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Abstract

Most Indian metro cities are facing the problem of traffic congestion, arising from
indiscriminate use of personal vehicles, due to lack of an effective transport
system to meet the demands of increasing population. An effective public
transport system can not only ease the traffic flow but also improve the air quality

of a region by taking personal vehicles off the road in large numbers.

Providing an effective rail or road transport system requires construction of
viaducts for safe and congestion free movement of traffic. Viaducts also facilitate
connecting existing network over otherwise difficult terrain and optimized use of
available land. Construction of rail and road network requires working in
hazardous environment. Rail and road construction work at ground level is

hazardous but this hazard increases manifold for work above ground level.

As per estimates given by Occupational Safety Administration (OSHA), UK more
than 10 % of the workers involved in viaduct construction meet accidents ranging
from minor injuries to fatality. Therefore, the importance of reviewing the
existing safety measures and suggestions to improve the existing safety record

cannot be undermined.

Minimization of injuries starts with identification of hazards and quantification of
risk. Hazard identification and risk assessment (HIRA) techniques are available to
identify hazard at construction site and assessing their risk level,. Although HIRA
is implemented in construction industry all across the country, and is a part of the
management system, some crucial aspects, which would enhance the
effectiveness of HIRA, are still missing. Due to this certain inherent hazards are
not identified resulting in accidents during execution of work. These aspects
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affect the project directly or indirectly. This also results in below par safety

performances at site and also breeds poor safety culture.

This thesis reviews the existing safety practices and standards followed by viaduct
construction industries. The causes of high accident rate are identified and
suggestions are given to improve the safety of workers involved in viaduct

construction, thereby, drastically bringing down the number of injuries.

Various aspects overlooked, intentionally or unintentionally, during hazard
identification and risk assessment using HIRA are identified and included in order
to strengthen the existing techniques. A framework, based on the twelve different
considerations identified after rigorously sifting through various method
statements has been developed. Each consideration, in the developed framework,
has six sub categories or concern areas. Quantification of each area is done based
various study and analysis of data and set of questionnaire and survey conducted
at work site.

These considerations have been quantified and risk multiplication factor (RMF) is
generated. Finally, a modified risk level (MRL) is obtained by multiplying initial
risk level with RMF.

Control action plan can be revised based on the new MRL. Using this framework
for risk assessment various areas/ concern, which would have otherwise been
overlooked if classical HIRA technique was used, can be identified. The
framework has also colour codes or risk rating — red for critical (all work is to
stop unless corrective steps are taken), yellow requires immediate attention, and
green for acceptable risk levels. The developed framework for risk assessment is
effective from site selection stage to execution stage of a construction project.
Using this framework the occurrence of accidents can be eliminated, or at least
the number of accidents that happen during construction activities can be

considerable reduced.
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CHAPTER 1

Introduction:

1 Title of thesis

Role of Inherently Safer Concept in Hazard Identification and Risk Assessments
in Viaduct work: Design based approach

1.1 Statement of proposal

1.1.1 Problem Statement

Construction industry is backbone of Indian economy. Viaduct construction
works plays an important role and it supports the Indian economy as well as
infrastructure takes its shape to the global level. Same time safety standard and
its implementation have been an issue for construction industry in India.
Numerous accidents are reported in construction since beginning of the project
which has significant impacts on individual and nation. Infrastructural
development and time frame associated with it along with cost factor makes the
execution process most challenging. Competent Supervision and its placement
with respect to competency lack in construction industry which impacts and

encounters majority of accidents.

In construction Industry, visually progress is main or prime concern and safety
concerns are not coming upfront although legislative requirements understands
the importance of safety concerns. Accidents are driven since design stage of
construction and focused done on assessment of risk is not updated or not

quantified properly to mitigate the hazard and risk associated in it.



Therefore, approach to understanding the safer approach and concept of
quantification of risk, reassessment of activity since design stage to
implementation stage could be recognized in mitigating inherent hazard and risk

involved in viaduct work.

1.1.2 Background

Construction is third most accident prone industry and ill organized industry due
to involvement of illiterate and untrained workers. There are various types of
dependency involved in roles and responsibility assigned by management which
supervision always carried by the engineers/ supervisor in available time and

resources.

Viaduct work consists of most vulnerable work activity where availability of
inherent risk remains consistent. Although in recent years accidents frequency
rate in construction industry has decreases involving the technological approach.
In recent few years it has been found that the majority of accidents coming from
construction work activity is “work at height” which consist up to 56% of total
accidents coming out from construction work and it is majorly involved in viaduct
construction work where it has been noticed approx. 60%. Rather from work at
height, material handling, excavation, hot work etc. are main concern where

incident rate are majorly recognized.

Based on initial design, planning of executing the work comes first where safety
issued and its regulatory requirements discussed. Management concern towards
hazard and risk involved in the planning stage remain theoretical and they remain
eager to accept the challenges. Although while during its execution, time frame
restriction, resources limitations and cost effectiveness bring the instability to the
real approach towards implementation of safety at work place which lack the
concentration of assessing the inherent risk which indirectly involved in the

process.



Therefore, to minimizing the accident frequency it will be favorable to assess all
vital part of a project by applying the concept of implementation of inherent safer
way to identification of hazard and risk assessment involve since design stage to

execution of work till its completion.

1.1.3 Role of viaduct in sustainable development

As reasonable improvement turns into a more imperative target in common base
arranging and approach making, Quality of Life is an inexorably vital measure to
comprehend, describe and apply viably in the inquiry and advancement of suitable

framework answers for practical improvement.

The illustrations exhibit how foundation can be deliberately created or re-created
to enhance local personal satisfaction and financial intensity while saving or

upgrading the common habitat.

The most well-known and generally utilized meaning of manageable
advancement originates from the United Nations' Brundtland Commission's
report: "addressing the necessities (and desires) of the present era without trading
off the capacity of future eras to address their own issues and yearnings" (WCED
1987).

As a rule, it is additionally comprehended that reasonable improvement has three
angles: natural, monetary, and social. While meanings of and ways to deal with
supportable advancement and assessment change, the applied premise of practical
improvement is in a general sense the same: to give a worthy or enhancing
personal satisfaction for groups while safeguarding that normal resources that
empower such arrangement to proceed. Viaducts are scaffolds made out of a few

little traverses for intersection a valley or a crevasse.

Alongside improvement and enhancing network, viaducts ought to be practical.
This could be accomplished through powerful arranging and planning. Millau

Viaduct is an impeccable case of a maintainable development artful culmination.



1.1.4 Motivation/ Need of research

In India construction has accounted for around 40 per cent of the development
investment over the past 50 years. Around 16 per cent of the nation's working
population depends on construction for its livelihood. The Indian construction
industry employs over 30 million people and creates assets worth

over Rupees 4000 billion (approx.).

Major accidents of construction particularly bridges or viaduct structures which
has been happened recently in India who motivates to look some alternative or
research which could able to minimize the impact or accidents ratios.
Investigation and analyzing the past accidents, it reveals the root causes of
accidents which has been happened in viaduct work (Metro rail work or other
bridges work) and various aspects has come to work in. Commonly human error
and technical assessment of work by team leader or concern engineer has played
important role in leading to the accidents. Site Engineer/ team leaders’ job is to
identification of hazard and risk assessment carrying during and at the time of
construction activities plays an important role. The risk quantification barrier
which indicates to change its methodology or planning is the vital part or concern
which an engineer or team leader or designer may take in priority before

executing the work.

During my research, it will be focused to use all inherent safer approach to
identify hazard and its risk quantification including re assessment in all levels of
activities by which we will be able to justify the risk rating by which there will be
a way to change the methodology or design and probably frequency of accidents

can be reduced.

1.1.5 Scope

In recent scenario various technique and methods are available worldwide for
hazard identification and risk assessment although every technique has its own

limitation and scope. Taking it further, we have been thought to reconstruct the



technique and conceptualize in a way we can take it forward to assessing risk in
construction more significantly. In this way, we have been taken consideration of
safety in design, analysis of inherent risk available since inception, coordination

between designer and engineers.

1.2 Objective

o Study of method statements, design proposals and all safety

management system

o Study of various techniques used for identification of hazard and
risk assessment for construction projects (mainly in design and

execution of bridges/ metro rail viaduct works)

o To introduce the framework for risk assessment in construction of
viaduct work and to provide a palette of techniques facilitating the
various steps of risk assessments including utilization of inherent

safer concept from design stage to completion stage of a project.

o To assess the effectiveness in eliminating and minimizing accidents

rates by validating the model.



CHAPTER 2

Literature review:

2 Overview of viaduct construction:

Infrastructure work has taken its large shape globally and subsequently it is a need
of society today for increasing infrastructure work as urban population growing
day by day. Construction of viaduct majorly contributes to the urban population
which has increased in last few years. One side it is a need of society while other
side it has number of challenges in health safety and environment areas. The
major HSE challenges or issues in construction today are near misses or accidents
in construction which happens at the time of execution of work. Many methods
are in place minimizing accidents scenario in constriction work still it has
identified as third largest accident rate by today. Construction work has many
peculiarities during construction and has number of inherent issues e.g. social
issues, environmental issues, health issues and most importantly the safety issues.
There are many works has done in past minimizing hazard and risk of
construction and scenario has improved but still miles to go in this areas
improving further. Hazard identification and risk assessment is a technique by
which incidences has reduced or minimized during execution. There are many
works has been done previously and suggested for improvements which has been

included as below in table.

2.1 Previous studies based of construction risk assessment and mitigation:
Multiple studies has been done to understand the risk involved in construction

work especially in viaduct work and has been tabulated (Table 1) during the state-

of-art and peer review.



Table 1: Previous studies done on construction industry safety and risk assessment

S.No | Project Study  objective | Gist of Work Key findings Reference
involved and aspect covered
1. Construction | Study aims to | e Identifying risks during | During study following observations | (Gangolells
safety reduce construction process. were noted- et al, 2010)
construction e Assessment of  construction | e The risk levels  during
industry  hazards | safety risk construction work due to
through design in concrete structure were observed
planning stage. to be high but level of safety risk
for precast designing structure
was less.
e During the designing of precast
structure below are the risk
which gets minimize :
1.Injuries due to
reinforcement.
2.Injuries due to falling object
or collapse.
3.Cut and blow injuries from
objects and tools during
foundation and structure
work
2 Construction | Early warning | e Implementation of RBFNN | eDuring study following | (Ding &
safety system (Radial Basis Function Neural observations were noted- Zhou,2012)

Network) models.

¢ Construction Safety management
requires  diverse, systematic




awareness of
superintendents
towards  hazards
and how well they
associate them
with

safety directors was chosen.

e Scope of hazard was
determined by accident types
reported in UK, US and Israel.

e In test, each subject was asked
to examine set of photographs

e Superintendents who had work
experience and had formal safety
training were able to assess risk
level more than students.

e They also assessed probability of
each hazard to occur more than

S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
e Calculation of Probability information for decision making.
Assignment (BPA) eBy web based system it makes
easy to collect information
related to  project, data
measurement and visual
inspection data.

3 Climate heat | Climatic heat | e Find out indicators of heat | Following points were observed | (Rowlinson
stress  risk | stress can lead to strain during study- et al, 2014)
management | accidents and | e Find out environmental heat | e Lack of research into real
in develop stress indices and industrial situations has been
construction | methodology  for | environmental threshold observed.

effective decision | e Assessing metabolic heat and | e So there is an inability to
making process work place formulate effective guidelines
e Assessing clothing effects for managing problem.
e Assess individual factors

4 Hazard Aim is to explore | e Population  consisting  of | Following observation were noted | (Perlman et

Recognition | the students, superintendents, | during study- al, 2014)




S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
risks from construction site with students.
respect to hazards. e It has clearly concluded that
e In this step virtual test was ability to identify hazard has
carried out Dby simulation positive correlation with work
model of the same experience.
construction site.
5 Construction | Study aims to | e Existing safety benchmarks, | Following are the noted | (Zhang et al,
safety know how guidelines, and best practices | observations- 2015)

potential hazards |  were used. e The device created identifies
are incorporated in | e Building Information Model unprotected section, edges and
construction (BIM) once developed and introduced safe framework.
schedule, their |  there is set up associations | e This model empowers client for
identification and |  between models the calendar streamlined model representation
elimination in| can be practiced upon and and work.
planning phase. rules for distinguishing risk | e Limitation of this framework is

can be connected that it depends on data given by

BIM.

6 Safety Study of worker | e Systematic review of existing | Following are the observations | (Zhou et al,
management | behavior, literature  on  construction | noted- 2015)
analysis  in | perception, and safety for useful findings and | e During review 33 research topics
construction | safety climate. identifying gaps. were identified, which were
industry e Appropriate publications were divided into 3  different

identified and were used to categories.

select according to publication
type and criteria.

e First group focused on aspect on
safety = management, second




S.No

Project
involved

Study objective
and aspect covered

Gist of Work

Key findings

Reference

e Papers selected were compiled
and coded according to aspects
like Paper title, publication,
Country etc.

e Based on such aspects data
analysis was carried out.

group focused on site workers
(e.g. attitude, behaviour etc.),
third  group  focused on
accident/incident  data  and
involved accident cost etc.

e Systematic review had done and
gaps were identified for further
practices

7 Construction | Study aims to do | e Specific job or activities were | Following are noted observations- (Rozenfeld et
safety risk assessment at chosen and they were broken | e Methodology has  dynamic | al, 2010)
construction  site down into sub activities. All approach in assessing risk in
by a method called incidents during work were process.
Job Safety identified. e Challenges and risk  were
Analysis considered by probability of
failure and verifying and
assessing potential casualties.

8 OSH Analytic Hierarchy | e Developing 109 PPIs | e Implementation of different | Podgorski
Manage- Process (AHP) (proactive performance criteria for the determination of | etal,, (2014)
ment in | method. indicators)for individual OHS- OH &S has been done.
enterprises MS o Assessments were done for KPIs

in approved OH&S method
e Selection of KPIs(Key statements.
performance indicators) for
AHP
9 Fire safety in | The Overall | o Thorough studying of the | e Proper management and | Gehandle et

10




S.No | Project Study  objective | Gist of Work Key findings Reference
involved and aspect covered
road tunnel objective is to Swedish European regulations organization techniques have | al,,(2014)

protect life for the fire safety and for the been included.

,property, health, life safety of the community | e Limiting the generation and

environment and has been identified. spread of smoke and assessment

the key social | e Verifying the Performance for proper load bearing capacity

functions from the based requirements through has been analyzed.

fire risk analysis of operational | e Providing means for self-
and knowledge related evacuation and safety
uncertainties. precautions for rescue service.

10 | Land slide | The main objective | e Reviewing the method and | e Controlling of landslide | Dai et al,,
risk is to develop new | techniques of landslide risk movement. (2001)
assessment methodologies for assessment. e Monitoring and warning

landslide  hazard | e Applicability of various land systems.
management. slide risk assessment methods. | e Assessment of decision making.

11 | Identify the | The main objective Prioritizing risk based on the | e Identifying and analyzing top | Laila et al
top risk | is to identification |  significance. major risks in the construction | ., (2013)
probabilities | of risk sites.
affection the | probabilities. e Currency and economic
construction fluctuation.
projects. e Change in taxations/new tax

rates.
12 | Hazard e Bow-tie analysis e Mechanical stress plays a critical | Paltreineri et

identification

In

CO2

The main objective
is to risk
assessment in

e Retrieval of risk notions

prioritization

role in accident related to vessels
by external factors.

al ,, (2013)

11




S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
capture emerging concept e Presence of corrosive materials
installations. | of CO2 capture in the vessels had great impact

installation. on the site.

13 | Construction | The main objective | e Overview of decision-making | Adverse Country Related | Yildiza , et
industry risk | of this project is | process: risk attitudes and | Conditions were analyzed like- al (2014)
assessment | the usage of expert | behavior. e Design  Problems  Project

options like risk | e The risk attributes: how the Complexity
mapping for risk | reliability of risk assessment Uncertainty ~ of  Geological
assessment in | can be enhanced? Problems
construction e Overview of previous Requirements Contract Specific
industry. attribute-based risk Problems
identification approaches Engineer’s Incompetency
Client’s Incompetency
Adverse Site Conditions

14 | Construction | An Assessment of | e The  questionnaires  were The results were obtained | Mehdi
industry risk | Risk ldentification designed to identify their through questionnaire and survey | Tadayon et
assessment | in Large | method of risk identification conducted. al.(2012)

Construction and their effects Multiple specifications for the
Projects in Iran identification of project risk have
been particularized.

15 | Construction | Hazard e Improving safety of the site Proposed method can be used to | Carterland
industry risk | identification by applying the safety raise the level for the | Smith (2008)
assessment significance identification of hazard to apply

suitable control measures.
16 | Construction | Assessment of | e Study presented a result based The system created present an | Tugnoli et

12




S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
industry risk | Quantitative technique for the inborn safety immediate connection among | al.(2010)
assessment Inherent Safety by evaluation  of  procedure risk components and outcome of

Key Performance frameworks. potential situations, superseding
Indicators (KPIs) a few issues prove in the
utilization of past strategies

17 | Construction | Quantification and | e Work shows a technique for | e The likelihood and severity scales
industry risk | communication of measuring development risk proposed in this work | Hallowell
assessment construction safety | and risk mitigation capacity | contemplate hazard management | and John

risk utilizing scales that technique which could able to | (2009)
characterize hazard as a part of enhance existing strategies for
terms of safety. risk evaluation.

18 | Construction | The Effects of | Work concentrates on the | e Work predicts the risk evaluation | Agwu(2007)
industry risk | Risk  Assessment | impacts of risk evaluation and its assessment by application
assessment (HIRAC) on (HIRAC) on hierarchical of "Domino Theory".

Organizational execution in chose development | e Risk mitigation and its effective

Performance organizations in Nigeria. controls are visible  when
assessment  of  management
system after applying HIRAC.

19 | Construction | Risk analysis of | e This work means to know the | e Observed risk should be prioritize | Firmansyah
industry risk | building probability of an event failure | and ascertained during the task | et al. (2004)
assessment construction and determining risk | performed. The action should be

Project pertaining to that. initiated immediately  once
identified.

e Preferably change required once

risk calculated above its

13




S.No | Project Study  objective | Gist of Work Key findings Reference

involved and aspect covered
permissible level.

20 | Construction | Research  needs | e The paper characterizes BIM | e Need of prevention through
industry risk | for Building by its difficulties during design that can help in identifying | Ku and
assessment Information design and relevant mapping inherent hazard and risk and can | Mills (2003)

Modeling for required DFS (Design for be handled to improve safety and

Construction safety) ideas to represent the | quality of work.

Safety various inputs coming in. e PtD minimizes the risk pertainin
to any process or activity and risk
level can be minimized from the
beginning.

21 | Construction | Safety Hazard and | e This work has focused on | e Significant  changes  have | Jennifer
industry risk | Risk identification understanding issues of any brought in to enhance the safety | (2012)
assessment | and management project and highlight past, during transportation of laborers

in  infrastructure present and future issues by encouraging risk recognition

concern to safety. .

management and supervision for related

control measures.

22 | Construction | Tolerable risk for | ¢ Dam  safety and its| e This work deals about successful | David (2014)
industry risk | dams: and its implications. execution and implementation of
assessment | safety e Bringing down risk level by risk assessment from a wide

applying suitable technique. viewpoint however with
application to dam safety and
security.

23 | Construction | Construction Risk | e Utilization of 'risk expense' as | e Reason that the utilization of | Taroun et al,
industry risk | Modelling and a typical scale inside a 'risk expense' as a typical scale | (2012)
assessment Assessment. conviction  based  basic inside a conviction based basic
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered

leadership. leadership system would be a
creative arrangement,
conquering current deficiencies
and enhancing risk assessment
and their control measures.
No risk assessment technique
was found bears a typical scale
to all the while and evaluates
risk for the different task.

24 | Construction | Risk Assessment | e The information for this The outcomes suggest that there | Zolfagharian
industry risk | of Common study was gathered utilizing a is no huge difference in severity | et al.(2011)
assessment Construction web review. The poll was and recurrence of accident

Hazards sent to 300 safety experts between developing nations. It
including safety directors, was moreover found that
security officers, and safety absences of proper safety
specialists who were system, negligence of attention
haphazardly chosen from 20 towards safety aspects are most
nations. Of those, 76 finished common causes behind
reactions were returned. accidents.

25 | Construction | Identifying the | o Risks were assessed based on Strategies for risk response were | Khodeir et
industry risk | latest risk importance of impacts and appropriate for each type of | al.(2006)
assessment probabilities in their causes, whether inward identified risk.

construction or outside.

26 | Construction | Risk Management | e In this paper, a recommended | e The paper demonstrates the need | Oleg

industry risk | of Construction by Kaplinski

15




S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
assessment Utility Theory strategy for risk investigation of checking the individual | (2002)

has been exhibited, in view of components of the leader,
the utilization of utility expertness and their
hypothesis. effectiveness.
e These above quality may lead to
a proactive safety culture.

27 | Construction | Risk Mapping in| e This paper shows the| e This study proposes a risk
industry risk | Construction preliminary disclosures of a mapping process that considers | Yildiz(1999)
assessment Projects two-year on-going the interdependencies of risk

investigation wander entitled related parameters and speaks to
as "Change of a Knowledge- hazard ways that are created
Based Risk Mapping Tool for from the cause-impact
International Construction connections among parameters
Projects” which was upheld

by the Turkish government

and finished in a joint

exertion with an accessory

improvement association.

28 | Construction | Safety Risk | e A strategy for continuous risk | e« The RTSRA implements a | Miller et
industry risk | Assessment appraisal (RTSRA) to guantitative, Human-Centered, | al.(1997)
assessment execute a dynamic and real-time safety risk

assessment of laborer safety assessment.

states on development site
has been proposed in this

paper.

e Factors related to the real-time
safety risk of an onsite worker

16




S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
have been classified and
quantified. The real-time safety
risk values and reduction factors
are obtained using a proposed
reliable formula for quantifying
risks. Based on the HMM, the
RTSRA gives the real-time
probability  distributions  of
different safety consideration
and subsequent safety risk
values.
29 | Design e Study of 3D | e Three case studies out of | e Direct involvement of people in| e Ku et al.
aspect modeling in a which  two were public project had better coordination 2008
complicated projects and one being private while working on projects on
building shape. project i.e. MIT Center, Eden contractual basis contrary to non-
Project in UK and Yokohama contractual projects.
project in Japan.
e For each case study geometric
specifications, 3D model was
organized, organization
structure of project was laid
and brought all of architects to
environmentalists on  the
given model on one platform.
30 | Construction e  Study the | o A new method for finding the | e The expert model is quite | e Imriyas,
safety most efficient premium rating for a effective since WCI premium 2009

17




S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
WCI for worker’s compensation amount to be covered by insurers
construction insurance  was  proposed would constitute the
building which included optimal net effectiveness of safety
projects. premium of WCI to be management system on site by
e Model calculated consisting of risk contractor thus would affect the
implementatio fee, safety management tenders issued to the contractors.
n of the discount and client control This  system takes client,
proposed insurance taking hazard and contractor and insurer into one
system  and safety index also into picture thus ensuring work place
cross checking consideration. safety.
the same. e A system that included Automation helps in keeping the
database, graphical user record for all claims and safety
interface, inference engine system of contractors for any
and intermediate processing future reference.
unit as a part for automation.
e Verification of the system was
done using truing test, field
test and predictive test.
31. | Construction | e Study of the | ¢ Out of 40000 occupational Study was on tunnel site was
safety past hazards that were done Gurcanli and
occupational unclassified, 5239  were Major advantages being this | Mungen, 2009

accidents in
the
construction
field.

e Implementatio

categorized as construction
site accidents of which each
was further detailed into
severity of the accident (O-
10) accident probability (0-

method used linguistic ways of
expression and the lack of
accuracy give a way to this
method in construction site.

18




S.No | Project Study  objective | Gist of Work Key findings Reference
involved and aspect covered
n of expert 100) and present safety Major drawbacks were found
method in conditions (0-10). that, reporting of accidents were
tunneling site | e The given numbers for each not as adequate it required
and check the parameter and  readable which  resulted  subjective
risk factor of language was converted into approach and also accidents
all  accidents values between 0 to 1 with severity went on higher side.
that can take probability =~ of  accident
place. having 6 categories, severity
of accident having 5
categories and safety level
into 5 categories.
32 | Construction To study the| e Concept of prevention of Accountability of safety at site | Lentz,2009

Safety

inclusion  of

safety

measures in
design  stage
of the

construction
elements to

hazard via design penned
down by NIOSH was studied

has to include contractors,
designers, planners and owners
on one platform.

