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Introduction every year, and 374 million more experience -faial
occupational accidents, with the constroctiindustry
accounting for roughly 60% of these fatalities [2].
According to the studies conducted, there were few
studies to identify the factors that influence the
occurrence of accidents [3]. About 33% of woetated

One of the most important problems in the industry is
the occurrence of accidents and occupational diseases
[1]. According to the statistics of the International Labor
Organization (ILO.2021), more than 2.78 million
workers worldwide die from occupational accidents
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deaths are due to occupational decits [4]. As the
third leading cause of death in the world and second
only to road accidents in Iran, occupational injuries are
one of the important and fundamental factors in the
safety, health, and economic debate in developing
countries [5]. Accordingo the collected statistics, there
are about 14,000 occupational accidents occur in Iran
every year, most of them in industry [6]. Most of the
injuries and deaths in the oil industry are caused by
occupational accidents [7].

The Pipeline and Hazardous Maals Safety
Administration (PHMSA) in the United States keeps
track of the frequency of pipeline failures, incidents, and
accidents. PHMSA data shows that in the last 20 years
through 2021, there will be an average of 640 pipeline
accidents, 14 deathsn@ 57 injuries yearly. 31.41% of

organization. The name Tripod was derived from the
three legs: incidents/accidents, basic risk factors
(BRFs), and unsafe acts. In the Tripod method, an
accident occurs due to missing failing controls and
barriers. Unsafe acts (active failures) are caused by
underlying mechanisms acting in organizations. These
mechanisms, called BRF, cover human, organizational,
and technical problems. The Tripod Beta model directly
links barriers anaontrols to unsafe acts, preconditions,
and latent failures. In the Tripod model, barriers and
controls are directly linked to the BRF. Based on this
model, BRF leads to preconditions and, subsequently,
active failures [10].

Shafiei et al. analyzed the s and responsibilities of
occupational accidents in an automotive company. For
this purpose, 20 important accidents of an automotive

the causes of these accidents were related to equipment company were selected, and the root causes, the parties

failure [8]. In Iran, there are no official and new
statistics of the exact number of accidents related to gas
pipelines or "Struck By" and the number of deaths and
injuries.

According to the "Workplace Hazard Classes
Notification for Occupational Health and Safety", the
construction sector falls into the very dangerous sector
class category. The number of deaths and injuries in the
statistics of work accidents suppotkss statement. As
stated in the 2021 SSI Statistics annuals, in the
construction sector, 58107 employees were exposed to
work accidents, and 386 employees lost their lives due
to work accidents. According to the list of workplace
hazard classes includeth the naotification annex,
excavation and excavation works (preparation of
agricultural land, blasting and removal of rocks,
drainage of construction sites, filling, etc.) are included
in those mentioned above very dangerous class [9].
Among the models foinvestigation and analysis of
accidents caused by work, we can mention Henrich's
domino model, Embry machine model, SHMmas
model, STAMP model, Tripod Beta model, Bowtie
model, etc. In this study, Bowtie and Tripod Beta
methods are used to identify tloauses because, in
addition to identifying threats and obstacles, they
categorize the basic risk factors and help to rank and
take corrective measures. Using the Tripod Beta
method, the Bowtie method can help identify obstacles
related to an incident. Theeason for using the
discussed method is that, according to the studies,
human and organizational factors directly and indirectly
play a fundamental role in accidents. These methods are
used to review the defects and failures that occurred in
an incident,and this goal can be reached by reviewing
the recorded incident report.

The Tripod Beta analysis method is derived from the
Tripod method, which is based on the Swiss cheese
model. This model, developed by Reason in 1990,
suggests that an accident occunge tb a combination of
errors and negligence at various levels of the
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involved in the accidents, and the respective
responsibility rate were determined by 10 experts
based on dividing into 11 Tripod Beta basic risk factors
and using occupational accident tree analysis and
occupational accident component analysis techniques.
The results revealed that among the defects in the
managementsyt em, t he
had the greatest impact on the occurrence of
occupational accidents. By modifying about half of the
basic risk factors, 80% of occupational accidents can be
controlled. Also, by focusing on monitoring and design
uni t s, the companyds acci
50% [11].

