveless.
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Figure

2.5.2

8: Safety

Gloves

Safety glasses and goggles

The danger from flying particles and dust are obvious to most construction workers
but the wearing of safety eyewear is far from universal and many thousands of
painful eye injuries occurs in construction sites every year. Goggles, face shields and
spectacles(figure nine) are available giving protection against impact, dust, chemical,
molten metal and gas hazards, and managers should ensure that the correct protection
and its correct grade are used by the employee.All safety spectacles, goggles and face
shields shall conform to B.S. 2092 or its equivalent.

Figure

9: Safety

Glasses

&

Goggles
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2.5.3

E a r plugs and earmuffs

The noise level in some areas in construction sites are often well above the level
which will cause permanent hearing damage to workers in the vicinity. The c o m m o n
form of hearing protection in the industry is the earmuffs and earplugs (figure
ten).Ensure that the attenuation of all ear protectors conform to B.S. 5108.

Figure

2.5.4

10:

Earmuff

&

Disposable

Ear

Plugs

Masks and respirators

In selecting appropriate protective equipment against the effects of harmful gases and
dust, great care should be exercised. First it should consider the protection against the
gases and dust and secondly protection against oxygen deficiency.Ensure

that

suitable respirators can provide adequate protection. This is measured by the degree
of inward leakage that occurs when used. Figure eleven shows various types of
masks and respirators.

Figure

11:

Masks

and

Respirators
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2.5.5

Safety helmets (Head wear)

Safety helmets are for protection against falling objects and heavy blows and shall
conform to EN 397 or equivalent. Bump caps are for protection against light blows
and shall conform to B.S.4033. Some of the head wear used in construction are
shown in figure twelve.

Figure

2.5.6

12:

Head

Wear

Safety footwear

Construction workers including those who are in site offices are advised to wear
sensible shoes or boots to prevent abrasion and cuts from sharp objects on the
ground.All safety footwear, including safety shoes, ankle boots and rubber boots
shall be fitted with steel toecaps. Where there is a risk of treading on protruding nails
or sharp objects, the footwear shall be fitted with penetration resistant soles, and be
identified with a symbol "P" in accordance with EN 344. For electrical workers, or
where electrical hazard exists, safety footwear with electrical resistant soles shall be
fitted as appropriate. The following figure thirteen shows a pair of safety footwear
used by a construction worker.

Figure

13:

Safety

Footwear
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2.5.7

Protective clothing

It is advised to wear protective clothes, gloves and dust caps when working or
handling asbestos and asbestos based products, lead and lead based

products

including lead paint, and other harmful chemicals, which may be absorbed through
intact skin, provide impermeable protective overalls when entering a manhole where
there is possible contact with sewage or unlined tunnels with unknown drippings.
All suitable gaiters manufactured to B.S.4676:1971 or equivalent when engaged in
handling molten metal and knocking out hot materials. Figure fourteen provides a
view of protective clothing that is currently used at construction sites in Sri Lanka.

L.

1

Figure

2.5.8

14:

Protective

Clothing

First aid facilities

Construction

site

with

five

or

more

workmen

shall

have

a

first

aid

box

(preferably a portable one). A separate first aid box shall be provided for every
50 workers on site. Every first aid box shall be marked plainly " F I R S T A I D " in
English, Sinhala and Tamil. If a first aid box is not provided in any workroom, the
location of the nearest first aid box and the name of the person in charge of the box
shall be displayed in that workroom. All material for dressings shall be in acceptable
grade and quality.