At the initial conceptual stage of
design, safety measures are to
be included in it to avoid any
mishaps in in terms of loss of

avoid any life or assets.
hazard.
33 | Construction Method  for | e The quantitative  method The risks involved in a | Gangolells et
Safety quantitative includes first identifying the particular combination of a | al, 2010
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
analysis of risks related to safety at construction method and system
safety in construction sites and then was easy to find using the
design and its evaluating the risks. method even for not so
impact on site experienced people working in
designing stage.
Evaluation of the safety and
health hazard at site was done to
take all proactive measures to
avoid any mishap.
An accidents data base needs to
be prepared for cause finding or
to be lesson learned in future.
34 | Construction | e  Study the | e Focus of the qualitative Using a qualitative approach for | Abel Pintol,
safety qualitative system study was on actual safety and  health  risk | Isabel L.
model for risk data obtained from workers assessment on construction field | Nunesl, and
assessment interaction, inspection on site provides a more practical | Rita A.
over the and inspection of all the approach. Ribeiro, 2009
imprecise safety and health documents Though the qualitative method
system produced to convert this data needs further improvement for

using fuzzy methods and

then calculate the risks.
e A preliminary model

was

made with the same concept
and using fuzzy method,

risks were calculated.

specifying  other  potential
hazards and thus calculating the
risks that are involved in it.
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
35 | Construction e  Study of | e Study of the policies that have | ¢ It is found that the results are | Ma  Dolores
Safety effectiveness been framed in European varying with some countries in | Martinez
of law in Union keeping safety and EU and having 10% lower rates | Aires , Ma
accident health at par with focus on of accidents while the other | Carmen
prevention in risk elimination at design close to 1-2% only. Even | Rubio Gamez
construction stage itself. though these regulation are not | and , Alistair
site e Study of affect the policies the only factor that can lead to | Gibb, 2010
had on the number of prevention of incident but surely
incidents at construction site gives a positive indication.
e Major study that further needs
to be done is on adaptability of
the laws framed and how
contented are the official bodies
with it.
36. | Metro e Risk analysis in | e Fault tree analysis During study following observations | Abbasb et al,
construction metro were noted- (2010).

safety

construction

e Fuzzy set theory and fuzzy
fault tree analysis

e Fuzzy sensitivity analysis

e A step-by-step procedure for
decision analysis

e There are several methodologies
proposed for risk analysis, such
as hazard and operability study
(HAZOP), functional hazard
analysis, failure modes and effect
analysis

21




S.No

Project
involved

Study objective
and aspect covered

Gist of Work

Key findings

Reference

e FTA is a standout amongst the
best systems for assessing the
recurrence of event of risky
occasions in PRA in current
fluffy based likelihood
investigation, every gathered
data is entered for choice
examination with no information
unwavering quality assessment,
bringing about wrong issues in
ensuing calculation

37

Identification
of hazard and
risk
assessment

To improve
superintendents
hazard recognition
and risk perception
abilities

e Traditional test
using photographs
e Virtual test procedure

procedure

During study following observations

were noted-

e The role of the foreman or the
supervisor has been identified,
both by managers and workers.

e Accordingly, improving
construction safety supervision,
hazard recognition and risk
assessment  abilities  should
improve safety at work site.

e To assess the risk there were
traditional test, the virtual test
and ANOVA test.

Abdelhamid,

Et al, 2000

38.

Safety

Examination of

e Reviewing various research

During study following observations

Zhou et

al,
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
management | safety topic of past present and | were noted- (2015)
management future on construction safety. | e Hazard identification, accident
cost analysis and other accident
analysis is focused by the third
party in most of the construction
work.
Research gap identified, lack of
unsafe condition monitoring,
lack of construction safety
research at the task level, lack of
innovative technology
applications in  construction
safety practice etc.
39. | Selection of | Study aims to| e Identifying the qualities and | During study following observations | (Salawu et al,
contractors evaluate the risk extent for risk management in | were noted- 2015)
management construction process.
ability of | e Assessment of current risk | ® Fuzzy synthetic evaluation and
contractors. management maturity of the Questionnaire survey was used

contractors

to identify the risk management
capabilities and maturity level of
contractors

Overall risk management
maturity level (ORMML) for all
the construction establishments
suggest that not all construction
industry has fully developed risk
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S.No | Project Study objective | Gist of Work Key findings Reference

involved and aspect covered
management procedures. Only
few are of this categories have
ORMML and benefited.

40. | Risk Addresses the | e Discussion of essential parts | During study following observations | (Stewart MG.
assessment problems of risk investigation and | were noted- et al, 1997)
for civil | associated  with | evaluation, and additionally | ¢ Brief outline of these standards,
engineering. | risk  acceptance endeavoring to depict hazard and additionally highlighting and

criteria, risk |  appraisal as per the current talking about the instabilities and
aversion and value situation with the constraints of existing practices.

of human life and craftsmanship. Need for the appropriation of
attempts to provide | « Practical angles, strategies and institutionalized risk
suggestions for the methods for the execution of investigation ~ methods  and
rational treatment | risk appraisal in structural probabilistic models as this will
of these aspects. building  applications  are diminish investigator to-expert

clarified and talked about. variability of results.

41. | Prevention Outlining for | « Safety constructability during Designers suggested | (Gambatese et
through development design stage of the project. development of security | al, 1997)
Design in | safety involves essentials agendas and other
Construction | tending to the requirement during planning

security of phase of the project.

development

specialists in the
configuration  of
the lasting
components of a

Provide development of
awareness among staff by giving
security and emergency training
at regular interval.
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
task
42. | Occupational | The objective of |  Identifying the cost and | During study following observations | (V.Sousa et
and  health | the study is to incident rate of | were noted- al, 2015)

safety

evaluate the cost
benefit analysis of
occupation and
health safety.

hazard exposed on workers

e OSH-PRM is developed in
focusing the initial stage of
project.

e The cost benefit analysis of each
hazard is assisted by OSH-PRM

e The study says that duration
exposure of each hazard is
determined from the work plan
and schedule allotted to workers.

o Severity and operational
parameters are established based
on safety conditions.

e The total risk of the project
calculated is used to eliminate
the risk of occupational safety
and health accidents associated
with the hazards identified.

e The study helps to know the
Effective use of available
resources to ensure the safety
and better implementation of
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
project
43. | Construction | Study aims to | e Identifying the risk impacts of | During study following observations | (F. Taillandier
Project manage the risk in stakeholders and the | were noted- et al, 2015)

construction

project by
developing a
model.

construction project

e A multi-agent model called
SMACC (Stochastic  Multi-
Agent simulation for

Construction project) is used by
the risk managers in decision
making stage of project

e Inspiration of project and
identify the risk and impact of

the project is one of the
importance of SMACC
e Project, Initial project

Descriptor, Instructions and Risk
are the four agent families of
SMACC

e This model is used in real time
construction on GAMA platform

e The possibilities how a project
can be taken in different
direction is noted

e There are some limitations of
this model however this model is
used in some real time projects
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
to identify the difficulties and
resolving it.
44. | Construction | Study aims to | e Studying the role of contractor | During the study the following | Mroszczyk ,
Safety reduce in safety of construction | observations were noted: 2006
construction workplace e The contractors must properly
industry  hazards | e Assessing how the design can plan and make decisions on the

through design in
planning stage

be made for a safer
construction and maintenance

site avoiding a poor approach to
safety

Designers can affect the safety
of construction by making a safer
design for construction like:
Outline prefab units that can be
based on the on the ground and
raised set up in order to decrease
laborer introduction to fall on the
ground and struck by falling
articles.

Allowing  sufficient  gaping
between power line and structure
so as to avoid accidents while
operating cranes

Eliminating fall protection by
providing 42” parapet
permanent guard rails
anchorage points.

wall,
and
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e Specifying coatings not emitting
harmful fumes.

o Designing cable system for turret
structures for eliminating fall
protection for future
maintenance.

45.

Construction
safety

Study aims to
reduce
construction
industry  hazards
through design
stage

A panel of experts were
selected for  reviewing
accident cases

10 fatal accident cases were
selected from 224 FACE
cases

Each reviewer was given 5
cases and they were asked to
study them and conclude
whether the design was
responsible for the fatal
accident or not.

During the study the following
observations were noted:
e Sloped roof designs should

include top anchor points for
roofers

o Safe entrée to the roof must the
anticipated by the designer

e In order to avoid working at

height the designer should
anticipate the sequence and
process of erection in his
drawings

e The installation of beams should
take place with safety cables
before their leaving the ground
which would provide a place of
attachment for the safety harness
of worker.

e One element of designing should
be the safety of the construction

Gambatese et
al,2008
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
worker in order to reduce the risk
of fatal accidents.
46. | Construction | Study aims to| e« A new model for risk | During the study the following | Zeng et
Safety evaluate how | assessment based on fuzzy | Observations were noted: al,2007
fuzzy  decision | reasoning techniques and | ® The technique can deal with the
making can helpto |  analytic hierarchy master  information,  building
avert risk in| process(AHP) is proposed : j:udgmenj[ and the verifiable
construction site. e An initial phase where a risk information
assessment group reviews the for risk evaluation in a reliable
risk information and data and way
hence determines the risk | ® The risk can be assessed

criteria

e Each one of the factors are
then evaluated by members of
the group are then as per the
agreed score system of the
Factor Index (FI) hierarchy.

e Risk Severity (RS) and Risk

Likelihood (RL) is then
measured by the risk
assessment group by

converting the preferences of
individuals to Standardized
trapezoidal Fuzzy Number
(STEN) by using fuzzy
weighted average trapezoidal

specifically utilizing phonetic
terms which are utilized in risk
evaluation

The introduction of FI empowers
chiefs to play out a risk
examination of the fundamental
development environment so that
a more solid result can be
acquired.
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operators. Which are then
transformed into matching
fuzzy sets by analysts .

e These sets becomes input to
decision making interference
system deciding necessary
rules for the situation
calculating result of Risk
Magnitude( RM).

 Necessary output
modifications  are  done
depending on changes in
situation by assembling more
information thereby
modifying the FI hierarchy
and risk parameters.

47.

Construction
Safety

Study aims to
reduce
construction
industry  hazards
through design by
analyzing the
perceptions of
Western
Australia’s

e A survey was conducted
where participants was asked
to participate in a focus group
forum where they discussed
about the utilities of safe
design

5 Point Likert Scale were used
in the survey

o Normality test were carried

During the study the following

observations were noted:

e Survey showed that the
Legislation for Building
construction are sensible and
should be followed for safe
construction

e Advancement can take out risks
instead of simply relieve it,

Behm
Culvenor,
2011

and
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
engineers for dependent variables using amid undertaking development
Kolmogrov Smirnoff Test e The best possible environment
e Dependent variables were not IS expected to guarantee a
normally distributed therefore positive state of mind among
Mann-Whitney  Test  was the design community. The
carried out appropriate  environment  for
e Means were calculated to idea reception must be made
interpret the results. before controls are looked for.

e Early champions of the industry
can provide guidelines so as to
make others aware of what to
follow and what not to.

e There is more scope for
thorough research for
understanding  the  relation
between design and safety of a
construction

48. | Construction | Study aims to| e A good amount of data (230 | During the study the following | Behm,2005
Safety assess how the cases) relating to the | observations were noted:

design can affect
the fatalities of a
construction
workplace

fatalities in workplace was
collected from NIOSH FACE
e Each case was investigated
for 3 main question:
e If the long lasting features of
the project was a reason for
the fatality?

e Obeying the construction
rules is of utmost importance
for the contractors.

e The concept of safe design
not only can reduce risk in
the construction but also in
the maintenance periods.
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S.No

Project
involved

Study objective
and aspect covered

Gist of Work

Key findings

Reference

e Are the previous design
suggestions are reducing the
threat of fatalities?

e Could the accident be
avoided if new design
process was modified?

e The answers can be either a
yes or a no. If any of the
answer be affirmative then it
would have established the
relation between design and
fatality.

e For clarity of understanding
hypothesis were developed
and tests were conducted for
reaching to conclusions

o After determining the sample
size Chi-Square tests were
conducted to determine the
the presence of a relation
between design and fatalities

e The fatalities are related to
the element of design that is
constructed therefore
permanent features can be
incorporated in the design so
as to reduce the risk

e The safety of the
construction is very much
influenced by the discipline
of the designer.

49.

Construction
Safety

Study aims to
assess how the
health and safety
of contractor can

e A sample of 55 shell
contractors was selected and
they were sent questionnaire
through mail by researcher.

During the study the following

observations were noted:
e C(lient‘'s interference can
result in timely completion

Smallwood,20
04

32




S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
be influenced by a | e Descriptive statistics were of work, improved
client. calculated. productivity and

minimization of accidents.
e Client should make sure that

the contractor has made
adequate  provisions  for
safety.
50. | Construction | Study aims to| e A sample of 40 designers | During the study the following | Gambatese et
Safety assess how the were selected out of which | observations were noted: al,2005
design can affect 19 responded e Barriers to safe design include
the fatalities of a | e Respondents were questioned | e Less knowledge and fact
construction about acceptance
workplace o their background e Proper training of designing
o ideas that can  bring | o | ack of motivation for execution
improvement in construction of the topic.
with safety e Owners of the project can
* barriers to safety in design motivate to inculcate safe design
e Any predicted self-design in construction
limitations e The implementation of safe
e The designers were given an | design may initially become
improved design based on | costly but will result in long term
past research and were asked benefits.
to comment on it.
51. | ldentifying Fuzzy analytic | o After distinguishing all risk | During study following observations | ( Sotoodeh et
and hierarchy process variables, fluffy AHP is | were noted- al, 2012)
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S.No | Project Study objective | Gist of Work Key findings Reference
involved and aspect covered
Evaluating (AHP) approach to connected to decide the need | e Evaluating and dissecting the
Risks of | manage the risk of of risk elements. risks of an undertaking and
Construction | construction . wanting to oversee them are the
Projects e The proposed strategy most basic strides ought to be

connected the fluffy AHP done in the task definition stage.

approach such that it covers

vulnerability present in the | e Risk assessment and examination

specialists' assessments. were overlooked. Simply after
event of unfavorable outcomes
of risks, administrators of
ventures could comprehend the
significance of risk
administration.

e The hazard administration is the
documentation procedure of the
last choices, recognizing and
applying criteria which are
utilized to lessen the risk to the
satisfactory level.

52. | Exploring the | Study aims to e Assessment of Causes of During study following | (Linda J.
relationship | analyze that fatal versus non-fatal observations were noted- Bellamy et al,
between occupational occupational  accidents e Less severe accidents draw | 2014)
major accidents. and underlying causes of less attention and happen

hazard, fatal

regularly and mostly not
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Project
involved

Study objective
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Gist of Work

Key findings

Reference

and non-fatal
accidents
through
outcomes
and causes.

catastrophic accidents

taken  seriously  which
resulted into severe
accidents. This happens due
to ill identification or
assessment of risk and its
prioritization.

53.

Construction
safety

aims to
the

Study
reduce
construction
hazards  through
proactive behavior
based safety

Identification of location-
based behavior of
workers through PBBS

During study following observations
were noted-

e Location-based practices
were automatically checked
by PBBS system

e Safety precautions to
enhance safety mindfulness
or culture for best practices
at work place. Safety training
and awareness required on
the alarming areas.

e Activity based
effective for
management system.

e No comparison between
older BBS and latest PBBS.

PBBS
safety

(H.Li et al.

2015)

54,

Construction
and risk

Identification  of
the latest top major

Primary data

collected

was
using

e Political unrest leads to
economic unrest and

Laila
Mohammed
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S.No | Project Study  objective | Gist of Work Key findings Reference
involved and aspect covered
safety risk  probabilities questionnaires and in decrease in  investments | Khodeir, et al
in construction depth interviews which simultaneously affects | 2014
projects in Egypt e Secondary data was the currency process and
according to collected with the aim of therefore has major effects
political and providing multiple on imported materials.
economic sources of data for
variables. comparison e The change of rules on taxes
o The questionnaire had done by the government
two main sections. First affects the prices of
was the general materials, equipment and
information about the even salaries of the workers
respondents and  the working in the project.
second carried a total of e Safety and unsecured roads,
65 risks associated with made the project heads
construction projects. transport their engineers in
airplanes especially between
cities.
55. | Risk Systemic decision | ¢ Bayesian network | e Fuzzy number-based | Limao Zhang,
assessment support approach | systems (BNs) are a blend of two probabilities are utilized to direct | et al 2014
for safety risk | distinctive scientific  ranges, FBN based risk investigation
analysis . chart hypothesis and likelihood under vulnerability, since it is fit

hypothesis, which comprises of a
coordinated non-cyclic diagram
(DAG) and a related joint

for ascertaining the framework
unwavering quality and
recognizing the most suitable

36




S.No

Project
involved

Study objective
and aspect covered

Gist of Work

Key findings

Reference

likelihood conveyance (JPD).

e When developing a BN
model, experts are faced with
insufficient information
concerning probabilities of
root hubs.

e Under such questionable
circumstances, it is observed
wrong to utilize routine BN
for figuring the framework
failure & its likelihood.

causes creating the event of
safety violation.

56.

Design
aspects

Accident triangles
and differences in
lethality ratio.

« Proposed oil storage depot
explosion, where there was a
fire explosion while filling the
tank.

« The tank was provided with

e The Heinrich patterns showed
different hazards make different
potential outcome

e Accidents can also be caused by
barrier measures and exposure.

Linda.
Billami

J.
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two types of level control,
where one valve was not
functioning properly and the
other vale would stop working
once the tank was full.

Fixing the barrier potentials with
high severity potential can help
in prevention of bigger accidents.
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CHAPTER 3

3 Hazard Identification and Risk Assessment

3.1 Overview:
The components of proactive OH&S management system identifies hazard,

assessing risk and determination of control mechanisms. Though there is no
general guidelines for the usage of terms for the practices like - HIRA, and decide
Control mechanism in occupational health & safety management system (OH&S)
however for consistency’s sake OHSAS 18001:2007 (Sousa, Almeida et al. 2012)
defined terminologies will be used. Different terminologies from BS8800:
2004(namely hazard prevention), OHSAS 18001:2007(Risk assessment, hazard
assessment are used in ILO-OHS: 2001 which deals the three processes separately
and similar to OHSAS 18001:2007.Similarly HSG 65:1997 describes the entire
process of controlling risk and health in three steps namely “risk assessment” ,
“risk control”, and “hazard identification”, which is the same as defined by
OHSAS 18001:2007 (OHSAS 2007). On the other hand, BS 8800:2004 all the

processes are combined under the term “risk assessment (British Standard 2004).

ILO-OHS: 2001, OHSAS 18001:2007 and BS8800: 2004, defines hazard as
impairment to human with respect to ill health or injury or amalgamation of those
two. However under HSG 65:1997 the possibility to cause harm to plant,
environment, property or the product (Health Safety Executive 2013) is termed as
hazard. There is a difference in the definition of terminologies like “incident” and
“accident”. There is some variation in the guidelines and standards (Saldafia,

Herrero et al. 2003, Hughes and Ferrett 2013).

As per OHSAS 18001:2007; HSG 65:1997, ILO-OHS: 2001 and BS 8800:2004,

defines “incident” discriminately as events causing no harm, and “ accident” as
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which causes ill health, injury or fatality. OHSAS 18001:2007 has replaced the
term “acceptable risk” with “tolerable risk”(Ozgen 2012).

While S.D., P., Kampmann.J, Tengborg, Eskesen, Veicherts T.H.:2004 in
guidelines for tunneling risk management : International Tunneling Association
(ITA), Working Group No.2 follows a middle way in between BS 8800:2004 and
OHSAS 18001:2007 , it combines identification of hazard and assessment of risk
processes under the term of risk assessment and mitigation (Ozgen 2012). The
organizations need to recognize, implement and sustain the processes of “Risk
assessment” ‘“Hazard identification”, and “determining controls” for general
understanding of the hazards caused due to its workplace activities in workplace,
and being positive that any risks pertaining from the hazard is reduced to or is at a
tolerable level (Asbury and Ball 2016).

The items of instituting, executing and adopting effective process of HIRA

process (Hester and Harrison 1998) are achieved mainly by:

e Adopting processes measures to identity hazard and risk assessment,

e Hazards are classified as per the activity or place,

e Evaluate the threats related to common hazards by assessing and defining
the levels of risk as per their acceptability,

e Evaluating the tolerable risk control mechanisms, which are important and
conforms legitimately to other necessities and the requirements, which are

necessary as per OH&S objectives and policy
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Fgure 1: Outline of the identification of hazard and assessment of risk process
(Adopted from OHSAS 18002:2008)

This addresses the execution of controls, observing and review. So, the
“implementation of controls” and “ review monitoring” procedures displayed in
Figure 1 are those key processes of the organization’s OH&S management system

and are hence performed accordingly (Lu, Yao et al. 2005).

3.2 Qualitative Hazard Identification

3.2.1 Past Accident Analysis

In the area of safety it very challenging to execute controlled tests in a cost
efficient and harmless manner unlike other specializations of science and
engineering where it is easy to conduct cost effective tests to obtain results
(Badawy 1995). Therefore, past accident analysis becomes a crucial tool for
documentation of the origins, result and various hazardous factors that led to the
mishaps and hence to evade the recurrence of accident in the future (Badawy
1995). Past accident analysis provides instrumental result which can help to

mitigate unavoidable mishaps (Aini, Fakhru'l-Razi et al. 2005). Past accident
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analysis helps in identifying various hazards (Vinnem, Aven et al. 2006). The
contributing factors will be known by evaluating previous incidences or near
misses or accident incidents (Sagberg 1999). Careful analysis of previous
accidents can help in outlaying the unsafe and safe condition of the working site
and as a result will help in developing corrective measures for evading so (Reason
2016) .

Accident analysis is the process to determine the route of an accident or
succession of accidents by assessment of all sorts of evidence through past
records interviews, on-site inspection, etc. so as to analyze further episodes of
same kind (Behrent 2010). After a mishap occurs, all related important facts that
may have contributed to the occurrence and understanding of the accident is
gathered by an accident analysis team (Larsen and Kines 2002). After the
completion of the forensic process or at least if a wrong idea of the cause of the
mishap is drawn, the bits of facts are put together to give a bigger and better view
of the actual scenario (Schofield, Noond et al. 2002). The suitable information can
be drawn from the history of the accident, conclusions can be drawn about
causative factors. Then the counter measures for dodging these mishaps are

formulated and they are recorded for future references (Green 1995).

Accident analysis refers to the investigation of accidents by collecting all sorts of
information through interviews, on-site inspections and past records, etc. to
determine the causes of an accident or chain of accidents to avoid the additional
incidents (Sorooshian, Teyfouri et al. 2014). After an accident, the accident
investigation is begun to assemble all the conceivable important realities that add
to comprehend the mischance (Bani¢). On the way reference of finishing the
scientific procedure or at least delivering some results, the facts are put together to
draw a conclusion (Dewey 1958). Consistency and plausibility are checked and
reconstructed from the history of the accident (Lowe 1987). Causation and
contributing factors can be drawn if the accident history is sufficiently

informative (Lowe 1987). The improvement of counter-measures sometimes is
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wanted or proposals must be issued for anticipating further mishaps of the same

kind. These conclusions are archived and recorded for future (Spiers 1986).

Understanding and awareness of things that went wrong, and perhaps may go
wrong again can be predicted from the analysis of past accidents (Reason
2016).The past occurrences encounters are interpreted into cautious measures;
later on an association can counteract episodes and the requirement for
suppressive activities at time of need (Rothblum 1992). Acquaintance from these
episodes are required for comparing and the frameworks and own circumstance
and empowers us to build an investigation assessment and minimize time to

organize the activities (Ganz 2006).

Though, after an occurrence is happened in an activity or process, promptly the
circumstances changes. The time to consider (Brockhoff 1967), when the
knowledgeable personnel is being there, based on the past accidents, can take
optimal and immediate actions to lessen the damages caused by the accidents.
Experienced personnel like him can also prevent the accidents that can initiate an
incident in the future, by identifying the hazards (Crowl and Louvar 2001).

3.2.2 Preliminary hazard analysis

3.2.2.1 Overview:

Before starting a job the methods which are practiced, where the risks involved
and hazards are discussed and the way outs are provided is called the Preliminary
hazard analysis (Harms-Ringdahl 2003). After evaluating the possibilities and the
consequence of foremost hazards, the risks allied are estimated and is solved prior

to the consequences cause harm (LaGrega, Buckingham et al. 2010).

The following are some of the fundamental points taking into account the
preliminary hazard investigation and the qualities of the preliminary hazard

analysis:
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e Expert opinion and questionnaire based on brainstorming to identify types
of  hazards and provide a risk ranking, helps in prioritizing
recommendations to reduce risks (Thaheem and De Marco 2014).

e Basically it is performed by a group of people who have proficient about
the kind of action being referred to. Field inspections and verification of
documents are on priority analyzing available system (Hassan 1981).

e Define activity or process

e High level analysis of activity or process

e Qualitative hazard analysis will be carried out based on available
procedure.

e Corrective measures will remain in place minimizing level of hazard and
continuing process further. (Renn, Burns et al. 1992).

e The effectiveness of assessment depends on the involved team and their
experience and also if they have been involved in same activity or process
earlier(Robinson and Sellschopp 2002).

3.2.2.2 Detailed procedure:
Steps for carrying out a preliminary hazard analysis are as follows:

3.2.2.2.1 Define the action or arrangement of interest.

Define clearly and particularly the restrictions of the framework or action for
which preparatory hazard information are required (Ferrier and Haque
2003).Define the accident classifications of interest and the accident severity

classes.

Recognize the issues of interest that the risk evaluation will take in consideration
like environmental issues, health and security concerns and so forth. Stipulate risk
and its severity classes of the incident which is utilized to organize assets for risk

control (Covello, Sandman et al. 1988).
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3.2.2.2.2 Conduct audit.

Recognize the related area of the major hazards that will result in unwanted

consequences. Besides, identify the alternatives or design criteria that could

dispense with the associated risk (Frenkel, Hommel et al. 2005).

3.2.2.2.3 Use the outcomes in drawing a basic conclusion.

Audit the corrective and preventive measures and its benefits that are proposed.

The common format used for primary hazard analysis is as Table 2.

Table 2: Primary Hazard Analysis worksheet

Example Primary Hazard Analysis Worksheet

Area

Meeting Date

Drawing Number: Team
Member:
Hazard: Curse Major Effects | Accident Corrective  /
Potential Severity Preventive
Accident Category Measure
Suggested

3.2.2.3 Advantages of PHA:

e Makes sure that the system is protected

e Carrying out in early stage of the design and therefore, changes are less

expensive

¢ Reduces the number of changes thus decreases the design time
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3.2.2.4 Disadvantages of PHA:
e The analyst must for recognizes the hazards

e The consequences of the hazards in a pertinent process are not easily
predicted.