Bowtie analysis can be considered a hybrid technique as
an enhanced combination of fault tree and event tree
analysis. The bowtie technique delivers a prompt view
of the preventive barriers dfie system and its layers of
protection. The Bowtie methodology is an approach to
study major accident events and analyze the
components that might lead to undesired consequences
[12].

In a paper, a risk identification based on the Bowtie
analysis is formlated, exploring a subsea pipeline
system. Transporting dangerous materials by subsea
pipelines during field operation is defined as a
hazardous situation. The major pipeline causes during
the field operation are also considered: external and
internal corosion; material, weld, and equipment
failures; incorrect operation; and external interference.
Based on this information, it is established that the main
failure modes of subsea pipelines during the transport of
dangerous materials by subsea pipelinesraehanical,
structural, and external interference failures.
Furthermore, environmental and financial aspects are
considered in analysing the main consequences in the
Bowtie diagram. Finally, barriers are implemented to
prevent an undesirable incident ormii the
consequences. The Bowtie helps structure the problem
and consequently monitor the effectiveness of
preventive and mitigating barriers, allowing risks to be
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Analyzing the Causes and Safety Barriers of "Struck By"Accidents

better understood and managed over time, recording Materials and Methods
causes and consequences, and preventidereactive
controls for better monitoring [13]. Among the
limitations of common risk assessment methods, such as
the fault tree, event tree, and Bowtie method, is that new
information and evidence cannot be included in these
methods, or the scalled modecan be updated. Also,

in these methods, the relationship between variables is
not accurately identified. Among other limitations of
these methods, it can be mentioned that these methods
cannot manage the lack of data and the uncertainty of
data, and theydo not have the necessary ability to
update and infer [14,15].

Shannon et al., in their study, examined the relationship
between organizational factors and the work
environment and their impact on occupational accidents.
The study concluded that employeauthority,
willingness and delegation of safety activities, and the
active and proactive role of health and safety managers,
were significantly associated with lower rates of
accidents and injuries as well as mortality [16].
Quantitative risk assessmentaissystematic method for
identifying and prioritizing various variables in the
evolution of an accident. Quantitative risk assessment
can provide a basis for increasing risk awareness. Based
on the quantitative results of the risk assessment,
potential meaures to control or mitigate the risk can be
implemented and evaluated [17]. To address risks in an
everevolving environment and overcome the
limitations of traditional methods, new risk assessment
methodologies evolve dynamically, continuously
incorporaing accurate information and improving to
better address current risks [18]. Therefore, the need for
new tools and methods is felt in developing safety
management and using new methods in the analysis of
accidents and leading indicators [19].

According to PHMSA data, one of the causes of
pipeline accidents in the US is outside forces such as
"Struck By" [20].

Excavated tunnels are a leading cause of death in
excavation operations. These workers are also at risk
when working at heights, with heavy equipment
handling materials, or near existing utility sources such
as power and gas pipelines.

Due to the lack of studies in the field of identifying the
causes and obstacles of "Struck By" accidents in
excavation and piping operations, this study was
conducted.

This study aims to analyze "Struck By" incidents
during excavation and piping operations of gas pipelines
safety barriers with the Bowtie and Tripod Beta
methods.

Analyzed accidents data:To identify the causes of
accidents, thistady first collects "Struck By" accidents

in gas pipeline excavation and piping operations over
the past decad€20132023). According to OSHA,
AStrucko i s i njuries produce
impact between the injured person and an object or
piece of equipment. "Struck By" accidents are
categorized as "Struck By" flying objects, falling
objects, swinging objects, and rolling objects [21].
These accidents are then analyzed by the Tripod beta
and Bowtie method to identify causes and safety
barriers.