102871

Figure

15:

2.6

Safety regulations

2.6.1

Sri Lankan safety regulations

First

Aid

Facilities

A safe and healthy work environment is the basic right of every worker. However,
the global situation falls far short of this right. The ILO estimates that more than 125
million workers are victims of occupational accidents and disease in a single year. Of
these approximately 220,000 workers die and about 10 million are seriously disabled.
Due to the nature of the construction activities and involvement of various parties, it
is difficult to survive without the control of a legal system so creating legislature to
govern the construction industry is very important (Jaseiskis and Suazo, 1993).
During the last few decades, various acts and legislations were passed which are
related to global construction health and safety. A m o n g them the

following

regulations were found out to be practiced in Sri Lanka.
In 1942, factories Ordinance N o 45 came into power and subsequently it was
amended several times. Factories Ordinance mainly focused on workers w h o work in
factories. However some parts of the ordinance may be applied to the building
operations and civil engineering works.
The following regulations are initially enacted at U S A and U K respectively. These
legislature were blindly copied by the responsible Sri Lankan authorities, hence at
present, these regulations are mere restricted to writing.
•

Occupational Safety and Health Act of 1970 ( O S H A ) , U S A
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•

Health and Safety at Work Act of 1974 (HSWA),UK

•

Construction (Design and Management) Regulations of 1994,UK

Occupational Safety and Health Act (OSHA) of USA is concerned about the
occupational safety and health at work place. The employees can inform any safety
violation in trade unions against the employer. Thereby the employees are given
more rights to determine their safety and health at work.
The Health and Safety at Work Act 1974 (HSWA) provides a wide, embracing,
enabling framework for health, safety and welfare in the UK. The Act places specific
duties on;
•

Part (I)— employers who have duties to employees and others who are not their
employees

•

Part (II) — employees who may be junior staff, managers or indeed even safety
representatives. All employees need to understand their employer's obligations.

•

Part (III) — occupiers of premises

•

Part (IV) — designers, manufacturers, importers and suppliers and their
responsibilities for Articles/substances

Construction (Design and Management) regulations are a new legislation, which
eliminates inefficiencies included in previous legislature. It is noted that designers
should consider the safety of the workers at site when designing and should provide
safety information and advices to both client and contractor initiate those and give a
feed back to the designer.
Sri Lanka has a very poor health and safety record. Much legislation exists to protect
workers' rights and health but they are not implemented properly and only elite of
workers enjoy the benefits. The workforce is abundant, low skilled and easily
available and the high rate of unemployment makes them susceptible to exploitation.
Getting work is more important than the hazards involved.

21

2.6.2

Constitutional provision for occupational safety and health

Safety and health occupies a very significant position in Sri Lanka's constitution
which prohibits employment of children under 18 in factories, mines and in
hazardous occupations. Policy aims to protect the health and strength of all workers.
It prevents employment in occupations unsuitable for the age and strength of the
workers. It is the policy of the state to make provisions for securing just and humane
conditions of work. The constitution provides a broad framework under which
policies and programs for occupational health and safety could be established.

2.6.3

Necessity of policies, regulations and standards for construction safety

The necessity of policies to prevent accidents in construction industry is increasing
rapidly with the growing of construction industry. Due to the development of
technology, today most of the construction firms tend to apply new construction
techniques and processes. Therefore policies, regulations and standards to prevent
accidents and to ensure safety in construction sites, have become very essential part
in construction industry.
Accidents in construction sites are wasting time and money of contractors and rest of
the parties involved. Hence management has to face the loss of productivity but also
they have to pay compensation for injured parties.
Accidents create social problems too, because when a worker gets injured most
often, he would not be able to support his family with the compensation gets from
the employer for a long period of time. If he is not in the position to perform normal
duties after the accident and also not competent in performing any other work; due to
frustration and helplessness the worker might be tempted to earn money by illegal
manner creating a hazard for the society.
Consequently it is necessary to bring fair policies, rules and regulations and
standards by the government to protect workers and the public from these accidents,
to ensure the safety at construction sites and to identify specific obligations and
duties of members of building team and the workers.
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2.6.4

