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Background: Investigating and identifying the causes of accidents is important in learning to
prevent similar accidents. This study aimed to investigate the causes of "Struck By" in gas pipeline
excavation and piping operations using Tripod Beta and Bowtie methods.

Materials and Methods: This study is a case analysis study conducted in 2023 in Iran. It was
conducted on a case basis, on "Struck By" incidents. In the first phase of the study, the data related
to the accidents of gas pipeline excavation and piping were collected from all over the country.
"Struck By" incidents were selected as important incidents based on the severity and repetition. In
the next phase, the data related to "Struck By" incidents were analyzed using the Bowtie and
Tripod Beta methods.

Results: This study collected 19 incidents related to excavation and piping operations of Iran gas
pipelines. Out of these 19 incidents, 8 were related to the "Struck By". Analysis of accidents using
the Tripod Beta method shows that basic risk factors are mainly classified into organizational
factors (31.03%), work procedures (14.94 %), and tools and equipment (11.5%). The escalation
factors identified by the Bowtie method were supervision, HSE systems, competence assessment,
contractor management, risk management, training, work permitting, and compliance with rules
and guidelines.

Conclusion: "Struck By" is one of the most common accidents in gas pipeline excavation and
piping operations. Based on the results obtained, to increase productivity and efficiency in practice
and prevent similar accidents, there should be more focus on supervision, HSE system,
competency assessment, contractor management, risk management, training, work permit system,
and compliance with rules and guidelines.

Keywords: Accident, Risk Factors, Risk

Introduction

every year, and 374 million more experience non-fatal
occupational accidents, with the construction industry

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 (1L0O.2021), more than 2.78 million
workers worldwide die from occupational accidents
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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 work-related
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deaths are due to occupational accidents [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]. According to 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 Materials 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 deaths, and 57 injuries yearly. 31.41% of
the causes of these accidents were related to equipment
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 supports this 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 included in the notification 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 for investigation and analysis of
accidents caused by work, we can mention Henrich's
domino model, Embry machine model, SEM-Tomas
model, STAMP model, Tripod Beta model, Bowtie
model, etc. In this study, Bowtie and Tripod Beta
methods are used to identify the causes 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. The reason 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 occurs due to a combination of
errors and negligence at various levels of the
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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 or 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 and controls 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 causes and responsibilities of
occupational accidents in an automotive company. For
this purpose, 20 important accidents of an automotive
company were selected, and the root causes, the parties
involved in the accidents, and the respective
responsibility rates 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
management system, the organizational system’s defects
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
units, the company’s accidents can be reduced by up to
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 of the 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 formulated, 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 corrosion; 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 pipelines are mechanical,
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 or limit 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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better understood and managed over time, recording
causes and consequences, and preventive and reactive
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 so-called model can 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 they do 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 employee authority,
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 assessment is a systematic 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 measures to control or mitigate the risk can be
implemented and evaluated [17]. To address risks in an
ever-evolving environment and overcome the
limitations of traditional methods, new risk assessment
methodologies evolve dynamically, continuously
incorporating 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.
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Materials and Methods

Analyzed accidents data: To identify the causes of
accidents, this study first collects "Struck By" accidents
in gas pipeline excavation and piping operations over
the past decade (2013-2023). According to OSHA,
“Struck” is injuries produced by forcible contact or
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 (2013-2023). Tripod Beta is an approach to
accident analysis using accident cause theory and
hazard and effects management processes [22]. 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 tree structure
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 1). The symbols used in the
tripod tree include the following:

[JAn event node represents damage, injury, or loss.

[1An agent node is the presence of a necessary potential
to change, harm, or damage a target.

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

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

[1The immediate cause is the human action or technical
failure that caused the failure of the barrier and is
directly connected to it.

[JA precondition node increases the probability of the
immediate cause of a failed barrier.

[1Underlying causes are the source of organizational
preconditions. By this definition, underlying causes
would be the "final” node.