3.2.3 What if analysis

What—If Analysis is an organized conceptualizing method of defining the an
action that can go wrong and assessing the probability and consequence of those
circumstances (Tichy, Tushman et al. 1979). The competent assessors of an audit
tem genuinely identify the problem in a process or activity. Each individual from
the audit group joins in finding what can turn out badly based on their previous
accident of past similar circumstances (Wang, Chen et al. 2011).

With the help of Piping and Instrument Diagram (P&ID) or operating procedure,
the group surveys the process (Venkatasubramanian, Zhao et al. 2000). Operating
and maintenance personnel are usually included by the team members, operating
engineers, design engineers, specific skilled personnel as safety and necessary
personnel. At every step in the process or procedure, What-If questions are asked
and consequently answers are developed. After that the review team works to get
an approval on every question and answer (Clampitt 2009). A listing of
recommendations is developed from the answers, identifying the requirement for
additional revision or action. Along with the recommendations, the list of
questions and answers, become the major components of the hazard assessment
report (Kletz 1999). To lessen the chances of ignoring the probable problems,
moving to proposals are done in anticipation of the greater part of the potential

risks are perceived (Organization 2002).

When staffs are experienced the What-If Analysis technique becomes more
effective and easy procedure. No specific devices or strategies are required
(Huber 1984). The people with a preparation of little risk investigation can take

part in a full and significant way. This can be practiced whenever interested like
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at the time of debugging, at the time of construction, amid maintenance or amid
operations. The consequences of the study can be applied quickly and are
immediately available (Kranzimdaller 2000). This is factual if the review team
members also maintain or operate the system being assessed.

3.2.4 Hazard and Operability Study (HAZOP)

3.2.4.1 Introduction:

A Hazard and Operability (HAZOP) study is an accurate and organized
assessment of hazard associated to an existing operation (Wang and Ruxton
1997). It enquires how the plant or system deflects from the design stop and forms
risk for equipment, personnel and operability problems. HAZOP have been used
with great success within multiple construction, chemical and the petroleum

industry to obtain safer, more efficient and more reliable plants
To analyze this chemical processes, the HAZOP method was principally created.

3.2.4.2 History of HAZOP

The report of HAZOP involves systematic as well as organized work of a
operation or existing or preset to establish (Cagno, Caron et al. 2002) and assess
problems which may indicate peril to equipment or personnel or might disrupt an
effective operation.

This method was formerly developed to examine process systems of chemicals,
but it was later extended (Toola 1992) to various systems from software to
complex systems. This subjective technique has its roots on guide words being

performed by a multidisciplinary group (Kennedy and Kirwan 1998) in meetings.
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3.2.4.3 When to execute:

The study of HAZOP should be taken up as soon as possible during early phase of

designing to have an impact on the design. But then to go forward with HAZOP

we require a completed design. At the time of when design is completed, we
check HAZOP (Taylor 2007).

The report of HAZOP might as well be considered on an already established

facility to determine any changes that needs to be done in order to reduce risk and
operability (Bahr 2014).

Studies of HAZOP might also be extended further which includes:

¢ At the conception stage of design when outlines are readily accessible.

¢ At the time when finalized instrumentation and piping diagrams are ready

¢ At the time of installation and construction to make sure that suggestions
are implemented(Meyer 1988).

e At the time of commissioning

e During regular operations so that emergency and operational procedures

of plant are timely reviewed and modified as necessary (Kyriakdis, 2003).

3.2.4.4 Background of HAZOP:

HAZOP was constituted in 1963 by ICI based on techniques of “critical
examination”

HAZOP guidelines was the first lead from Chemical Industries
Association Ltd and ICI, 1977 (Rossing, Lind et al. 2010)B.

HAZAN and HAZOP - Assessment and identification of hazards in the
process industry (Malfatti 1809).

3.2.4.5 Guidelines and Standards:

HAZOP - Best practices guidelines for the chemical and process industries
(Crawley and Tyler 2015).
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e (Commission 2001) IEC - 61882: “Hazard and Operability Studies
(HAZOP studies).
Detailed guide of HAZOP in CSIRO, National Safety Council of
Australia, 2003 (Gupta and Charan).

3.2.4.6 Various forms of HAZOP:

e Process HAZOP: This form of HAZOP was formerly developed to
evaluate process and plant mechanisms.

e Human HAZOP: It includes particular special HAZOPs which focus on
human mistakes rather than any breakdown in operation.

e Procedure HAZOP: Safer Operation Study often denoted as SAFOP which
reviews the operational or procedural sequences

e Software HAZOP: It is a form of HAZOP that help identify the errors
during the software development.

3.2.4.7 Team Members

e Member of HAZOP team;

e Basically, a plant process team would have:
e Electrical/Instrument Engineer

e Process Engineer

e Project Engineer

e Manger for Commissioning

e Safety Engineer

e On basis of the actual operations, the team may constitute:
e Suppliers Representative

e Maintenance Engineer

e Operating Team Leader

e Any other experts as required
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3.2.5 Process HAZOP:

Necessary Conditions: To facilitate HAZOP study, we need following
information to be readily available:

e PFD (Process Flow Diagrams)

e MSDS (Material Safety Data Sheet)

e Temporary instruction for operation

e Layout of a design

e Instrumentation and piping diagrams

e Data of equipment, Start up and procedures for emergency shutting down

equipment.

3.2.5.1 Procedure:

e The system has to be divided into various sections like storage, reactors.

e A node of study has to be chosen which might be line, pump, vessel,
operating instructions

e Purpose of the design needs to be described

e Particular parameter of process is selected.

e Guide word is applied

e The causes are determined

e Assess problems or consequences

e Suggestion for actions on time, reason, responsibility

e Information record

e The procedure from Step 2 has to be repeated

3.2.5.2 Operational Modes:
The following operational modes of the plant need to be considered for individual

node:

e Regular Operations
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e Reduction in throughput of a operation
e Normal Start up procedure

e Normal Shutdown

e Shutdown in case of emergency

e Commissioning

e Any operating modes that needs special attention

3.2.5.3 HAZOP recording

The findings are recorded during the meeting(s) using a HAZOP work-sheet,

either by filling in paper copies, or by using a computer connected to a projector

(recommended).
3.2.5.4 Worksheet entries
A. Node

The design/process intensions are evaluated in a process at specific location called

a node.

Heat exchangers, Separators, Interconnecting pipes with equipment, Scrubbers,

Pumps, and Compressors are few examples.
B. Design Intent

The outline expectation is a depiction of how the procedure is relied upon to carry
on at the hub/node; this is subjectively portrayed as an action (example:
encourage, response, sedimentation) and/or quantitatively in the process
parameters, similar to temperature, stream rate, weight, creation, and so forth
(Tribus and Mclrvine 1971) .

C. Deviation

An approach of heading off from process targets is called deviation.
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D. Parameter

It is the significant factor for certain conditions. (E.g. weight, temperature,

synthesis).
E. Guideword

It is to make the creative energy of a deviation of the process/outline plan. The
most regularly utilized arrangement of assistant words is: no, all the more, less,
and in addition, a portion of, other than, and reverse (Alesina and Weder 1999) .
Also, guidewords like too soon, past the point of no return, rather than, are

utilized; the last essentially for bunch like procedures (Buxton 2010).
F. Cause

It is the clarification why the deviation could happen. A few causes might be
distinguished for one deviation. It is regularly prescribed to begin with some of
the causes that may bring about the most exceedingly terrible conceivable
outcome (Hayek 1932).

G.  Consequence

In case if a consequences occurs, it is the outcome of the deviation. Outcomes
may both involve process risks and operability issues, similar to plant close down

or lessened nature of the item (Jespen 2016).

A few results may take after from one cause and, thusly, one outcome may

include few other causes.
H. Safeguard

It is to moderate the event occurrence and consequences. There are five types of

safeguards in which

e Deviation is identified (e.g., human operator detection, and alarms
and detectors)
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e Recompense for the deviation (e.g., if there should arise an
occurrence of packing a programmed control framework
diminishes the food to a vessel (Hines 1966). These are regularly
incorporated into part of the procedure control)

e Occurring of deviation is prevented (e.g., blankets of an idle gas in
stockpiles of combustible material)

e Deviation is further prevented from escalation Mitigate the
procedure from risky divergence (e.g., Processt safety valves

(PSV) and vent frameworks)

3.2.5.5 Process parameters

3.2.5.5.1 Parameters:

Flow, Pressure, Temperature, Level, Composition, pH, Viscosity, Speed, Voltage,
Frequency, Addition, Mixing, Separations, Reaction, Time, Control, Sampling,

Inspection, Maintenance

3.2.5.5.2 Guide Words:
None, More of, As Well As, Other than, Less, A part of etc.

3.2.5.6 HAZOP Procedure

The system about HAZOP will be the examination from claiming a surviving or
illustrated operation (work) technique on risk assessment and reasons for
operational issues, technical issues & human errors(Cameron and Raman 2005).

To give a chance to be connected with every one successions of operations.

e Best suited for accurate assessments, but can also be used for common
preliminary assessments

e Adaptable approach with admiration to utilization of guide-words.
Breaking down of operation process to suitable steps

e Characterize intention for every venture.

e Constitute limit states else as accepted procedure HAZOP.
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e Relegate guide-words should proposition and limit states to every

venture.

3.2.5.6.1 Advantages:
e Systematic examination

e Can be assigned to every sequences of operations

e Multidisciplinary studies

e Considers operational procedures

e Covers all safety as well as operating conditions

e The Solutions to most of all problems that are identifiable are
indicated

e Covers all human errors

e The Study can be conducted by independent personnel.

e All the results are then recorded

3.2.5.6.2 Disadvantages:

e Methodical examination
e Utilizes operational experience

e Considers operational procedures

3.2.6 FMECA
FMECA inclines to be favored over FMEA in space as well as in North

Atlantic Treaty Organization (NATO) military uses.

3.2.6.1 Application and Benefits of FMECA:

1. It is a documented technique can be used to ensure the proper design and
safely completion of job. It is being in used to assess potential failure in a
system, mode of failure and its impact during operation.

2. It helps identifying probable failure and their causes before it could be

converted critical. It is helpful in evaluation of changes made in design or
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other operational procedures within time and helps maintaining safety at
work place.
3. It helps in orderly evaluation of process or system which keeps

maintaining proactive safety culture at work place.

3.2.6.2 Limitations FMECA:
While identifying hazard, it may not be comprehensive due to which
assessment will be limited. It is used as top down tool in which FTA is
comparatively best. In top down tool, FMEA identify the major failure
although in the case of bottom up analysis it is slightly better than FTA.
Assessment of risk value may be reversed because risk ranking are ordinal

scale and its multiplication is not defined in ordinal numbers.

3.2.7 Job Safety Analysis:

Job Safety Analysis (JSA), which is also called Job Hazard Analysis, is an
effective tool for hazard identification and risk assessment applicable in all
industries but most effective in construction industry. At work place where
working environment changes constantly and workers moves throughout of day.
It is very difficult to identify hazard and risk at work place and to address this
type of problem and evaluate risk , (Azadeh, Fam et al. 2008).

JSA is one of the most effective way which helps in minimizing accidents,
injuries at workplace. It is tool for training, investigating near misses and
accidents (Reese 2011).

A process or activity will be selected to start JSA and potential hazard will be
identified. All the way, each and every step will be considered for analysis. After
JSA completed, it will be ensured that work had planned properly and ensured
safety of workers at workplace(Phoya 2012).

Steps in involved in JSA:
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I. List out steps involve in JSSA
The moment work activity decided and understanding of work is clear,
the work activity need to divide into various parts or steps. These
activity or sub-activity is not just specific to the job but also suitable
for the work areas. When there are changes in work areas, possibly

there is a need to change the sub activity or steps involved.

I1. Identification of hazards associated with each step.

Hazard identification in an activity or process is key elements of JSA.
Each sub activity will have associated hazard and could lead to failure.
Therefore, it will be recommended that how an activity or process,
people, material and environment can lead to different hazards.

Assessment of activity and identifying hazards are by the following

e From past accidents analysis
e Legal requirements
e Instruction given by manufacturer

e Surrounding work near to the specified work areas.

I11. Determine controls for each hazard.

All identified hazard in an activity or sub activity will be having a control

by which risk level of hazard can be minimized.

IV. Discuss the JSA with your workers.

Completing all these three steps, JSA will be framed to reduce the risk
level at work place. The same information has to share with the workers or
employee involved so that any adverse action can be avoided. Before
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starting the work, JSA review will be done by crew members and ensured
that everyone familiar how to do the job. Review of JSA will be done once

the same task extended for another day.

3.2.8 Fault tree analysis

3.2.8.1 History
The Beginning Years (1961 — 1970)

Watson & Mearns (1961), built up the strategy for the Air Force for
assessment of the Minuteman Launch Control System.

Dave Haasl (1963) of Boeing as a critical framework safety investigation
device.

First real utilize when connected by Boeing (1964 — 1967, 1968-1999) on
the whole Minuteman framework for safety assessment.

The first specialized papers on FTA were introduced at the primary
System Safety Conference, held in Seattle, June 1965 Boeing started
utilizing FTA on the configuration and assessment of business air ship,
around 1966

Boeing built up a 12-stage issue tree reenactment program, and an issue
tree plotting program on a Cal comp move plotter

Adopted by the Aerospace business (air ship and weapons)

The Early Years (1971 — 1980)

Adopted by the Nuclear Power industry

Power industry upgraded codes and calculations

The Mid Years (1981 — 1990)

Usage began getting to be global, essentially by means of the Nuclear
Power industry

More assessment calculations and codes were produced
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e A vast number of specialized papers were composed on the subject (codes
and calculations)

e Usage of FTA in the product (security) group

e Adopted by the Chemical business

The Present (2000)

e Continued use on numerous frameworks in numerous nations

e High quality flaw tree Commercial codes built up that works on PC's

3.2.8.2 Overview:

Fault Tree Analysis (FTA) is an innovative technique which is commonly used to
recognize the events which may occur in order to realize a desired or undesired
result. The technique uses a deductive approach to event analysis as it moves from
the general to the specific. FTA provides great utility in its ability to distinguish
between those events which must occur and those that simply can occur in order
for the top event to occur. The information charted on a fault tree provides a
qualitative analysis by demonstrating how specific events will affect an outcome
(Ramzali, Lavasani et al. 2015). The basic strategy includes the utilizing a mix of
generally basic rationale gates (AND, OR ,NOT) to build a disappointment
model. The Top Event recurrence or likelihood, is figured from information
identifying with less complex or more fundamental Activity , An essential
hypothesis in FTA is that all framework disappointments are paired in nature, i.e.
a segment or administrator either performs effectively or fizzles totally (Purba,
Sony Tjahyani et al. 2015). Construction of Fault Trees

For undertaking the procedures of FTA, 5 steps are involved

e Description of system, including system boundary.

e |dentification of Hazard, and determination of top event.

3-58



e Construction of fault tree.

e Subjective assessment and examination of the fault tree.
Step One: System description:

A key step in FTA is that a knowledge of the causes of Untimely events is
conceivable only by a thorough idea of how the system works (McNelles, Zeng et
al. 2016). The initial stage is basically open and it’s the responsibility of the
individual building the fault tree (the analyst), where boundaries and data needs
can be found out (Matuzas and Contini 2015). A portion of the data that might be
required are process description, hazardous materials, specifications of
equipment’s, operating and maintenance procedures, so on (Makajic-Nikolic,

Petrovic et al. 2016).
Step Two: Hazard identification

Various activities for example, site reviews, checklist, HAZOP studies and
examination of incidents can be utilized to find out top events (Lower, Magott et
al. 2016). Top events are generally very major incidents for example, fire,

equipment failure, other incident and huge explosions.
Step three: Fault tree construction

There are no such rules what events and gates to be used in fault tree construction.
Fault tree show how a specific event occurs by logic diagrams.

A specific undesired outcome is selected and it becomes the event. The causes of
the event are identified with their logical link, then an analyst asks queries as
“How it can happen?” and “what are the causes which led this event to occur?”.
The queries continues till the analyst is fully clarified that the model which was
failed describes the process under the study (Liu, Yang et al. 2015). Moreover, the
process of queries could continue and issues coming outside the boundary of
study are not mentioned. As a result, definition of boundary is essential for the

success of fault tree analysis(Lavasani, Ramzali et al. 2015).

3-59



Fault trees which are made manually are comprehensively subjective and may be
incomplete, but, allows the analyst reviewing the system, some errors that may

occur in a fault tree are:

e Rapid building of a branch of a tree without deliberately processing level
by level along the entire fault tree (Komal 2015).

e Omission of a fundamental failure framework or cause, or a wrong
supposition of irrelevant contribution.

e Incorrect blends of probability and frequency into logic gates.

e Improper balance between equipment sort causes and human blunders.

e Non-recognition of dependence of events.
Step Four: Qualitative examination of structure

The structure of the fault tree can be qualitatively analyzed after being built, to
understand the mechanisms. The things which are highlighted are, the subjective
significance of occasions, safeguards effectiveness and the helplessness to regular
mode failures (Kabir, Walker et al. 2016). Inspection becomes difficult for more
complex fault trees and to tackle this more simplified way as Boolean analysis
must be applied. For defining the top events in terms of a summation of all lower
events, fault trees has to be converted into equivalent Boolean expression (Ju
2016). This expression is expanded with the help of laws of Boolean algebra, until

the top event as the sum of minimal cuts sets.

When a single event affects the basic events, common failures are caused which
are independent in fault tree (Huang, Fan et al. 2016). The common causes are
maintenance error miscalibrating all sensors and power failure disabling several
electrical safely systems. For instance, if there is a power failure in any of the two
branches of a fault tree attached by an AND gate, and the gate by gate method is
followed, the final result will have an error (Huang, Fan et al. 2016). Boolean

analysis addresses this problem by identifying the errors. However, there are other
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elements also which are not included could result in common failure, for example,

Common manufacture, common location and so on (Deng, Wang et al. 2015).
Step Five: Quantitative evaluation of fault tree

The top event frequency can be calculated once the last structure of fault tree has
been resolved and a recurrence has doled out to each of the essential events. The
gate by gate technique is being followed up to the top event. Before calculating
the gate output, all inputs must be defined. Before continuing to the more elevated
level, all lower gates must be computed. In OR gates, addition occurs and in AND
gates, multiplication occurs (Choi and Chang 2016). A number of additional
studies possible once a fault tree has been calculated which includes, uncertainty
and Sensitivity analysis. Uncertainty analysis gives us a measure of the error
bounds of the top event whereas Sensitivity analysis is utilized to decide the
affectability of the top event recurrence (Cheshmikhani and Zarandi 2015). The
various minimal cut sets are ranked by Importance analysis in order of their

contribution to the failure frequency.

Table 3: Classic Fault Tree Gates (Ruijters and Stoelinga 2015)

Name of Gate Classic FTA Symbol Causal relation
If both inputs are "No," then the output
OR - n n
is "No.
AND Output is "Yes" when both inputs are
"Yes." Otherwise, "No."
If all input occurs along with an
Inhibit D additional conditional event occur, then
output will occur.

3-61




Name of Gate Classic FTA Symbol

Causal relation

Voting OR (k-out-
of-n)

The yield event happens if k or a greater
amount of the information (Input)
events happen.

A
- A

If both inputs are either “false” or
“true”, then the output is false.

Dependency AND |In FTA it is not used.

If all the inputs are “true” and the inputs
are dependent upon each other, then the
output is true.

=

Priority AND

If all the input occurs in a particular
grouping, then only the output occurs.

3.2.9 Event Tree Examination

3.2.9.1 Overview

e Itis atype of risk assessment that depends upon binary logic. In this tree

examination an event either is being or being not taking place or a

constituent is or is not diminished.

e It is used in recognizing as well as analyzing the consequences take

place from a failure or unwanted event. It is a forward bottom-up

approach (Ayav and Sozer).

e It is a dominant tool that will categorize all features of a system that

includes a chance of taking place later on, when the initiating event is to
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be applied to extensive range of systems such as nuclear power plants,
chemical industries etc.

e An event tree begins through initiating event, with pivoted events in
between as well as ends with Accident situation. Probabilities of Events
are acknowledged for each and every situation

Initiating Event:

e Collapse or unwanted event that initiates the start of an accident series.
o Fire, Explosion or a release of a hazardous substance are the examples of

initiating event
Pivotal events-

e These are the mediator events between IE as well as the final accident.
e These are the (Failure/success) events of design safety techniques
e Fire alarm works, Sprinkler system, Fire detection system are some

examples of Pivotal events
Accident scenario —

e Series of events that are eventually result in an accident.
e The sequence of event usually starts with initiating event as well as is
followed by one or more pivotal events that leads to unwanted

circumstances

3.2.9.2 Steps that are involved in event tree examination
e Recognize the Initiating event
e Recognize the commas well ass, which are assigning with the primary
event like as automatic ty systems, alarms on operator actions.
e Create the event tree starting with the initiating event as well as
proceeding through collapse of the safety functions.

e Build the resulting accident sequence.
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e Recognize the substantial elements which are to be linked

3.2.9.3 Advantages of Event Tree Examination

e |t unites the hardware, software, environment, as well as human interface
e It allows probability evaluation

e Business-related software is available

e Can be performed on various levels of details

e No need to look forward to end events

e Comparatively easy to learn as well as implement

3.2.9.4 Disadvantage of Event Tree Examination:
e Addresses only one initiating event at a time
e Success or failure probabilities are very difficult to discover
e an analyst is needed with practical training as well as experience

e The initiating challenge must be recognized by the analyst

3.2.10 Cause-Consequence Analysis (CCA):

It is @ method used for analyzing consequence of chain or any activity. It can be
used independently and for individual and also it is helpful for other analysis
methods (Ylijoki-Sgrensen, Boldsen et al. 2014).

By this method, unwanted events, their consequence and probabilities gets
identified. It can be done by merging or combining two different tree events
together. In this methods, it examine the primary event and its follow or
intermediate events might lead to any failure(Reinholds, Bartkevics et al. 2015).
The primary event and follow events cause and probabilities analyzed by top to

down tree and it describes failures in this tree only which normally called as fault
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trees. Cause and consequence tree forms a chain which clarifies the relation

between cause and consequence and probably leads to damages. CCA includes:

Identify damaged chain or event
Identify primary event

Identify follow up events
Recognize the consequence damage

Clarifies cause of failure events

o a k~ wnhE

Set up probabilities for the cause identified in primary and follow up

events.

It is an effective tool which ensures the execution or operation of any activities for
which consideration would have been taken in design phase. It is helpful in
evaluating complex events which have many altered consequence even in primary

events

3.2.11 Decision tree analysis

It is a tool used in tree - form graph or model of all decisions and their
consequences. It includes the outcomes, cost & utility and represented in flow

chart in which each branch represents the outcomes.
It has three nodes:

1. Decision nodes
2. Chance nodes
3. End nodes

It helps in identifying the causes of failure or consequence coming during
operational safety. Once failure identify, suitable control measures remains in

place.

3-65



Decision trees are as of now a standout amongst the most mainstream strategies
utilized for data modeling of data or information displaying. Decision trees are
ordinarily utilized as a part of operations examination, particularly in choice
investigation, to recognize a methodology well on the way to achieve an
objective. They have the edge of being reasonably straightforward, and have been
appeared to perform well on an assortment of issues. Decision trees have
numerous utilizations, for example, for instance, anticipating a likely result,

helping with the examination of issues, and supporting in deciding.

3.2.12 Monte Carlo simulation

It is a mathematical technique in which risk assessment done in quantitative form.
This technique is suitable for project management, finance, energy, oil & gas,
environment, manufacturing and R& D sectors. It allows decision makers to set
possible outcomes and their probabilities of occurrences at any point. A range of

outcomes and their occurrences comes out of it and it helps in decision taking.

This technique was used by scientists during working on the atom bomb and
during second world war it has been used in many physical and conceptual

system.

Monte Carlo techniques are basically utilized as a part of three particular issue
classes: enhancement, numerical reconciliation, and creating draws from

likelihood dissemination.

The probabilistic way of incident frequencies and adverse behavior makes the

Monte Carlo strategies a perfect tool for risk assessments.

3.2.13 Hazard Identification and Risk Assessment (HIRA):

Whenever we talk about hazard, we assume a source or situation which could able

to harm and may turn into Ill health, loss of property, loss of environment and
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injury etc. or amalgamation of these. Although, hazard identification is a process
of recognizing the hazards that exists in any activity and defining its
characteristics (Lees 2012). While risk is a result of any miss happening in which
it signifies the likelihood of consequences of any hazard and severity of an
injuries.

But when we take the considerations of risk assessment then we call it as process
in which risk will be evaluated from the available hazard for the purpose of
further control measure. There are numbers of standard which gives guidelines in
which it is assume that work place hazard can be identified in any activities or sub
activities and their associated risk can be determined (Kennedy and Kirwan
1998). The determined risk will be evaluated based on the risk matrix available
for the further control.

OHSAS tells about the identification of risk in significant categories where it is
required to classify the risk in a range where further control will be taken by
special attentions or based on the control operating procedures(Labodova 2004) .
The identification of risk is the judgement made by the competent person and
person involve in project management and those knows the trend of occurrences
of any hazard or risk in past.

The OH&S hazard are the behavior of any process unit, activity, product and
procedures which adverse as an impacts inline to the concern activity or process
or procedures. Therefore, if impact noticed before and a suitable control applies at
right time, the risk coming out from these activities or process will be under
control or not able to touch its significant range.

