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Abstract

Keywords

Background and aims: One of the main factors in occupational health and
safety management is the formulation and implementation of risk assessment. Steel industry
Applying a precise and appropriate approach in the implementation of risk
assessment plays an important role in the organization's risk management.

Risk assessment
Methods: In this research, five incidents were selected as the most important Fuzzy FTA
incidents in the exploitation phase of the steel industry. Estimating the Hierarchical analysis
probability of occurrence and discovering the root causes using fuzzy FTA was Fuzzy FMEA
calculated, and the severity of the consequences of the risk of accidents among

14 industry experts was collected and analyzed. Finally, the variables obtained

in the previous steps were considered as inputs to the fuzzy inference system

designed in MATLAB, and the final value of RPN was calculated using defined

if-then rules.

Results: According to the obtained results, the probability of falling from a
height, falling of objects, and electrocution were higher than other accidents,
respectively. Finally, the risk of falling from a height and electrocution with
RPN values of 0.665 and 0.563 are in the medium-high risk range, respectively.
The risk of falling objects is also in the range of low-medium risks with an RPN Received: 2024/09/3

value of 0.37. Accepted : 2025/01/8
Conclusion: This model has the ability to be used in systems where there is no

sufficient and reliable quantitative data to assign a rating to the input variables

of the probability of occurrence, probability of discovery, and severity of the

consequence. The use of linguistic variables enables industry experts to make

more accurate judgments about the system under study.
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EXTENDED ABSTRACT

INTRODUCTION

One of the main factors in occupational health
and safety management is the planning and
implementation of risk assessment, which measures
the status of the organization according to the relevant
program. Over the past few decades, the use of risk
assessment methods in occupational risk management
has increased significantly. The main reasons for
developing risk analysis methods are the complexity
of conditions, difficulties in combining information,
and the inherent uncertainty in decisions. For risk
assessment, systematic safety approaches such as FTA,
FMEA, decision trees, etc., are used. While common
risk assessment methods like FTA are valuable for
identifying major risks and improving process facility
safety, they also have limitations. Additionally, the
FMEA technique is considered one of the common
and widely used methods due to its teamwork, quality
assessment, and other characteristics.

Conventional FTA methods for quantifying system
fajlure probabilities require extensive databases of
basic event probabilities, which are often unavailable
in industry. To address this, Kleiman and Winkler
proposed the fuzzy FTA approach. Fuzzy logic in
facing and evaluating imprecise and ambiguous
situations provides a possibility that includes the
power of creativity and human understanding of
ambiguous concepts. In this study, using fuzzy logic,
expert opinions were used to obtain the risk priority
number. The present study has used one of the most

common multi-criteria decision-making methods
(fuzzy hierarchical analysis) in obtaining the severity
of consequences and the importance coefficient
of incidents. The use of fuzzy logic has been widely
applied in the evaluation and management of risk and
the analysis of occupational accidents.

In this study, we utilized a novel approach to
develop the database necessary for the FTA method,
enabling more effective analysis and yielding more
accurate conclusions regarding the risk priority
number in the FMEA method compared to traditional
approaches. The integration of these methods to
derive the final risk priority number, along with
the enhancement of the traditional FMEA method
for application in scenarios lacking statistical data
and involving uncertainty, represents a significant
innovation of this research.

METHODOLOGY

This descriptive-analytical study aims to assess
accident risks in the steel industry by integrating FTA,
AHP, and FMEA methods. These approaches focus
on ranking accident risk levels and identifying key
causes, ultimately guiding effective control strategies
through mathematical and analytical techniques.
Figure 1 shows the main framework of the study and
the steps of its implementation method.