Accidents recorded according to regulations

Industrial Safety Division of Department of Labour (ISD), Sri Lanka mainly
considers the occupational health and safety of the workers and effect to the third
party during the work proceeds. According to the factory ordinance of Sri Lanka the
employer is liable to report every nonfatal accident that caused within three days
from occurrence and their occupation information to the relevant district inspecting
engineer, within ten days of time after the injured worker resumes his employment.
Further, if the accident causes lossthe life of the injured employee, the employer
must inform immediately to the district factory inspecting engineer.
The ISD keeps records of the occupational accidents, which have been reported to its
district offices. Table two & Table three illustrates the past accident records in the
construction industry and all other industries from 1999 to 2008. It can be seen that
the number of fatal accidents and non-fatal accidents have been changing year to
year. However the construction industry has recorded considerable number of fatal
accidents most of the time during the said period.
Table 2 : Fatal Accidents Recorded During 1999 To 2008

Year

Fatal Accidents in the

Fatal Accidents the other

Construction Industry

Industries

Numbers

Percentage of
Total

Numbers

Percentage of

Total Fatal
Accidents

Total

1999

10

27.03%

27

72.97%

37

2000

10

24.39%

31

75.61%

41

2001

10

37.04%

17

62.96%

27

2002

07

19.44%

29

80.56%

36

2003

15

35.71%

27

64.29%

42

2004

08

19.05%

34

80.95%

42

2005

19

36.54%

33

63.46%

52

2006

24

28.57%

60

71.43%

84

2007

27

35.06%

50

64.94%

77

2008

17

34.69%

32

65.31%

49

th

(Source: ILO web site: 5 May 2011)
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Table 3: Non-Fatal Accidents Recorded During 1999 To 2008

Non-Fatal Accidents in the

Non-Fatal Accidents the

Construction Industry

other Industries

Year

Numbers

Percentage
of Total

Numbers

Percentage

Total Fatal
Accidents

of Total

1999

103

4.81%

2039

95.19%

2142

2000

85

4.01%

2034

95.99%

2119

2001

66

3.06%

2091

96.94%

2157

2002

68

3.88%

1686

96.12%

1754

2003

46

3.08%

1446

96.92%

1492

2004

25

1.77%

1386

98.23%

1411

2005

34

2.45%

1354

97.55%

1388

2006

23

1.32%

1717

98.68%

1740

2007

43

2.45%

1712

97.55%

1755

2008

40

2.62%

1485

97.38%

1525

th

(Source: ILO web site: 5 May 2011)

2.6.5

New act

It is please to mention that new act shall be enforced near future which is focused
construction industry. However much information is not available at the moment
since it is at under evaluation stage.
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2.7

Stakeholders in construction safety

Personnel involved in maintaining site safety
According to Kamardeen (2007), it is identified that the subsequent people are the
stakeholders for safety in a construction project and their duties and obligations are
as follows.

2.7.1

Contractor

The contractor is responsible to take following actions so that safety of employees is
ensured in the site.
•

Formulate a policy with regard to the safety and health at work of all staff

•

Provide a safe and healthy working environment to his employees and protect
others who may be affected by the work

•

Provide adequate and appropriate information, instruction, training and
supervision to his employees.

•

Set out safety and health standards and procedures.

•

Appoint responsible personnel to ensure that the safety and health policy is
fully implemented and the safety and health standards, instructions and
procedures are strictly observed and followed.

•

2.7.2

Provide adequate and proper personal protective equipment for his employees

Employees

The contractor should ensure that his working staff is aware of the safety procedures
adopted in the site and to satisfy his working staff under the following conditions.
•

Be conversant and co-operate with the contractor in administering the safety
policy and following the safety and health requirements as stipulated
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underthelaw and the works contract, such as the site safety manual, the site
safety handbook, and other safety and health standards, instructions and
procedures, which are related to their work to avoid accident.
•

Work safely and take good care of themselves and others who may be
affected by them at all times, avoid being complacent and taking dangerous
shortcuts, avoid improvising dangerous tools, and always seeking assistance
and advice if in doubt.

