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Abstract

Examining the records of accident analysis shows that so far more direct and indirect caus-
es of accidents have been dealt with and more rooting has not been done in the field of re-
vealing the hidden causes of accidents. Unfortunately, most of the shallow analyzes of acci-
dents focus on the obvious causes of accidents. If in the next steps it is necessary to identify
the hidden causes of accidents that are usually hidden from the eyes of non-experts. In this
article, while considering the obvious and hidden causes of accidents, the evaluation of two
accidents that happened in the electricity distribution company of Chaharmahal and
Bakhtiari province is discussed. By drawing the tree of each incident, the percentage of fre-
quency of the causes of each incident is calculated. The results are as follows: Non-
observance of safety principles with the highest percentage of frequency (66%) had the
greatest impact on the occurrence of these accidents. The lack of supervisor supervision and
non-observance of training have played a role in the occurrence of these incidents with the
same percentage of frequency (33.3%).
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1. Introduction

According to the report of the Interna-
tional Labor Organization (ILO), there are
2.3 million occupational accidents leading
to death, 160 million non-fatal work-
related diseas and 317 million non-fatal
occupational injuries worldwide [1]. With
the expansion of electricity technology and
non-compliance with safety requirements
in the use of its energy, we always witness
the occurrence of many accidents for the
experts and employees of this field, as well
as for the consumers of household and in-
dustrial electricity [2]. Since many groups
such as exploitation, repair and renovation
groups and ordinary people are exposed to

tricity distribution network sector, despite
the existence of comprehensive safety reg-
ulations and instructions and providing
solutions after the accident and then for-
getting it with the passage of time,
strengthens the possibility that there is still
no coherent system to investigate. There is
no root cause of accidents in electric pow-
er distribution companies, and in the in-
vestigation of accidents, it is enough to
identify superficial and obvious causes [3].

Therefore, it seems that the introduction
of these superficial causes under the title
of the causes of the accident has not solved
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the problem and it shows the bitter truth
that every incident has been repeated many
times and we see that similar incidents
with similar reasons are happening repeat-
edly. The causes of accidents are divided
into two categories: obvious causes and
hidden causes [4]. Unfortunately, most of
the shallow analyzes focus on the obvious
causes of these incidents. If in the next
steps it is necessary to identify the hidden
causes of accidents that are usually hidden
from the eyes of non-experts. In this meth-
od, it is tried to consider the obvious and
hidden causes in parallel in the evaluation
and analysis of the incident [5]. Examining
the records of accident analysis shows that
so far more direct and indirect causes have
been discussed and more rooting has not
been done in the field of revealing the hid-
den causes of accidents. Therefore, the
need to achieve a systematic method to
investigate the root causes of accidents,
motivated the authors of this article to find
a way to achieve this goal.

2. Materials and Methods

This article introduces tripod beta meth-
od and its application in the analysis and
evaluation of accidents that occurred in
electric power distribution companies. By
drawing the beta tripod tree, the author
introduces the symbols and components of
this method. In order to demonstrate the
application of this method in the analysis
of incidents, two incidents were selected
as samples from the incident table of the
electricity distribution company of Cha-
harmahal and Bakhtiari province and ana-
lyzed these two incidents. At the end, sug-
gestions are made to improve the causes of
accidents.
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3. Tribot - Beta evaluation Method

Today, the use of hazard identification
and risk assessment methods is expanding
in various industries, so that currently
there are more than 70 different qualitative
and quantitative risk assessment methods
and techniques in the world. These meth-
ods and techniques are usually used to
identify, control and Reducing the conse-
quences of risks is used. Most of the exist-
ing methods of risk assessment are suitable
methods for assessing risks and their re-
sults can be used for management and de-
cision-making regarding the control and
reduction of its consequences without wor-
ry, each industry can use this method de-
pending on its needs. have different ad-
vantages and disadvantages compared to
each other. Therefore, one of the duties of
the existing health and safety management
system in every industry (HSE) is to check
all the methods of assessing risks and dan-
gers and choosing the appropriate method
for implementation in the respective indus-
try and organization. In general, it can be
said that from the type of method used in
risk assessment and the depth of its as-
sessment, the ability of the existing safety
system can be understood to some extent,
and as a result, the safety management
method in the mentioned industry [6,7]

Therefore, due to the high sensitivity of
safety in the electricity industry and con-
sidering the unfortunate consequences, the
need for continuous monitoring of rein-
forcement, evaluation and elimination of
hazards in the field is felt. Therefore, after
studying and reviewing the existing meth-
ods and techniques, the Tripod-Beta meth-
od in terms of cost, execution time, sim-
plicity, ease of showing the relationship
between human errors, training, imple-
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mentation and implementation without the
need for software, graphical description of
the event and analysis Incidents have been
selected from two aspects of control and
defense in the electricity industry. The
theory of this method is based on the
Swiss cheese model, and due to its meth-
odology and standard tables, it is widely
used and cited in various organizations and
industries. It provides relatively compre-
hensively. By using this method, it is pos-