Analysis of events:First, we used Tripod Beta to
analyze the causes of "Struck By" incidents during gas
pipeline excavation and piping operations over the past
decade (201:2023). Tripod Beta is an approach to
accident analysis using accident cause theamd a
hazard and effects management procesgek [The
Tripod Beta analysis examines the causes of a series of
accidents. Analysis shows how the accident occurred,
which barriers failed, and why those barriers failed.
Tripod Beta is based on building a tretructure
representing accident mechanisms, events, and their
relationships 23]. Based on the studies, the Tripod Beta
method categorizes underlying causes into 11 Basic
Risk Factors (BRFs) (table Ifhe symbols used in the
tripod tree include the folloing:

An event node represents damage, injury, or loss.

An agent node is the presence of a necessary potential
to change, harm, or damage a target.

An object node indicates the presence of an entity
(e.g., person, equipment, credit, project schedule)
vulnerable to the agent.

A failed barrier node allows the agent and object to
encounter and cause an event.

The immediate cause is the human action or technical
failure that caused the failure of the barrier and is
directly connected to it.

A preconditionnode increases the probability of the
immediate cause of a failed barrier.

Underlying causes are the source of organizational
preconditions. By this definition, underlying causes
would be the "final" node.

An effective barrier node represents a bartiet has
not failed and successfully restrains the agent or protects
the object.

Missing/inadequate barrier refers to a barrier that the
operational plans and procedures have determined exists
but the incident investigation shows that none have been
creata, or that it is not present at the site, or, if present,
to play a role in are considered insufficie?d][
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Table 1 Classification of the basic risk factors in the Tripod Beta mefad(d

No. BRFs Abbreviation Definition
1 Design DE Poor design ofdols or equipment
5 Tools and Equipment TE Poor quality, cond|t|on_, suitability, or availability of materials, tool:
equipment, and components
3 Maintenance Management MM No or inadequate performance of maintenance tasks and repa
4 Housekeeping HK No or insufficient attent|ontip:jai\:addtlcj)pkeepmg the work floor clean ¢
5 Error enforcing conditions EC Unsuitable physical performance of maintenance tasks and repi
6 Procedures PR Insufficient qual!ty or a\(a|lab|l|ty of procedures, guidelines,
instructions, and manuals
7 Training TR No or insufficient competence or experience among employee
L No or ineffective communication between the various sites,
8 Communications (6{0) . SN
departments, or employees of a company or with the officials' bor
The situation in which employees must choose between optimi
. working methods according to the established rules on the one t
9 Incompatible goals IG . . ! . " . o
and the pursuit of production, financial, political, social, or individt
goals on the other
Shortcomings in the organiz
10 Organizatbn OR philosophy, organizational processes, or management strategi
resulting in inadequate or ineffective management of the compa
No or insufficient protection of people, reafals, and environment
11 Defenses DF . ! ;
against the consequences of the operational disturbances

Safety barriers and escalation factors: The Tripod Beta
method was used to identify the causes of these
accidents, and the Bowtie method was used to identify
safety barries and risk influence factors (RIF) for these
accident scenarios. A Bowtie is a graphical way of
showing an accident scenario from cause to effect. This
method is a hybrid of the fault tree and event tree
methods, and it provides an understanding of thees

obstacle and escalation factor are examined. The logic
of this part of the diagram is based on the fact that any
activity or operation has a potential risk and potential
for harm, and if these risks are left, threats will be
created. Therefore, to prevent threats, suitable obstacles
should be predicted and placed in the path of these risks
to prevent the unwanted release of risks. To ensure the
effectiveness of the antfmted barriers, the escalation

consequences, safety barriers that could have prevented factors that may have an adverse effect on them should

the accident, and the escalation factors that affect the
performance of safety barriers. According to the Bowtie
diagram, the incident is investigated in two stages:
"before the incident" and f@r the incident". In the first

stage (left side of the diagram), words such as risk,

be identified, and the escalation factor controls should
be considered. HSE critical functions support all
escalation factor controls to ensure their correct and

effective operationZ4].