•

Use the personal protective equipment as required and take reasonable care of
them when they are not used.

•

Take immediate action to rectify any unsafe tools, equipment and plant or any
unhealthy conditions, or report them immediately to their supervisors or the
responsible person in control of the workplace.

•

2.7.3

Report all accidents to the supervisors immediately after their occurrences.

Safety officer

It is the duty of the contractor to employ and get the assistance of a safety officer to
assist following work.
•

Implementation of the safety policy and the safety and health requirements as
stipulated under the law and the works contract, such as the site safety
manual, the site safety handbook, and other safety and health standards and
instructions.

•

Assist in ensuring that all plant, machinery, equipment and tools are
maintained in safe working order. Ensure that the names of the persons
designated by the Contractor for the operation of particular plant and
equipment are recorded in a register and check that the plant and equipment
are only operated by designated competent persons.

•

Assist in ensuring that all fire services installations and fire escapes are
maintained in good working order.
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•

Assist in ensuring the safe and health condition and good housekeeping in the
workplace.

•

Conduct safety inspections to project sites, plants and workshops, and prepare
inspection reports.

•

Ensure the observance of the safety rules and safe practices by the staff, and
assist in the supervision of safety supervisors.

•

Report to the site management any unsafe practices and unsafe conditions in
the workplace and prepare and submit statutory reports to the contractor.

•

Carry out risk assessment and prepare safety method statements, including
control measures for high and medium risk activities as necessary.
Conduct accident investigation and prepare investigation reports; and
recommend preventive measures to avoid recurrence.

•

Organize/conduct safety training courses and seminars, and prepare training
records and organize safety promotion activities.

•

Communicate with labour department's occupational safety officers and
representatives of safety & health organizations.

2.7.4

Safety supervisor

The contractor should employ a safety supervisor to perform following duties.
•

Assist the safety officer and the contractor in implementing the safety and
health requirements, standards and instructions.

•

Be familiar with the statutory regulations applicable to the work on which
their gang is engaged; insist that the regulations are observed and followed,
and all accidents reported immediately.

•

Keep all staff informed of the safety policy and take all reasonably
practicable steps for carrying it out.
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•

Incorporate safety instructions in routine orders and see that they are obeyed.
Take all reasonable steps to prevent workers from taking risks.

•

Assist

the

safety

officer

in

arranging

new

employees,

particularly

inexperienced and apprentices or new recruits to receive site specific safety
induction course and to learn to take safety precautions.
•

Ensure that protective clothing and equipment are used whenever appropriate.
Discourage "horseplay" and reprimand those who fail to consider their own
safety and that of others.

•

Report to the immediate supervisor on any defects and ensure that any unsafe
plant and equipment are not used.

•

Ensure that all plant and equipment are in a safe and secure state when left
unattended.

•

Remind the Contractor to replenish first aid boxes at regular intervals.

•

Report to the Contractor and/or Safety officer on matters relating to safety
and health.

2.7.5

Safety representative

The Contractor should employ a safety representative, full time in site for following
reasons.
•

Assist the safety officer and the contractor in enforcing the safety and health
requirements, standards and instructions.

•

Incorporate safety instructions in routine orders and see that they are obeyed.

•

Take all reasonable steps to prevent workers from taking risks. Discourage
"fooling around" and reprimand those who fail to consider their own safety
and that of others.

•

Ensure that protective clothing and equipment are used whenever appropriate.
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2.7.6

Consultant's representative

A consultant's representative will be employed by the consultant to perform
following tasks.
•

Implement safety policy and the safety and health requirements as stipulated
under the Specification and the works contract, the construction site safety
manual, the construction site safety handbook, safety plan (if any) and other
safety and health.

•

Carry out site inspections to ensure that the safety and health standards, rules
and practices are being complied with and corrective actions are taken as
necessary.