In this research, to obtain and understand the
accidents, the HSE management of the industry was
consulted, and a list of all registered accidents was
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Fig. 1. Presentation of the main framework of the study
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obtained. Then, based on the frequency of incidents
and severity of consequences, five incidents were
selected as the most important incidents in the
operation phase of the steel industry for further
investigation. In this study, the data collection tool
consisted of a three-part checklist to gather expert
opinions, covering demographics, the probability of
occurrence, and the likelihood of detecting accidents.
Additionally, a pairwise comparison questionnaire was
used to assess the severity of accident consequences.
After selecting the incidents based on the recorded
statistics, the probability of occurrence was checked
for each incident separately. The main causes of each
incident were identified by previous studies and
interviews with supervisors, and the corresponding
fault tree (FTA) was drawn. If there is a probability rate
of input to the fault tree, the value of the failure rate is
calculated from the relevant relationships. However,
in this study, due to the lack of accurate information,
fuzzy logic was used to build the database. The fuzzy
logic steps started by selecting a team of experts and
used the center of gravity formula and the formula
recommended by Onisawa to estimate the probability
rate. After that, the main event rate was calculated
from the relevant relation using the AND or OR gate.
Expert opinions on the probability of major accidents

Safety risk assessment by creating a combined model ...

were gathered using a qualitative checklist, developed
based on the fundamental events identified in FTAs
and informed by industry specialists.

In this study, to consider all dimensions of the
consequences, the severity of the consequences of the
risks of accidents was evaluated based on four criteria:
life, financial, time, and environment. Then, an incident
was measured as the most disastrous and with the most
significant consequences, and other incidents were
compared to it to obtain the priority vector of incidents
within a range. After forming the tree structure, in the
second step, elements were ranked based on pairwise
comparisons. In pairwise comparisons, all elements of
each level were compared two by two.

In this study, to use fuzzy FMEA, the variables
obtained in the previous steps were considered as inputs
to the fuzzy system. The input variables (probability
of occurrence, probability of discovery, and severity
of consequences) were transformed into linguistic
variables for the fuzzy system using a 5-point scale. The
output, determined by the fuzzy rules and formulas,
yielded the fuzzy RPN value for each incident, which
was then used to prioritize the incidents.

RESULTS
The current research is descriptive-analytical with
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Fig. 4. Distribution of recorded incidents in the steel industry
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the aim of assessing the risk of accidents in the steel
industry by combining FTA, AHP, and fuzzy FMEA
methods. This study utilized the opinions of 14 experts
and the statistics and information of 387 incidents
recorded in the period of 2013-2022 in this industry.
Figure 4 shows the distribution of incidents based on
the statistics of the steel industry.

This study selected incidents for further
investigation based on their frequency of occurrence,
including falls from heights, contact with objects, and
body parts being stuck between objects. Additionally,
incidents of electric shock and falling objects were
chosen based on the severity of injuries. The results
of Table 3 show that the highest probability rate of
0.56456 is related to the incident of falling from a
height, while the lowest probability of occurrence
is 0.17413 for incidents involving body parts being
stuck between objects. Electrocution has the highest
detection probability at 0.43625, while the accident
involving body parts being stuck between objects has
the lowest at 0.13928. Following the assessment of
occurrence and discovery probabilities, the severity of
accidents was evaluated using four criteria: financial,
life, time, and environmental, through pairwise
comparisons (Figure 5).

The criteria were prioritized as follows: the life
criterion, with an importance factor of 0.5459, ranked
first; the environmental criterion, at 0.3228, ranked
second; the financial criterion, at 0.06326, ranked
third; and the lost work time criterion, at 0.05543,
ranked fourth. According to experts and industry
professionals, life and environmental criteria are of
higher priority compared to other criteria. Based on
the results obtained from pairwise comparisons of
incidents and the determination of normal and final
weights, the electrocution incident, with a weight
of 0.3339, ranks as the most severe consequence.
Incidents of falling from a height and falling objects,
with weights of 0.3236 and 0.1386, rank second and
third, respectively. According to industry experts,
these two and three incidents had the most severe
consequences of accidents (Table 3).

The summary of the obtained values of the input
and output variables for five incidents is shown in
Table 4. Falling from a height, electrocution, and
falling objects have the highest fuzzy RPN values,

establishing their priority in risk assessment. The
RPN for incidents involving falls from heights and
electrocution falls within the medium to high-risk
(M-H) range, while the RPN for incidents involving
falling objects is categorized as low to medium risk (L-
M). An electric shock accident has the highest severity
of consequences, and a fall from a height has the
highest rate of occurrence. Additionally, the accident
involving body parts getting stuck between objects has
the lowest value of the risk priority number, whose
RPN range falls under very low risks.