Hidden bugs I Prerequisites l

sible to identify the superficial causes,
preconditions, and hidden causes that
caused the occurrence of unsafe behavior
and conditions, determine the path of the
accident, and identify the defects in the
control and defense systems that are
caused by failure to act. He stated that they
caused the accident in time [8,9,10]. The
basis of this analysis is based on three pil-
lars, Hazard, Target, and Event. Tribod -
Beta tree 1s as follows:
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Fig.1.Tripod-Beta tree diagram

The method of analyzing incidents based

on the Tripod Beta model

1. Draw the tree and determine the risk,
goal and event

2. Specifying protection systems (control
and defense)

3. Determining surface defects (unsafe
practices or unsafe conditions)

4. Using checklists to determine precondi-
tions and hidden problems

5. Determining the list of preconditions
and hidden problems effective in the
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occurrence of an accident based on the
checklist and entering them in the rele-
vant table to manage hidden problems.

4. Tribod-Beta Chart Symbols

4.1. EVENT

An event is a change of state that results
from the interaction of a hazard on a tar-
get. Important events in electricity distri-
bution companies can be mentioned as:
transformer explosion, medium pressure
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electrocution, falling from the power base.
[11].
4.2.HAZARD

It's either a source of energy, matter, or
the potential to be harmed, or damag. Like
heat, electricity, flammable chemicals,
height[12]

4.3. TARGET

It is the subject or case that the risk has
affected and probably caused damage to fit,
and it includes four groups as follows:

A-People (injury or damage to the health
of personnel or third parties)

B- Equipment/capital (damage to unit or
equipment, loss of materials, interrup-
tion or stoppage of operations, damage
to third party capital)

C- Environment (damage and pollution in
the environment)

D- Validity(mass media controversy, pub-
lic attention, protest, prosecution,
commercial restrictions, regulations)
[13]

4.4. Superficial causes

There are problems that were identified
in the initial investigation and are divided
into two categories as follows:

* Insecure conditions (physical problems

of control or defense)

* Unsafe actions (technical errors) [11]

4.5. Hidden causes

Hidden problems are inefficiencies or ab-
normal conditions that create precondi-
tions. (These pre-conditions lead to super-
ficial problems and are specified through a
checklist) [14]

5. Routing and Incident Control by
Tribod - Beta Method

The basis of incident control is the crea-
tion of appropriate control and defense
systems in such a way as to prevent the
intersection, collision and interaction of
the risk factor and the target factor. It is
obvious that when these control and de-
fense systems are available or do not have
proper function, the possibility of interac-
tion between the two mentioned factors is
provided and an event occurs. In this
method of analyzing these systems, the
causes of their malfunctions are deter-
mined.

To complete the model, it is necessary to
specify the following:

v What control or defense measures were
in place that did not work properly.

v What other control or defense measures
were necessary in the place [15].

Control System failure
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P

Target

Event

Deficiency ofthe defense

Fig.2. Events management diagram
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Assessment path

Fig.3. Path of finding the cause by the Tripod - Beta method

6. Case Study and Incident Description

A: Description of the incident 2019/09/14

In this article, the information of the per-

sonnel accidents of the contracting com-
panies of Chaharmahal and Bakhtiari
province electricity distribution company
in 2019 was used.
On a sunny day in the middle of Novem-
ber 0of 2019 at around 12 noon, there was a
public report that a branch of a tree collid-
ed with a low voltage network and caused

A connection is received during the wind
in one of the villages of the region. At
around 15:10, after visiting and checking
the network, the colleagues of the opera-
tional group will start to repair the weak
pressure network as described above. The
lift is installed in the place and one of the
simbaans (accident person) is installed in
the lift basket and disconnects the branch
connected to the electricity network. Then
he proceeded to install the spacer, and dur-
ing the installation of the spacer and after
tightening three of the five network wires
from top to bottom, he was electrocuted in
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his hand. The person accompanying him
immediately separates the elevator carry-
ing his injured colleague from the vicinity
of the weak wire pressure network and
transfers him down.