•

Ensure maintenance records of all machinery, plant, equipment and tools are
kept, and all plant and equipment are operated by competent persons.

•

Ensure that all identified defective machinery, plant, equipment and tools are
suspended /withdrawn from service until they are satisfactorily repaired.

•

Check that the personal protective equipment is properly maintained, readily
available and are correctly used.

•

Report any inadequacy in safety and health measures and dangerous incidents
for follow up action.

•

Closely monitor the contractors' works for any unsafe practices or unsafe
methods. Ask for their rectification as soon as possible by means of the
power delegated to him under the contract.

•

Lead the Site safety management committee meetings, and attend the site
safety committee meetings.

•

Closely communicate with the labour department and/or the on the
construction site safety matters.

•

Conduct accident

investigation

and recommend

corrective action

for

preventing similar accidents.
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•

Compile site accident statistics and report on the contractors'

safety

performance.
•

Assign and train site staff to administer safety provisions in the contract.

•

Attend

safety

audits

and

ensure

that

follow-up

actions

on

the

recommendations made by safety auditors in the safety audit reports are
taken.

2.8

Occupational injuries in construction

Occupational injuries from construction activities in general are defined by Davies
and Tomasin (1990) as:
•

Danger of physical injury and fatality; and

•

Health problems

Construction accidents resulting in physical injuries and fatalities can be broadly
categorized into the following eight basis groups (Hinze, 2005):
1. Falling from heights-involves workers falling from higher floors to lower
floors/ground level, and falling from ground level to excavation level.

2.

Struck by falling objects/moving vehicles-primarily involves workers being
struck by equipment, private vehicles, falling materials, vertically hoisted
materials and horizontally transported materials.

3.

Excavation related accidents-encompass cave-in, contact with underground
utilities, subsidence of nearby structures, falling of materials/vehicles/objects on
to people working in excavation, fumes, gases, and inrushes of water at the
bottom of excavations.

4.

Accident by operation of machinery / tools- caused by toppling of machinery,
collapse of part of the machinery, and unsuitable or unsafe hand held tools.
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5.

Electrocution-caused by contact with electric current from machines, appliances,
light

fixtures,

faulty

electrical

equipment

and

tools,

contact

with

overhead/underground power clines.

6. Fire/explosion-resulting from the explosion of pressure vessels or gasoline pipes,
and fire due to welding/hot works.

7.

Failure

of temporary

structures-involves

the

failure

of

formworks

and

scaffoldings.

8.

Others- e.g. slipping on the same level, oxygen deficiency in confined spaces,
lightning strike, etc.

Table 4: Hinze And Wilson (2000) Explains Health Problems Affecting Construction
Workers Are As Shown In
Cause

Health hazard

Contact with cement, slaked lime, paint, varnish, thinner,
solvents, strong chemicals, grouts, seals and adhesives.

Skin diseases

Hardness
hearing

of Noise

Respiratory
diseases
Muscular and bone
diseases

Inhalation of toxic dust, vapour and ashes

Cancer

Carcinogenic materials

Mental illness

Stress, inhalation of toxic materials affecting brain and
central nervous system.

Diseases caused by
vibration

Vibration

High static stress and unnatural working postures
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Table 5: Hinze And Wilson (2000) Intensely Analyzed The Root Causes

Of

Construction Accidents.Their Work Can Be Summarized By The Four Clusters
As Shown In

Factor

Cluster
1. Working condition

Type of work
Work location
Status of tools, equipment and temporary structures
Physical layout of the work place

2. Management failure

Poor house keeping
Violation of workplace safety standards
Poor supervision and checking of work progress, tools,
and equipment and temporary structures.

