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ABSTRACT

Introduction: Risk assessment matrix is a tool used in a project’s risk assessment process to identify the
probability of risks and evaluate the potential damages caused by those risks. Generally, a risk assessment
matrix is drawn in a two-dimensional form, with two factors: the severity of the accident and the probability
of its occurrence. So, the purpose of this study is to develop a specific risk assessment matrix in a three-
dimensional form by using the accident severity grade (ASG) rating system, the accident probability,
and taking into account the preventive approach that helps occupational injury risk assessment in the
automobile industry.

Material and Methods: This cross-sectional study was conducted in 1402 (2023) in one of the automobile
assembly industries. One hundred cases were randomly selected by examining the reports of this
industry’s past accidents. The ASG scoring checklist was designed and completed by the experts to
assess the severity of accidents. Then, considering the ASG score, the frequency of the accident, and its
preventability, a three-dimensional risk assessment matrix specific to this industry was presented.

Results: According to the findings of the accident analysis, a total of 658 accidents and 15,019 lost working
days were recorded in this period. The most influential factor in the occurrence of accidents is related to
“surface condition” (influence factor = 0.6), and the least of them belongs to the “weather conditions”
(influence factor = 0.028). The results of the three-dimensional matrix show that when the ability to
prevent accidents increases, the risk of accidents decreases.

Conclusion: Using the accident severity grade (ASG) and preventability in the proposed three-dimensional
risk assessment matrix, the accident severity can be quantified immediately after the accident.
This approach allows monitoring workplaces during the accident, leading to timely control and risk
management implementation.

Keywords: Risk matrix, Accident severity grade, Accident prevention capability, automotive industry, Injury
accident

HOW TO CITE THIS ARTICLE

Mohammadiyan M, Ahmadi O, Yaseri M, Karimi A. Application of three-dimensional risk matrix approach for
occupational injury risk assessment in an automotive factory. J Health Saf Work. 2024; 14(2): 316-333.

1. INTRODUCTION risk assessment matrices are widely used to define

A Risk assessment matrix is a tool used in a the different levels of risk. The magnitude of the risk
project’s risk assessment process to identify the can be presented using the quantification approach,
possibility of risks and evaluate the potential and numerical values for severity and frequency
damages caused by those risks. Two-dimensional can be assigned. For this purpose, severity accident
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extent of the risk of an accident. In several studies,
by quantifying the frequency and severity of risk
and finally presenting a semi-quantitative matrix,
an attempt has been made to create a specific risk
matrix for different organizations. In addition,
using additional parameters and creating a three-
dimensional matrix have greatly helped in this case.

The automotive industry in Iran plays a crucial
role in the national economy, with a share of 18% of
the added value of all sectors and a share of about
3.5% of the gross domestic product. This industry
has diverse processes and working conditions in
which accidents occur with different frequencies
and intensities. On the other hand, the specific risk
assessment method has yet to be done according to
the characteristics of the industry environment and
its job. So, this study aims to develop a specific risk
assessment tool using the accident severity Grade
(ASG) system to quantify the severity of the accident
damage. This method can be modified according
to the factors affecting the risk of accidents in the
workplace. Finally, the accident severity scores are
used to create a three-dimensional risk assessment
matrix for analyzing and managing the risk of
industrial accidents.

2. MATERIAL AND METHODS

The present study was conducted cross-
sectionally in one automotive assembly industry.
One hundred cases were randomly selected

by examining the reports of this industry’s
past accidents. The severity, frequency, and
preventability of accidents were used to assess the
risk of accidents. Four categories of “very severe,”
“critical,” “borderline;” and “negligible” were used
to determine incident severity. This classification
results from the combination of qualitative concepts
and quantitative values. Quantitative values of
incident severity were calculated for each category
based on the ASG scoring method and a checklist.
This checklist considered several factors affecting
the accident’s severity, such as age, weather, and
education. Finally, the checklist of ASG points
was completed by industry experts to predict the
severity of injury using equations 1 and 2.
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w, =—5L
Eq.1 i ;1:1 m,

In this formula, i represents the average number
of working days lost for factor i, and wi represents
the weight of each factor.