The path of the incident

@ =revsnvasnnnns

b Py
P — o £ Event
Barrier e .’ agent
S Object = Barrier Event
- Ob'ea
[oarer | |

Fig. 1. The connection between Tripod beta anevi® method 24].
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Results

Collecting data: Data related to 8 "Struck By"
accidents were collected. All these accidents caused
casualties. In each incident, one person died, and the
equipment was damaged. The activities that led to the
accident included Leak resistance test operation,
Pipeline troubleshooting, Daily visit operation of the

Table 2. Summary of the analyzed "Struck By"

CGS station, Insulation and sandblasting operations,
Pipe welding operation, Channel digging mi®n to

install a valve device. This process provides assembly
conditions for performing welding operations and the

final connection of two pipelines and Pipe separation

operation. Table 2 provides an overview of the "Struck
By" analyzed in this study.

No. Activity Accident Consequences
1 Leak resistance test operation Contact with a hard object (excavato Death of 1 contractor
bucket)
A ker isstruckbet th .
2 Pipeline troubleshootin ex(;r\/aetglrsts)urlre; :lsdmt/ﬁzn i s Death of the worker responsible
P 9 Pip for the execution of the work
3 Daily visit operation of CGS station Contact with a hard object (heater caj  Death of 1 contractor worker
. . . A worker isstruckbetween the sand .
4 Insulation and sandblasting operations . A Death of side boom operator
(chain) of the side boom
5 Pipe welding operation Pipe falling on the worker Death of 1 contractor worker
6 Channel digging ope.ratlon to install a valh  Contact with a hard object (excavatol Death ofl. worker
device bucket)
A process that provides assembly conditic . .
b . P . . y A worker isstruckbetween the pipe an
7 for performing welding operations and th Death 1 welder
. . - the bucket of the excavator
final connection of two pipelines
8 Pipe separation operation A worker struck between pipes Death of 1 loader driver

In the leak resistance test accident, after finding the leak
location, the contractor started digging with an
excavator without draining or reducing the air pressure
of the line. The excavator stops on thearmhel after
digging. The worker with the excavator tries to empty
the soil on the pipe with a hand shovel. Based on the
investigation, it seems that the lack of welding of the
welding head coupler related to the network valve and
the presence of air pressunside the network, with its
sudden exit, led to the movement of the coupler from its
place along with the production of noise and a lot of
dust and sand spraying. Soil is the result of the release
of energy. The victim is thrown to the back of the
chamel, exactly under the excavator bucket. The
excavator driver directs the excavator bucket towards
the bottom of the channel as a barrier in front of the

channel. When the operator took the shovel out of the
lock mode, the bucket of the shovel shook and hit the
operator in the back, and he got skubetween the
bucket and the pipe.

In the daily visit operation of the CGS station accident,
due to the accumulation of gas in the heater chamber, an
explosion occurred, and the heater door was thrown due
to the explosion and hit the contractor.

In the irsulation and sandblasting operations accident,
the side boom operator carries the air compressor by the
side boom to the desired location of the sandblasting
team. Due to the loosening of the balance weights, the
operator hits the balance weights withotdpping the
machine. The side boom operator is dragged down the
slope in the sand (chain) of the machine and dies.

In the pipe welding operation accident, after the

cabin glass to prevent further damage and sand and dust completion of the drilling operation, the work is stopped

splashing on the glass and dust entering thkinc
While he had no view of the inside of the channel, and
for this reason, the bucket hit the body of the digger
who was still inside the canal and directly under the
shovel bucket.

In the pipeline troubleshooting accident, drilling
operations are stad to identify the location of the
trouble. The person responsible for executing the work
enters the channel by the excavator bucket to assist the
technical inspection representative. The bucket shovel is
also located inside the channel at a short distéooe

the mentioned one. The person in charge of executing
the work uses an excavator bucket to get out of the

JOHE, Spring2024; 13 (2)

due to lack of permission from ehdepartment. The
work is stopped, and the workers leave the place, but the
deceased was present at the place and did not leave the
place and died when the pipe fell on him.