3. Unsafe acts of workers

Disregarding safety rules
Horseplay
Skill and training

4.Non
human
events

2.9

related Unexpected ground conditions/terrain
Adverse weather/earthquake/tsunami, etc. on site

Assessing project hazards

The combination of work by Davies and Tomasin (1990), and Jannadi and Assaf
(1998) produced a list of high hazardous trades in building construction projects for
facilitating hazards assessments. The hazardous trades are as follows:
1) Demolition works
2) Excavation works
3) Scaffolding and ladder works
4) False works (temporary structures)
5) Roof works
6) Erection of structural frame works
7) Crane use
8) Construction machinery and tools usage
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9) Works on contaminated sites
10) Welding and cutting works
11) Works in confined spaces
The working condition is the inherent work hazard owing to a project's scope and the
location. The inherent hazard is managed with a safety management system, which
can cause occupational injuries when flows exist. The negligent attitude of workers
to forego safety standards also causes accidents, although it is less quantifiable. Non
human related event are beyond control and prediction. Hence, the estimation of
occupational injury risks in construction projects shall assess two factors: the
inherent hazard level in the project, and safety management level. As shown in figure
sixteen, hazards incline the project towards the accident zone while safety pulls it
towards the safe zone. When the safety force is at least equal in magnitude to the
hazards imposed, the project stays in a neutral zone. Safety below hazard level
moves the project towards the accident zone. Hence, the prediction of occupational
injuries in a project entails the assessment and comparison of the magnitudes of
project hazards and safety.

Neutral
zone

Accident zone

Project h a z a r d
pull force

^^^^^

Project

Safe z o n e

•^^^

Safety m a n a g e m e n t
p r o g r a m m e pull force

Figure 16: Hazard Vs Safety Trade - Off

According to Davies and Tomasin (1990), and Jannadi and Assaf (1998) a particular
project may have many of these trades and the level of hazards inherent in each trade
is determined by its respective risk attributes. There are number of attributes that
contribute to the level of hazard in each of the above hazardous trades. The fishbone
diagram in figure seventeen summarizes these risk attributes.
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Volume ol welding
S cutting works

Confined space
hazard

Machinery t
tools hazard

Steel/precast
erection hazard

falsework
hazard

Excavation
hazard

Figure 17: Fishbone Diagram - Building Hazard Attributes

As part of its strategies to improve safety standards in construction projects,
Singapore conceptualizes the implementation of the Quality Fee Method (QFM) for
tender evaluation, departing from the traditional lowest price method. Under the
QFM, tenders are scored based on both price and quality attributes. Safety
management proposal is one of the key quality attributes. The effective assessment
and scoring of tenders' safety proposal is therefore a crucial task for clients' project
managers (Kamardeen 2007).

2.10

Measuring contractors' safety performance

In view of the importance of occupational health and safety, countries such as the
United Kingdom, Singapore and Hong Kong have adopted a self - regulatory
approach to safety, whereby proprietors (including contractors) are required to
develop, implement and maintain safety management systems. In addition to setting
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out safety objectives and targets in their safety management systems, construction
firms need a rational framework for Safety Performance Evaluation (SPE) in order to
objectively gauge their effectiveness in accident prevention over time.
There are several methods for measuring the safety performance on construction
sites:
1) Applying the concept of profiling that consists of the development of a corporate
safety performance standard in a number of categories that are considered
important by clients' project managers. Companies are then compared to these
categories and a profile is made showing this comparison (Fletcher, 1972).

2) Conducting a safety audit-a comprehensive audit is a review of the company's
safety program. A properly conducted safety will determine the strengths and
weaknesses of the current safety program (Kavianian and Wentz, 1990).