Therefore, it is important for an organization to identify hazard in each and every
process or activity and assessing its risk for suitable control measures. The control
measure suggested should be impartial and should be applied without any

interference.
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Whenever risk assessment is done, it is always the combination or multiplication
of likelihood of any hazard and its severity. In mathematical way, the risk can be

calculated by

Risk (R) = Likelihood (L) of an event x Severity (S) of any outcome

Where, Likelihood (L) is an occurrence of any event in a specified time or in
specified circumstances while severity is a result or outcome from that event in
terms of injury/ health of people, properties damage, damage or adverse on

environment or may be combination of these.
3.2.13.1 Purpose of HIRA

e Identification of the purposes which cause harm to employee
e Possibility of that cause of harm to the employee and its severity.
e An organization should able to plan, introduce necessary

preventive measures controlling risk.

3.2.13.2 Planning for HIRA
a. It can be planned for a situation

e Where there is a significant hazard available

e Where control measures not adequate

e In which corrective and preventive measures are need to be
implemented

b. An organization which is intended to improve safety management system

3.2.13.3 Process of HIRA
HIRA has certain steps to do at work site and they are as follows

e Identification of activity or sub activity hazards
e Assessing the risk related to each hazard (tolerable or non-
tolerable)
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e Control measure for risk categorized under non tolerable and its
monitoring

o Verify adequate health and safety objective and action plan to
reduce risk identified and follow up monitoring reduction of risk.

e Training needs identification for the adequate risk control
measures and adequate control measures should be a part of

operational control

Activity/ Sub
Activity

Identifying

l Hazard l
Assessing of |
risk Involved

Control
Measures

Inclusion of control measure in
operational control

Figure 2: Steps involve in HIRA
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3.2.13.4 Assessment of probability and severity

Table 4: Probability Rating (PR)

High (H)

When it occurs frequently or Chances approx. more than 50%

Medium (M)

When it occurs occasionally or Chances between 10% to 50%

Low (L)

When it has never occurred before or chances less than
approximately 10%

Table 5: Severity Rating (SR)

High = H When it can lead to fatality or permanent disability Or when
g Property Loss is more than Rs 100,000
When it can lead to temporary disability or doctor visit is required
Medium =M Or when Property Loss is more than Rs 10,000 but less than Rs
100,000
Low = L When it can lead to First aid Injury Or when Property Loss is less
B than Rs 10,000
3.2.13.5 Risk Matrix:
Table 6: Risk analysis matrix
H 3
B
= M 2 3
o)
8
o L 1 2 3
o
L M H
Severity
Table 7: Risk level
Risk Level (RL) | Trivial | Tolerable Moderate | Substantial Intolerable
3 4 5

Number

1

2
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CHAPTER 4

4 Methodology
4.1 Research framework

4.1.1 Theoretical framework:

Viaduct construction sites have being selected for research study. The main focus
of the research is the techniques — job safety analysis (JSA), group risk
assessment, What-if analysis and inherent safety approaches — used for hazard

identification and risk assessment.

Job safety analysis is the technique which is specifically chosen for construction
work. Due to the nature of construction work activities, which keep changing on
day to day basis, it is difficult to fix the risk level of any particular activity. JSA is
helpful in identifying the hazards associated with activities which keep changing
on day to day basis. During execution of work, certain changes in activities or
any unplanned activities can be assessed using JSA. JSA is relevant in most of the

cases if the recommendations given during assessment are considered.

The most exhaustive concept or technique which we use at construction site
hazard identification and risk assessment is the group risk assessment. Hazard
identification and risk assessment (HIRA) is broadly used in construction industry
to identify the hazard, risk and based on it control measures can be taken place.
Team from execution, safety, planning etc. carry HIRA and assess relevant hazard
and risk for particular activities since design to execution stage of work. What-if
analysis is also helpful while planning and designing or work activities. We take

consideration of experience people at work place and they really help out in

4-71



deciding the hierarchy of control for hazard and risk inherently available in some
of activities.

The expertise required for doing safety analysis is gained through years of
experience at construction sites. The expert studies the nature of the work and
behavior and skill of the person involved in execution of concerned activities. The
expert takes into consideration many factors or challenges faced during execution.
Years long involvement in construction work execution, system implementation
and worked as core team member of risk assessment, many favorable and
unfavorable considerations were identified which gives a scope of working in
these areas and to bring improvement in it.

For this research total 58 method statements, and 20 health safety and
environment manuals were studied and critically analyzed for different types of
activity at viaduct construction sites. Similarly state-of-the-art review of hazard

and risk present at construction work activities has been done.
4.1.2 Data Collection:
4.1.2.1 Source of data

To complete research work, data collection has been done. Approach of using

data collection is via both the mode. i.e. Primary and secondary data source.

4.1.2.2 Primary Data:

I Site observations
ii. Audit reports

iii. Accident analysis
v, Method statements
V. HSE plan/ Manual

Vi. Questionnaire
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4.1.2.2.1 Site Observations

Over last 5 years, various site inspections were done with different
companies engaged in viaduct construction works. Site inspections have
been done by various levels of employee for different activities. Site
inspection included as daily inspection, weekly and biweekly inspection.
Physical condition of work place has been determined and evaluated
through various site inspections. Normally a walk through with project
head, client representative along with head of verticals had been a part of
particular weekly or biweekly inspection assessing the work place with
respect to standard condition laid down in legal requirements or condition
or contract by the client. More than 500 observations have been taken into

record that has been done for different activities.

4.1.2.2.2 Audit reports:

Over past five years, more than 20 external audits and more than 50
internal audits has been done and taken into consideration for research
work. Audit work has been done at various construction sites confirming
safety management system and assessing work site conditions for further
improvements. Audit work has been done at certain periodic interval of
time so that same activities could be assessed confirming the kind of
improvement or failure may coming in during execution. Similarly, during
auditing, it had also tried to cover activities different from previous one
and reconfirm again in further audits. During audit, each and every scope
of project has been covered and analyzed. Not only the current scope but it
also focuses on previous scope what had been covered and their
conformities. Even different agencies have engaged in doing external audit
so that partiality of same can be neglected.

There are three types of audit has been conducted at site and they are (1)
Internal Audit (2) External Audit.
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Internal audit has been conducted by the competent employee of an
organization in two modes. One is by self and another along with client
and hired competent person. Internal audit has been conducted by internal
audit team in presence of concern department head or in-charge. The
issues which has come is being addressed with concern in charge and a
target date is set to close out the non-conformance raised during auditing
process. Similarly, external audit has planned throughout the year at
certain interval followed by surveillance. It has been tried to analyze the

nature of nonconformities and its impacts during execution.

4.1.2.2.3 Method Statements:

58 method statements, listed in Table 5, pertaining to different

construction activity were analyzed. The key findings of the analysis are

summarized in section 4.1.3 & 4.1.5.

Table 8: Different types of method statements

S.No Method statement for construction activity

1. Method statement for 30MT Gantry crane assembly and erection (Rev-2)

2. Method statement for construction of road crossing duct outfall of dewatering at
Location 1(Rev-2)

3. Method statement for construction of road crossing duct outfall of dewatering at
Location 2 (Rev-4)

4. Method statement for construction of deep lined wells (Rev-3)

5. Method statement of excavation and support of main station and switch box (Rev-2)

6. Method statement of excavation and support of main station and switch box (Rev-3)

7. Method statement of station void investigation (Rev-2)

8. Method statement of dewatering system (Rev-3)

9. Method statement of production and installation of steel reinforcement (Rev-4)

10. | Method statement of demolition and reconstruction of existing boundary wall location
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S. No Method statement for construction activity

1 (Rev-3)

11. | Method statement of construction of temporary slab at location 1 underpass (Rev-3)

12. | Method statement of basement foundation slab construction (Rev 3)

13. | Method statement of construction of workers accommodation and facilities (Rev-1)

14. | Method statement of earthing and bonding of station switch box (Rev-2)

15. | Method statement of erection of stairs tower and switch box (Rev-1)

16. | Method statement of rail track and gantry track erection (Rev-2)

17. | Method statement of tower cranes erecting and dismantling (Rev-6)

18. | Method statement of design, production and erection of formwork (Rev-2)

19. | Method statement of construction of elevations (Walls & columns), intermediates slab
and rood slab for station and switch box (Rev-2)

20. | Method statement of station box temporary head wall reconstruction and backfilling at
location 1 (Rev-2)

21. | Method statement of construction of road crossing ducts for outfall of dewatering with
horizontal directional drilling (HDD) methods. (Rev-2)

22. | Method statement of permanent concrete repairs work (Rev-3)

23. | Method statement of installation commissioning and operation of batching plant.
(Rev-2)

24. | Method statement of production and erection of structured steel (Rev-2)

25. | Method statement of monitoring and instrumentation (Rev-3)

26. | Method statement of survey and setting out (Rev-3)

27. | Method statement of installation & relocation of fence/ hording at project sites. (Rev-
2)

28. | Method statement of site areas preparation works, earthworks, roads and parking
(Rev-3)

29. | Method statement of cast in-situ manhole at location 1 (Rev-2)

30. | Method statement of dewatering discharge manhole (Rev-2)

31. | Method statement for initial pile load test (Rev-1)
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S. No Method statement for construction activity
32. | Method statement for installation of elastomeric bearing. (Rev-0)
33. | Method statement for parapet lifting and stitching (Rev-01)
34. | Method statement for parapet lifting and stitching (Rev-02)
35. | Method statement for parapet lifting and stitching (Rev-02)
36. | Method statement for erection of | girder (Rev-0)
37. | Method statement for erection of I girder (Rev-0)
38. | Method statement for casting of | Girder (Rev-0)
39. | Method statement for erection of | Girder (Rev-1)
40. | Method statement for production of concrete (Rev-0)
41. | Method statement for prost tensioning work (Rev-2)
42. | Method statement for parapet erection (Rev-0)
43. | Method statement for casting of pier (Rev-0)
44. | Method statement for casting of pier cap (Rev-0)
45. | Method statement for survey work (Rev-0)
46. | Method statement for geotechnical investigation (Rev-0)
47. | Method statement for bentonite use and handling (Rev-0)
48. | Method statement for parapet erection (Rev-0)
49. | Method statement for construction of column work (Rev-1)
50. | Method statement for pier cap (Rev-0)
51. | Method statement for pier cap (Rev-1)
52. | Method statement for pier cap (Rev-2)
53. | Method statement for erection of gantry cranes (Rev-0)
54. | Method statement for casting of pre-tensioned | Girder (Rev-1)
55. | Method statement for erection of | Girder (Rev-0)
56. | Method statement for erection of | girder (Rev-1)
57. | Method statement for erection of steel span (Rev-0)
58. | Method statement for pre-tensioning of | girder (Rev-0)

4-76




4.1.2.2.4 HSE Manual:

20 different HSE manual/ Plan of 14 companies as listed in Table 6, pertaining to
different- different construction projects were analyzed. The key findings of the

analysis are summarized in Section 4.1.4 & 4.1.5.

Table 9: HSE manual plan

S. No HSE manual/ plan No. of HSE
Manual/Plan
1. | Safety, Occupational Health & Environmental 6

Management Systems Manual (SHE MSM)

2. | Safety, Occupational Health & Environmental 6
Operational Manual (SHE OM)

3. | Occupational Health & Safety Management System 1

Manual

HSE Manual

HSE Apex Manual

HSE & Fire Plan

HSE Plan

®© N o o &~
R R Rk P w

Manual on construction risks, damage to the works
and advanced loss of profits (ALOP)

Total 20

4.1.2.2.5 Accident statistics data:

More than 100 reportable accidents and more than 500 first aid cases has been
analyzed and mentioned in result discussion. Considered accidents were analyzed
critically and root cause of accidents or first aid cases has been considered in

questionnaire survey and framework development.
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4.1.2.2.6 Questionnaire:

A set of questionnaire was been prepared seeing the need of evaluation area,
aspect required. The questionnaire is based on review of site conditions, method
statements, health and safety plan, and many more factors e.g. Design
considerations, Social concern, environmental concern, job satisfaction, financial
constraint, Legal issues, availability of skilled manpower etc. The format for
questionnaire given in appendixes and the result outcome of doing this survey is

in result and discussion sections.

4.1.3 Data Analysis:

Fact finding has been done while conducting site inspection (Daily, weekly or bi-
weekly or specific). The purpose of routine or daily inspection was to look at the
gaps or lack in implementation of safety health & environment as suggested or
legal and other requirements.

While inspection day to day activities or hourly activities, non-compliance or
casual attitude towards implementation of HSE has found. While comparing with
months data or observations, it has also found that majority of observations nature
is repeated and action taken is not proactive. There is lots of similarity between
these site inspection and audits in terms of site safety implementation and number
of observations are same. This shows the lenient approach of implementation of
safety. Similarity in observations once compared daily or weekly inspections.
Repeated observations and action is not proactive. While analyzing these various
inspection and audits, it has found that, majority of observations are due to
negligence of execution person, lack of interest of line management. Aspect &
impact analysis done at site is not appropriate or only done for paper work. Lack
of resources is one of the major finding during inspection and audit of various
construction site. Engineers or management concern were lenient towards safety.

HSE issues or concern is not adequately addressed in planning stage of project.
This brings instability in execution of project safely. It has also found, legal laws
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are known to management but it is not enforced at site in reality. This again,
brings instability of execution of projects. Environmental concerns were again
major issues at constriction site where implementation is partial. Management
attention towards legal concern is also partial and they keep focusing on project
production as their priority.

While inspection and analysis done at site among site workers, engineers or
managers it has been concluded that cost saving is prime concern and for this,
sub-standard material, inadequate material is being used which contains inherent
risk in them or it impacts project safety directly or indirectly.

It was also noticed during observations, designer role is limited up to certain
extent, they need to focus on design which can be executed safely and likelihood
of risk is minimum.

Interacting with engineers and managers, they showed their concern towards

difficulties of design which suggest the following:

1. Most of the activities are covered thoroughly in MS with their referencing
and detailed step wise activity.

2. Although MSs mentions prior activates but it does not cover the
criticalities associated with prior activities or other challenges, thereby
opening avenue to address the associated problems a prior.

3. Some of the MSs have detailed coverage of the step wise execution of
work details whereas in most of the MS it is done partially. Major safety
considerations or execution hurdles are not highlighted in any of the MS.

4. The HSE issues related to individual activities or sub activities are not
mentioned. Only generic HSE control measures appear in every MS.

5. In spite of multiple reviews no changes have been incorporated in MS to
address the safety concerns.

6. The role of designer in preparing MS is limited.

7. Risk assessment included in MS covers most of the activities and sub

activities. Whereas, a few MS identify only limited activities.
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10.

4.1.4

None of the MS present separate discussion on existing and proposed
control measures. In most of risk assessments (RA) only proposed control
measures are in place. The proposed control measures are satisfactory
sometime in few RA. Majority of proposed control measures are very
common and limited which directly influenced the risk values of risk
assessments.

A thorough analysis of risk assessment studies shows that majority of the
RA studies are qualitative in nature with a few exceptions. It has been
observed that, minimization of risk is claimed through cosmetic changes
thereby rendering the risk management ineffective. In some of the risk
assessment studies, probability and severity of existing hazard has not
been considered.

In majority of risk assessment, significant risk or critical risk areas have

not been identified.

Observations based on thorough study of HSE manuals.

Majority of HSE manual are project specific.

. Management system manual are based on ISO 14001 and OHSAS 18001.

Some of the HSE manuals have been compiled based only on general
safety measures.
Only some of operational manuals detail about safe procedure to be

followed during execution.

. Critical activities have not been identified in most of the HSE manual.

Even though these HSE manuals are project specific, critical activities,
their hazard and risk have not identified. In some of operation manual,
control operating procedures are included but it has not adequately
covered about nature of activity for which these control operation
procedures is made.

The role of designer and consultant is not listed and HSE management

systems are mute about it.
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VI. Safe procedures are well versed in most of operational manual and it gives
guidelines to execute the work safely. In addition, it is required to discuss
individual steps of an activity and their hazards and risk.

VII. No guidelines have been given to assist in hazard identification and
risk assessment. In some of the HSE manuals, RA procedure is given but
no mention is made of the adherence to hierarchy of control.

VIII. Emergency preparedness plan is elaborated well in some of the
manuals and a few HSE manuals emphasize on the need to improve
individual emergency scenarios action plan.

IX. A parent team has been assigned to handle all type of emergencies without
mention of emergency specific roles.

X. Neither mock drill guidelines have been defined nor any time frame has
being fixed for safe evacuation or control depending on the level of

emergency.

4.1.5 Summary of MS & Manual:

A total 58 method statement and 20 HSE manuals were studied to identify
their shortcomings in terms of scope of work, prior activities details, detailed
work procedures, HSE management systems & risk assessments etc. (As

given in tabular form)

I.  Subjectivity of MS should be eliminated and core team, expert opinion,
idea or proposals shall be in considerations.

[I. Whenever any work activity details given, should be analyzed by expert
team consisting designer, planner, project management team, safety
experts and other HOD’s. Based on expert opinion, activity should be
highlighted if it consist critical risk while performing the work.

[1l. Step wise work details with expected difficulties to be mentioned so that

control measures can be suggested accordingly. Every activity shall have
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VI.

their HSE aspects and based on that HSE control measures should be in

place.

. Risk assessment methodologies used in method of statement lack

thoroughness, as it is highly subjective, and no specific framework exists

for the steps to be followed while doing risk assessment.

Safety design considerations are an effective way to reduce construction
accidents but lack of expertise and confidence on part of designer has
resulted in many accidents in the past and management are somewhere
responsible to give importance of competent designer with their competent

core team to give their inputs reducing construction accidents.

Therefore, common guidelines are to be prepared for quantitative risk
assessment by which each and every considerations of construction project
shall be taken into account.

VII. While analyzing various risk assessment of construction projects it has

found that, various considerations which somehow influence partially or
fully to the project execution cycle, social well-being of workers or

accidents statistics are not into considerations.

VIII. Construction projects HSE manuals needs to be incorporated based

on expert opinion or suggestions and all different considerations which
partially or fully influence execution cycle of projects. HSE manual
(management system and operational manual). Critical activity or sub
activity working procedures should be highlighted with adequate HSE
control measures and probable hazard and risk should be scrutinized at the
time of execution of that particular activity. Any changes coming into
execution should be highlighted from onwards communication system and
thorough discussion required from expert team including structural and

functional safety experts.
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IX. In India, we lack of dedicated structural safety expert and this

4.1.6

responsibility is on designer at this time therefore, it is required to take his
considerations all the time whenever any changes coming in or while

incorporating HSE manuals.

Framework Development:

Framework is being developed based on the Inspection/ observation work
done at work site, analyzing method statement, study and analysis of HSE
manual or plan, accidents statistics and based on relevant questionnaire. In
this framework, some of considerations has been added which
quantification will add on to the previous method of doing risk
assessment. It has been develop a technique that is helpful in identify
constraint by which any failure could be assisted and when it is likely to
be happen, before necessary action can be taken place. The way it has
been done, the chances of occurrence of accidents or any miss happening
could be minimized if properly assessed and control measures suggested.
It could be easier to raise the alarm immediately once identify any one of
the consideration below their set levels or requirements. This will be
helpful in controlling adverse scenario or impact in shorter or longer
terms. Study and analyzing risk assessment of different project site
involved in viaduct and other construction works, it has observed that at
many projects or activity chooses for execution, HIRA is most generic and

doesn’t consider many of the essential considerations.

Based on the study done with the help of various methods, there are 12
considerations which have been included in HIRA which is to be looked at
during conducting group risk assessment. HIRA will be conducted at
initial stage to final stage of construction work and competency of each

section will be included identifying various hazards at work site.
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During risk assessment, these considerations will be analyzed and

quantified separately and its criticality will be added advantage for the

existing model available for risk assessment and each consideration and

quantification will be evaluated separately

4.1.7 Different Considerations of risk assessment:
These considerations are-

Vi.
Vii.

viil.

Xi.

Xii.

Environmental consideration
Social considerations
Economic considerations
Design consideration
Consultant consideration
Client consideration
Contractor consideration
Safety consideration
Resource mobilization consideration
Manpower consideration
Legal Concern consideration

Adverse concern consideration

Decision analysis of this consideration: All these considerations have their

importance and impacts in project life cycle. Every consideration has 6 categories

and every category of each consideration has been quantified based on the review,

legal requirements, site observations, experience and expert advice.
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CHAPTER 5

5 Result and discussion

5.1 Site inspection and observations:

Inspections reports from three different construction sites, over the period Feb
2013 - July 2014 was taken into considerations for data analysis purposes.
Following are activities have been considered for trend analysis and gaps
identified:

e Housekeeping

e Barricading

e Electrical work

e Work at height

e Hot work

e Mechanical work

e Excavation work

e Hand rails/ Edge protection
e Material handling/ Lifting
e Hand tool & power tool

e PPE’s

e Fire

e Others
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Figure 9: HSE inspection for Hand rails / Edge protection
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Figure 14: HSE inspection for others

5.2 Site Inspection analysis:

An analysis of the trend in each category shows that, rectification of concerns
raised in connection with housekeeping has resulted in significant improvement
over time. Compare to housekeeping, no other activity has shown any
improvement despite several reminders at the site as well as management level
but appropriate actions were not initiated. The reason for the lapse in compliance
with the observations were the lax attitude of site engineers; site supervision and

also due to resource unavailability.

Slight improvement was noticed in some of activities such as excavation,
barrication, hand tool and power tools, but this improvement was not observed
consistently over the entire inspection period. It has also been observed that
sometimes management forced site engineers to execute the work in a stipulated
time without access to adequate resources (man, machine and material). Under
these circumstances the supervisor of location has no option but to violate

standard operating procedure (SOP) at work place. Under normal circumstances
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the work has to be carried out as per SOP but when taking short cuts and without
access to proper resources, the quality of work and safety of workers is

compromised.

During analysis, it has also been found that excessive work pressure at work place
affects the behavior of workers or staffs towards safety and they tend to overlook
safety during work. As the time passes this behavior becomes a habit that results

in increased number of non-compliances at work place.
The final conclusion for these observations is:

e Lack of interest of top and site management towards HSE implementation.

e Daily observation, other non-compliances recorded during site inspection
were not taken seriously by site as well as top management.

e The first priority of the management is work progress and then comes
HSE. Even if HSE is considered it is not done consistently.

e Sometime, site engineers/ managers either hesitate to convey their concern
to the top management or they find the top management unapproachable.
These communication gaps results in HSE issues not given the due
importance by the top management.

e Engineers find themselves helpless in implementing safety because of the
lack of interest of seniors, cost involved and the requirement to adhere to
strict deadlines.

e Sometime, site management taken HSE as a separate issue delinked from
the work progress.

e Sub-contractor attitude, during execution, was found unsatisfactory and
sometime they don’t listen to engineers instructions. Sometimes, engineers
find themselves helpless because of the monopoly of the sub-contractors
or the lack of interest on part of top management to penalize the erring

sub-contractor.
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e |t was found that, engineers or other staffs involved in site activity are,
sometimes not confident and they work under fear or some kind of
insecurity. This lack of morale affects their performances.

e Lack of interest on management’s part towards compliance with legal
requirements at site resulted in non-conformities felt unaddressed.
Sometime it was found that personal effects of some concerned authority
resulted in rectification of non-conformities but lack of interest by higher

management resulted in reappearing of the same non-conformities again.

5.3 Audit Analysis:
Table 10: Audits and Non-Conformities raised in every section.
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TOTAL NC
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During the study total 15 external audits over the period of 2010 to 2014 were
analyzed .Specific study for different areas has been analyzed and cataloged with

every step of the process. The outcome of the analysis is reported below:

78

Total number of non conformance
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Figure 15:Non-compliance from external audit for three companies (A, B and C)
(2010-2014)

The audit reports, for three companies — A, B and C— were prepared by
independent agencies with expertise in these areas. All these three companies
were engaged in viaduct construction work in a reputed firm which vows to

follow considerable safety culture in their organization.

As per graph, for company A, only three audits, which were conducted, have been
considered for the analysis. It is observed that the number of non-compliances in
their first audit, Feb 2010, was 78, during May 2010 it was 35 and during Dec
2010 it was 24. One observes continuous improvement, as reflected by the audit
reports.
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Company B total of consecutive 09 external audit (June 2010- July 2014) are
conducted and considered for analysis. The number of non- compliances among
all these nine audits are comparatively improved but it was consistent after certain
period of time. Although it was required to improve further. The non-conformities
raised by auditor few sections are repeated and almost ignored by contractor. In
some of sections, non-compliance was closed during action taken by responsible

person but again it has repeated after certain period of time.

As per graph, for company C, only two consecutive audits were considered for
analysis (Dec 2012- Mar 2013). The number of non-conformities has increased
from 24 to 40 from first audit to second audit. As work activities increased, the

number of non-conformities also increased.

Total number of non-conformance
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Figure 16: Critical areas at company A B & C (2010-2014)
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Total of 59 different areas in Table 10 was identified for audit by agencies

involved. 18 out of 59 areas were required special attention although 9 out of

these 59 required immediate attentions. Company A, B and C all three had

numbers of non-compliances in these sections which showed that these areas have

been neglected since the start of the project.

5.3.1 Analysis and conclusion of audits:

The outcome of the analysis is summarized below:

Identified hazard were not brought to the attention of management for
remedial measures.

Budgeting for SHE organization not done.

Inadequate number of SHE staffs/ officers.

Lack of required training for target audience.

Lack of training calendar and even if the calendar was available, training
was not given. In some of the cases, management did not deem it
necessary to give proper training or no training was given at all.