[JAn effective barrier node represents a barrier that has
not failed and successfully restrains the agent or protects
the object.

[1Missing/inadequate barrier refers to a barrier that the
operational plans and procedures have determined exists
but the incident investigation shows that none have been
created, or that it is not present at the site, or, if present,
to play a role in are considered insufficient [24].
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Table 1. Classification of the basic risk factors in the Tripod Beta method [24]

Definition

Poor design of tools or equipment

Poor quality, condition, suitability, or availability of materials, tools,
equipment, and components

No or inadequate performance of maintenance tasks and repairs

No or insufficient attention paid to keeping the work floor clean or
tidied up

Unsuitable physical performance of maintenance tasks and repairs

Insufficient quality or availability of procedures, guidelines,
instructions, and manuals

No or insufficient competence or experience among employees

No or ineffective communication between the various sites,
departments, or employees of a company or with the officials' bodies

The situation in which employees must choose between optimal
working methods according to the established rules on the one hand
and the pursuit of production, financial, political, social, or individual
goals on the other

Shortcomings in the organization’s structure, organization’s
philosophy, organizational processes, or management strategies,

resulting in inadequate or ineffective management of the company

No. BRFs Abbreviation
1 Design DE
2 Tools and Equipment TE
3 Maintenance Management MM
4 Housekeeping HK
5 Error enforcing conditions EC
6 Procedures PR
7 Training TR
8 Communications Cco
9 Incompatible goals IG
10 Organization OR
11 Defenses DF

No or insufficient protection of people, materials, and environment

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 barriers 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 the causes,
consequences, safety barriers that could have prevented
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 "after the incident”. In the first
stage (left side of the diagram), words such as risk,

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 anticipated barriers, the escalation
factors that may have an adverse effect on them should
be identified, and the escalation factor controls should
be considered. HSE critical functions support all
escalation factor controls to ensure their correct and
effective operation [24].

The path of the incident

...

@ =revsnvasnnnns

b Py
Ll | o £ Event
Barrier e .’ agent
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[oarer | |

Fig. 1. The connection between Tripod beta and Bowtie 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 operation 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 (excavator Death of 1 contractor
bucket)
A worker is struck bet th .
2 Pipeline troubleshootin exzcafc:rizi; alr):j \':\leeeeni ee Death of the worker responsible
P g pIp for the execution of the work
3 Daily visit operation of CGS station Contact with a hard object (heater cap) Death of 1 contractor worker
. . . A worker is struck between the sand .
4 Insulation and sandblasting operations . . 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 opera}tlon to install a valve Contact with a hard object (excavator Death of 1 worker
device bucket)
A process that provides assembly conditions . .
P . P . _y A worker is struck between the pipe and
7 for performing welding operations and the 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 the channel 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 pressure inside 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
channel, 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
cabin glass to prevent further damage and sand and dust
splashing on the glass and dust entering the cabin.
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 started 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 distance from
the mentioned one. The person in charge of executing
the work uses an excavator bucket to get out of the
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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 struck between 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 insulation 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 without stopping 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
completion of the drilling operation, the work is stopped
due to lack of permission from the department. 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 machine and 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 falling and hitting the worker inside the channel
will result in injury and death of the worker.
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Fig. 2. Tripod Beta diagram for 'Struck By
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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 factors for "Struck By" were identified.
These factors include organizational factors (31.03%),
work procedures (14.94%), tools and equipment

(11.5%), error enforcing conditions (10.35%),
maintenance management (6.9%), design (6.9%),
defenses (6.9%), communications (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
prevent similar accidents.