At the same time, one of the residents of
the village called the 115 emergency ser-
vice (after taking him downstairs and per-
forming CPR, the deceased began to
breathe. Meanwhile, due to the distance of
about 15 kilometers from the accident site
to the city center and the time it took for
the ambulance to reach the place After the
accident, the villagers moved to the hospi-
tal with a car, accompanied by their col-
leagues, during which the deceased again
suffered a cardiac arrest and CPR was per-
formed again until the ambulance arrived
on the way. The deceased was transferred
to the ambulance car, but unfortunately,
transfer to the hospital and resuscitation
did not work and she died. The tree of this
incident by Tribod - Beta method is as fol-
lows:
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Fig.4.Tree of the incident dated 09/14/2019

B: Description of the incident 2017/03/31

The mentioned person is sent to the place
to install the pole in the electricity distri-
bution network. Without considering the
safety instructions and not enclosing the
working environment, the person fell into

Lack of suparvisor

supervision

Absence of obstacles
around the hole

PP TTITTT

Stumble

FFFTFTFTFTFTT

I Crossing the non- I

Failore to comphy with
safeqy principles

standard area

the hole dug for the installation of the
beam and broke the person's right hand
and left ankle. After the incident, the in-
jured person was sent to the hospital. The
Tribod- Beta diagram of the incident is as
follows.

There iz a hole to
install the beam

Unsafe practices I Faill in the hole I

Unsafeconditions

Jump owver the hole

Fig .5.Tree of the incident dated 2017/03/31
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According to the Tribot-Beta graph of the
above incidents, the frequency table of each
cause of the incidents is as follows:

Table 1. Frequency percentage

The cause of the accident Percent
Failure to comply with safety | 66.6%
principles

Lack of supervisor supervision 33.3%
Failure to comply with training | 33.3%

80
60
40
S

Lack of
supervisor
supervision

Failure to
comply with
safety princi-ples

Failure to comply
with training

The canse of the accident

Fig .6. Frequency percentage chart
According to the frequency table of each
of the causes leading to the accident, it can
be concluded that Failure to comply with
safety principles has had the greatest impact
on accidents with a frequency of 66.6%.

7. Results

The obvious and hidden causes and pre-
conditions of this incident are as follows:

7.1. Obvious causes

- Failure to use personal protective equip-
ment

- Improper positioning and unsafe body po-
sition during work

- Not securing the conditions before doing
the work (not covering the network)

- Doing the work in the wrong way

- Failure to carry out TBM before the exe-
cution of the work in order to identify
the risks ahead and choose the safest and
most technical way of doing the work (in
such cases, the best reference for choos-
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ing the safe steps of the work is to refer
to the safety regulations in the distribu-
tion department and the execution meth-
od depending on the type of work It is
possible to say that acting on it will pre-
vent the occurrence of an accident.)

- Unsuitable environmental conditions (sur-
rounding the network by walnut trees
and creating unsuitable conditions for
the proper installation of the lift and safe
work) the desired location in the annual
pruning has not been fully pruned due to
the fruitfulness of the tree and has creat-
ed unsafe working conditions.

7.2. Prerequisites of the incident

- Absence of a codified implementation
method for installing a network lock
(spacer) in the weak pressure network,
doing the work in the wrong way

- Improper supervision including the fol-
lowing

- Before doing the work: the supervisor has
not visited and checked the personal
equipment and properly secured the
work environment.

- While doing the work: choosing the right
path to do the work and removing the
existing obstacles has not been done, and
also the proper supervision for the work
has not been done in the correct way in
terms of technical and safety.

- False self-confidence and, as a result, do-
ing work without using personal protec-
tive equipment (insulated gloves) and
not paying attention to the supervisor's
instructions

- Improper supervision of the employer
(operating contractor):

The operation contractor, based on the con-
tract and article 91 of the labor law, is
obliged to inspect and supervise his
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forces in terms of compliance with safe-
ty principles. In this incident, the failure
to comply with this issue is evident.

- Inappropriate mental and psychological
conditions.

7.3. Hidden causes

- Inadequate and ineffective risk identifi-
cation, risk assessment and corrective
measures

- insufficient and ineffective technical and
safety training

Inadequate and ineffectiveness of safety
culture

8. Suggestion

- Cultivation among Simban colleagues and
working groups to perform TbM. Dis-
cussing the safest and most technical
work method, choosing and agreeing to
do it, the best reference for safe selection
of work steps is to refer to the safety
regulations in the distribution depart-
ment and the implementation method
depending on the type of work.

- Directly responsible pay a lot of attention
to the important issue of the mental and
psychological stability of Simbans when
they are sent to do work, considering the
high risks of working in power distribu-
tion networks, which may be the first
mistake of a Simban person, the last mis-
take. It is obvious that Simban He must
have enough concentration while doing
work, which is not possible in inappro-
priate mental and emotional conditions.