Most critical activity — Lifting, for viaduct work has number of non-
compliances due to incompetent supervision, resource management, lack
of awareness and training, hiring cost etc.

Shortage of staff, task allocation or prioritization of work activities is also
a problem with project management and majority of accidents happens
due to these gaps. Housekeeping at work place is everyone’s responsibility
but due to work load constraint it was ignored most of the time. Proper
schedule and responsibility was not fixed for housekeeping.

Concerns regarding, electrical safety, proper gas welding-cutting were
repeatedly raised but no remedial measures were initiated, which is an
alarming trend. The major reasons behind these observations were
indifference, due to improper training, of the management as well as that

of operations. Number of required staffs in electrical section, substandard
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5.4

material, inadequate equipment, and improper maintenance of equipment
were major concerns.

Contractor management and ensuring legal compliance were major
concern in batching plant and casting yards. Contractor performance
evaluation was not in place, neither their track record was scrutinized for
their selection. Organizations, sometimes intentionally, do not hire
contractors with proper training due to cost concerns.

Environmental concerns are not given due importance because of lack of
strict enforcement by the concerned agencies. Companies also do not
invest in environment conservation activities due to lack of proper
knowledge and also to do cost cutting without realizing the harm such
approach may do to the environment. SOPs telling the procedure to be

adopted at work site are ignored in maximum number of cases.

Major/ fatal accident analysis:

Total number of major accidents

15

Figure 17: Total number of major accident (2007 — 2014) at three construction

site
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Analysis of 84 major/fatal accidents, during the period 2007 — 2014 was done at
three construction sites. Out of 84 major accidents, 6 fatal accidents happened
during this period. Out of these six fatal accidents the accident records were
available only for 4 accidents. Analysis of those concern in which accidents has
happened is analyzed. An analysis of the accidents shows that the maximum
number of accident happened due to lack of supervision, lack of communication,

improper work procedure, material handling and traffic / road safety.

5.4.1 Root-cause analysis of accidents and its conclusion:-

5.4.1.1 Lack of supervision:

It is observed that, workers were engaged at work place either without proper
supervision. It is also observed that management assigned person without
adequate competency to with the task of meeting the deadline. Due to work
pressure, supervisors compel the workmen at finish a given task in time while
overlooking the safety. Therefore, the pressure of meeting deadline and
incompetency in supervision resulted in a number of accidents. In a few cases, it
was observed that the supervisor did not know how to finish the work safely or he
ignored the guidelines given by his superior. Wrong and inadequate instructions

given to workmen by such a supervisor resulted in accidents.

5.4.1.2 Lack of communication:

During accident investigation and analysis it was found that, 17 % of accidents
had happened due to lack of communication or improper communication between
project managers and site engineer or concern person, or between site engineer
and workmen and vice versa. Some of accidents had happened due to confusion
created by lack of proper communication. In some cases major accident happened
because work continued even if there was shortage of material or resources. In

some of the cases, workers overlooked the instruction given by his supervisor.
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Unplanned work or activities have also been identified as the reason for some of

the accidents.

5.4.1.3 Improper work procedure:

15 % of the accidents had resulted because of improper work procedure. The
execution of work was not done as required. In some of the cases, proper
procedure were not in place which consequently resulted in laps in putting proper
control measures in place. In a few cases control measures were missing even if
work procedure was in place. In some cases it was found that the supervisor was

not aware of correct action.

5.4.1.4 Material handling:

12 % of accidents are recorded and analyzed fall under the category of material
handling activities. Overloading, improper coordination, and lack of knowledge of
right way of doing work were main reasons for accidents during manual material
handling activities. Some of the major accidents happened during mechanical
loading or unloading of material. Wrong posture, overloading, inadequate work
procedure, hurriedness in finishing job, and incompetent supervision were some

of the leading causes that resulted in accidents.

5.4.1.5 Road Safety/ Traffic:

During analysis it was found that 11 % of accidents had happened due to frequent
use of machinery on road and not following road safety rules and regulation. In
some of cases, construction equipment, material got in contact with workers or
civilians. Some of incidents were resulted from drunk driving. Project
management also failed to take action resulting in repetition of such accidents. A
few of the incidents, which could have been avoided, happened because safety

measures were overlooked by management due to economic constraints.
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5.4.1.6 Mechanical failure:

Failure of machinery again was a major cause which resulted in 6 % of accidents.
Age of machinery, maintenance and its operation were identified as main reasons
for accidents. Compromising with quality of machinery due to financial
constraints, incompetent operator, inadequate supervision, etc. played a huge role

in these accidents.

5.4.1.7 Lack of training:

Lack of awareness or training also resulted in some of the major incidents at work
site. Analysis of these incidents revealed the fact that work was not executed as
per the standard operating procedure and workers were not aware of it. The
concern engineer or supervisor had not instructed the workers on the safe method
of operation. Financial constraints also resulted in lack of initiative by the
management in deploying training agencies to give proper safety training. In some
of the cases even if provision for undergoing safety training was available, the

line management was not ready to spare time for training.

5.4.1.8 Poor housekeeping:

Poor housekeeping, material keeping at work site had resulted in 5% of the
accidents. Site engineer/ manager have also shown negligent approach towards
good housekeeping. Analysis indicate that, spending time on housekeeping or
material keeping was not given priority by the site execution officers and they
wanted to finish the work, meeting deadlines. It was also found that, while
working at site, proper housekeeping after a job was finished was not practiced
resulting in some of the reported incidents. IllI-defined responsibilities also

resulted in some of the accidents related to poor housekeeping.
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5.4.1.9 Unfit worker

During accident investigation, it was found that some of the accidents had
happened due to engagement of unfit workers leading to accidents. In such cases
it was found that the site supervisor was negligent in ensuring physical fitness of
the engaged workforce. Although in some cases lack of awareness had also

played an import role in these types of accidents.

5.4.1.10 Mean of access:

Safe work site access is critical, especially when working at height. It was found
that some of the accidents happed due to improper access or negligence toward
providing proper access due to hurriedness in finishing the work. In some of the
cases even though the engineers or managers was aware of the importance of
providing safe access, he overlooked this safety aspect due to pressure of meeting
project deadline. In a few cases, resource availability was the reason for not

providing safe access at work site.

5.4.1.11 Ergonomics issues:

In 4% of the accidents, improper way of executing work or working with
unsuitable equipment led to major incidence. Workers engaged at work place

beyond working hours and odd timing also contributed to such accidents.

5.4.1.12 Isolation / Guarding
Unrestricted entry or isolation at work place resulted in 1% of the accidents,
despite the fact that it is an earmarked concern at work place. Working with

improperly or unguarded machinery during maintenance also contributed to a

number of such accidents.
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5.5 Minor Accident Analysis:

A total of 149 minor accidents, over a period of 23 months (Aug 2012 to July
2014), were considered for the analysis. Figure shows 17 different areas, where
accidents have happened. Out of all the areas considered for the analysis, a few
areas were identified as critical — in which percentage of accidents was high e.g.
bar bending, work at height, material handling, shuttering and D shuttering etc.
The reason behind majority of accidents in these areas was found to be lack of
proper supervision, negligence of supervisor in providing effective control
measures, deployment of unskilled workmen, deployed workmen not well trained,
resource shortage, hurriedness to finish the job while overlooking safety
considerations, etc. Some others reason were also noted which directly or
indirectly resulted in accidents e.g. design constraint, resource availability,
inadequate staffs or workmen, working hours, health and hygiene, lack of
resources, co-ordination etc.

Table 11: No. of minor injured cases

S. No Month No. Of injured cases
1 Aug-12 10
2 Sep-12 9
3 Oct-12 8
4 Nov-12 10
5 Dec-12 8
6 Jan-13 6
7 Feb-13 8
8 Mar-13 5
9 Apr-13 5
10 May-13 6
11 Jun-13 6
12 Jul-13 5
13 Aug-13 6
14 Sep-13 5
15 Oct-13 5
16 Nov-13 5
17 Dec-13 7
18 Jan-14 7
19 Feb-14 6
20 Mar-14 5
21 Apr-14 6
22 May-14 3
23 Jun-14 4
24 Jul-14 4

Total 149
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No. of Minor Injury (Total - 149)

Figure 20: Activity wise injury analysis

5.6 Internal Audit Analysis:

Monthly internal audits are a part of analysis and 15 internal audits were done
since May 2013- July 2014 for the three companies considered for the study. The
20 different areas considered for the audit were as under:-

I.  SHE Administration
Il.  SHE Training & SHE Communication
I1l.  SHE Inspection & Audit
IV. Hazard Identification & Risk Assessment and Emergency Preparedness
V. Reporting of Accidents and Dangerous Occurrence and Investigation
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VI.  Housekeeping
VII.  Working at Height
VIII.  Lifting Appliances & Gear
IX.  Construction Machinery / Hand tools and power tools
X.  Site Electricity
XI.  Fire Prevention
XIl.  Welding and Cutting
XIIl.  Excavation and Trenching
XIV.  Tunneling Operation and Work in confined Space
XV.  Traffic Management
XVI.  Personnel Protective Equipment
XVII.  Industrial health & Hygiene (Lighting and Ventilation)
XVIIl.  Welfare Measure
XIX.  Environmental Management
XX.  Batching Plant & Casting Yard

Each consideration was audited on monthly basis. The following section presents
analysis of such audits, done over a period of 15 months.

Each of the 20 different areas, considered for the study, has various components

and minimum of 10 sub areas have been quantified.

Each audit summary included full inspection report was submitted to management
for review and for action. Analysis of audits done between 2013- 2014 shows that
despite the recommendations as documented in audit report little improvement
was noticed in the areas where non-compliance were observed. Some
improvements were observed in the areas of housekeeping, work at height, lifting
appliances and gear, construction machinery, welding cutting, site electricity,
excavation and trenching, and batching plant and casting yard but this trend was
not consistent over the period analyzed in this study. The course of action which

was proposed during meetings or at other platform improving the situation were
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not implemented effectively. This let to repetition of same observations in

subsequent audits but still no action was taken to rectify them.

The reason behind repeated observations and poor improvement record are as

follows:

e Hurriedness to finish the work on time

e Project duration

e Mentality of site engineers or managers towards HSE implementation.

e Lenient approach in compliance with safety issues unless work was
affected and stopped.

e Contractor selection not done on the basis of their professionalism.

e New contractor in lead role which make them ineffective and think safety
as hurdle in work progress.

e Resource un-availability and resource management. Contracting company
has a trend to execute the job in available resource and don’t want to
invest more which result in compliances in many forms.

e Cost saving concept matters these days and mainly in the case where
project undertaken is under budget.

e Allocation of role and responsibility. Many of site engineers or managers
are not up to the performances they are being allocated to.

e Due to some reason, company also doesn’t hire competent staffs may be
knowing how to execute the work safely.

e Management doesn’t bother in their safety statistics or performances.

5.7 Questionnaire feedback:

Survey was conducted at two construction sites with more than 1,700 employees.
The level of employees included in this survey was from top management to

worker from different verticals e. g. site workers, supervisors, foremen, site
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engineer, managers, design coordinators, safety personnel, and project managers
etc. The questionnaire was prepared based on site inspection, audits conducted

and incidents reports from different sites in past few years.

5.8 Outcome of the survey:
Outcome of the survey is summarized below:

1. Environment: The environmental awareness and its implementation at
construction work site are not satisfactory and most of the workers are unaware of
these issues. Although, legal requirements are known at the management level but
these are not implemented at work site. Training and education on environmental
issues and control measure to improve environmental compliances not common
among every employee which creates a gap between standard requirements and

its implementation.

2. Social aspect: The answer given by the workers and engineers at work site
regarding approach of employer towards social concern and societal risk was not
satisfactory. Employer had focused on project execution, ignoring workers
suitability. Even during on holiday workers are asked to work on site. They are
not being paid as per minimum wages fixed by the government. Both the
contractor had only limited issues with nearby residents and that has addressed
properly except some of cases. Nearby residents used to support contractor in
executing project in many ways but contractor have least interest for nearby
residents increasing social well-being or other CSR activities. The effective,
efficient and hurdle free work can be achieved by increasing social awareness or

by involving residents during many occasions.

3. Economy: Companies financial status, project cost matters a lot for
establishing and maintaining safety culture at work place. There is direct linkage
of safety with financial constraint of any company or project. Quality of work and
safety culture can improve if companies are positive about spending money on

safety and quality. If financial status of company is good they can hire
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experienced and effective employee and deploy effective contractor for their

projects thereby improving safety culture, while also finishing project on time.

4. Design: Role of designer is foremost in project management. Role of
designer can be influenced by contracting companies that impacts project in many
ways. Therefore, selection of competent self-reliance designer and their freedom
is essential for safe execution of any job. As of now, designers show little concern
for operational challenges and ignore the safety concerns. It is required, that the
designer to do risk assessment during design stage of project minimizing
operational inherent safety risks.

5. Role of consultant: Consultant role in execution and maintaining safety at
work place is significant. The survey shows that self-reliance consultant can help
contracting companies in establishing and maintaining proactive safety culture at
work place. Therefore, their role is quite essential during execution and also

during design of project.

6. Role of client: Client role is very important in project management process
and safety performances and other issues majorly depend on client. If client is
strict about project safety management, surely a proactive culture can be
established. If a client is focused on progress, ignoring safety, then

implementation of safety can be adversely effected.

7. Role of contractor: Contractors plays a major role in safe execution of any
job. Risk levels of an activities or project depend directly on the competence of

the contractor.

8. Safety: To ensure a proactive safety culture, safety considerations of a
project are essential and should be looked at each and every stage or activity of a
project. Weightage should be given to effective and adequate number of safety
staffs, supervision of work, motives of top management or contractor towards

safety etc. since beginning of project.
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9. Resource availability and management: Resource availability and resource
management is of prime concern in project management. Safety at work place is
directly influenced by resource availability and quality of resources. Ownership of
resources, proper distribution, and availability of resource is directly linked to

work performance and implementation of safety.

10.  Quality of manpower: Handing over of a project on time, while
maintaining safety and qualities depends on types or manpower recruited by a
contractor. As per survey, attrition and availability of skill workers can influence
safety performances at site. Therefore, companies should have a retention plan for
workers or employee association with the organization. Inadequate number of

required workers influence risk level of any project.

11. Legal considerations: Implementation of proper legal consideration helps
in reducing risk level of any projects. Compliance with legal requirements results
in enhanced safety culture at site. A company should have a competent legal
advisor to keep the company informed about the legal laws or other applicable
laws. Therefore, legal concerns should be taken up on priority basis for smooth

execution of project with proper safety.

12.  Adverse Consideration: Failure in design, bankruptcy of client, contractor
or consultant is adverse case which will have significant effect on project progress
and on safety at site. Natural calamities, occupational emergencies are the
situation which needs to be taken care of and companies shall have preparedness
plan to cop up with all these emergencies. Safety performances are directly linked
to it and these issues can’t be ignored at any point of time. Therefore, probable all
adverse condition or situation should be addressed, analyzed and preparation

should be in place.

59 Framework Development:
Based on inspections, audits, accidents analysis, study and analysis of method

statement, HSE manuals and survey conducted at site, a risk assessment
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framework has been developed in which 12 considerations are implemented. The

salient features of the developed framework are:

1.

12 considerations that have been identified in the survey exercise have
been implemented in the developed framework

Each consideration has 6 areas of concern which has been identified and
quantified based on analysis of data.

Risk quantification has done for each of the area in these considerations.
Risk for each of these areas has quantified as 1, 3 & 5. The significance of
these values is taken from the input received from all sources & data.
Number significance for the risk level is as follows-

1- Satisfactory 3- Attention required 5- Immediate review required.

Red
Attention
Yellow .
Required
Green Satisfactory

Green Zone (Satisfactory): —The maximum risk rating for an individual
consideration, for it to fall under green zone, is 6. Risk rating coming
under this range will be satisfactory and safe execution of work can be
ensured based on existing control measure at work site.

Yellow Zone (Attention required): If the risk rating for an individual
consideration is in the range of 7 to 18, that consideration require proper
attention before proceeding to execution of work at site.

Red Zone (Review Require): If the risk rating for an individual
consideration falls in the range of 19 to 30, immediate review, stopping all
activities, is required.

Cumulative risk rating and legend:

Color Legend Cumulative Range
Red 217 - 360

Yellow Attention Required 73-216

Green Satisfactory 1-72

Figure 21: Cumulative risk rating and legend
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5.9.1

Similarly, if cumulative risk rating of all consideration is under 73 then it
will be in “green zone” (satisfactory level). “Yellow zone” is assigned for
cumulative risk rating of all considerations between 73 to 216. Risk rating
under this range will require attention and efforts will be made to bring
down risk rating under green zone. Finally, when cumulative risk rating of
all twelve considerations is between 217 to 360, then it will be under “red
zone”. Risk rating under this zone will require immediate review by
experts and efforts will be taken to bring down that level to green zone.
Red zone will be alarming zone and advised not to execute the job any
case unless risk rating has brought down to satisfactory level. Risk
multiplication factor is obtained by diving sum of risk value by cumulative
risk value. The risk multiplication factor will be in the range of 0.2 to 1.

If the risk multiplication factor is in the range of 0 to 0.2, it can be
assumed that work undertaken for a particular activity is safe and can be

executed under proper supervision.

If risk multiplication factor is in the range of 0.2 to 0.6, immediately
action is required and it is advised not to precede work further unless
action is taken to minimize the risk factor. Risk multiplication factor
above 0.6 indicate high risk and execution of all work should be stopped
and design should be reviewed.

Finally, modified risk level (MRL) or residual risk level (RRL) can be
obtained by multiplying risk multiplication factor (RMF) with initial risk
level (RL).

Quantification of modified risk level

Quantification of modified risk level or Residual risk level and its range:
Individual risk rating (0 to 72) is taken as safe in which risk multiplication
factor will have a maximum value of 0.2. RMF value in the range 0.2 to 1
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may arise from deficiencies observed in numbers of areas under

considerations.

Therefore, modified risk level (MRL) or residual risk level (RSL) will be

as follows:

. Risk

Cat:Lor In::_al Multiplication | MRL MRL range

8o Factor (RMF)

Intolerable 5 0.2
Substantial 4 0.2

<

Moderate 3 0.2 0.6 0.4 <0“2RL <

<

Tolerable 2 0.2 0.4 0.2<MRL <

0.4
Trivial 1 0.2 0.2 MRL<0.2

Figure 22: Modified risk level (MRL)

5.9.2 Proposed action on MRL or RRL:

When MRL lies in the range of 0.2 to 0.4, it will be assumed that work execution
is safe as per stated defined procedure and under proper supervision with proper
SOP and other codes of requirements. But if MRL is above 0.4, it requires

reviewing each consideration in which their risk rating is higher than acceptable.

Management has to define or set their limitations over control measures in place
for all areas under considerations taken during assessment. Based on decision,
SOP will be prepared tackling all different scenarios analysed during risk

assessment.
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Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - _\Nh(_eq it can lead to fatality or permanent High=H ) PR = Probability Rating 3 4 5

Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 118 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%

or doctor visit _is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately L1l o2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. | Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5
1 Use of | Hit/ Minor/ M May L 2 Any machineries or | v Work shall be | Engineer In-
material trap Major Happen vehicle  will be under charge
transporting during exposed to rpad will cornpe?ept
. move be complying all supervision
vehicles . . .
ment traffic safety | v/ Engineer in-
of requirements. charge of
vehicle Inspected and location should
S approved ensure specified
machineries will be jobs are being
in use doing by right
Machinery will have machineries.
all relevant
documents as per
site.
Movements of
machineries will be
only at marked
location under
proper supervision.
Helper  will  be
available with
machinery.
Wearing of all
appropriate PPE’s
2 Scaffold
Erection
&
Dismantli
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Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - _\Nh(_eq it can lead to fatality or permanent High=H ) PR = Probability Rating 3 4 5

Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 119 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%

or doctor visit _is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately L1l o2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. | Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5
ng
Manual Hit/ Minor/ M May L 2 v' Use of only | v Ensure clear | Engineer  In-
material slips/ Major Happen experiences workers. access way. | charge
trip v" Access way will be Avoid running
handling | and clear. Stacking of |  during handling
crush material ~ will  be of material.
during proper. v' Stacking of
handli v" Coordination among material should
ng workers — will  be be only at
good enough to designated
carry the load. place.

v" Work under proper | v Wet or slippery
supervision of surface shall be
foreman/ supervisor avoided.
or engineer.

v" Wear all appropriate
PPE’s.

Erection & | Fall/ Minor/ H May M 4 v' Only competent | v Work shall be | Engineer In-
Dismantling | hit/ Major/ Happen workers  will  be under charge
of Scaffold Crush | Fatal engaged in this competent
during activity. person.
erectin v" Inspection of ledge/ | v During erection
g the standard before in and dismantling
scaffol use. Compaction of of scaffold,
d pipes firm ground will be engineer in-
ensured before charge or
starting the work. foreman should
v" Medical fitness will remain on duty
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Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - _\Nh(_eq it can lead to fatality or permanent High=H ) PR = Probability Rating 3 4 5

Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 120 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%

or doctor visit _is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately L1l o2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. | Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5
be there for all and ensure the
workers. safety of person.
Proper access will | v/ Training must
be given. Fall be given to the
protection workers
arrangement will be engaged in this.
in place. v Ensure all fall
During dismantling, protection
throwing of pipes arrangement
will be avoided. and in good
All area will be condition.
cautioned. Workers
having proper
platform/ support to
stand and work.
It will be ensure
none will stand
underneath  during
dismantling of
scaffold.
Use of Use of all
required PPE’s
3 Work at | Fall/ Minor/ H May M 4 Work as per | v/ Training shall | Engineer
height hit/ Major/ Happen methods statements. be given to the | Incharge

slips Fatal Work under workers

During competent person. engaged in this

Survey Workers  will  be activity.

work, medically fit | v None of
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Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - When it can lead to fatality or permanent High=H PR = Probability Rating 3 4 5

Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 121 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%

or doctor visit is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately L1l o2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. | Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5

scaffol involved in this workers will be
d work. workers without
erectio Only authorized PPE’s. Use of
n/ workers will be able safety  harness
disman to perform the work. will be
tling, Engineer in-charge mandatory  for
shutter of location  will everyone.

/ D ensure the safety of Ensure all edge
shutter all people. and fall
work, Allowance of work protection is as
other only when all edge/ per standard.
work fall protection will Safety harness

be in place.
Briefing of work
details before

starting the work.
Ensure stability of
structure if workers
work at height.
Suitable mean of
access will be given.
Avoidance of work
at sharp edge.

Proper platform will

be given  with
handrails/ toe guard
once exposed to
edge work.
Wearing of all
required PPE’s.

use in  this
should be of
standard quality
and inspection
done every day
before in use.
Don’t use if it is
damaged or
found wear &
tear.

5-121




Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - _\Nh(_eq it can lead to fatality or permanent High=H ) PR = Probability Rating 3 4 5

Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 122 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%

or doctor visit _is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately L1l o2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. | Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5
4 Bar bending | Hit/ Minor/ M May L 2 v' Use of only | v Earthing of all | Engineer
& cutting trap/ Major Happen authorize and trained electrically Incharge/
crush/s person. operated Electrical  In-
lips/ v" Machine use in this equipment. charge
trip operation will be of | v© Avoid  loose
during standard quality and and  multiple
bendin inspection done by connections.
g/ mechanical and | v Regular
cutting electrical in-charge. inspection  of
/ v Electrical equipment’s
handli connection will be should be
ng ensured safe during done.
this operation.
v" Working place will
be clean and clear.
Material handling as
per standard.
v" Wearing of all
required PPE’s.

5 Shuttering Hit/ Minor/ H May L 3 v" Workers engaged in | v Shutter Engineer In-
and D | trip/ Major/ Happen this activity will be handling as per | charge
Shuttering crush/ | Fatal trained. standard.

fall of v" Work as per method | v" Inspection of
or by statement. Material anchorage

the lifting/ shifting as point.

materi per engineer | v/ Use tag line
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Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - _\Nh(_eq it can lead to fatality or permanent High=H ) PR = Probability Rating 3 4 5
Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 123 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%
or doctor visit _is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately L1l o2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. | Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5
al instruction. while shift/
during Tying arrangement handle it
handli will be good enough mechanically.
ng to withstand the Avoid
load. throwing  of
Handling of shutter shutter during
in away stuck of D shuttering.
hand or other body
parts avoided.
None will be stand
in front of or in a
way it may not harm
during D-shutter.
Shutter handling
carrying by
crane/hydra will be
as per requirements.
Wearing of all
required PPE’s
6 Use of | Hit/ Minor/ H May L 3 Use of crane/ hydra Crane shall be | Engineer  In-
Cranes/ Fall Major/ Happen as per DMRC tested by third | charge/
hydra from Fatal requirement. party approved | Mechanical In-
materi Operator  will be by DMRC. charge
al/ trained and having Only
mecha competency competent and
nical certificate. authorized
failure Use of crane only operators  will
when ensured be operating
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Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - _\Nh(_eq it can lead to fatality or permanent High=H ) PR = Probability Rating 3 4 5
Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 124 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%
or doctor visit _is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately L1l o2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5
compacted firm the crane/
ground. hydra.
Only inspected tool Use tag line
& tackles will be in tying the load.
use. Rigger /
banksman will be
deployed for
signaling.
Before lifting it is to
be ensure the load is
tied properly and
none is available
underneath.
Use of all required
PPE’s.

