[ Downloaded from journals.tums.ac.ir on 2025-02-08 ]

\\\\\\

JHsW

OPEN ACCESS

ORIGINAL RESEARCH PAPER

Journal of Health and Safety at Work 2022; 12(2): 339-351

TUMS

Development of a human error risk assessment model in high
priority emergency situation using TOPSIS, FUZZY-AHP and CREAM

method

Marzieh Abbasinia’, Omid Kalatpour?, Majid Motamedzade? Ali Reza Soltanian®,

Iraj Mohammadfam*’, Mohammad Ganjipour*

1 Center of Excellence for Occupational Health, Occupational Health and Safety Research Center, School of
Public Health, Hamadan University of Medical Sciences, Hamadan, Iran

2Ergonomics Department, Hamadan University of Medical Sciences, Hamadan, Iran

3 Department of Biostatistics, Modeling of Noncommunicable Diseases Research Center, Hamadan University

of Medical Sciences, Hamadan, Iran.
4 Shazand Petrochemical Company, Shazand, Iran

Received: 2019-6-23

ABSTRACT

Accepted: 2020-1-10

Introduction: Emergencies are unforeseen and unpredictable situations. In these situations, people’s
performance is affected by various factors that cause stress. People’s performance in such situations can
also affect human error probability. The purpose of this study was to evaluate human error in emergency
situations based on the fuzzy CREAM and Fuzzy Analytical Hierarchy Process (FAHP).

Material and Methods: This descriptive-analytical study was performed in a petrochemical industry in
Markazi province in 2019. The FAHP was used to prioritize emergency situations. To evaluate human
error in these conditions, the weights of Common Performance Conditions (CPC) was determined using
Analytical Hierarchy Process (AHP) method. Human error probability was calculated using a fuzzy CREAM

method in the most important emergency situations.

Results: The results of the FAHP showed that “Hydrogen leak from the cylinder joints in the olefin unit”
was the most important emergency. The highest relative weight was related to crew collaboration quality

(0.06) in the emergency situation.

Conclusion: This method can also be used to identify the important factors in human error occurrence

and high weighted CPCs and plan to control them.
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1. INTRODUCTION
Emergencies are unforeseen and unpredictable
situations. In these situations, people’s performance
is affected by various factors that cause stress. This
stress results in physiological changes which can
increase judgment and lead to operational errors.
Also, the reaction of people in accidents
and emergency situations plays an important
role in reducing or increasing the risk. People’s
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performance in such situations can also affect
human error probability. Based on the previous
studies, human error in these situations can lead
to catastrophic consequences leading to severe
damage and losses.

Therefore, it is important to evaluate the human
reliability in emergency situations for systematic
identification and analysis, as well as reducing the
effects of human error. The main goals of human
reliability include: identifying, predicting and
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reducing the probability of human error. One of
the comprehensive methods for evaluating human
errors is the CREAM method, which proposes an
integrated model of organizational, technical and
human factors, which is presented in two basic and
extensive versions. The purpose of this study was
to evaluate human error in emergency situations
based on the fuzzy CREAM and FAHP.

2. MATERIAL AND METHODS

This descriptive-analytical study was performed
in a petrochemical industry in Markazi province in
2019. First, the Fuzzy Analytical Hierarchy Process
(FAHP) was used to select and prioritize emergency
situations in the industry.

Due to the fact that human performance is
influenced by complex and uncertain factors of
a set of behavioral, psychological and cognitive
factors, fuzzy logic technique was used in this
study to reduce the ambiguity and uncertainty of
the conventional CREAM method. In this method,
triangle and trapezoidal membership functions
were used to model the uncertainty and ambiguity

of CPCs as well as control modes in CREAM. Also
the weight of CPCs was determined using AHP
method as shown in Tables 1. Figure 1 represents
membership functions of fuzzy sets of CPCs. And
finally, human error probability was calculated
using a fuzzy CREAM method in the most
important emergency situations.

3. RESULTS AND DISCUSSION

The results of the FAHPshowed that “Hydrogen
leak from the cylinder joints in the olefin unit” was
the most important emergency.

The highest relative weight of the CPCs was
related to “working conditions” (0.256) and the lowest
weight of the CPCs was related to crew collaboration
quality (0.06) in this emergency situation. The results
of human error assessment by the fuzzy CREAM
showed that the level of tactical control mode was
the dominant control mode in the studied tasks.
Karimis study in the control room of a petrochemical
industry using Bayesian CREAM method showed
that most of the control levels in the studied tasks
were strategic control. The operation control task

Table 1. Common Performance Conditions (CPCs) and linguistic terms

The quality of the roles and responsibilities of team

I d
members, additional support, communication Very efficient m_P ro.ve 0-30
Adequacy of . i . Not significant
.. systems, safety management system, instructions and Efficient 20-80
organization i . s . Reduced
guidelines for externally oriented activities, role of Inefficient 70-100
. Reduced
external agencies, etc.
Workin The nature of the physical working conditions such as Advantageous Improved 0-30
L. 8 ambient lighting, glare on screens, noise from alarms, Compatible Not significant 20-80
conditions . . .
interruptions from the task, etc. Incompatible Reduced 70-100
Adequacy of man
macl(}inec?:nte face The Man-Machine Interface in general, including the Supportive Improved 0-25
information available on control panels, Adequate Not significant 10-60
(MMI) and . . . L
A computerized workstations, and operational support Tolerable Not significant 40-90
operational . . . L .
provided by specifically designed decision aids Inappropriate Reduced 70-100
support
Procedures and plans include operating and Appropriate Improved 0-30
Availability of plansi . ude op & PProp p v
emergency procedures, familiar patterns of response Acceptable Not significant 20-80
procedures/plans L . :
heuristics, routines, etc. Inappropriate Reduced 70-100
© Adequate
SI The time available to carry out a task and corresponds Temporarily Improved 0-30
Q Available time to how well the task execution is synchronized to the inadequate Not significant 20-80
UN') process dynamics. Continuously Reduced 70-100
8 inadequate
s Adequate, high
o The level and quality of training provided to operators equa.e '8
= Adequacy of L k experience Improved 0-30
: L as familiarization to new technology, refreshing old e o
8 training and K K Adequate, limited Not significant 20-80
] i skills, etc. It also refers to the level of operational )
experience . experience Reduced 70-100
IS experience
S Inadequate
a Very efficient Improved
erye
© . The quality of the collaboration between crew v i p ) 0-30
c Crew collaboration K i i Efficient Not significant
= . members, including the overlap between the official i o 20-80
8 quality . Inefficient Not significant
L and unofficial structure . 70-100
c Deficient Reduced
o
S
=
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Fig. 1. Membership functions of fuzzy sets of Common Performance Conditions (CPCs).

with 0.0075 probability had the highest probability of
human error in the studied emergency situation. The
least probability of human error was also related to
treatment team tasks with 0.0056 probability.

Various studies have shown that the use of
fuzzy rules helps to quantify information and also
covers other weaknesses of conventional CREAM
method (1). In this study. a quantitative human
error probability analysis is applied to enable
more precise estimation of human error through a
probabilistic approach.

4. CONCLUSIONS
Using this method, a practical plan can be

Journal of Health and Safety at Work 2022; 12(2): 339-351

defined to prevent human error in emergency
situations for each industry, especially in high
risk industries. Qualitative and quantitative
information can be evaluated in this method, as
well as the opinions of experts and specialist about
the conditions and tasks can be considered. This
method can also be used to identify the important
factors in human error occurrence and high
weighted CPCs and plan to control them.
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