3) The injury frequency, which is the number of lost-time injuries per million hours
of exposure, can also be used to measure the safety performance (Jannadi and AlSudari,1995).
Nevertheless, conducting a safety audit can give a leading indicator of the safety
performance of a contractor whereas the other two methods provide with lagging
indicators. Jannadi and Assaf (1998) also recommended that safety auditing is
better than the other methods to assess the safety performance of contractors.
Teo et al (2004) developed a (3P+I) model for measuring the effectiveness of
safety management systems of construction firms in Singapore by assessing
policy factors, process factors, personal factors and incentive factors. Policy
factors refer to safety principles and structures that are in place to ensure safety
on site. These are included in relevant code of practice, and in-house safety rules
and regulations. Process factors comprise safety attributes that are directly
associated with construction operations. Among these attributes are management
of subcontractors, safe work procedures, communication and

information

transfer, hazard identification, and housekeeping. Personal factors refer to key
human-related variables that effect site safety such as training and competency,
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and the structure of the safety committee. Finally, incentive factors are defined as
the system that a project has in place to motivate site personal and sub
contractors to work safely.

2.11

Safety culture

The construction industry is characterized as one with a poor safety culture, and it
appears that attempts to improve the safety record will not be fully effective until
safety culture is improved. A better understanding of safety culture will definitely
help construction organizations to strategically allocate resources and concentrate
their effort to ensure the improvement of their overall safety performance. Many
research studies have investigated the nature of construction safety culture, focusing
mainly on its characteristics, attributes, key success factors and assessment.

Molenaar et al. (2002) identified

a total of 31 characteristics that

define

organizational safety culture, including management commitment, communication,
strategy development and implementation, resources and empowerment, to name but
a few. Ho and Zeta (2004) established a set of key factors (Behavior,

Environment,

Organization and person) that effect construction safety culture. They argued that
safety culture would fail when it lacks support of four factors.

Chinda and Mohemad (2007) proposed a structural model for construction safety
culture aiming to verify the casual relationship and interactions between enablers and
goals of construction safety culture. He identified five enablers, namely Leadership,
policy and strategy, people, partnership and resources, and processes, as well as four
result criteria including people results, customer results, society results, and key
performance results. The enablers represent how the organization operates, while the
results concentrates on achieving predetermined organizational goals.
In this study, however, the focus has been mainly on the improvements to the
enablers' criteria in order to achieve better results. For this reason the four "results"
criteria are combined together into a single construct named as Goals. It is assumed
that leadership drives people management, policy and strategy and resources. These
three enablers collectively influence the ability to achieve predetermined goals

36

through the implementation and improvement of suitable processes. The six
theoretical constructs (five enablers and a single set of goals) represent the basic
elements of the proposed construction safety culture model. Their details, along with
the associated attributes, are briefly described below.

Leadership enabler
Through the leadership enabler, leaders develop and facilitate the achievement of a
mission and vision of safety, develop values required for long term success, and
implement them via appropriate actions and behaviours. They are personally
involved in ensuring that the organization's safety management system is developed
and implemented. Leadership and management commitment to safety are recognized
as a fundamental component of an organization's safety culture. In construction,
leadership is considered as the main enabler in developing a good safety culture.
Leadership can basically be examined by four attributes, namely top management
commitment, effective two way communication, management accountability, and
management leading by example.

People enabler
The people enabler facilitates how an organization manages develops and releases
the knowledge and full potential of its human resources at an individual, team-based
an organization-wide level, and how it plans these activities in order to support its
policies and strategies, and the effective operation of its processes. It is not only
management participation and involvement in safety activities that is important, but
also the extent to which management encourages the involvement of the work force.
It is clear that the higher the level of the workers' involvement in safety activities,
the more positive the safety climate. This enabler consists of seven attributes, namely
shared perceptions about safety, safety empowerment and responsibilities, supportive
environment, workers, involvement, relationship among workers, workload

and

work pressure .
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Policy and strategy enabler
This enabler refers to how the organization implements its mission and vision of
safety via clear stakeholder focused strategies, supported by relevant policies, plans,
objectives, target and processes. It consist of safety awareness and promotion,
alignment of productivity and safety targets, safety standard, laws and regulations,
safety initiatives to continually improve safety standards, and integrating safety in
business goal settings.