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

No. Accident Barriers

Classification of

Underlying causes .
underlying causes

Unlicensed contractor work, lack of command of

Creating warning signs, excavators and manager's lack of awareness of PR
. monitoring the competence . . : o TR
Contact with a job risks, weaknesses in monitoring systems, and
. of employees . . a0 OR
1 hard object complete non-compliance with principles
(excavator Continuous supervision, Lack of necessary attention to the principles of OR
bucket) safety training during safety and the employment of experienced TR
work, compliance with workers, the speed of work, the type of contract PR
work rules based on the plan of gas supply EC
Using suitable means of The equipment has been misused TE
transportation such as . . .
stairs or ladders Incomplete equipment inspection MM
Compliance W't.h W ork The inappropriateness of testing the effectiveness
. rules, proper training of . 2. TR
Contact with a emplovees of the given training
hard object ploy — - -
2 Inadequate supervision to establish safe working
(excavator . . diti OR
bucket) . I\/_Iakmg decmoqs and . __con itions _
issuing work permits based  The inappropriateness of control systems within
on work rules the company in terms of structure, resources, and OR
methods
Excavation safely and . .
according to standards The design does not meet industry standards DE
The last certificate of approval of the station
L . . . PR
heater by the technical inspection was valid until
OR
1397
. . . PR
Failure to issue a work permit OR
The gas flow control system of heater number 1 DF
is not in service MM
Periodic technical visits, Not paying attention to the documentation of the
revision, and modification  gas supply manager regarding the action and the Co
of the instructions for things to consider if the pilot flame and burner MM
Contact with a setting up and _ _ are off. _
3 hard object decommissioning gas Failure to |mpI(_ement and run the preventive MM
(heater cap) heaters maintenance system
Ineffective monitoring of the monitoring device OR
There are no records of the visits made to the MM
station, the contractor's daily visit control Co
checklist, and the lack of documentation of Tool OR
Box Meeting (TBM).
Effective training and Inadequacy of completed training courses with TR
retraining courses requested services and lack of retraining courses
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 by PR
control and examination of side boom contractor OR
work permits ,technical Carrying out activities on a slope of about 25% DE
4 Sandblasting health of equipment, and without complying with the relevant safety DF
operations competence of employees standards
Failure to control the competence of key project OR
employees by the monitoring system EC
- . Complete stop without turning off and standing DE
Obligation to cor_nply with on the (sand) chain of the side boom to fix the TE
laws and training .
loose balance weights MM

JOHE, Spring 2024; 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 device
regarding issues such as the lack of restraints and EC
alarms, not using proper cushions, observing the OR
safe distance of the threaded pipes from the edge DF
Control, monitoring, use of of the channel
5 Pipe falling on warning signs and barriers Failure to comply with the instructions and PR
the worker regulations related to excavation and piping
Defects in project management and lack of
S e . OR
proper coordination and notification with relevant co
companies to obtain work permits
Obligation to comply with Not training workers about the risks associated TE
laws and training with excavation and piping
Carrying out the simultaneous loading and DF
transfer of the deposited soil by the transportation OR
unit and the presence of the worker at a close EC
Control, supervision, and distance to carry out the wall-building operation CO
The excavator technical ms_pectlon of Lack of supervision of workers' activities OR
bucket fell and machines EC
6 - - —
made contact Failure to obtain permission to carry out work to OR
with the worker carry out the work of building walls and
- - . PR
transferring the deposited soil
Obligation to comply with Fa!lure to comply _Wlth _safety regulations while OR
L doing work, especially in non-process and low- PR
laws and training : AR -
risk activities, simply because it is easy TE
Failure to conduct adequate risk assessment and
control, inspection, and audit in high-risk projects OR
and operations
Failure to conduct safety discussions at work OR
by the contractor CO
The welder is the Appropriate supervision Failure to prepare and communicate written
. . . . L - OR
impact between ,control, and review of instructions to perform Tie-in operations by the PR
7 the pipe and the work permits contractor and project manager
bucket of the Not using the work permit to do work for Tie-in OR
excavator operation PR
Non-observance of safety measures during Tie-in SE
operation TE
Obligation to cor_nply with Haste to do the work IG
laws and training TE
Improper means of transporting pipes and defects .I?E
in transportation and loading
DE
Superdson anconrol L0k S alenton of e ritrng sen othe 0%
and appropriate program g 4 9
and proviston of necessary Failure to obtain a work permit OR
equipment and work PR
Pipe falling on permit
8 the worker s OR
' Lack of employer supervision and presence of 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, Spring 2024; 13 (2)
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Classifiction of the basic risk factors