DISCUSSION

The current research was conducted with the aim of
ranking the risk of incidents in the steel industry using
the fuzzy FMEA method. The results of Table 3 showed
that the probability of incidents such as falling from a
height, falling objects, and electrocution are higher than
other incidents, and they have been assigned a higher
rank. According to the results of previous studies, the
risk of falling from a height is known as one of the most
important risks. In 2008, Zeng et al. pointed out that
accidents including falling from a height and impact
caused by falling materials were the most common
causes of injuries in China. Similar studies around
the world confirm the results of this research, such as
studies by Gorkanelli and Mongen in 2009, Hawtin et
al. in 2012, and Falahati et al. In this study, industry
experts identified falling from scaffolding as the most
critical node in accidents occurring from a height,
aligning with the findings of Bentley, Ardeshir, and
Mortazavi. Non-interruption of power flow during
repairs (H) and the presence of power in the equipment
body (F) are the most critical nodes of electrocution
incidents in the formed fault tree.

The results indicated that life (0.545) and
environmental (0.322) criteria are prioritized by
industry experts over other criteria (Table 4). These
findings align with the study by Ardeshir et al. (20) on
mass projects, confirming a consistent arrangement.

The results of Table 9 showed that according to the
definition of the RPN range determined in the fuzzy
inference system, the risk of falling from a height and
electrocution are in the medium-high risk range with
RPN values of 0.665 and 0.563, respectively. The risk
of falling objects is also in the low-medium risk range

Table 3. The final priority vector of incidents based on the weight of the criteria

Accident type priority vector
falling 013236609
electroduction 0/3339930
Falling objects 0/1386404
Contact with sharp objects 0/1245819
Stuck between objects 0/1050310
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Table 4. The obtained values of input and output variables of five incidents

Accident type Probability Detection Consequence Fuzzy RPN RPN Range Ranking
falling 0/564 0/473 0/969 0/665 M-H 1
electrocution 0/345 01377 0/405 0/37 L-M 3
Falling objects 01322 0/436 1 0/563 M-H 2
Contact with sharp objects 01245 0/283 0/373 0/249 VL-L 4
Stuck between objects 0/174 0/139 01315 01228 VL-L 5

with an RPN value of 0.37. One advantage of using
fuzzy sets and linguistic variables is their applicability
when there is insufficient quantitative data for risk
assessment and no clear criteria for determining
acceptable and unacceptable risks. In this research, this
approach is necessary due to the lack of information
on the probability of occurrence, the severity of the
consequences of accidents, and the lack of criteria for
determining risk.

Lee Shin et al. in 2016 and Shafiee et al. (2019)
introduced the modified FMEA method with an
approach similar to the present study. The key
difference between their method and the present
study is that they defined linguistic variables for the
parameters of probability of occurrence, detection,
and severity of consequences. They then determined
the weights of these three parameters using the
hierarchical analysis method to calculate the final
RPN value based on these weights. In the current
study, while the weights of the three parameters
in the fuzzy system are considered equal, the
hierarchical analysis aimed to provide a more
accurate estimate by taking into account various
aspects of accident consequences, including life,
financial impact, lost work time, and environmental
criteria. Beyond just the RPN value, this method
enables accurate and reliable quantitative risk
assessments in industries and situations where
precise information on accident and breakdown
rates is lacking. It also provides a solid foundation
for developing control solutions.

CONCLUSION

Determining the rank of each incident indicates
the amount of attention and focus on each of the
known causes leading to the incident. By considering
the risk rating, the necessary corrective measures can
be taken to eliminate, reduce, control, or transfer the
risk. In the current research, two additional advantages
are emphasized for the fuzzy approach in the FMEA
method:

1. This model can be used in a system where
there is insufficient and unreliable quantitative data
to assign a rank to the input variables of probability
of occurrence, probability of detection, and severity.
By using linguistic variables, FMEA can be combined
with the knowledge of experts in the industry.

2. The use of linguistic variables enables industry

experts to make more realistic judgments about the
system under study.

The dispersion pattern of the incident rank
obtained in this study was compared with the
dispersion pattern of real incidents. It was shown
that the method used in the study, combining risk
assessment methods, fuzzy logic, and hierarchical
analysis, can to some extent predict the dispersion
pattern of incidents. This approach can be used to
prevent future incidents.
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