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Fuzzy sets processes and work units. The aim is to evaluate critical risks and risky
Pharmaceutical industry pharmaceutical work units and take safety precautions against accidents which

caused by risky conditions. Thus, this methodology combines the concept of
uncertainty which comes from different (Decision Maker) DM’s evaluations and
the whole performance of the Bow-Tie analysis for hazard identification and risk
assessment. To apply and validate the proposed method, a case study is performed
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score, which is calculated by multiplying probability ranking and impact ranking
of criterion, the risks are prioritized and some measures are suggested for
management to prevent accidents occur in the industry.
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1. Introduction pharmaceutical dusts due to flammable liquids.
Coating, wet granulation, compounding operations
may cause solvent vapor exposure. Also, once
pharmaceutical workers expose to complex mixtures
including high amounts of active drug substances, they
are physically and chemically damaged. Moving
machine parts (exposed equipment e.g., belts and
shafts), manual handling of materials and equipments,
unsafe energy systems (electrical, thermal, pneumatic,
etc.); high-pressure vapor, hot water and heated areas;
combustible and corrosive liquids; and high sound
degree are other health and safety risks for workers
during manufacturing process in pharmaceutical
industry. These occupational risks cause illnesses,
including occupational asthma, adverse reproductive
concerns, pharmacologic impacts and dermatitis among
pharmaceutical workers [2].

Pharmaceutical industry is usually considered to have
high quality levels since healthcare products require
manufacturing processes in safe conditions, protection
under a substantial control hygiene against chemical
and biological contaminants, and
keeping equipments at optimum working conditions
[1]. Since the main aim is to produce medical
substances with pharmacological processes, many
factors in pharmaceutical Research and Development
(R&D) and manufacturing are hazardous for
employees. Pharmaceutical workers are at risk because
occupational direct/indirect exposure is considered to
be high among workers who wused biological,
chemical/radiological, or pharmacological agents in
their working areas [2]. Risk factors and impact of these
risks lead to occupational risks in Pharmaceutical ) T
industry. Fire or explosion risks during pharmaceutical ~ APPropriate  mitigation measures need to be
production of dosage arrangements are associated with ~ implemented for occupational risks in pharmaceutical
process safety. These processes are generally related to industry to protect workers from mdust_rlal chemicals
bed drying, slugging, granulation, blending, and drug matters throughout manufacturing, R&D and

compounding and drying etc. and they produce duality control processes [3,4].
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Consequently, in pharmaceutical industry, risk
assessment methodologies play an important role to
analyze occupational risks with other work
environment components, including technical and
organizational parts, production activities as well as
implementation procedures [5].

The main objective of this paper is to propose a Risk
Assessment framework and develop extensive risk
analysis methodology to assess and prioritize risk
factors for occupational safety in pharmaceutical
industry. For this purpose, Bow-Tie risk assessment
analysis, which includes two main risk assessment
methods named Fault Tree Analysis (FTA), Event Tree
Analysis (ETA), have combined with Fuzzy Set Theory
(FST) to analyze the risk factors associated with the
pharmaceutical industry. FST is used to handle data
uncertainty in risk analysis. Thus, fuzzy linguistic
probabilities are used for associating possibilities of
failures, since probability theory alone was found
insufficient to represent all types of uncertainties due to
lack of ability to model human conceptualizations in
the real world applications [6].

2. Literature review

Risk assessment is an efficient and methodological
approach to assess and minimize the risks of an
accident for any industry [7]. A quantity of qualitative
and quantitative methods including Event Tree
Analysis (ETA), Fault Tree Analysis (FTA), HAZOP
analysis, and barrier block diagrams [8], Bow-Tie
diagrams [9,10] have been used for risk assessment
process [11].

