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ABSTRACT

Introduction: Occupational accidents are one of the major challenges of the industrial workplaces. The
identifying of the effective causes of the incidents occurrence, could be used to prevent them. This study
was aimed to determine basic causes of occupational accidents in a vehicle manufacturing company.

Material and Methods: The occupational accidents leading to loss of time, which cause losing at least one
working day, occurred from 2012 to 2017 were analyzed using the Tripod-Beta method and the causes of
their occurrences were determined from the active failures to the root causes. The data were analyzed
using the SPSS-22 software.

Results: Eighty percent of the occupational accidents that occurred in a vehicle manufacturing company
were related to 6 root causes, i.e. the weakness of OR (20%), EC (17%), MM~ (12%), CO (10%), IG (10%)
and DE (9%). Absence of necessary authority to stop working is the most important reason for the
occurrence of the weakness of Organization system with a rate of 28%.

Conclusion: By handling three root causes appropriately, i.e. improving OR, EC and MM, more than 50%
of accidents can be prevented. Proper hiring of workers, exact definition of accountability and an accurate
job description to the employees, proper monitoring and supervision, and near-miss recordings are
suggested to reduce this incidence rate.

Keywords: Occupational Accidents, Root Cause Analysis, Vehicle Manufacturing Company, Direct Causes,
Indirect Causes, Failed Defense and Control, Tripod-Beta
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1. INTRODUCTION

The occupational accidents are one of the main
causes of death and physical disabilities in developed
and developing countries. In Iran, using a wide
variety of machines, employing more workers,
different work shifts, and urging the workforce to
produce more cars, cause vehicle manufacturing
companies to be an important center of accidents. It
is essential to prevent accidents, save workers’ lives,
and control the financial losses by identifying the
effective causes of accidents. Selecting appropriate
methods and techniques for root causes analyzing
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is one of the most important and fundamental
steps. Many accident analysis techniques are
available for finding the causes which were
effective in the occurrence of accidents. These
techniques include the Pareto Principle (the 80/20
rule), the fishbone diagram (Ishikawa/Cause and
Disability), the Domino Effects, the Five whys, the
STEP, the MORT, the FTA, the ETA, the DMAA,
the MES, the Bow-tie and the Tripod-Beta. After
studying and reviewing the available methods,
the Tripod-Beta technique was selected due to the
cost of analysis, the time required, training need,
quantification ability, graphic description of the
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event, and event analysis from control and defense
dimensions. Using this method which focuses on
the accident mechanism, it is possible to identify
immediate causes, preconditions and latent causes
which led to the unsafe acts and unsafe conditions,
and determine the path of accident and defects
in the control and defense systems which caused
the accident due to not acting on time. In this
study, using the Tripod-Beta method, the effective
causes of occupational accidents in a vehicle
manufacturing company, from the immediate
causes to the latent causes are investigated.

2. MATERIAL AND METHODS

Through oral interviews with accident victims,
witnesses, and specialized interviews with
specialists with occupational health, safety,
education, ergonomics experts, members of the
meeting of technical protection committee, and
the experts of insurance and assistance unit, the
data were collected, and the relevant checklist
was developed. In the next step, 20 occupational
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Unsafe work practices .

Ignoring equipment/machine/tools/protective
equipment defects
Improper use of equipment, machine, tools,
protective equipment
Ignoring control and inspection of equipment,
machine, tools, protective equipment before
starting work

Failure to wear PPE .

accidents leading to rest which caused loss at least
one working day between 2012-2017 were selected.
Each accident was investigated by 10 experts in the
studied vehicle manufacturing company. A total
of 200 specialized checklists related to the Tripod-
Beta method were evaluated and analyzed using
Tripod-Beta software. The defects of barriers (the
defects of controls and defense systems) which did
not work as initiated, or did not exist at all were
identified. The path of the occurrence of each
accident from the immediate causes to the latent
causes was showed. In this way, there were effective
causes in the occurrence of each accident. Data
were analyzed using SPSS.22 software.

3. RESULTS AND DISCUSSION

At first, unsafe acts as immediate causes were
analyzed. This study was done by the Tripod-Beta
method and by its Graphic model, the defects
of defense systems that caused unsafe acts were
analyzed.

Due to Fig. 1, ignoring equipment/machine/

100%
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Accidents Frequency (%)

o
°
S

Improper working position .
working

Ignoring executive instructions I

Violation of safety and health rules I

Adjusting and repairing the device while

Effective immediate causes on unsafe acts

Fig. 1. The frequency of effective immediate causes on unsafe acts in a vehicle manufacturing company
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Table 1. The definitions of the basic risk factors (BRFs) in Tripod-Beta method

Row | Basic Risk Factors abbreviations
1 The weakness of Design system DE
2 The weakness of Maintenance Management system MM
3 The weakness of Hard Ware system HD
4 The weakness of House Keeping system HK
5 The weakness of Communications system CO
6 The weakness of Defenses system DF
7 The weakness of Procedures system PR
8 The weakness of Training system TR
9 The weakness of Organization system OR
10 Error enforcing Conditions EC
11 Incompatible Goal IG
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The weakness of Organization system
The weakness of Communications system -

The weakness of Maintenance Management system -
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100%

Accidents Frequency (%)
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The weakness of Training system -
The weakness of Procedures system .
The weakness of Hard Ware system .

The weakness of House Keeping system I

Effective immediate causes on unsefe acts

Fig. 2. The frequency of effective root causes on occurrence accidents in a vehicle manufacturing company

tools/protective equipment defects, improper
use of equipment, machine, tools, protective
equipment, ignoring control and inspection of
equipment, machine, tools, protective equipment
before starting work, unsafe work practices, as the
most frequent immediate causes were identified.
Improving the four aforementioned immediate
causes , can reduce more than 76% of unsafe acts in
a vehicle manufacturing company.

What is more important for researchers was to find
the underlying causes which created immediate
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causes at the company level that led to unsafe acts.
The results of this study indicated that among the
eleven root causes presented in Table 1 including
the weakness of organization system (20%),
error enforcing conditions (17%), the weakness
of maintenance management system (12%), The
weakness of communications system (10%),
incompatible goal (10%) are about 3/4 accident
occurred in a vehicle manufacturing company.
Considering the study and the results presented in
Fig. 2, it can be stated that if the organization focuses
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on the same 20% of causes, which composed of
only six factors mentioned above, can prevent 80%
of occupational accidents at the company level.

4. CONCLUSIONS

Based on the obtained results in this study, it is
obvious that the Tripod-Beta technique is the best
method for analyzing the root causes of accidents.
Using the graphic shape of this method, we are
able to see the connection among the immediate
causes, preconditions, and latent causes, in the best
possible way. In this method, the probability of
similar accidents occurred in the future is reduced
by identifying the existing failures in the defense
and control systems.

The obtained results from the analysis of root
causes involved in the occurrence of accidents in
the vehicle manufacturing company indicated by
improving three root causes of OR, EC and MM
can control more than 50% of accidents. The

312

proper hiring of workers, the exact definition of
accountability, the accurate definition of the job
description of employees, proper monitoring and
supervision, and near-miss recordings, regular
inspection of equipment, identifying of patient
individuals, addicted, have the family problems,
and referring them to the relevant units, exchange
information on various aspects of safety among
different departments, increasing management’s
commitment to safety issues, quality control, and
design compliance with standards can eliminate
root causes, avoid occurring direct and indirect
(unsafe acts and conditions), and control the
occurrence of accidents.
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