The following equation determines the li
influence for each factor. In this method, li numbers
are 0, 0.5, 1, 1.5, or 2, and wi is equivalent to the

average number of working days lost.

Eq2 ASG =Zwili 0</, <2
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ASG is defined in the interval between,
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¢ Cin where ¢j is the
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maximum number of lost work days for category j.

Five qualitative concepts _ “frequent,
“probable,” “occasional,” “low probability,” and
“unlikely;” were used to determine the probability
of an accident. For small amounts of accident
probability, values between 0-100% were used as
a range for accident classification in combination
with the mentioned qualitative concepts.

The ability to prevent accidents in three levels,
including; “High preventability, “moderate
preventability, and “low preventability” were
considered. Health and safety experts and guide
tables also determined the ability to prevent an
accident. Then, the combination of severity and
probability score was used to draw the three-
dimensional risk assessment matrix, considering
three levels of prevention capability. Coeflicients
of accidents with high preventability were equal to
1.5; accidents with moderate preventability were
equal to 1; incidents with low preventability were
considered equal to 0.5. Finally, the residual risk
level classification was provided after drawing the
risk matrix to help the center of the intervals.

J

3. RESULTS AND DISCUSSION

In this study, experts and safety officials
analyzed the data on injuries and diseases caused
by accidents in the automotive industry. According
to the results of the incident analysis, a total of 658
incidents (resulting in at least one lost workday) and
15,019 workdays have been recorded in this period.
By applying the opinion of experts in determining
the level of impact, the final weight of the factor
affecting the accident was estimated. The highest
weight was related to “Surface Conditions” (0.6),
and the lowest weight was related to the “Weather”
factor (0.028).

The risk matrix tables show the residual risk
scores in the automotive industry. In the risk
matrix, “Green” color indicates low risk levels,
while “yellow” color corresponds to moderate risk
levels and “red” color indicates high risk levels.

Identifying potential risk factors can improve
risk assessment processes. Many factors can affect
the severity of occupational injuries. However, due
to the high diversity and sometimes the insignificant
effect of some factors, it is possible to examine some
important and well-known ones. Therefore, in
addition to the factors affecting the risk, the criteria
for controlling them should also be considered when

[DO!

assessing the risk. These criteria are flexible and can
be uniquely adjusted according to the industry’s
nature. They can also be used in a particular way
to assess the risk of damage in the industry. This
statement is one of the strengths of this research, as
it provides a particular risk assessment matrix for
the automotive industry. Another advantage of this
method is that it considers ASG for risk assessment.
The accurate estimation of the total number of lost
working days of an accident allows safety experts
in the industry to identify, predict, and finally
manage the risk of injuries. They also can use the
severity criterion with the help of abundance and
preventability. Another advantage of this method
is the use of residual risk scores. This score can be
used to prioritize the implementation of safety
improvement practices. For example, suppose the
accident is severe, frequent, and preventable. In that
case, it will have a lower residual risk score, and the
ratio of the same accident with low preventability
is considered less risky. It makes sense for the
organization to explore ways to reduce the most
severe and frequent high-preventable events. In
the next step, it is essential to investigate severe
and frequently occurring incidents with moderate
preventability. Accidents classified as improbable,
negligible, and with low preventability should be
given the final priority in terms of investigating
injury management. This way, organizations can
optimize their investments in safety improvement
processes according to the risk score.

4. CONCLUSIONS

This study proposes a criterion for the “severity
of the accident,” which is determined and weighted
by the safety and health experts in the automotive
industry, taking into account the factors affecting
the risk. Finally, considering the third factor, under
the “preventability” title, a three-dimensional risk
assessment matrix specific to the industry was
provided. Using the accident severity grade (ASG)
in the proposed three-dimensional risk assessment
matrix, the accident’s severity can be quantified
immediately after the accident in the industry. This
approach provides the possibility of monitoring at
the time of the incident, which leads to the timely
implementation of control and risk management.
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