In the channel digging operation to install a valve
device accident, Merlo machirend truck are sent to
transport the deposited soil. With the opening of the
bucket, the driver of the Merlo machine moves the soil
from the side of the channel, when suddenly the bucket
of the machine is separated and falls into the channel. A
bucket faling and hitting the worker inside the channel
will result in injury and death of the worker.
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Classification of Basic Risk Factors (BRFs) based on
the Tripod Beta method: Table 3 shows the basic risk
factors (BRFs) classification of analyzed accidents.
According to the Tripod Beta results (fig. 3), important
potential risk factordor "Struck By" were identified.
These factors include organizational factors (31.03%),

(11.5%), error enforcing conditions (10.35%),
maintenance management (6.9%), design (6.9%),
defenses (6.9%), communiaats (6.9%), training

(4.6%) and incompatible goals (2.3%). More attention
should be paid to organizational factors and work
procedures to increase productivity and efficiency and

work procedures (14.94%),

tools and equipment

prevent similar accidents.

Table 3.Classification of basic risk factors based on the Tripod Beta method

Classification of

No. Accident Barriers Underlying causes :
underlying causes
. . Unlicensed contractor work, lack of command
Creaing warning signs, . PR
- excavators and manager's lack of awareness
. monitoring the competenc . : : L ) TR
Contact with a job risks, weaknesses in monitoring systems,
. of employees . ) > OR
1 hard object complete norcompliance with principles
(excavator Coninuous supervision,  Lack of necessary attention to the principles ¢ OR
bucket) safety training during safety and the employment of experienced TR
work, compliance with workers, the speed of work, the type of contra PR
work rules based on the plan of gas supply EC
Using suitable means of The equipment has been misused TE
transportation such as Incomplete equipment inspection MM
stairs or ladders P quip P
Compliance W'th \_Nork The irappropriateness of testing the effectivent
. rules, proper training of ; . TR
Contact with a emplovees of the given training
hard object ploy — - ‘
2 Inadequate supervision to establish safe work
(excavator . . " OR
Making decisions and conditions
bucket) o . . - .
issuing work permits base The inappropriateness of control systems with
on work rules the canpany in terms of structure, resources, & OR
methods
Excavation safely and . .
according to standards The design does not meet industry standard DE
The last certificate of approval of the station
s . . PR
heater by the technical inspection was valid ur
OR
1397
. . . PR
Failure to issue a work permit OR
The gas flow control system of heater numbe DF
iS not in service MM
Periodic technical visits, Not paying attention to the documentation of tl
revision, and modification gas supply manager regarding the action and (6{0)
of the irstructions for things to consider if the pilot flame and burne MM
Contact with a setting up E}nd _ _ are off. _
3 hard object decommissioning gas Failure to implement and run the preventive MM
(heater cap) heaters maintenance sysm
Ineffective monitoring of the monitoring device OR
There are no records of the visits made to th MM
station, the contractor's daily visit control CO
checklist, and the lack of documentation of To OR
Box Meeting (TBM).
Effective trainng and Inadequacy of completed training courses wit R
retraining courses requested services and lack of retraining cour:
Failure to obtain a work permit (PTW) for PR
insulation work from the monitoring system OR
Proper supervision and  Failure to obtain technical health certificate b PR
control and examination o side boom contractor OR
work permits ,technical ~ Carrying out activities on a slope of about 25¢ DE
4 Sandblasting ~ Nealth of equipment, and  without compying with the relevant safety DF
operations compeéence of employees standards
Failure to control the competence of key proje OR
employees by the monitoring system EC
S , Complete stop without turning off and standin DE
Obligation to cor_nply with on the (sand) chainf the side boom to fix the TE
laws and training .
loose balance weights MM

JOHE, Spring2024; 13 (2)
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Classification of