Fig. 3. Basic risk factors of accidents

Analyzing the accidents using the Bowtie method:
Fig. 4 shows the Bowtie of analyzed accidents. Based
on Figure 4, the most important causes of "Struck By"
were brake cutting, driving unsafely, moving people out
of the area where the machine is passing, getting people
between the excavator and the pipe, contact with the
heater cap and impact between the side boom chain and
under the pipe and between the pipes.

Preventive safety barriers to prevent "Struck By"include
checking equipment safety before starting work,

JOHE, Spring 2024; 13 (2)

installing warning barriers, checking employee
certificates, creating safe routes for people, and
assessing safety conditions before starting work.
Preventive safety barriers are identified. Loss of life,
money, and environmental damage are consequences of
this event. Mitigating barriers to reducing the severity of
consequences caused by a “Struck By” include the use
of personal protective equipment and the presence of
ambulances and paramedics at work. Each safety barrier
created has an escalation factor, illustrated in Table 4.
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Fig. 4. Bowtie diagram for "Struck By"
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Table 4. Escalation factors of safety barriers in Bowtie diagram.

Title

Bowtie's escalation factor diagram

Escalation
factors of
checking
equipment
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

™~
=

-
=

-
=

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

i the 1. B
Compliance with rules

implementation of gt Supervision
The supervisor did ]|,

not arrive on time

due to the lack of

suitable means of

transportation Provision of suitable
f

means.
transportation for
Sup

Weak supervision

to the Evaluating the
on of of

P

escalation
factors of
individual
certificatio N

Human error of the
ed person

Rest to reduce work | [Compliance wi
pres: and guidel;

ecking the Provision of welfare
conditions Supervision Training

Ch.
competency of people * Struck By'

favoritism in
n selecting people

examinatio
n =]

Compliance with rules Attention to the .

The supervisor
not arrive on time (=
due to the lack of
suitable m
transportal Provision of suitable

means of
transportation for
P

Weak supervision

to the Evaluating the
ion of nce of

P

The supervisor 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

JOHE, Spring 2024; 13 (2) 88



A. Naghshbandi et al

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 J |
Attention to the e Adequate budget | \
Issuance of work . 3 Complying with rules : Contractor / |
f implementation of i expertise from i |
contractual obligations ‘management | |
S / |
/, / \
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]

inconticeand T
factors of

|
|
’ \
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
assessment
before
starting
work

Poor supervision

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

suitable means of
transportation

Failure to perform
inspection before

entering the channel

™

™

Stucking a worker
between the

lexcavator bucket and
the pipe, Hit by

heater cap, stucking
a worker in the side
boom chain, stucking
a worker under the
pipe or between the =

pipes.

Safety assessment
before starting work

™

S|

=

m
=

=

Supervision

Issuance of work
permit

Training

Strengthen the HSE
system

=

Provision of suitable
means of
transportation for
supervisor

H

=

=

Attention to the
implementation of
contractual obligations

Evaluating the
competence of
SuUpervisors

The ineffectiveness =
of the training given

Using an effective and
up-to-date training
metho

Inadequate
delegation of
authority and low
salaries of HSA

officials

Giving sufficient
authority and
appropriate salary to
the HSA official

" Struck By"

Weak management
of contractors

m
=

™
~

Evaluating the
competency of
contractors

Attention to the
implementation of
contractual obligations
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Title Bowtie's escalation factor diagram

Death of workers

Personal Protective
Equipment(PPE)