7 Concreting Hit by | Minor/ M May L 2 Deployment of only Caution the | Engineer In-
boom Major Happen trained person for boom  placer | charge/ Bathing
placer, this work. placing areas. plant In-charge
Concre Inspection of Inspection  of
te hydraulics or boom pipeline before
flow/ placer piping or in use. It is to
pump/ pump pipelines be ensure that
eye [/ before in use. Use of pipe line are
skin only competent not rupture
irritati operators having neither and not
on, similar experience. older than of

None will stand its  suggested
infront of delivery of working hours.
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Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - _\Nh(_eq it can lead to fatality or permanent High=H ) PR = Probability Rating 3 4 5

Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 125 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%

or doctor visit _is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately L1l o2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. | Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5
concrete through | v Use traffic
pipelines. rules while
Use of all required moving via
PPE’s. live roads.
8 Surface Fall, Minor/ M May L 2 Work will be carried | v* Safety Engineer In-
Finishing slip/ Major Happen out under competent precautions charge
trip & supervision. shall be
eyes Arrangement will be adopted as per
irritati done if finishing at work
on height as per work at requirements
height standard. and work
Edge protection will procedures.
be given.
Use of all required
PPE’s.
9 Surveying Slips/f | Minor/ M May L 2 Access way will be | v Ensure the
work all Major Happen given  for  easy approach and
during movement of access during
walkin surveyors. surveying
g and Necessary work.
taking precautions will be
alignm taken during work at
ent height or  while
taking coordinates at
height.
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Tablell ": Existing risk assessment techniques

SR = Severity Rating

Risk Assessment of - When it can lead to fatality or permanent High=H PR = Probability Rating 3 4 5
Column Work disability Or when Property Loss is more - When it occurs frequently or Chances approx. more than 50% H
than Rs 100,000
(Page 126 of 200) - When it can lead to temporary disability Medium = - When it occurs occasionally or Chances between 10% to 50%
or doctor visit is required Or when M M2 3 4
Property Loss is more than Rs 10,000 but
less than Rs 100,000

RL = Risk Level, 1 = Trivial, 2 = - When it can lead to First aid Injury Or Low=L - When it has never occurred before or chances less than approximately 1l 2 3

Tolerable, 3 = Moderate, 4 = when Property Loss is less than Rs 10,000 10%

Substantial, 5 = Intolerable U m H
SL. | Activity, Hazard, | Severity Severity | Probability Probabilit Risk Risk Controls Responsibility
No. | Product, Concern | Explanation Rating Explanation y Rating Level

Service H/M/L H/M/L 1/2/3/4/5
11 | Use of hand | Cut/wo | Minor/ M May L 2 Use of only experienced | v Power Concern In-
tools & power | und/ Major Happen person. operating charge/
tools electro Work  under  proper equipment Electrical
cution supervision. will be | Engineer
or any All  electrical moving power  off
foreign equipment’s  will  be immediately
parts inspected and tagged by after  finish
expose electrical engineer. the job.
d to Only tested and | v Engaged
the authorized workers
worker equipment/tools will be should  be
S in use. trained.
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Figure 23: Framework of risk assessment
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Table 12: Assessment of risk level

SR = Severity Rating

PR =Probability Rating

- When it can lead to fatality or
permanent disability Or when Property
Loss is more than Rs 100,000

High=H

- When it occurs frequently or Chances
approx. more than 50%

- When it can lead to temporary
disability or doctor visit is required Or
when Property Loss is more than Rs
10,000 but less than Rs 100,000

Medium
=M

-When it occurs occasionally or Chances
between 10% to 50%

- When it can lead to First aid Injury

Or when Property Loss is less than
Rs 10,000

Low=L

- When it has never occurred before or
chances less than approximately 10%

RL = Risk Lewel, 1 = Trivial, 2 = Tolerable, 3 = Moderate, 4 = Substantial, 5 = Intolerable
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Table 13: Risk Assessment after inclusion of framework model

Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L | 4/5 -cation risk
factor level
1 Use of Hit/ trap | Minor/ M May L 2.00 (©0.48 @ 0.96 o Any machineries |« Work shall | Engineer
material during Major Happen or vehicle will be | be  under | In-charge
transportin | movement exposed to road | competent
g vehicles | of vehicles will be complying |  supervision
all traffic safety | e Engineer in-
requirements. charge  of
location
e Inspected and | should
approved ensure
machineries  will | specified
be in use jobs are
e Machinery  will | being doing
have all relevant | by right
documents as per | machineries.

site.

Movements of
machineries  will
be only at marked
location under
proper supervision.

Helper will be
available with
machinery.

Wearing of all
appropriate PPE’s
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L | 4/5 -cation risk
factor level
2 Scaffold
Erection &
Dismantling
Manual Hit/ slips/ | Minor/ M May L 2 |©048 @096 [eUse of only|eEnsure Engineer
material tripand | Major Happen experiences clear access | In-charge
handling crush workers. way. Avoid
during e Access way will | running
handling be clear. Stacking |  duyring
of material will be handling of
Proper. material.
e Coordination .
among  workers ¢ Stackl_ng of
will be good material
enough to carry | Should be
the load. only at
o Work under | designated
proper place.
supervision of | e Wet or
foreman/ slippery
Supel‘VISOI‘ or Surface
engineer. shall be
* Wear all | avoided.
appropriate
PPE’s.
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L | 4/5 -cation risk
factor level
3 | Erection & | Fall/ hit/ | Minor/ H May M 4 10048 (@ 1.92 |« Only competent | » Work shall | Engineer
Dismantlin Crush Major/ Happen workers will be | be under | In-charge
g of during Fatal engaged in this | competent
Scaffold erecting activity. person.
the o Inspection  of | * Purng
scaffold ledge/ standard erection and
pipes before in use, | Gismantling
. | of scaffold,
Compaction  of | gngineer in-
fll’m ground W|” Charge or
be ensured |  foreman
before starting | should
the work. remain  on
e Medical fitness | duty  and
will be there for | €nsure  the
all workers. safety  of
e Proper  access person.
. . e Training
will be given. | st be
Fall  protection |  given to the
arrangement workers
will be in place. engaged in
e During this.
dismantling, e Ensure all
throwing of | fall
pipes will be | protection
avoided. arrangement
and in good.
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L | 4/5 -cation risk
factor level
4 Bar Hit/ trap/ | Minor/ M May L 2 [©048 @096 |e Use of only | e Earthing of | Engineer
bending & | crush/slips | Major Happen authorize and | all Incharge/
cutting / trip trained person. | electrically | Electrical
during e Machine use in| oOperated In-charge
bending/ this  operation | €duipment.
cutting/ will be of | ® Avoid Io_ose
handling standard quality | and multiple
and  inspection connections.
done by o RegUIar
mechanical and | inspection of
electrical in- | equipment’s
Charge. should be
e Electrical done.

connection  will
be ensured safe
during this
operation.

Working  place
will be clean and
clear.  Material
handling as per
standard.

Wearing of all
required PPE’s.
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L | 4/5 -cation risk
factor level
5 | Shuttering | Hit/ trip/ | Minor/ H May L 3 |©048 |@1.44 |« Workers engaged | e Shutter Engineer
and D crush/ fall | Major/ Happen in this activity will | handling as | In-charge
Shuttering of or by Fatal be trained. per standard.
the e Inspection of
material e Work as per | anchorage
during metho_d statement. point. _
handling Material lifting/ | o Use tag line
shifting as per | while shift/
engineer handle it
instruction. mechanicall
y.
_ ¢ Avoid
e Tying throwing of
arrangement  will | shutter
be good enough to | during D
withstand the load. Shuttering_

¢ Handling of
shutter in away
stuck of hand or
other body parts
avoided.

e None will be

stand in front of or
in a way it may not
harm during D-
shutter.
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility | level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L 4/5 -cation risk
factor level
6 Use of Hit/ Fall | Minor/ H May L 3 |©048 (@144 |eUse of crane/|e Crane shall | Engineer
Cranes/ from Major/ Happen hydra as per | be tested by In-
hydra material/ Fatal DMRC third  party | charge/
mechanica requirement. approved by | Mechanic
| failures e Operator will be | DMRC. al In-
trained and | e Only charge
having competent
competency and
certificate. authorized
e Use of crane only | operators
when ensured | will be
compacted firm | operating the
ground. crane/ hydra.
e Only inspected | ® Use tag line
tool & tackles | tying the
will be in use. | load.
Rigger /
banksman will be
deployed for
signaling.
e Before lifting it is
to be ensure the
load is tied
properly and none
is available
underneath.
e Use of all
required PPE’s.
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L | 4/5 -cation risk
factor level
7 | Concreting Hit by Minor/ M May L 2 |©048 @ 0.96 |e Deployment of | e Caution the | Engineer
boom Major Happen only trained | boom placer In-
placer, person for this placing charge/
Concrete work. areas. Bathing
un];IO/V\é/ / * Inspection of | e Inspection of | plant In-
pump/ eye hydraulics or | pipeline | charge
_ skin boom placer | before  in
irritation, piping or pump use. It is to
pipelines before in | be  ensure
use. Use of only | that pipe line
competent are not
operators  having rupture
similar experience. | neither and
e None will stand | not  older
infront of delivery | than of its
of concrete | suggested
through pipelines. working
eUse of all| hours.
required PPE’s. e Use traffic
rules while
moving via
live roads.
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility

Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied

ation H/M/L | 4/5 -cation risk

factor level
8 Surface Fall, slip/ | Minor/ M May L 2 0048 |@®0.96 [« Work will be Engineer
Finishing trip & Major Happen carried out under In-charge

eyes competent
irritation supervision.
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finishing at height
as per work at
height standard.

e Edge protection
will be given.

e Use of all
required PPE’s.




Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L | 4/5 -cation risk
factor level
9 | Surveying | Slips/fall | Minor/ M May L 2 |©048 @ 0.96 | e Access way will | e Ensure the
work during Major Happen be given for easy |  approach
walking movement of and access
and taking surveyars. during
alignment o Necessary surveying
precautions will be work.

taken during work
at height or while
taking coordinates
at height.
e Handling of
surveying
equipment as per
acceptable
methods.
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L 4/5 -cation risk
factor level
10 Site Electrocuti | Minor/ H May L 3 |©0.48 |@1.44 |eProper lighting | e None of else | Electrical
[lluminatio | on/ Shock | Major/ Happen (¢ per DMRC | rather than | Engineer/
n Fatal requirements) will | electrician or | Concern
be available at| electrical Site In-
work place. engineer will charge
e Only competent | be permitted
electrician will be | to work with
deployed for all | electricity.
lighting e Only
arrangements. standard
e Use of double | quality of
insulated cables. light/ or
e Equipment  will | equipment’s
be connected via| Wwill be in
ELCB/RCCB/MC use.
B etc. e Earthling/
e Use of all | grounding to
appropriate PPE’s. every
equipment’s
shall be
given.
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Risk Assessment after inclusion of framework model

S. Activity, Hazard , Sevirity | Sevirity | Probab- Proba- | Risk Risk Control Responsi-
No Product, Concern Explan- rating ility bility level Risk Modi- Existing Required bility
Service ation H/M/L | Explan- rating | 1/2/3/ | multipli fied
ation H/M/L | 4/5 -cation risk
factor level
11 Use of Cut/woun | Minor/ M May L 2 |©048 @096 [eUse of only|e Power Concern
hand tools d/ Major Happen experienced operating In-
& power | electrocuti person. equipment will | charge/
tools on or any  Work under | be power off | Flactrical
foreign proper supervision. lmmeqla}tely Engineer
parts o All electrical | after finish the
exposed to moving | fob.
the equlpment’s will |  Engaged
be inspected and | workers
workers tagged by should be
electrical engineer. | trained.
e Only tested and | ® Work shall

authorized
equipment/tools
will be in use.

e Inspection of
equipment will be
done before in use
as per its standard
checklists.

o \Wearing of
required PPE’s.

be carried in
presence  of
competent
supervisor.
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Table 14: Proposed Control measures for “use of machineries during material
handling (Sample)

Activity / Sub- | Considerations Proposed Control Measures
Activity
v/ Good conditions machinery will be in used followed
by other requirements.
v" Speed limitations have to be ensured.
v Wheel washing bay is required before vehicles are
allowed to go on road.
v For limited vehicles, wheel wash (dry) facilities
Use of should be available at site.
machineries v During wheel wash, wastage of water will be
for material Environmental avoided. Water jet can be used minimizing wastage
handling in Consideration of water.
column work v Used water shall be collected in a pit from which

supernatants water will be used for sprinkling
purposes on road minimizing air pollution or can be
used in other forms which is accepted.

v' Other waste e.g. Qil, used oil, cotton waste, grease,
filters, leather etc. will be stored and disposed as
required or mentioned in SOP.

Social
Consideration

v" Avoid construction machineries on
frequently.

v Task team members availability during movement of
vehicles on road.

v" In the case of road closing, proper permission from
concern authority, information given during closer to
concern authority, traffic rules to be followed,
adequate arrangement needed avoiding any problem
to the concern public.

v" Public issues or concern or any litigation handled on
priority

v/ SOP for machineries operation & maintenance,
working near or on live roads etc.

v Towing van and its team round of clock at work site.

v" Record of periodic maintenance of machineries used.

v" Permit to work only from concern authority

v" Condition verified before issuance of PTW.

road very

Economic
Consideration

v" Purchase of new machineries

v Deployment of good condition machineries

v Cost doesn’t matter for suitable and required
machineries

v’ Adequate number of machineries available.

v/ Documents  verified before deployment of
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Activity / Sub-
Activity

Considerations

Proposed Control Measures

machineries at work site.

v' Fitness certificate ensures before deployment.

v Competent staffs for verification available or hired
where cost is not a problem.

Design
Consideration

v’ Designer recommendation  deploying  suitable
equipment’s for completion of project.

v" Availability of machineries ensured in project or in
market.

v' Has given all specification as per requirements.

v' Site is approachable to use machineries.
v

Consultant
Consideration

v" Issued guidelines from consultant have given priority
in deploying and operation of machineries.

v/ Each and very machineries information given to
consultant.

v Machineries verified by consultant.

v/ Consultant adequate enough to verify all
machineries.

v Inspection and check done by consultant and
continues to do so randomly.

v Ensures SOP

v" Ensures valid documents

v" Ensures operators competency

v" Ensures same type or machineries he recommended
etc.

Client
Consideration

v Has given detailed gquidelines for suitable
machineries.

v' Has given freedom to client inspecting and validating
deployed machineries.

v' Client is self-reliance in validating machineries.

v Ensures all machineries are equipped with safety
features and comply legal requirements.

v MS has detailed description of machineries and
approved by client.

v Daily check or inspection done for involved
machineries.

v/ Has adequate number of employee for close
monitoring of machineries.

v Ensures competent operators, banksman, rigger and
other staffs.

v Ensures legal permission and validity of equipment
as per rules.
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Activity / Sub-
Activity

Considerations

Proposed Control Measures

v Remain present during road closer.

v Ensures litigations and issues raised by public has
addressed on time.

v' Closely involve in risky operation by machineries

v" For hurdle free work, ensures if separate route can be
provided for smooth work.

v’ Have control over contractor machineries and staffs
for any emergency situation.

Contractor
Consideration

v" Short cuts will be avoided to finish the job.

v' Site team supports in smooth running of machineries.

v Only competent staffs will be deployed in this
operation.

v" Inspection of machineries will be done every day or
as recommended.

v" Cost will not be a matter in any case for deployment
of required and suitable machineries.

v Changes in process or work methodology will be

updated in case any near misses or incidents are

noticed previously in similar activities.

PTW will be issued by concern person.

Verification done before issuance of PTW.

Valid documents available at site with every

individual machinery.

v In case of hired machineries, guidelines given by
client and consultant have followed.

v P& M in-charge is competent and readily available
whenever required.

v" During any alteration and changing of machineries,

information has shared to client and consultant.

Written procedure available (stage wise) for activity

Inspection and testing done as recommended and

records available.

NNANRN

AN

Safety
Consideration

v' Complying required legal laws.

v Compliance record available.

v' Detail working procedure available.

v" SOP for critical activity available.

v' Employer/ client/ consultant recommendation has
taken on priority for execution.

v/ Competent and required number of staffs available
for executing and monitoring the work.

v' Employee involve in machinery operation are trained
enough.
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Activity / Sub-
Activity

Considerations

Proposed Control Measures

Resources v Required number of machinery available.
Consideration | v Machineries are in use as it is made up.
v' Proper maintenance schedule available for
machineries available at site.
v Ownership of machinery is defined and made
responsible.
v" Maintenance record available and checked.
v Ensure old aged machineries are not in use.
v' Updated machineries are in use.
v" In the case of hired machineries, term and condition
clear with owner of machineries as it is needed.
v Ensure the usage of machineries on higher side.
v" Site planning available for usage of machineries.
Manpower v" Required number of staffs available ensuring safe
Consideration work at site.
v' Competent & experienced employee available to
ensure site activity as defined in work procedure.
v" Weightage has given in deployment of staff
(permanent or temporary) Stability of staff will be
ensured.
v' Award and upgradation system available for
competent and effective employee.
Legal v" All site engineer and top management are aware of
Consideration all required legal legislation applicable in case of
machineries. Legal advisor competent enough and
received legal permission applicable for smooth
running on machineries at work site.
v Record of permission available.
v" Importance of applicable legal laws briefed by legal
advisor to top management.
v Top management ensures compliances and
responsibility given to all individuals.
v Valid permission from concern authority is readily
available with machineries.
v" Disputed equipment can’t be bear at site
v Legal advisor ensures the updating of legal laws
time to time and informs to top management or
person concern.
Adverse v' Emergencies plan available and updated with
Consideration individual operation.
v' All necessary steps have taken to avoid any

emergencies due to machinery operation.
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Activity / Sub- | Considerations Proposed Control Measures
Activity

v' Monetary issues are not a constraint at all in
deployment of staffs or machineries for smooth
operation.

v Cost on safety has no problem and deployment of
required number of employee ensured.

v No changes has made in SOP.
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CHAPTER 6

6 Summary & Conclusion:

Viaduct construction activity is crucial to take off the pressure from the already
stressed transport infrastructure. Construction activities at ground level are
hazardous, this hazard increases manifold for construction activities done at
height.

Various principle/theories exist for analyzing hazard and risk — Job Safety
Analysis, What-If analysis, preliminary hazard analysis (PHA), checklist analysis,
past accidents analysis, HAZOP, FMECA, FTA, ETA, cause consequence
analysis, Human Error Analysis etc. — use of which can help identify and
minimize the risk involved. But most of these hazard and risk analysis technique
have not be designed for evaluation of risk in construction activities which make

calls for great caution while applying these techniques.

Risk assessment methodologies used in method of statement lack thoroughness,
as it is highly subjective, and no specific framework exists for the steps to be
followed while doing risk assessment. Safety design considerations are an
effective way to reduce construction accidents but lack of expertise and
confidence on part of designer has resulted in many accidents in the past.

The situation becomes grave because of the lack of knowledge of safety
consideration by the personnel involved in the design stage. This lack of
awareness of safety considerations is present even at the highest level of
management. In maximum cases, which were analyzed, assigned activity was
done by foreman and supervisor who are not competent. In most of the cases
discrepancy is found in implementation of recommendations of the method

statement.
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In order to address this problem and we have developed a comprehensive
framework to assist in risk assessment for viaduct construction activities.
Subjectivity of the user has been eliminated or minimized by assigning specific
hazard values that have been arrived at after thorough analysis of the collected
data. Further effect of subjectivity has been minimized with the inclusion of all

the relevant sub-activities and assignment of a weightage factor for each activity.

Validation of the developed framework was performed by asking various
construction companies to use and implement the recommendations and provide
feedback. It has been found that the implementation of the developed framework

resulted in reducing the accident.

Case studies: Implementation of developed framework at two construction sites.

Two construction sites were considered for the implementation of developed
framework.

The two sites selected for the case study, were both engaged in viaduct
construction activities and both have very good safety tract record. The
construction companies engaged for the construction activity have QMS, EMS
and OHSAS certification, and also have very good track record in India and
overseas. The sites chosen for the implementation of developed framework were
functioning for more than a year before implementation of the modified risk
levels. Chief safety reviewed the effect of implantation of the findings of
developed framework over a period of four months. The effectiveness of this
framework was evaluated by analyzing previous four months incident record.
Significant improvement, as reported in Table 15 & 16 and Figure 24 & 25, was

observed at the two sites.
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Table 15: Analysis of previous four months incident record Site -A

Incident No of accidents . No of
ACTIVITY Perce_nt (Jan 15-Apr 15) Incidences (May

reduction 15- Aug 15)
Barbending 28 21 15
Lifting Operation 12 5 4
Welding,Cutting 14 5 4
Shuttering/Deshuttering 21 13 10
Concreting 10 8 7
Loading & Unloding 30 16 11
Carpenting 8 6 6
Board fixing 5 6 6
Housekeeping 15 9 8
Batching plant operation 5 3 3
Work at height 21 16 13
Excavation 16 7 6
Material handling 26 6 4
Electrical 5 6 6
Vehical operation 12 7 6

Incident Percent reduction "%

W Lifting Operation

H Welding,Cutting

B Shuttering/Deshuttering
| Concreting

M Loading & Unloding

H Carpenting

B Board fixing

Housekeeping

16 B Batching plant operation

= Work at height
Excavation

’ ' Material handling
/ Electrical
15 I‘

Vehical operation

Figure 24: Analysis of previous four months incident record Site A
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Table 16: Analysis of previous four months incident record Site B

Incident Percent No of accidents No of Incidences

ACTIVITY reduction (Jan 15-Apr 15) (May 15- Aug 15)
Barbending 20 15 12
Lifting Operation 8 7 6
Welding,Cutting 10 4 4
Shuttering/Deshuttering 19 16 13
Concreting 6 11 10
Loading & Unloding 14 13 11
Carpenting 18 3 2
Board fixing 20 4 3
Housekeeping 10 11 10
Batching plant operation 6 5 5
Work at height 17 14 12
Excavation 8 9 8
Material handling 21 8 6
Electrical 20 4 3
Vehical operation 15 4 3

Incident Percent reduction " Barbending

| Lifting Operation

B Welding,Cutting

B Shuttering/Deshuttering

B Concreting

M Loading & Unloding
B Carpenting

21 M Board fixing

Housekeeping

8 l‘ M Batching plant operation

m Work at height
Excavation
10 Material handling
Electrical

Vehical operation

Figure 25: Analysis of previous four months incident record Site B
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CHAPTER 7

Scope of future work

Generation of list of corrective measures, as indicated in Chapter 6, can be
incorporated in the developed framework. Additionally, the developed framework

can also be extended to incorporate considerations for other industry type as well.

The framework can also be modified to incorporate case studies that can be used
to train safety officers and other concerned authorities about the effect of

neglecting various safety parameters/considerations.
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Appendix

I. Environmental Consideration

S.No. Questions 1-4 5-7 8-10 | cant
(Disagree) | (Agree) | (Strongly | say
Agree)
1 Awareness among workers or employees | 192 207 51 3
to the noise pollution at site.
2 Do they know the permissible level of | 317 67 65 2
environmental pollutions at construction
site
3 Control measures adopted for all | 181 227 40 3
environmental hazards.
4 Management approach towards | 181 227 45 0
environmental issues at work site
5 All environmental hazards is being | 272 136 45 0
identified and addressed time to time
among all employees.
6 Client focus on reducing or minimizing | 64 326 59 4
of environmental pollution.
7 Are legal requirements considered and | 37 280 130 6
implemented on priority by management.
I1. Social Consideration
S.No | Questions 14 5-7 8-10 can't
(Disagree) | (Agree) | (Strongly | say
Agree)
1 Does focus given on personal issues of an | 402 63 33 2
employee or workers during working time.
2 Does project has any pending issues for | 421 45 29 5
land allocation or other social issues for
that location
3 Management concern about nearby people | 165 200 134 1
concern and brings improvements.
4 Have CSR team of company organizes | 463 23 11 3

activities to the nearby people.
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5 Have company top management or client | 165 43 36 0
gives priority to the people

6 A welfare measure of company provided by | 60 250 185 5
organization is adequate enough and
employee satisfied with that.

7 Does site location is sensitive and efforts | 444 50 6 0
are being made to control over that.

I11. Economic Consideration

S.No | Questions 1-4 5-7 8-10 can't

(Disagree) | (Agree) | (Strongly | say
Agree)

1 Is project cost is as per original cost quote | 54 131 306 11
during tendering.

2 Project is being taken below original tender | 64 135 297 6
value

3 Does project execution or HSE |32 121 345 4
implementation affected on project cost

4 Is there any direct or indirect effect on | 29 118 348 7
project execution if project is under quote?

5 HSE implementation effected directly | 31 154 314 3
when company thinking about profit and
loss in project cycle due to safety
expenditure.

6 Have safety expenditure taken into | 33 155 313 1
consideration during quoting of project.

7 Allocation of additional amount on safety | 30 119 353 0
can improve safety culture at site

IV. Design Consideration

S.No | Questions 1-4 5-7 8-10 can't

(Disagree) | (Agree) | (Strongly | say
Agree)

1 Does design of a project affects the | 33 100 300 11
deadline of project.

2 Does designer focus on material | 298 100 36 10
specification while execution of project
and If yes, then material purchased with
expectation of designer.

3 Designer has taken consideration of all | 111 292 33 8
societal,  environments &  adverse
consideration while designing the project.

4 Does cost of project priorities in front of | 33 111 288 12
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designer to design the project.