Partnership and resources enabler
This enabler refers to how an organization plans and manages its external
partnerships with project participants and other stakeholders, and its resources
needed to support its safety polices and strategies, and the effective operation of its
safety related processes. Four attributes were used to describe this construct.

These are: project participants and stakeholder cooperation, adequacy of financial
resources dedicated to safety, availability of necessary safety related resources,
including human resources.

Processes enabler
This enabler allows and organization to design, manage and improve its processes in
order to support its policy and strategies and to fully satisfy and, and generate
increasing value for, it customers, employees and other stakeholders. Its consist of
many attributes namely, namely safety training, risk and hazards assessment,
feedback on safety implementation, adopting a no blame approach, site layout
planning, environmental control and good housekeeping, site safety documentation,
and having an effective benchmarking system .

Goals
Goals, with respect to employees, customers, society and business performance,
represent the ultimate aim the organization endeavors to achieve as a result of
implementing the attributes stated in the five enablers listed above. The Goals
construct consist of seven attributes, including the level of job satisfaction, safe work
behavior, reduced number of accidents and safety related incidents, exceeded
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customer's expectations, improved industry image and safety standards, higher work
force morale, and reduced total costs associated with accidents).

Chinda and Mohamed (2007) revealed that a very strong relationship between
Processes and Goals, implying that excellent safety outcomes (i.e. reduced number
and cost of accidents, higher workforce morale and enhance industry image) can only
be achieved through the rigorous implementation of safety related processes, which
appears to be directly related to people and policy and strategy, and not to
partnerships and resources. Further, although, partnership and resources did not have
a significant direct effect on processes, they did, however, have a significant indirect
effect through its influence on policy and strategy.

According to Chinda and Mohamed (2007), Leadership strongly influences People
and Policy and strategy. Thus leaders should become role models in promoting safe
work behavior, unsure that workers accept their safety responsibilities, and set a
realistic safety policy and communicate throughout the organization. It is clear that
leadership is the main driver to effective safety culture, and that the strong
commitment of leaders is crucial in promoting safety culture. Additionally, safety
policy and strategy should reflect the need of safety resources requested by the
workers, as direct and indirect relationships exist between partnerships and resources
and policy and strategy and between people and policy and strategy, respectively.

2.12

Construction workers' health and safety knowledge

Typically, H&S management is formalized through an "inclusive" approach that
places accountability on everyone at the workplace. This accountability can be
conveniently considered hierarchically where all in an organization hold some H&S
responsibility: from the chief executive officer or director; through all tires of middle
management, and including every individual employee whether they work in an
office or site. Individual responsibility with respect to H&S will vary. For example,
directors are charged with specific accountability, some employees might be a
communication interface between management and workers, whereas others may
represent their colleagues or contribute to H&S committees. In a construction
context, clients also have contribution to make in upholding H&S standards, as does
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the actual relationship formed between contractors and their clients. Indeed, it can be
highlighted that safety improvement in construction involves all who are involved in
the operation of construction sites and requires a "pro-active" approach.

Fundamental to any effective H&S regime is the inherent degree of H&S knowledge,
or the "personal attributes" to H&S, held by workers. Ahamed and Gibb (2003)
alternatively described this concept as a function of employee attitude; toward the
organization they work for, and to the magnitude of risk to which they are exposed.
However, H&S knowledge is often more broadly defined as "competence" and H&S
competence specifically, has been described as an integral part of corporate
responsibility. To be written something.

2.13

Summery

Under the literature review, attention was given to identify the global scenario of
health and safety in construction industry. In addition to that local conditions and
legal background also have been studied.

Further, this chapter emphasis the importance of health and safety. Attention was
given to study the common causes of accidents, safety procedures, safety equipment
etc.

Author has tried to learn about stakeholders relating to health and safety and their
key role. In addition assessing of project hazards, measuring contractors' safety
performance, construction workers' health and safety knowledge have also been
included in this chapter. Finally safety culture was explained in detailed.
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