N

Ignoring the PPE

™ ™ ™
- - -

usage

Training and incentive

h Checking the Attention to the
and punishment Supervision competency of implementation of
system and safety workers contractual obligati

culture program

Favoritism in
selecting people

™ = =
- - -

Attention to the
Supervision implementation of
contractual obligations

Compliance with rules
and guidelines

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

Provision of suitable
means of
transportation for
supervisor

- -
H H Weak supervision

escalation
factors of
Personal
Protective
Equipment

Evaluating the Attention to the
competence of implementation of
(PPE) supervisors contractual obligati

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

Provision of suitable
means of
transportation for
supervisor

™ ™
H H Weak supervision

Evaluating the Attention to the
competence of implementation of
supervisors contractual obligati

Ineffectiveness of
training and
incentive and

punishment system

Use of effective and up and safety culture
-to-date training program

methods, —————
encouragement and
punishment system
and safety culture

program
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Title Bowtie's escalation factor diagram
escalation
factors of H
the presence H Death of workers
of
ambulance Ambulance and
and . . paramedic presence at
paramedics Struck By =) workplace
at the
workplace

N

™
-

™
-

Attention to the
implementation of
contractual obligations

Compliance with rules
and instructions

Absence of
ambulance and
paramedic at
workplace
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Title

Bowtie's escalation factor diagram
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y '
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K permit by
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—
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In general, escalation factors affecting the safety rules and guidelines, and training, were identified as the
barriers, including  supervision, HSE  system, 8 escalation factors for "Struck By". These factors
competency assessment, work permit system, risk include several concepts, such as:

management, contractor management, compliance with

Table 5. Escalation factors in the Bowtie diagram

No. Escalation factors

Concepts

Availability of suitable means of transportation for observers

Sufficient and effective supervision

Evaluation of supervisors' competence

Correcting significant deviations and determining their importance

Accurate identification and rooting of problems and safety barriers

Setting performance standards for planned goals

Designing the information feedback system

Comparison of actual performance with predetermined standards

Ensuring that all the resources of the organization are used in an effective manner and with

! Supervision the maximum possible efficiency to achieve the goals.

. Visiting and taking care of the progress of the operation compared to the desired situation
o Increasing people's motivation in activities
. Effective cost control
o Trying to raise the level of efficiency
. Control issues by considering weaknesses and strengths
. Determining precise and objective criteria for monitoring by regulatory organizations
3 * Trying to create a culture of self-control (the goal of self-control is to create a state within
a person that makes him inclined to perform tasks correctly without external supervision)
. Understanding the policy and goals of the industry, informing the policy and goals of
occupational health and safety and environment to the workers, informing and increasing the
awareness of employees regarding the issues of occupational health and safety and the environment,
planning and implementing the necessary measures to comply with the requirements of safety,
occupational health and the environment Specified by the employer in the project.
. Updating the safety, occupational health and environment requirements and informing all
employees of the legal requirements of safety and environment.
3 Issuing work permits for risky activities.
. Cooperation in identifying risks and environmental aspects of the organization's activities
with the cooperation of other departments
. Assessing risks and environmental aspects before implementing changes in the
organization.
. Cooperation in the initial evaluation and selection of contractors in terms of safety, health,
and environmental issues
. Cooperate in formulating the responsibilities and powers of employees with the senior
management to consider safety, occupational health, and environmental issues.
o Preparation of safety, occupational health, and environmental documents for contractors'
activities and notification to them.
. Supervising the implementation of periodic occupational health and safety and
environmental visits by HSE officials from different units.

Recording the identified non-conformities in the form of corrective or preventive action and

2 HSE system

following up on the specified actions.

. Assignment of identified non-conformities with senior management comments

. Identifying and determining safe places with the cooperation of building
management/maintenance and repairs.

. Cooperate in compiling emergency exit location maps and safe places.

. Registering accidents and quasi-accidents and reporting accidents/quasi-accidents and
analyzing them.

o Identifying the potential response conditions in emergencies and planning the scenario for
response with potential emergency conditions.

. Planning emergency response maneuvers in coordination with senior management.