No. Accident Barriers Underlying causes )
underlying causes
EC
IG
DF
. OR
Incompetent machine operators TE
The poor performance of the monitoring devic
regarding issuewush as the lack of restraints ar EC
alarms, not using proper cushions, observing 1 OR
safe distance of the threaded pipes from the e DF
Control, monitoring, use o of the channel
5 Pipe falling on  warning signs and barrier: Failure to comply with the instructions and PR
the worker regulations related to excavation and piping
Defects in project management and lack of
L P . OR
proper coordination and notification with releva co
companies to obtain work permits
Obligation to comply with  Not training workers about the risks associate TE
laws and training with excavation and piping
Carrying out the simultaneous loading and DF
transfer of the deposited soil by the transportat OR
unit and the presence of the workenatiose EC
Control, supervision, and _distance to carry out the waluilding operation CO
] J:fkgi(?;}/:tnoé techm::naalul:?ﬂsr;])eesct|on of Lack of supervision of workers' activities gg
made contact Failure to obtain permission to carry out work | OR
with the worker carry out the work of building walls and
. . ; PR
transferring the deposited soil
Obligation to comply with ga'ilure to Ii:omply \'Niltlh §afety regulations Iwhile OR
laws and training oing work, especially in neproce;s_and ow PR
risk activities, simply because it is easy TE
Failure to conduct adequate risk assessment
control, inspection, and audit in higtsk projects OR
and operations
Failure to conduct safety discussions at wol OR
by the contactor CO
The welder is the Appropriate supervision Failure to prepare and communicate written
. . . : s ; OR
impact between ,control, and review of instructions to perform T operations by the PR
7 the pipe and the work permits contractor and project manager
bucket ofthe Not using the work permit to do work for Fie OR
excavator operation PR
Non-observance of safety measures dgrTiein gg
operation TE
Obligation to cor_nply with Haste to do the work IG
laws and training TE
Improper means of tresporting pipes and defect .I?E
in transportation and loading DE
Supervision and control Lack of attention of the monitoring system to th OR
and appropriate program regulations and inadequate monitoring EC
and provision of necessar Failure to obtain a work permit OR
equipment and work PR
Pipe falling on permit
8 the worker L OR
: Lack of employer supervision and presence ¢ EC
HSE supervisor and representative co
Lack of proper training TE
Obligation to comply with TE
laws and training Working alone and not having a work permit OR
EC

JOHE, Spring2024; 13 (2)
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35.00%

30.00% -

25.00% -

20.00%

15.00% -

Frequency

10.00% -~

0.00% - .—
OR PR TE EC MM DF CcO TR DE 1G
Classifiction of the basic risk factors

Fig. 3.Basic risk factors of accidents

Analyzing the accidents using the Bowtie method: installing warning barriers, checking employee

Fig. 4 shows the Bowtie of analyzed accidents. Based certificates, creating safe routes for people, and

on Figure 4, the most important causes of "Struck By" assessing safety conditions before starting work.

were brake cutting, driving unsafely, moving people out Preventive safety barriers are identified. Loss of life,

of the area where the machine is passing, geft@ople money, and environmental damage are consegsarice

between the excavator and the pipe, contact with the this event. Mitigating barriers to reducing the severity of
heater cap and impact between the side boomchanandc onsequences caused by a AStr

under the pipe and between the pipes. of personal protective equipment and the presence of
Preventive safety barriers to prevent "Struck By"include ambulances and paramedics at work. Each safety barrier
checking equipment safety before starting rikyo created has an escalation facillustrated in Table 4.
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Equipment {PPE)

place where

The movementof JL H H
- —

machines pass

Installation of warning
signs for the
movement of people
and machines

ICreating a safe way for
people to movement

Placing a person
between the

bxcavator bucket and
the pipe, placing a
person in front of the
heater, placing a
person on the side
boom chain, placing
a person under the
pipe or between the
pipes.

m m
- .

Installation of warning
Safety assessment

- signs, maintaining a
before starting work safe distance between

people and equipment

Fig. 4. Bowtie diagram for "Struck By"
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Analyzing the Causes and Safety Barriers of "Struck By"Accidents

Table 4.Escalation facta of safety barries in Bowtie diagram.