5 Does nature of execution, time and |56 310 67 9
employment affected due to designer
consideration

6 Have designer recommends appropriate | 109 298 32 5
safety considerations during execution of
project.

7 Have designer designed the project based | 59 269 101 15
on available resources

8 Do you think designer independently | 105 298 34 7
design the project without any influence

9 How employer gives freedom to the | 113 295 30 6
designer if hired

V. Consultant Consideration

S.No | Questions 1-4 5-7 8-10 can't

(Disagree) | (Agree) | (Strongly | say
Agree)

1 Does consultant is experienced and have | 60 199 249 2
his own team.

2 Does HSE implementation improves if | 55 194 261 0
consultant is competent and gives suitable
recommendation

3 HSE culture will be influenced if | 57 193 259 1
consultant is not self-reliant

4 Does consultant financial status affects | 59 200 248 3
ensuring safety at work place

5 Consultant role in maintaining healthy | 21 51 236 2
safety culture at work place .

VI. Client Consideration

S.No | Questions 1-4 5-7 8-10 can't

(Disagree) | (Agree) | (Strongly | say
Agree)

1 Does client is safety oriented and not | 53 219 181 5
partial or liberal

2 Clear guidelines given by client to | 60 212 180 6
contractor establish and maintain safety
culture at work site

3 Client competency matters to implement | 38 68 350 2

healthy safety culture at site
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4 Client more focused on progress rather | 58 181 218 1
than HSE implementation.

5 Safety implementation and supervision | 30 54 370 4
effected if client is not self-reliant

VII. Contractor Consideration

S.No | Questions 1-4 5-7 8-10 can't

(Disagree) | (Agree) | (Strongly | say
Agree)

1 Safety implementation effects due to |14 25 379 2
contractor attitude towards safety

2 Does a  safety performance or | 16 25 376 3
implementation gets affected due to
deployment of incompetent execution staff.

3 Does financial status of contactor affects | 12 22 381 5
safety  implementation  directly or
indirectly.

4 Does safety performances or | 15 30 374 1
implementation at work site may decline
due to shortage of manpower.

5 Contractor level of concern about accidents | 17 379 20 4
statistics

VII. Safety Consideration

S.No | Questions 1-4 5-7 8-10 can't

(Disagree) | (Agree) | (Strongly | say
Agree)

1 Has construction work is being planned as | 31 70 390 9
per legal requirements recommendations.

2 Have safety procedures developed as per | 29 71 392 8
requirements approved by top
management.

3 Sufficient number of HSE staffs available | 30 74 394 2
as per project requirement.

4 Does deployed HSE staff are experienced | 31 73 393 3
and competent in their job

5 Safety concern of individual activities is | 24 288 184 4
taken in considerations while preparing
SOP.

6 Does safety at work place influenced due | 14 65 414 7
to lack inadequate supervision of work

7 Had legal requirements influence safety | 14 63 420 3

management system
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8 How much management approach is| 11 66 419 4
essential tochange mind set for safety
culture at work site.

9 Do you believe, lenient or casual attitude | 15 66 415 4
of top management may leads to
inadequate SHE management system at
work place.

IX. Resource Consideration

S.No | Questions 1-4 5-7 8-10 can't

(Disagree) | (Agree) | (Strongly | say
Agree)

1 Resource  availability influences the | 30 64 374 5
execution of project and may effects safety
implementation?

2 Resource management plays key roles in | 29 223 218 3
minimizing accident / injury at work site.

3 Do you think quality of material helps | 10 64 394 5
maintaining safety culture?

4 Ownership of resource has linked with | 13 59 395 6
utilization of resource on time?

5 Does age of material has significance on | 14 61 390 8
safety at work.

6 Does financial constraint of any company | 2 49 410 12
affects the availability of resource required
and impacts on safe execution at work site.

X. Manpower Consideration

S.No | Questions 1-4 5-7 8-10 can't

(Disagree) | (Agree) | (Strongly | say
Agree)

1 Does availability of manpower required for | 30 53 389 3
proper execution of work site safely.

2 Nature of employment has significance to | 35 52 382 6
do the job and maintain proper safety.

3 Skilled and experienced manpower is | 29 55 385 6
favorable to safe execution at work place.

4 Migration of manpower affects or impacts | 75 190 204 6
on safety at work place.

5 Does effective or efficient workmen | 65 196 206 8

availability in society has concern to the
work place and linked to safe work
execution?

6-160




6 Retention of workmen should be ensured | 37 53 376 9
by employer and may lead to effective
work

7 Does contractor wish to deploy number of | 62 193 213 7
workers less than required and force
available workmen to complete the job

8 Does workmen hygiene matters for | 40 49 379 7
effective execution of job

XI. Legal Consideration

S.No | Questions 1-4 5-7 8-10 can't

Disagree | (Agree) (Strongly | say
Agree)

1 Management aware of applicable legal | 52 98 280 19
requirements

2 Management committed to ensure all | 27 211 200 11
required legal requirements

3 Does legal advisor available to the company | 27 190 223 9
and competent

4 Company management committed to start | 26 192 223 8
the work or activity only if ensures the
compliance?

5 Legal laws help in maintaining safety | 16 202 225 6
culture at work place

6 Smooth running of project can’t be affected | 230 199 6 14
even if HSE applicable laws are not
adequately followed

7 Company is sincere about updation in legal | 26 200 202 21

requirements and asks his legal advisor to
comply as soon as possible.
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XI1: Sample format for risk assessment

Risk Assessment
Column Work
(Page 162 of 200)

SR = Severity Rating
- When it can lead to fatality or
permanent disability Or when
Property Loss is more than Rs

High = PR = Probability
H Rating
- When it occurs

frequently or Chances 3 4
100,000 approx. more than
50%
- When it can lead to temporary Mediu - When it occurs
disability or doctor visit is required Or | m=M occasionally or 2 3
when Property Loss is more than Rs Chances between
10,000 but less than Rs 100,000 10% to 50%
RL = Risk Level, 1 = Trivial, 2 = Tolerable, 3 = Moderate, 4 = - When it can lead to First aid Injury Low = -When it has never 1 2
Substantial, 5 = Intolerable Or when Property Loss is less than Rs L occurred before or
10,000 chances less than Ll ™
approximately 10%
SL. Activity, Hazard, Severity Severity | Probability | Probability Risk Risk Controls Responsibility
No. Product, Concern | Explanation Rating | Explanation Rating Level
Service H/M/L H/MI/L 1/2/3/41 Existing Required
5
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XI11: Study and analysis of method statements and SHE manuals

Prior activities details Detailed procedure HSE Management System Risk assessment
Critical .
Referen Over all
Methos it -ce & - Hazard activities Steps Methodsv.u.Inera iléj;tri](?ri Activity Gs(;rf]gtr; | act,il_\\/lilties Cﬁ?igal : : : Risk risk
Description of scope and back Prior |. risk - bility of|Resource based ... | Hazard |Severity &| Risk | Exist
statement works ackgro informat|. | wise of -7l of measure| / activities/ | e - Propose| Level [assessme
Number -und of | Work - identifie N . | work |descripti|_ ... control . " |identifie|Probability| Level |control | nt done
h ion descripti|executio o critical S Subactiv| Sub . o d controliquantifie
project | eaIIS | pjceq d.d & on n |der:jt|f|e 1 /2O/g 12y | @reas measurej suggeste| i-ties | activities | , /2(/13 /4 'df/;}g /'jd (1/42/3/ 2RI araiay| - |(112/304)
OVeN | (ur213/a)| VT (112131 | 121310 w2l (21314 \ 1013y p(;‘/’zplgjz) d | covered |mentione |(H/2/3/4)| (L/2/3/4) | 4) | ) (1/2/3/4)
(1/2/3/4) 4) (1/2/3/4) | (1/2/3/4) |d (1/2/3/4)

Method statement for
1 | 30MT Gantry crane | 3 4 2 1 4 4 1 4 1 2 1 4 1 3 3 3 1 3 1 3
assembly and
erection (Rev-2)

Method statement for
2 | construction of road | 4 4 2 1 3 3 1 3 1 3 1 3 1 4 4 31 3 1 3
crossing duct outfall
of dewatering at
Location 1(Rev-2)

Method statement for
3 |construction of road | 4 3 1 1 4 4 1 3 1 1 1 3 1 4 4 31 3 1 3
crossing duct outfall

of dewatering at
Location 2 (Rev-4)
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Prior activities details Detailed procedure HSE Management System Risk assessment
h Referen a((::trii\tii(t:ie:els Vulnera| Identif Activity General| Al Any Overkall
Met _ -ce & icati iviti iti i i
ethos Description of scope andbcek Prior _Hazard risk St(_eps Methods bility of|Resource ication based safety [activities Cljlt.I(Eal Hazard |Severity & | Risk | Exist Risk ris
statement works ackgro informat|. .~ °... | wise of .S of measure| /  |activities/|. ~"C. ) Propose| Level [assessme
_ £| work - identifie N . | work |descripti|_ ... control . " |identifie|Probability| Level |control | nt don
Number und o . ion descripti|executio o critical S Subactiv| Sub . . d controliquantifie one
; details - d& identifiel on measures L o d identified ((1/2/3/|(1/2/3/4 1/2/3/4
project given raised discusse| . 0N n d (1/2/3/4) areas proposed suggeste| i-ties | activities @2/ (238 | a) ) @By d o |( )
(1/2/1314) d (1/21314) | (1/21314) (1/2/3/4) 27213/ (112/3/4) d covered | mentione (1/21314)
(1/2/3/4) 4) (1/2/3/4) | (1/2/3/4) |d (1/2/3/4)
Method statement for
4 [construction of deep| 4 4 1 1 4 3 1 4 1 3 2 3 1 4 4 3 1 1 1 3
lined wells (Rev-3)
Method statement of
5 excavation and 3 3 1 1 4 3 1 3 1 3 2 3 1 3 4 31 1 1 3
support of main
station and switch
box (Rev-2)
Method statement of
excavation and
station and switch
box (Rev-3)
Method statement of]
7 paton o owvoid o, g b g g |4 |4 | 1| 3 | 1| 3 1| 4 1 3 1 |3l 1| 3| 1|3
investigation (Rev-2)
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Prior activities details Detailed procedure HSE Management System Risk assessment
h Referen a((::trii\tii(t:ie:els Vulnera| Identif Activity General| Al Any Overkall
Met i -ce & icati iti i [
ethos Description ofscopeandbcek Prior _Hazard risk St(_eps MethOdSbiIityofResource'Catlon based safety [activities Cljlt.I(Eal Hazard |Severity & | Risk | Exist Risk ris
statement ke ackgro informat|. .~ °... | wise of .S of measure| /  |activities/|. ~"C. ) Propose| Level [assessme
Number WOrks -und of | Work - identifie N . | work |descripti|_ ... control . identifie [Probability| Level |control | nt done
C details | Ton d& descripti executloidentifie on critical measures S Subactiv| Sub- d identified (1/2/3/(1/2/3/4d controljquantifie
project ven | raised | .o | on n d | @i ] 2T | ronosed suggeste| i-ties |activities W23ia)| w234y | 4 ) 1/2/314)|  -d  [(1/2/3/4)
g (ar21318)| "5 ar2r31a)| (112131 |y e (/2131 ‘3(1/2'“’/3/4) d |covered | mentione (1/2/314)
(112/3/4) 4) (1/213/4) |(1/2/3/14) |d (1/2/3/4)
Method statement of
8 |dewatering system| 3 3 1 1 3 4 1 3 1 2 3 3 1 3 1 3 1 3 1 3
(Rev-3)
Method statement of
production and
9 installation of steel 4 4 1 1 3 4 1 3 1 2 3 3 1 3 1 3 1 3 1 3
reinforcement (Rev-
4)
Method statement off
demolition and
o [econstruction of gl oy | g | g | 4 | 1 | 4 |1 2 3 | 4 1 3 1 301 3 1 3
existing ~ boundary
wall location 1 (Rev-
3)
Method statement off
construction of
11 ftemporary slab atf 4 3 1 1 3 3 1 4 1 2 3 4 1 3 1 3 1 3 1 3
location 1 underpass
(Rev-3)
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Prior activities details

Detailed procedure

HSE Management System

Risk assessment

Critical .
Ref O ]
Methos . _Eeer(;n Hazard [FCtIVities Steps Methods|Y 1/nera iléj;tri](?ri Activity Gs(;rf]gtr; I act,il_\\/lilties Cﬁ?igal Risk \l/’?Srka
Description of scope andb K Prior | risk - bility of|Resource based ... | Hazard |Severity &| Risk | Exist
statement works ackgro informat|. .~ °... | wise of .S of measure| /  |activities/|. ~"C. ) Propose| Level [assessme
Number -und of | Work - identifie N . | work |descripti|_ ... control . " |identifie|Probability| Level |control | nt done
u . ion descripti|executio o critical S Subactiv| Sub . . d controliquantifie
project | eaIIS | pjceq d.d& on n |der:jt|f|e 1/202/4 areas measurej suggeste| i-ties | activities 1/2(/13/4 'df};}g/'jd (1/42/3/(1/2/3/4 (12314)|  -d  |(1/2/314)
OVeN | (ur213/a)| VT (112131 | 121310 (1/2/3/4)( URTYY p(;‘/’zplgjz) d | covered |mentione |(H/2/3/4)| (L/2/3/4) | 4) | ) (1/2/3/4)
(W2/314) 4) (1/2/314) | (L12/3/4) |d (1/2/3/4)
Method statement off
1p [pasement foundation |, | 4\ g f g | 4 | 1 | 3 | 1| 2 3 | 3 1 | 3 1 |31 3| 1] 3
slab construction
(Rev 3)
Method statement of
construction of
13 workers 4 4 1 1 4 4 1 4 1 2 3 4 1 3 1 3 1 3 1 3
accommodation and
facilities (Rev-1)
Method statement of
earthing and bonding
14 Iofetationswitchbox| 4 | 4 | L | L [ 3 | 4 | 1| 3 1} 2 3 | 3 | 1 | 3 1 |3l 1| 3| 1| 3
(Rev-2)
Method statement of
15 | erectionofstairs |,y )y g | 3 | 1| 3 | 1| 2 3 | 4 1 | 3 1 |31 3| 1] 3
tower and switch box|
(Rev-1)
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Prior activities details Detailed procedure HSE Management System Risk assessment
h Referen a((::trii\tii(t:ie:els Vulnera| Identif Activity General| Al Any Overkall
Met - -ce & icati iviti iti i i
ethos Description ofscopeandbcek Prior _Hazard risk St(_eps MethOdSbiIityofResource'Catlon based safety [activities Cljlt.I(Eal Hazard |Severity & | Risk | Exist Risk ris
statement works ackgro K |nformat.d ifio| Wise of k |descrioti of | |measure [ |activities/ identifie Probability| Level (| Propose Level [assessme,
Number -und of | WOr ion |'dentifie descriptilexecutio|, YOI eseriptl)c jtical| CONtrO s |Subactiv] Sub- |'dentifieiProbability)leveljcontro d controllguantifig|-nt done
; details - d& identifiel on measures L o d identified ((1/2/3/|(1/2/3/4 1/2/3/4
project iven raised discusse| . 0N n d (1/2/3/4) areas | o o0oced suggeste| i-ties | activities @2/ (238 | a) ) 1/2/314)|  -d  [(1/2/3/4)
g (ar21318)| "5 ar2r31a)| (112131 |y e (/2131 ‘3(1/2'“’/3/4) d |covered | mentione (1/2/314)
(W2131a) 4 (1/2/314)|(1/2/3/4) |d (1/2/3/4)
Method statement of
16 |railackandgantry) | 4 | 9 | g | 3 | 3 | 1 | 4 | 1] 2 3 | 4 1 3 1 3] 1] 3| 1] 3
track erection (Rev-
2)
Method statement of
17 togigcgi”rf]zrftﬁﬁgng 4 3| 1| 1|43 |1] 3 |1 2 3 | 3 1 3 1 (31| 3| 1] 3
(Rev-6)
Method statement of
18 deasr']g”érzg%‘fg?” 3 4| 1| 1] 4| a1 3|1 2 3 4 1 3 1 31| 3 1 3
formwork (Rev-2)
Method statement of
construction of
elevations (Walls &
19 | . columns), 4 | 4| 1| 1| 4| 31| 41| 2 3 | 4 1 3 1 |3l 1| 3| 1|3
intermediates slab
and rood slab for
station and switch
box (Rev-2)
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Prior activities details Detailed procedure HSE Management System Risk assessment
Referen a((::tril\tli(t:ie:els Vulnera| Identif Activity General| Al Any Over all
Meth _ -ce & icati iviti iti i isk
ethos Description ofscopeandbcek Prior _Hazard risk St(_eps Methodsbilityof Resource ication based safety [activities Cljlt.I(Eal Hazard |Severity & | Risk | Exist Risk ris
statement works ackgro informat|. | wise of -7l of measure| / activities/ | e - Propose| Level [assessme
_ £| work - identifie N . | work |descripti|_ ... control . " |identifie|Probability| Level |control | nt don
Number undo . ion descripti|executio . e critical S Subactiv| Sub . . d controllguantifie| one
; details - d& identifiel on measures L o d identified ((1/2/3/|(1/2/3/4 1/2/3/4
project given raised discusse| . 0N n d (1/2/3/4) areas proposed suggeste| i-ties | activities @2/ (238 | a) ) @By d o |( )
(1/2/1314) d (1/21314) | (1/21314) (1/2/3/4) 27213/ (112/3/4) d covered | mentione (1/21314)
(1/2/3/4) 4) (1/2/3/4) | (1/2/3/4) |d (1/2/3/4)
Method statement of
station box
mporary head wall
go |emporaryheadwalll o,y g L g | | 3 | g 2 3 | 4 1 3 1 (31| 3| 1] 3
reconstruction and
backfilling at
location 1 (Rev-2)
Method statement of
construction of road
crossing ducts for
g1 [|outfall ofdewateringl 5 |, | 4 | 4 | 4 | 3 | 1 | 3 | 1] 2 3 | a4 1 3 1 |3 1] 3| 1] 3
with horizontal
directional drilling
(HDD) methods.
(Rev-2)
Method statement of
22 permanent concrete | 4 4 1 1 3 4 1 3 1 2 3 4 1 3 1 3 1 3 1 3
repairs work (Rev-3)
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Prior activities details Detailed procedure HSE Management System Risk assessment
h Referen a((::trii\tii(t:ie:els Vulnera| Identif Activity General| Al Any Overkall
Met i -ce & icati iti i [
oo Description of scope and bcek Prior _Hazard risk Steps MethOdSbiIityof Resource ication based safety jactivities Cr.'t.'(fal Hazard |Severity & | Risk | Exist Risk s
statement ke ackgro informat|. .~ °... | wise of .S of measure| /  |activities/|. ~"C. ) Propose| Level [assessme
Numb WOrks -und of | Work - identifie N . | work |descripti|_ ... control . identifie [Probability| Level |control il ntd
umber und o . ion descripti|executio . e critical S Subactiv| Sub- . . d controllquantifie|-nt done
; details - d& identifiel on measures L o d identified ((1/2/3/|(1/2/3/4
project ven | raised | .o | on n d | @i ] 2T | ronosed suggeste| i-ties |activities W23ia)| w234y | 4 ) 1/2/314)|  -d  [(1/2/3/4)
g (ar21318)| "5 ar2r31a)| (112131 |y e (/2131 ‘3(1/2'“’/3/4) d |covered | mentione (1/2/314)
(112/3/4) 4) (1/213/4) |(1/2/3/14) |d (1/2/3/4)
Method statement of
installation
23 | commissioningand | 4 4 1 1 3 3 1 4 1 2 3 3 1 3 1 3 1 3 1 3
operation of batching
plant. (Rev-2)
Method statement of
g4 | Productionand |, 5 b4 1 g | 3 | 3 | 1 | 3 |1 2 3 | 3 1 3 1 (31| 3| 1] 3
erection of structured
steel (Rev-2)
Method statement of
o5 | monitoringand |5 by 1 f g | g4 | 4 | 1| 4 | 1] 2 3 | 4 1 3 1 |3 1] 3| 1] 3
instrumentation
(Rev-3)
Method statement of
26 survey and setting 3 4 1 1 4 3 1 4 1 2 3 3 1 3 1 3 1 3 1 3
out (Rev-3)
Method statement of
installation &
27 relocation of fence/ | 4 4 1 1 3 3 1 3 1 2 3 4 1 3 1 3 1 3 1 3
hording at project
sites. (Rev-2)