. Evaluating response maneuvers in emergencies and revising response plans in emergencies
according to the results of evaluations.

. Planning to document response maneuvers in emergencies.

. Planning the response in emergencies and exit ways in emergencies and informing all
stakeholders.

. Disciplinary actions with employees and contractors in case of non-compliance with safety,
health, and environmental issues

. Provision of sufficient fire extinguishing equipment and planning to recharge them if
needed

. Planning to obtain safety approvals for machinery from inspection companies or competent
centers.
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No. Escalation factors

Concepts

. Identifying the chemicals used in the organization and preparing the MSDS chemical

information sheet

. Checking the inventory status of the first aid box and coordination to update the first aid

box equipment.

. Identifying the resources needed to implement the project in compliance with safety,
occupational health, and environmental issues, including occupational health and safety equipment,

human resources, etc.

o Compilation of information on purchasing occupational health and safety equipment,
including PPE, safety signs and...
o Request for the purchase of occupational health and safety and environmental equipment.
. Planning to perform periodic medical examinations of employees.
. Planning for separating waste from the source in administrative and operational units.
. Monitoring the activities of contractors regarding safety, occupational health, and
environmental issues.
. Planning and holding occupational health and safety training sessions for employees and
contractors in coordination with the training unit.
. Developing a program to identify harmful factors in the work environment (physical,
chemical, mechanical, biological, and ergonomic factors)
o Plan to measure work environment pollutants and record and maintain the results.
. Measuring performance indicators of the HSE management system periodically and
reporting to management.
. Monitoring and measuring the performance of the HSE management system through
checklists for monitoring and measuring activities.
. Communication with competent organizations regarding safety, occupational health, and
environmental issues.
. Collaborate with other managers to gather input for the management review of the HSE
management system.
. Following up on the approvals of the review of the management of the HSE management
system.
. Preparing reports on safety, occupational health and environmental issues and presenting
them to senior management.
o Request to change/create documents and send them to the document control or quality
assurance department.
. Keeping records of safety, occupational health, and environment
. Determining training needs and announcing to superiors.
. * Performing other tasks assigned by the Chief Executive Officer (CEO).
. Agreement on how to do the work safely (before starting).
Work permit . Fulfil_ling t_he agreed_prerequisites (befpr_e starting work) _ _

3 system . Confirmation of fulfillment of prerequisites and issuance of license (before starting work)
. Monitoring the work and completing the permit form (while doing the work)
o Close the license (after finishing the work)

4 Cagsn;g:rtﬁgr? Evaluating the competence of all employees and contractors
o Risk analysis, evaluation, and control

5 Risk management e Documenting the final decisions taken,
° Identifying and applying criteria to bring the risk to an acceptable level
. Control and supervision of contracting contracts

Contractor . Initial r_equest, negotiation, preparation, approval, and implementation of the contract

6 management . Commitment management
. Amendments to the project
. Auditing and periodic reports and sending them to the employer

7 COTE::;”;? dW'th o Up-to:date rules and_ guideli_nes _

quidelines o Ensuring full compliance with rules and regulations

8 Training . Traini_ng all safety .concepts and necessary instruct_io_ns pe_riodically

. Ensuring the effectiveness and adequacy of the training given
Discussion part of the national capital is lost, identifying and

Risk assessment and management of the gas industry
are important due to the high-risk nature of these
industries and the high capital values within them. Since
the occurrence of accidents in these industries causes
damage to production, human resources, equipment and
materials, and the environment, and as a result, a large

