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ABSTRACT

Introduction: Identifying and modeling the root causes of accidents can play an important role in
preventing them. The purpose of this study is to identify and model the causes of gas pipeline excavation
and piping operation accidents using the Bayesian network (BN) and fuzzy DEMATEL.

Material and Methods: In this study, industrial accidents during gas pipeline excavation and piping
operations were analyzed using the Bowtie method. The fuzzy DEMATEL method was employed to
determine relationships between accident root causes, and the fuzzy AHP method was used to compare
pairs of causes and determine their weight. Finally, Bowtie and DEMATEL outputs were mapped in
Bayesian networks to determine the important risk factors for accidents.

Results: The most important risk factors for trench collapse accidents were as follows: risk management
(16% impact weight), competency assessment (14.2% impact weight), supervision (13.8% impact weight),
work permit system (13.7% impact weight), compliance with requirements and guidelines (13.4% impact
weight), training (11.4% impact weight), HSE system (9.5% impact weight), and contractor management
(8% impact weight).

Conclusion: Based on the results, it was demonstrated that risk management and competency assessment,
having the highest weight percentages, play the most significant roles in the occurrence of trench collapse
accidents. The findings of this study can inform the prioritization of corrective measures to prevent trench
collapse accidents in gas pipeline excavation and piping operations.
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1. INTRODUCTION

One of the most vital issues in any industry is
the occurrence of accidents. Approximately 33%
of work-related deaths result from work-related
accidents. Most injuries and deaths in the oil and
gas industry are attributed to such incidents. Of
the 263 work-related deaths in the oil and gas
industry from 2013 to 2017, nearly 217 were due
to occupational accidents. Although complete and
accurate records of the actual number of deaths
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from excavation accidents are unavailable, it is
estimated that excavation accidents and related
incidents kill approximately 100 people and injure
7,000 each year.

According to compensation claims in the
Bureau of Labor Statistics (BLS) Supplemental Data
System, approximately 1,000 work-related injuries
occur annually as a result of excavation activities, of
which about 140 result in permanent disability and
75 result in death. Statistics from the Occupational
Safety and Health Administration (2002) indicate
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that the death rate in excavation work is 112%
higher than in conventional construction work.
Workers in the underground construction
industry, particularly in water, sewer, and pipeline
companies, have traditionally experienced higher
rates of accidents and injuries compared to other
workers in the heavy construction industry.

Accident modeling is a systematic method for
identifying and prioritizing various variables in the
evolution of an accident. Such modeling provides
a foundation for increasing risk awareness. Based
on the quantitative results of accident modeling,
potential measures to control or mitigate risks can
be implemented and evaluated. A Bayesian network
(BN) can be used to illustrate the relationships
between variables and common unique probability
distributions. Digging tunnels is recognized as a
leading cause of death in excavation operations.
Workers are also at risk when working at height,
operating heavy equipment, handling materials, or
working near existing utility sources such as power
and gas lines.

Accordingly, the objective of this study is to
identify and model the causes of trench collapse
accidents using BN and fuzzy DEMATEL.

2. MATERIAL AND METHODS

This study utilizes both qualitative and
quantitative methods to identify and model the
causes of trench collapse during excavation and
piping operations. In this study, trench collapse
accidents with detailed reports were analyzed.
First, the Bowtie method was employed to examine
the causes of trench collapse accidents. Bowtie is a
graphical method used to illustrate the cause and
effect of an accident. This method combines fault
tree and event tree approaches to help understand
the causes, effects, and safety barriers that can

prevent accidents, as well as the escalation factors
that influence the performance of safety barriers.

Next, the Fuzzy DEMATEL questionnaire
was developed and distributed to specialists and
experts with sufficient experience and knowledge
in the field of safety. This aimed to determine the
relationships between risk factors. Experts were
weighted based on their knowledge, experience,
and access to relevant information. To calculate
the weight of risk influence factors, the Fuzzy AHP
method was employed. The outputs of the Fuzzy
DEMATEL and Bowtie methods were directly
mapped into a Bayesian network (BN). Additionally,
the weight percentage for each cause was calculated
using the Fuzzy AHP output. The BN updated prior
probabilities based on new evidence.

3. RESULTS AND DISCUSSION

Risk factors affecting barriers including
supervision (X;), HSE system (X;), competency
assessment (X3), contractor management (X,),

work permit system (Xg), compliance with

rules and guidelines (¥;), training (X;) and risk
management (Xg) were identified as the 8 root
causes of excavated trench collapse. Based on
the D-R values, the most effective factor was
supervision and the most impressive one was the
work permit system. Based on the D+R values,
the HSE system was more important. Finally, the
relationship between the risk factors in the Fuzzy
DEMATEL method was obtained as follows. If two
risk factors are related, the number is one and if
not, the number is zero.

The results of the AHP analysis were consistent
with Table 2.

The output of the Fuzzy DEMATEL and Fuzzy
AHP methods was imported into the Bayesian
network (BN) using Netica software. The relevant

Table 1:The relationship between the risk factors

X, 0o 1 1
X, 1 0 | 1
X; 0 0 o0
X, 0 0 o0
X 0 0 0
X¢ 0 0 o0
X, 0 1 o
Xg 0 0 o0
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Table 2: The weights of risk factors based on the Fuzzy AHP consequence

Criterion Weights RK
X, 13.8 % 3
X, 9.5 % 7
X; 14.2 % 2
X, 8.0 % 8
Xs 13.7 % 4
Xe 13.4% 5
X, 114% 6
Xg 16.0 % 1

hse_system

combined_effect
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weak 6.60
avg T6.9 p———
forceful 164 m

avg = risk_management
forceful [ e ] very weak
intence | weak
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Fig. 1: BN created for the combined effect node.
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Fig. 2: BN created for the results node.
risk factors in the BN were connected to the BN for the combined effect node and the result.
combined effect node (CE), and the combined Conditional probability tables and relationships
effect node was incorporated into the second Netica between nodes were created using formula writing.
network. Figures 1 and 2 illustrate the generated Root nodes were categorized into five states:
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very weak, weak, average, forceful, and intense. The
barriers, outcome, and intermediate cause nodes
were defined as two states: “Yes” (happens) and
“No” (does not happen).

4. CONCLUSIONS

The results of the present study demonstrated
that accidents caused by collapsing trenches
during excavation and piping operations have

Journal of Health and Safety at Work 2025; 15(1)

severe consequences. A Bayesian network (BN)
model was developed to analyze trench collapse
accidents during excavation and piping operations.
This model can be utilized to predict and prevent
related issues, determine the level of remediation
required, and prioritize key factors for remediation
and review. The factors identified in this study can
serve as a valuable resource for assessing the risks
associated with the activities involved.
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