Title

Bowtie's escalation factor diagram

Escalation
factors of
checking
equipmet
safety
before
starting
work

The ineffectiveness
of the training given

Failure to perform
inspection before
starting work,
improper use of
secured equipment

' Cut the brake IT

Checking equipment
safety before starting
worl

—>

-
l

-
l

™~
=

-
=

-
=

Using an effective and
up-to-dat&tr)aining

Compliance with rules
Training Contractor Supervision and guidelines- Strengthen the HSE
management Attention to the system
impl jon of
= = I contractual obligations =

Waek management
of contractors

-
|

the

-
-

Attention to the
impl tation of

c y
contractors

contractual obligations

Weak supervision

The supervisor did

due to the lack of
suitable means of
transportation

not arrive on time (=

|

Provision of suitable
means of
transportation for
supervisor

-

-

-

A ion to the

implementation of
contractual obligations

Evaluating the
competence of
supervisors

Inadequate
d ion of

- Document the daily
inspection-Issuanceof
'work permit- Checking

the competency of
people

-

authority and low
salaries of HSA
officials

-

Giving sufficient
authority and
appropriate salary to
the HSA official
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Title Bowtie's escalation factor diagram

Checking the person's
certificate

=)

Not having a
certificate

Compliance with rules Checking the
ideli of people

Favoritism in
selecting people

Compliance with rules

and guidelines Supsrvision

i the
implementation of

The supervisor did ]|,
not arrive on time
due to the lack of
suitable means of

transportation Provi:

on of suitable
f

means.
transportation for
Sup

Weak supervision

to the Evaluating the
on of of

P

escalation |
Human error of the
factors of PR
. .. Rest to reduce work Compliance wi Checking the Provision of welfare Supervigion Training
|nd|v| d ua' pres: and guidel competency of people conditions itk
v . [S]
certificatio
f: iti: i 1
n o L
examlnatlo Compliance with rules Attention ‘?»"‘f‘“ .
n S

The supervisor D

not arrive on time (=

due to the lack of

suitable m.

transportal Provision of suitable
means of
transportation for
=
Weak supervision |
to the Evaluating the
ion of nce of
3
The supervi: did

not arrive on time (=)
due to the lack of
suitable means of

transportation Pro

n of suitable
s of
transportation for
P

Weak supervision

to the l Evaluating the
of nce of

P

Ineffective training
given

Using effective and up-|
to-date training
Barrier
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Title Bowtie's escalation factor diagram

escalation
factors of
installation
of signs
and
warnings
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Title

Bowtie's escalation factor diagram

The movement of
people from the N\
place where 1\
machines pass

reating a safe way for| |
people to movement

Failure to create a
safe way for people
to

Issuance of work Attention to the

implementation of

\
[ \

|
Complying with rules A:x'“;‘e“rz‘:ebﬁz"‘:‘ Contractor | |
contractual obligations and guldelines management manbgement [ |
© / |
- / \
Weak contractor {7 / \
/ |
|
i Iemgm;m“ :‘, Evaluating contractor's |

P on.2 ompetence /

Failure to use the
created safe way

|
Training and incentive BhieEinalils \
and punishment 3 ecking the
svstem and safety Supervision competency of people
culture program
Ineffectiveness of

| Equipment
7 [S]
training and =)
factors of

incentive and

|
|
’ \
punishment system
and safety culture Use of effective and up
program -to-date training
creating a

methods,
safe way

encouragement and

system
and safety culture
program
for people The supervisor did
to
movement

not arrive on time
due to the lack of
suitable means of

transportation

‘Struck By'

Provision of suitable
eans o
transportation for

Weak supervision
ion to the Evaluating the /
i ion o of /
up isors f
/
Favoritism in (= =z
selecting people
Attention to the
with rules | | 4 =2
Swit implementation of Supervision
and guidelines contractual obligations

The supervisor did
not arrive on time
due to the lack of
suitable means of
transportation

Provision of suitable
means of

transportation for
supervisor

Weak supervision

to the
of

contrac!

Evaluating the
of

P
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Title

Bowtie's escalation factor diagram

escalation
factors of
safety
asgssment
before
starting
work
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