JOHE, Spring 2024; 13 (2)

assessing risks is critical to safety and health. This is the
first step in development. The first escalation factor
identified in this study is risk management. Risk
management should identify criteria and factors that can
be used to reduce risk to acceptable levels. In other
studies, risk management has been mentioned as an
important factor in risk assessment. For example, in the
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study by Suda et al., risk management allows for the
reliability of project design due to formal methods or
procedures to approve any relevant project, and added
value because it allows for high performance, efficient
cost management, and meeting project deadlines [25].
The second escalation factor identified in this study is
competency assessment. In other studies, such as the
study of Igbal et al., a lack of experienced owners or
contractors in terms of quality and management skills,
as well as a lack of clear definition of authority,
discipline, ineffective management of project scope, and
management responsibilities are key factors in project
outcomes [26]. Supervision is the third escalation factor
identified in accidents involving "Struck By". In other
studies, management and supervision in manufacturing
companies is too complicated and human resources
have been recognized as the prominent assets of
organizations. Within these pressured organizations and
companies, there is a need for (and opportunity for) the
supervision function to play a critical role in helping
organizations navigate these transitions [27]. The work
permit system is the fourth escalation factor in accidents
involving "Struck By". In other studies, such as Reddy
et al.'s study, the work permit system is an important
factor in the risk assessment of industries. A permit-to-
work document specifies the task to be performed,
associated foreseeable hazards, and the safety measures.
The permit-to-work system has been widely used to
ensure safety during maintenance and/or construction
activities in almost every major hazard industry
worldwide [28]. Compliance with rules and guidelines
is another escalation factor. In other studies, such as the
study by Hopkins et al., risk management and rule
compliance are mentioned and considered an important
factor for promoting safety in hazardous industries [29].
The HSE system factor is one of the other escalation
factors in the "Struck By". The definition of the decision
criteria related to HSE must consider the requirements
and policies of the organization responsible for the
bidding process [30].

In a study by L Kraidi et al., the HSE system and
compliance with rules and guidelines were identified as
the third and fourth critical risk factors related to oil and
gas pipeline projects in Irag [31]. The training factor is
one of the other escalation factors for "Struck By".
Training is cited as an important factor in many studies.
A study by Guo and her colleagues identified training as
an important risk factor in oil and gas pipeline
transportation [32]. Wang and Duan also mention this
factor as an effective factor in evaluating oil and gas
pipelines [33]. Srivastava and Gupta investigated
training as one of the effective risk factors in gas and oil
industry risk assessment [34]. Contractor management
is one of the other escalation factors in incidents
involving "Struck By". In other studies, such as

JOHE, Spring 2024; 13 (2)

Schramm et al.'s study, to improve safety and preserve
the environment, the management of
contractors/suppliers is needed [35].

One of the limitations of this study is the incomplete
reporting of some accidents and the lack of sufficient
information.

One of the suggestions of this study for future studies is
to use the data obtained in this study for further
investigation and modeling of related accidents using
different methods. It is also possible to investigate the
related incidents on a wider level and for other
countries, and the causes found will be more complete.
Identifying and modeling the causes of accidents and
safety barriers for other gas pipeline accidents is also
possible. Also, this study can be done quantitatively
using quantitative methods such as Bowtie.

Conclusion

Accidents involving "Struck By" are one of the most
common accidents in gas pipeline excavation and piping
operations. This study collected reports of "Struck By"
accidents in gas pipeline excavation and piping
operations. The causes of these 8 accidents were
identified using the Tripod beta method. Organizational
factors were identified as the most important risk
factors, with a probability of 31.03%, and incompatible
goals, with a probability of 2.3%, were identified as the
least important factors in the occurrence of "Struck By"
accidents. According to the Bowtie method findings, the
most important causes of "Struck By" were brake
cutting, driving unsafely, moving people out of the area
where the machine is passing, getting people between
the excavator and the pipe, contact with the heater cap
and impact between the side boom chain and under the
pipe and between the pipes. Preventive safety barriers to
prevent "Struck By"include checking equipment safety
before starting work, installing warning barriers,
checking employee certificates, creating safe routes for
people, and assessing safety conditions before starting
work. Preventive safety barriers are identified. Loss of
life, money, and environmental damage are
consequences of this event. Mitigating barriers to
reducing the severity of consequences caused by a
"Struck By" include the use of personal protective
equipment and the presence of ambulances and
paramedics at work.
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