6-169



XI11: Study and analysis of method statements and SHE manuals

Prior activities details

Detailed procedure

HSE Management System

Risk assessment

Referen a((::trii\tii(t:ie:els Vulnera| _Ider_]tif Activity General '.L\I.I. A_n_y . OV?r all
Methos Description of scope and b-cek& Prior ‘Hazard risk Steps Methodsbilityof Resource ication based safety |activities| Critical Hazard |Severity & | Risk | Exist Risk risk
statement ke ackgro informat|. .~ °... | wise of .S of measure| /  |activities/|. ~"C. ) Propose| Level [assessme
WOrks _ £| work - identifie N . | work |descripti|_ ... control . identifie [Probability| Level |control e |
Number unc_io details | Ton d& descripti executloidentifie on critical measures S Subactiv| Sub- d identified (1/2/3/(1/2/3/4d controllguantifig-nt done
project ven | raised | .o | on n d | @i ] 2T | ronosed suggeste| i-ties |activities W23ia)| w234y | 4 ) 1/2/314)|  -d  [(1/2/3/4)
g (ar21318)| "5 ar2r31a)| (112131 |y e (/2131 ‘3(1/2'“’/3/4) d |covered | mentione (1/2/314)
(W213/4) 4) (121314 | (1/2/3/4) |d (1/2/3/4)
Method statement of
site areas preparation
28 works, earthworks, 3 4 1 1 4 3 1 3 1 2 3 4 1 3 1 3 1 3 1 3
roads and parking
(Rev-3)
Method statement of
29 |castin-situ manhole| 4 3 1 1 3 4 1 4 1 2 3 4 1 3 1 3 1 3 1 3
at location 1 (Rev-2)
Method statement of
30 |dewatering discharge| 3 4 1 1 3 3 1 4 1 2 3 4 1 3 1 3 1 3 1 3
manhole (Rev-2)
Method statement
31 for initial pile load 4 1 1 1 3 3 1 1 1 2 1 3 1 3 1 3 1 3 1 3
test (Rev-1)
Method statement for
32 insallationof 51 4 | 9 1 g | 4 | 4 | 1| 4 |1 2 3 | 4 1 4 3 3] 1] 3| 1| 3
elastomeric bearing.
(Rev-0)
Method statement
33 for parapet lifting 4 4 1 1 4 3 1 4 1 2 3 3 1 3 1 3 1 3 1 3
and stitching (Rev-1)
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Prior activities details Detailed procedure HSE Management System Risk assessment
Referen a((::tril\tli(t:ie:els Vulnera| Identif Activity General| Al Any OV?r all
Methos Description of scope and e & Prior _Hazard risk St(_eps Methods bility of|Resource ication based safety [activities Cr_it_i(;al Hazard |Severity & | Risk | Exist Risk risk
statement backgro informat|. .~ °... | wise of .S of measure| /  |activities/|. ~"C. ) Propose| Level [assessme
Number works -und of Wor_k ion identifie descriptilexecutiol, Wor_k_ descripti critical control s Subactivl Sub- identifie P_roba_b!llty Level ContmIdcontrolquantifie _nt done
project | details | | icq | d& on n |dentifie on o | measures suggeste| i-ties | activities d identified |(1/2/3//(1/2/3/4 w2/3my| -d |(L/21314)
OVeN | (ur213/a)| VT (112131 | 121310 (1/2‘/’3/4) (21314 \ 1013y p(g‘;zp/gjj;’ d | covered |mentione |(H/2/3/4)| (L/2/3/4) | 4) | ) (1/2/3/4)
(112/3/4) 4) (1/213/4) |(1/2/3/14) |d (1/2/3/4)
Method statement
34 for parapet lifting 4 3 1 1 3 4 1 4 1 2 3 3 1 3 3 3 1 3 1 3
and stitching (Rev-2)
Method statement
35 for parapet lifting 4 4 1 1 4 3 1 3 1 2 3 3 1 4 1 3 1 3 1 3
and stitching (Rev-2)
Method statement
36 for erection of | 4 3 1 1 3 3 1 3 1 2 3 3 1 4 3 3 1 3 1 3
girder (Rev-0)
Method statement
37 for erection of | 3 1 1 1 3 4 1 3 1 2 3 3 1 3 1 3 1 3 1 3
girder (Rev-0)
Method statement
38 for casting of | 4 1 1 1 4 4 1 1 1 2 3 3 1 4 3 3 1 3 1 3
Girder (Rev-0)
Method statement
39 for erection of | 4 1 1 1 4 3 1 4 1 3 3 3 1 3 3 3 1 3 1 3
Girder (Rev-1)
Method statement
40 for production of 3 1 1 1 4 4 1 1 1 2 3 3 1 3 3 3 1 3 1 3
concrete (Rev-0)
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Prior activities details Detailed procedure HSE Management System Risk assessment
Referen a((::trii\tii(t:ie:els Vulnera| _Ider_]tif Activity General '.L\I.I. A_n_y . OV?r all
Methos Description of scope and -ce & Prior ‘Hazard risk Steps Methodsbilityof Resource ication based safety |activities| Critical Hazard |Severity & | Risk | Exist Risk risk
statement backgro informat|. .~ °... | wise of .S of measure| /  |activities/|. ~"C. ) Propose| Level [assessme
Number works -und of | Work ion |dent|f|ed riotilexecuti work |descripti ritical control Subactivl Sub identifie |Probability| Level controld ntrollquantifiel-nt done
- oo | details | '© d& [CescrIPtiexeculion o iifid  on  [CT'UCAl| measures | S [PUPAC ub- d | identified |(1/2/3//(1/2/3/4] CONtroliauantitie
project ven | raised | .o | on n d | @i ] 2T | ronosed suggeste| i-ties |activities W23ia)| w234y | 4 ) 1/2/314)|  -d  [(1/2/3/4)
g (ar21318)| "5 ar2r31a)| (112131 |y e (/2131 ‘3(1/2'“’/3/4) d |covered | mentione (1/2/314)
4 (1/2/314)|(1/2/3/4) |d (1/2/3/4)
(1/2/314)
Method statement
41 | for prost tensioning | 3 1 1 1 3 3 1 3 1 3 3 3 1 3 3 3 1 3 1 3
work (Rev-2)
Method statement
42 | for parapet erection | 3 1 1 1 4 4 1 4 1 2 3 3 1 3 3 3 1 3 1 3
(Rev-0)
Method statement
43 for casting of pier 4 1 1 1 3 3 1 1 1 3 3 3 1 3 3 3 1 3 1 3
(Rev-0)
Method statement
44 for casting of pier 4 1 1 1 4 3 1 4 1 3 3 3 1 3 3 3 1 3 1 3
cap (Rev-0)
Method statement
45 for survey work 3 1 1 1 3 4 1 4 1 2 3 3 1 3 3 3 1 3 1 3
(Rev-0)
Method statement
46 for geotechnical 3 4 1 1 3 3 1 3 1 2 3 3 1 3 1 3 1 3 1 3
investigation (Rev-0)
Method statement
47  |for bentonite use and| 3 4 1 1 3 4 1 3 1 2 3 3 1 3 4 3 1 3 1 3
handling (Rev-0)
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Prior activities details Detailed procedure HSE Management System Risk assessment
Referen a((::trii\tii(t:ie:els Vulnera| _Ider_]tif Activity General '.L\I.I . A_n_y . OV?r all
Methos Description of scope and b-cek& Prior ‘Hazard risk Steps |Methods bility of|Resource ication based safety |activities| Critical Hazard |Severity & | Risk | Exist Risk risk
statement works ackgro informat|. .~ °... | wise of .S of measure| /  |activities/|. ~"C. ) Propose| Level [assessme
Number -und of | Work ion identifie descriotilexecutio work |descripti critical control s Subactivl Sub- identifie |Probability| Level controldcontrol uantifiel-nt done
oo | details | d& P identifi  on measures 102 uD- d | identified |(1/2/3/(1/2/3/4 d
project| == raised | ,. on n areas suggeste| i-ties |activities 1/2/314)|  -d  [(1/2/3/4)
iven discusse d (1/21314) proposed . (17213/14)| (2/21314) | 4) )
g (1/2/1314) d (1/21314) | (1/21314) (1/2/3/4) 27213/ (112/3/4) d covered | mentione (1/21314)
(112/3/4) 4) (1721314 | (1/2/3/4) |d (1/2/3/4)
Method statement
48 | for parapet erection | 3 4 1 1 4 4 1 4 1 2 3 3 1 3 4 3 1 3 1 3
(Rev-0)
Method statement
49 for construction of | 3 4 1 1 4 3 1 4 1 2 3 3 1 3 4 3 1 3 1 3
column (Rev-1)
5o | Methodstatement |5,y g | 3 | 4 | 1| 3 | 1| 2 3 | 3 1| 3 3 | 3| 1|3 | 1| 3
for pier cap (Rev-0)
sp | Methodstatement |5 ), by g | g L | 4 | 1| 2 3 | 3| 1 | 3 3 (3| 1] 3| 1] 3
for pier cap (Rev-1)
5p | Methodstatement |5 ), by g |3 |1 | 3 | 1| 2 3 | 3| 1 | 3 4 3| 1| 3| 1] 3
for pier cap (Rev-2)
Method statement
53 |for erection of gantry| 3 4 1 1 3 3 1 3 1 2 3 3 1 3 3 3 1 3 1 3
cranes (Rev-0)
Method statement
54 forcastingof 5\ 4 | 9 | 1 | 3 | 4 | 1| 4 | 1] 2 3 | 3 1 3 4 |3 1| 3| 1| 3
pretension | Girder
(Rev-1)
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Prior activities details Detailed procedure HSE Management System Risk assessment
Critical .
Referen et L Over all
Methos it -ce & - Hazard [CtIVIUeS Steps Methodsv.u.Inera iléj;tri](?ri Activity Gs(;rf]gtr; | act,il_\\/lilties Cﬁ?igal : : : Risk risk
Description of scope and back Prior |. risk - bility of|Resource based ... | Hazard |Severity &| Risk | Exist
statement works ackgro informat|. | wise of -7l of measure| / activities/ | e - Propose| Level [assessme
Number -und of | Work - identifie N . | work |descripti|_ ... control . " |identifie|Probability| Level |control | nt done
h ion descripti|executio o critical S Subactiv| Sub . o d controliquantifie
project | eaIIS | pjceq d.d & on n |der:jt|f|e 1 /2O/g 12y | @reas measurej suggeste| i-ties | activities | , /2(/13 /4 'df/;}g /'jd (1/42/3/ 2RI araiay| - |(112/304)
OVeN | (ur213/a)| VT (112131 | 121310 w2l (21314 \ 1013y p(;‘/’zplgjz) d | covered |mentione |(H/2/3/4)| (L/2/3/4) | 4) | ) (1/2/3/4)
(1/2/3/4) 4) (1/2/3/4) | (1/2/3/4) |d (1/2/3/4)

Method statement
55 for erection of | 3 3 1 1 3 4 1 4 1 2 3 3 1 3 4 3 1 3 1 3
Girder (Rev-0)
Method statement
56 for erection of | 3 4 1 1 4 4 1 3 1 2 3 3 1 3 3 3 1 3 1 3
girder (Rev-1)
Method statement
57 for erection of steel 3 4 1 1 4 3 1 4 1 2 3 3 1 3 3 3 1 3 1 3
span (Rev-0)
Method statement

58 |[for pretensioning of I| 3 4 1 1 4 4 1 4 1 2 3 3 1 3 3 3 1 3 1 3
girder (Rev-0)
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ABSTRACT

Most Indian metro cities are facing the problem of traffic congestion, arising from indiscriminate use of personal vehicles,
due to lack of an effective transport system to meet the demands of increasing population. An effective public transport
system can not only ease the traffic flow but also improve the air quality of a region by taking personal vehicles off the road

in large numbers.
Providing an effective rail or road transport s
of traffic. Viaducts also facilitate connecting

/stem requires construction of viaducts for safe and congestion free movement
sting network over otherwise difficult terrain and optimized use of available

land. Construction of rail and road network requires working in hazardous environment. Rail and road construction work at
ground level is hazardous but this hazard increases manifold for work above ground level.

As per estimates given by Occupational Safety Administration (OSHA), UK more than 10 % of the workers involved in
viaduct construction meet accidents ranging from minor injuries to fatality. Therefore. the importance of reviewing the
existing safety measures and suggestions to improve the existing safety record cannot be undermined.

This paper reviews the existing safety practices and standards followed by viaduct construction industries. The causes of
high accident rate are identified and suggestions are given to improve the safety of workers involved in viaduct construction,

thereby. drastically bringing down the number of injuries.

KEYWORDS: Hazardous environment, construction Safety. Viaduct hazards, Risk in construction etc.

INTRODUCTION

Expanding existing network of rail and road via
viaducts is being used to provide for smooth
movement of public, private and good carriers. The
viaduct concept was started in 18" century and
improvements were done during late 19" to 20"
century thereby popularizing this concept in urban
infrastructure. In ancient times, the same concept was
in used while crossing over river or canal by putting
wooden plank but in 21 century drastic changes
came and use of viaduct based on modern concept
was promoted.

The majority of work carried in viaduct work
involves working at height where life of working
personnel remains in danger and majority of
accidents are due to fall during work at height. There
are numerous hazard associated with performing
viaduct work and even in 21% century we have failed
to control the accidents in viaduct work.

Compared to other construction works accidents
leading to injury and even death happen more
frequently in viaduct because of the nature of work.
From inception of construction project till it is
finished. inherent hazard and underlying hazard are
considerable.

As per bureau of labour statistics (BLS) 150.000
workers are injured every year and majority of
workers are injured due to fall, while injury due to
contact with the equipment was also identified as a
major for work at height accidents. One out of every
ten workers gets injured in a year (OSHA. Year) and
they have also identified fall hazards as the main
reason behind majority of accidents at construction
site. There are various activities in construction
which keep changing all of sudden or on routine
basis which makes the work place unstable in nature
and due to which special attention is required round
the clock.

Hazard identification and assessment is the technique
use by site execution personnel to designer analyzing
the consequences before execution of a job. There are
two steps involved in the identification of risk in
construction through interviewing the personnel
involved from design to execution stage. The first
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stage is knowledge acquisition and the second stage
is participation of core design team (Chapman 2001).
Limited research has been done to minimize and
control the risk due to inherent hazard associated
with construction work. Although, from time to time,
concerns regarding safety in construction industry
have being raised but still it remains the most
hazardous industry. In Spain 30% of all the industrial
accidents were reported in the construction industry
between 2000 to 2006 mainly (Gangolells, Casals et
al. 2010). The goal of proactive risk assessment is to
minimize the risk during construction without
compromising quality and safety at work place and
avoiding a project from missing the set deadline.
SAFETY CULTURE IN CONSTRUCTION
INDUSTRY

Improving behavioral based safety (BBS) is the most
effective way by which risk is can be effectively
managed. It is the most effective tool which has been
implemented since 1980 in Europe and North
America and today it is the most popular tool
worldwide (Li. Lu et al. 2015). Improved risk
management is seen by applying BBS concept. A
large number of illiterate migrated workers are
involve in construction industry thereby bringing
instability and increasing inherent risk but this can be
controlled by applying or implementing proactive
behavioral based safety approach. Risk management
is total human control system which is applicable
since initiation of projects till its completion. BBS
can change the mind set of personnel and
management towards safety and likewise towards
audit, identification of hazard and risk assessment
and its control measures. BBS helps to minimize and
control risk with participation from all level of
management.

Even though safety aspects in construction get
finalized even before mobilization of workmen,
equipment but its implementation is rarely
realized(Behm 2005). Behm (2005) revealed that
40% of fatalities in construction happen due to ill
approach of designer, architect, & structural
engineers. Identification of hazard during design and
planning stage in construction industry is done
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casually. Even though there are consensuses noted
while considering inherent hazard and risk which are
present in construction industries but these are
generally overlooked by the architects, designer or
planner. Risk in construction projects are uncertain
and it effect at least one of the objective of the project
e.g. cost, scope, schedule etc. (Rezakhani 2012). To
avoid such risk identification of hazard and effective
risk management is necessary. Therefore, assessment
of risk, which may effects its scope or work or
objective of projects, is required by the construction
companies. Managing risk at project sites can benefit
to the project manager not only in the safety related
incidents but also in many financial issues and also
increase the confidence in achieving project
objectives (Rezakhani 2012). As per international
labour organization (ILO) about 60000 fatal
accidents or almost 30-40% of total accidents
occurred in construction globally and 7% -10% of
global workforce works in construction industry
(Lew and Lentz 2010). Many initiatives and many
control measures have been suggested to address
these problems in the construction industry. Different
organizations are actively addressing the hazards in
construction globally and workers engaged in
construction industry are better trained and aware
than before.

Investigation of work based accidents highlights the
poor performances of involved working personal as
well as that of contractor. Achieving the objective
zero accidents is not possible unless owner, designer
and other parties shoulder the well-defined
responsibilities.  Individual worker, supervisor,
manager, designer or consultant cannot enforce zero
tolerance for accidents or reduce the accident in
significant way. Change in the trends and level of
safe execution of construction projects can be
achieved only when proactive involvement can be
seen from all - workers to owner.

A number of risk assessment methodologies are
available to assess the site conditions and help
minimize the identified risks. (Haight 2001).

The risk corresponding to body parts wise was
measured using fuzzy reasoning and fuzzy analytic
hierarchy process. The overall risk of project was
calculated as using sum of product methods. In the
above study, author has used fuzzy numbers and
linguistic terms for input value of each input
parameters because of unavailability of precise and
exact data of body part wise injury.

BACK GROUND ON HAZARD AND RISK
MINIMIZATION IN CONSTRUCTION
Identification of hazard and its analysis in
construction are often a traditional methods normally
used in various forms. Due intrinsic uncertainty of
construction  and  traditional  approach  of
identification of hazard and risk assessment, there are
certain limitation which has been raised by various
researchers in this filed. These limitations are based
on the hazard vulnerability of construction project
and its unstable work nature. It is difficult to assess
and advice the safety behavior which meets accidents
due to involvement of operation procedure, human
error and decision taken by designer and
management. Since majority of assumptions,
opinions are involved then risk assessment process
should be more strict and reviewed by safety experts.
In this situation it is difficult to quantify the adverse
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effect of hazard and its consequences because of
involvement of high level of uncertainty, limited
ability of humans which believed in holistic
approach. Considering by above statements, it is
clear that risk analysis methods in the construction
business is uncontrolled with deficient information
and/or uncertain, not well characterized, and
inadequate data, especially in the outline stage, for
which traditional or conventional methodologies
don't give sufficient answers. A step ahead fuzzy
techniques characterize methods of subjective
analysis or assessments of all inborn unclearness and
also for human creativity, intuition which is main
component of risk analysis methods (Pinto, Nunes et
al. 2010).

Fuzzy linguistic parameters were in used to deal
with uncertain and inadequate data (Gurcanli and
Miingen 2009). He has considered the cost of health
care, trainings, machines upgradation and various
tools used in construction. He derived the parameters
of accident and likelihood for different types of
construction and based on the activity. The data was
collected by past accidents records and government
data logged by governmental agencies. This approach
may be used in various fields but it has specifically
used for construction industries. (Beriha, Patnaik et
al. 2012) has given characterization and expectation
model in view of registering strategy for the
surveying the chief to investigate the word related
wounds and making arrangements for budgetary
costs to enhance safety performances in Indian
construction industries. (Blockley 1975) He has
considered probability of basic mishaps in basic
introducing so as to design fuzzy ideas. He has
likewise dissected the accident evaluation system for
underground construction utilizing a model in fuzzy
concept. Further, likelihood of structural accidents
was analyzed by using fuzzy sets. (Blockley 1980)
has mentioned various methods assessing the failure
of structure and structural safety measures. (Faber
and Stewart 2003) addresses the issues connected
with risk acceptance criteria, hazard avoidance and
estimation of human life and endeavors to give
proposals to the judicious treatment of these
viewpoints. He has also highlighted the problematic
areas and the requirements for further training,
examination and spread are pushed. (An, Lin et al.
2006) In the system, fuzzy reasoning approach is
adopted to calculate the risk level of all different
hazards and its failure frequency, its consequence and
probability. (An, Lin et al. 2006) Statistics shows the
number of accidents includes not only the workers
but also from non-employee side, public etc. Authors
describes the dangerous nature of construction
industry mainly railways where he identified the need
of increasing awareness to bring proactive safety
management system. He observed that causes of
accidents are fundamental milestone to control
accidents can be achieved by risk analysis. In last
few years risk analysis plays central role identifying
the hazards e.g. Derailment hazard, Collision
Hazards, Fire Hazards, Electrocution hazards, fall
hazards, train strike, slip trip etc.
ACCIDENT PREVENTION
DESIGN CONSIDERATIONS:
Design considerations are the most important factor
that has the potential to minimize and control
construction accidents. Aires, Gamez et al. (2010)

THROUGH
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Based on reviews, suggestions were given to develop
some methodical approach to implementation and
adding safety in design considerations. As per
Mroszezyk (2006) majority of construction accidents
happens during the initial phase of work when project
gets allocated. Mroszezyk (2006) has suggested that
including the safety design consideration since its
beginning would help decrease the number of
accidents. Zhou, Whyte et al. (2012) used digital data
in implementing safety in construction. Virtual
Reality, CAD and building information modelling,
sensing warning technology are helpful to develop
tools for hazard identification and safe project
delivery.

CONCLUSION:

A state-of-the-art literature review revealed the fact
that majority of accidents happened in construction
industry during the initiation phase due to ill
approach of designer, architect and engineers.
Although only 7-10 % global workforce works in
construction industry more than 30-40 % of global
industrial accidents are from construction industry.
Analysis of a number of accidents indicates that
holistic approach of hazard identification and risk
assessment, which is largely ignored by the
construction designer, helps improve the on time
project delivery, mobility of workforce. Active
engagement of concerned and competent person and
implementation of legislation strictly would also help
improve the safety in construction industry.
Significant improvements were noticed in accident
prevention when enforcement had been seen on
standard and other legislation.

Although construction safety design protocols have
been set quite long ago in construction, but lack of
proactive implementation results in areas specific
accidents. Even as various tools have being
developed for risk management, implementation of
these risk management tools adapter for site specific
needs is required.

Allocation of hazard in any activity and evaluating its
risk value is not a solution until consideration
includes well construction safety design and planning
strategy. Many initiatives taken by experts, to reduce
accidents during initial stages of construction have
resulted in decrease in number of accidents. To
further improve the safety in construction, various
tools have been made. One such tool is based on
fuzzy logics which has the capability to take into
consideration uncertain and inadequate data.
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analyzed accidents data from 10 countries and found
that more than 10% reduction in work place accidents
was noticed when safety design considerations were
in place. Design safety must be considered during the
design phase, before execution of construction work
approval of work procedure, as indicated in design is
necessary. Workforce engaged in construction is
neither consistent nor they are permanent; therefore
establishing workforce competency is a ever present
problem for employer. Statistics show that
implementation of safety design considerations result
in reduction in accidents (Lew and Lentz 2010).
Decrease in the number of accidents and injuries in
construction through implementation of safety design
considerations will not only save lives but also
improves the work quality and life. It also results in
reduction in number of accidents claims and other
financial expenditure for employers or contractors
(Ku, Pollalis et al. 2008). Role of designer, extent of
distribution  of accountability, allocation of
responsibility during construction based on technical
capability of architect & engineers has shown
significant reduction in accident rates in building
projects. Implementing the concept of safe design
and 3D models enhances the feasibility of executing
the project on time. UK (Hecker, Gambatese et al.
2004) mandated prevention through design in
construction along with other European nations in
1995. Builders, construction companies and
consultants were persuaded to implement safety
design in construction which resulted in noticeable
improvement in safety performance. Many design
professionals raised the concern over implementation
of prevention through design as it may result in
framing of harsh and impractical regulations against
designers in case of any construction injury. Hecker,
Gambatese et al. (2004) have shown that designers
lack safety design knowledge. Construction project
allotted through bidding process constraints the
constructor in  implementing design  safety
considerations during execution of the project.
Gambatese, Behm et al. (2005) have developed an
outline for the implementation of safety design
considerations, implementation of which resulted in
considerable enhanced safety, wellbeing and health
of construction workers. Gambatese, Behm et al.
(2005) are of the view that designing of safety is
quite possible and can have positive impact on safety
of construction workers, safe execution, cost
effectives at end and on time delivery of the project.
Gambatese (1998) argue that role of designer in
construction safety is encompasses construction
design safety. A number of cases have been brought
to the court where designer mistakes and their ill
approach resulted in accidents. It has been seen
(Gambatese 1998) that unless safety is incorporated
through contractual binding on designer during bid-
build process, they do not bother much in
incorporating safety features in the structure thereby
enhancing construction workers safety. Role of
contractor in ensuring safety during construction
exercise is well defined and the role or participation
of designer in enhancing construction safety must be
increased. Increased participation of designer in
ensuring construction safety will improve the
implementation of the concept of inherent safety in
construction projects. Design engineers must be held
accountable and liable for safety hazards arising from
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design even if no legal bindings are stated. Once the
concept of design safety is implemented, decrease in
number of accidents, injuries and associated cost
would reduce. According to Hinze and Wiegand
(1992) designer plays an important role in
development of a project and same time he/she play
an important role in implementing safety in design.
Traditionally construction worker safety has been
regarded as the sole responsibility of the construction
contractor. Only one third of contractor, companies
or designer follow the design content helpful for
workers safety (Hinze and Wiegand 1992). Some of
the impractical aspects of prevention through design
have resulted in legal cases against contractors and
have discouraged the design contractors. Torghabeh
and Hosseinian (2012) gave the design and planning
concept of construction safety design. They through
the implementation of design safety were able to
reduce the number of accidents for workers engaged
in construction. There have been a number of legal
cases where the construction safety was
compromised because of the lack of knowledge legal
standards by designer or it was found that the
information provided by the contractor was
inadequate. Generally it is found the lack of safety
data hampers hazard identification and incorporation
of safety features into design. Contractors engaged in
design built projects have been seen to go for cost
cutting at the expense of worker safety. Gambatese,
Behm et al. (2008) studied relationship between
design and construction site safety. It was found that
there is a definite link between design decision and
construction safety as they directly influence accident
causation. Occupational diseases are not the part of
design resulting in injuries and accidents. Smallwood
(2008) highlighted the inclusion design and
construction safety issues in project specific Quality
Health Safety and Environment (QHSE) plan.
Pressure of cost cutting from the -contractor
influences the engineering designer resulting in
compromised HSE requirements thereby diverts from
holistic approach in implementation of health safety
issues in construction. Smallwood (1996) studied
data more than 75 contracting company and found
that 50% of companies identified the design as an
aspect or factor, which if not done properly
negatively effects the health and safety of
construction workers. He also revealed that almost
90% of contractors suggested that safety of the
construction can be improved through design and
along with it; architects and engineers should learn
construction safety as part of their curriculum during
colleges. Behm (2005) studied 230 fatality cases in
US between 1990 to 2003. Out of the 230 cases only
224 cases were used for the study as for the other 6
cases sufficient information was not available.
Review was done to access whether any design is
linked to the incidents. Based on the assessed data
and review Behm (2005) observed, 42% of accidents
were having design content issues for which more
than 40 suggestion were given to improve the
workers design safety. Gambatese and Hinze (1999)
reviewed many design firms and constructing
company regarding advice and implementation of
safety in design. They found the lack of skills in
designers to implement safety features in order to
avoid or to reduce the safety risk or lack of
confidence in implementing the safety in design.
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v Global HSE Conference 2016, New Delhi, India

4 2

ACHIEVEMENT & AWARDS:

v Received 2nd best project award for year 2006-2007 for condition of contract on SHE
from Delhi Metro Rail Corporation for BC-06 Project

v" Excellent contribution for successfully accreditations of ISO: 14001 and OHSAS: 18001
by BSI (NEC Ltd, Year 2006-2009)

v Excellent contribution for successfully accreditations of ISO: 14001 and OHSAS: 18001
by Vexil Business Process Services Private Ltd (Soma Enterprise Ltd, Year 2008-2011)
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v

“Best Safety staff” of the year 2008- 2009

TRAINING & CERTIFICATES:

AN N N N N N

Lead Auditor Training OHSAS 18001:2007

Internal Auditor Training by EQMS

Confined Space Training by Authorized/ Competent Person
General Construction Safety Awareness training by BVQI
Certificate in Disaster Management from IGNOU
Certificate in First Aid from St. John Ambulance

Attended FDP organized by NITTTR, Bhopal. (2016).
Attended FDP organized by IIT Mumbai. (2015).

MEMBERSHIP & OTHER ACTIVITIES

AR

Active member of ASFE (Association of Safety and Fire Engineers), CUSAT

Member of National Safety Council (NSC) Mumbai

Member of Society of Fire Protection Engineers (Bethesda, MD, USA)

Worked as active member of many activities like seminar, quiz, awareness programmes
on the occasion of National Safety Day Celebration under Division of Safety and Fire
Engineering, CUSAT during college tenure

RESEARCH & PUBLICATION:

L]

Bikarama Prasad Yadav, Dr.N.A.Siddiqui, Dr Ashutosh Gautam “State of art review of
hazards & risk associated with viaduct work and suggestion to improve safety” Int J Adv

Engg Tech/Vol. VI/Issue IV/Oct.-Dec.,2015/22-2

Prasenjit Mondal, Abhishek Nandan, Dr.Nihal Anwar Siddiqui, B.P Yadav,” Impact
of Soak pit on Ground Water Table”, Environmental Pollution Control Journal: Vol

18: No 1: Nov-Dec 2014. ISSN 0972-1541.

Prasenjit Mondal, Abhishek Nandan, Dr.N.A.Siddiqui and B.P.Yadav, “Removal of
fluoride from water by suitable low cost environmental friendly methods”,
Environmental Pollution Control Journal™: Vol 17, No 6: Sep-Oct 2014. ISSN 0972-

1541
Construction Safety Climate in Developing Country

COMPUTER SKILLS & PROFICIENCY:

v

Knowledge of Ms-Office, Excel, Internet

HOBBIES & INTEREST:

v
v

To Know about humans values & their behaviour
Astro, Palmistry, Writing Books & Articles

PERSONAL PROFILE:
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Name : Bikarama Prasad Yadav

Father’s Name : Mr. Sudish Prasad Yadav
Mother’s Name : Mrs. Sukeshwar Devi
Date of Birth : 01/03/1978

Nationality : Indian

Marital Status : Married

Passport No : F5652200

Language Known : Hindi (RWS), English (RWS)
Current Address  : H. No 20, Vyom Prast Phase-1, GMS Road, Dehradun- 248001
Permanent Address: Village-Ghoghraha, Po- Maharani, Dist- Gopalganj, Bihar, Pin- 841409

I hereby declare the details furnished above are true of my knowledge & belief and I will
responsible for any discrepancy.

Place: Dehradun, Yours Truly,

Dat8Y i sownamammey (Bikarama Prasad Yadav)
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