- The use of personal and group protection
equipment by simbaans and compliance
with safety and technical regulations

- Explaining the advantages and importance
of using personal protective equipment
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in preventing accidents for Simbanans
(creating a culture of safety)

- Supervision of the employer (contractor)
on the use of individual and group
equipment of Simban forces under su-
pervision

- High supervision of the company's experts
and managers on the correct perfor-
mance of workers and their employers
(contractors) in terms of compliance
with safety and technical regulations.

- Supervising the correct implementation of
preventive technical measures in elec-
tricity distribution facilities to increase
the reliability of the network and elimi-
nate or reduce the risk for people and
Simbans, including the correct execution
of pruning in this incident.

9. Conclusion

In this article, we first introduced the Tri-
pod-Beta method, and then, using this
method, a real accident that occurred in the
electricity distribution company of Cha-
harmahal and Bakhtiari province was ana-
lyzed. The tree of this accident was drawn
and the obvious and hidden causes of the
accident were discussed and suggestions
were made to prevent such accidents.



Journal of Artificial Intelligence in Electrical Engineering, Vol. 12, No. 47, November 2023

[1].

(2]

[3].

[4].

[3].

[6].

[7].

(8].

[9].

References

Zohreh G , Mousa J . Identifying hazards
and presenting HSE risk management
program using Bow-Tie and SOWT-ANP
methods at the urea unit of Shiraz petro-
chemical complex;HealthSaf Work10(1)
.2020 :46-57.

Haitao W, Fengyun L, et al . A model for
detecting safety hazards in key electrical
sites based on hybrid attention mechanisms
and lightweight Mobilenet; Energy Rep. 2021:
716-724.

Raei M et al. Analyses and anticipating the
future trend of accidents in an electricity
distribution company of Iran: a time series
analysis ;Work 68 (4) .2021: 1273-1278.
Shafiei P, JabbariM, Mahnaz Mirza
Ebrahim M. Investigation of Root Cause of
Work-related Accidents in a Vehicle Man-
ufacturing Company Using Tripod-Beta
Method; Journal of Health and Safety at
Work 11(2) . 2021: 309-326.

Akhavan A , Salehi H ,Halvani G. Analy-
sis of Fractures and Disability Defects Ac-
cidents by Tripod-Beta Method (Case
Study: Lian Oil Company);Occupational
Medicine Quarterly Journal 13(1). 2021:1-10.
WagenaarW. A. ,Groeneweg J , HudsonP.
T. W, Reason J. T. Promoting safety in the
oil industry. The Ergonomics Society Lec-
ture Presented at the Ergonomics Society
Annual Conference, Edinburgh, 13-16
April 1993; 37(12):1999-2013.

Pars Oil and Gas Company (POGC).
2019.Availble:https://www.pogc.ir/Default.
aspx?tabid=57.

Dastjerdi EL, Mohammadfam I. Compari-
son of two techniques of fault tree analysis
and TripodBeta using the analytic hierrar-
chy process for accidents analysis in a
steel-manufacturing industry; Journal of
School of Public Health and Institute of
Public Health Research10(1) .2012 :43-52.
AlizadehF,Taghdisi M. H, MiriLavasani S.
M. R.A study of the logical tree method of
MORT and TRIPOD-Beta in causal analy-
sis of incident events by combining hierar-
chical model; Journal of Health and safety
at work4(4).2014: 48-39.

57

[10]. Akhavan A , Karimi H , Halvani G.
Comparison of Error Tree Analysis and tri-
pod beta in Accident Analysis of a Power
Plant Industry Using Hierarchical Analysis
; Occupational Medicine Quarterly Jour-
nal12(1). 2020: 53-63.

[11]. Miraj F ,Fatemi M , Motamed Fatah M ,
Valinejad M . Radical accident analysis by
tripod-beta method; the first national con-
ference on safety engineering and HSE
management.

[12]. Rezaei M, Hashem S, Karimi M. Investi-
gation and root causes of fire accident in
well No. 24 of Naftshahr using Tripod-beta
method; First International Conference on
Oil, Gas, Petrochemical and Power
Plant,Tehran. 2012.

[13]. Givehch S, Amjadian M, Ghasemi A.
Analysis of fire-induced applying Tripod
Beta method, a case study of the fifth refin-
ery of South Pars Gas Complex Company.
The second conference on sustainable gas
production, 2012,

[14]. Khwaja I, Habibollah R. Analysis, Inves-
tigation and Rooting of Incidents (RCA) by
Tripod Beta Analysis with Case Study.
Fourth Comprehensive Conference on Cri-
sis Management and HSE, Tehran, Perma-
nent Secretariat of the Conference, 2017.



A.JamshidiGahrouei , M.H.Ershadi , M.Khousroshirinzadeh : dentifying the Causes of Accidents and Evaluating ...

58