The Bow-Tie diagrams and other risk assessment
techniques have been used due to effective
implementation in many real world applications such as
accident risk assessment [12-17], human error risk
analysis [18,19], dynamic risk analysis [20], risk
management [21,22], safety barrier implementation
[23-25]. However, the applications of all these
techniques aren’t efficient in terms of satisfying results
because the safety risk data are often vague, imprecise
or incomplete to determine risk levels [26]. Therefore
FST, probability theory, and evidence theory etc. have
been suggested to handle vagueness in risk analysis
because of their efficiencies [27-32]. In this study,
combination of FTA and ETA is introduced as Bow-
Tie analysis to solve the risk assessment problem using
fuzzy numbers to deal with uncertain and vague
information.

The use of FST has been implemented in different
fields of the process risk assessment [29,33-38].
However, uncertainty is seldom carried out in all other
risk assessment studies, especially in consequence
analysis [39]. The uncertainty-based methods of ETA,
FTA and Bow-Tie analysis have been studied in
literature for risk analysis of different systems
[29,37,38,40-42].
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Some researchers suggested certain novel methods to
recognize barriers in Bow-Tie diagram [12, 23,24]. For
instance, [24] presented a new approach using crossing
matrices (checklist filled by experts) to suggest
preventive and protective measures by considering the
Bow-Tie construction. Aglan and Mustafa Ali [43]
proposed the Fuzzy Bow-Tie analysis to compute the
aggregated risk scores for likelihood and impacts that
have been used to decide the position of risk in risk
prioritization matrix. Markowski et al. [44] presented a
fuzzy based methodology for Bow-Tie analysis;
however, this methodology is not useful to handle
vagueness due to inconsistency in the knowledge. This
study also was incapable to capture model uncertainty
owing to the individual difference among the input
events in FTA or ETA.

There is limited research in the literature related to
workers health and safety assessment in pharmaceutical
industry [1,5,45-49] since the quality risk management
is commonly studied in this industry.

As it is evident in the previous studies in the literature,
this paper is the first QRA study performing Fuzzy
Bow-Tie for pharmaceutical industry to analyze and
visualize risks, causes and consequences of potential
risk events and their impacts with possible preventive
and protective control measures or barriers in
prospective manner.

Accordingly, the aim of the current study is to introduce
a comprehensive framework based on Bow-Tie
analysis and FST with three important points in risk
analysis a) combination of multiple expert knowledge,
and b) handling and managing uncertainty for risk
analysis c) prioritizing risks based on probability and
impact of the risks.

3. Risk analysis under uncertainty

3.1. Bow-tie analysis for risk assessment

Bow-Tie analysis was proposed by SHELL Company
in the early nineties to analyze the whole scenario of an
accident based on Swiss Cheese Model [9]. Bow-Tie
analysis is a combined probabilistic method that
assesses accident consequences due to evaluating the
probability and impact of risk events [22].

Bow-Tie combines the features of fault and event trees
used in QRA [50]. In the center of the diagram there is
a top event. While the left side of the “Bow-Tie”
diagram (fault tree) represents the potential parallel and
consecutive combination of faults (causes), the right
side of the ‘‘Bow-Tie’’ diagram (event tree) represents
the  potential  consequences  (outcomes)  of
corresponding top event [44]. After identifying risk
events, hazards and consequences also preventive and
protective measures or barriers are determined to
mitigate hazards [50].
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Figure 1. Implementation of Bow-Tie structure [9].

Figure 1 shows the implementation of Bow-Tie
structure. As a part of Bow-Tie analysis, determination
of preventive and protective barriers can be difficult
since they are continuously contact with each other.
Also, their performance depends on several criteria
such as efficiency, being safe, ease of use and cost etc.
[9].

The main advantage of performing the Bow-Tie
analysis is that it ensures a visual illustration to evaluate
and analyze the potential hazards and risks with their
potential interactions. This relationship illustration
provides many advantage when compared with word-
based or tabular risk information in QRA [51].
However, data and model uncertainty are prevalent and
generally inevitable, in fault tree and event tree and
consequently in Bow-Tie analysis [52]. In the current
study, to deal with the data and model uncertainty,
Bow-Tie analysis is conducted based on the principles
of FST.

3.2. Fuzzy set theory

The FST is suggested by L.A. Zadeh [53] in 1965. FST
is performed to deal with vague and uncertain
information. A FST in probability space symbolizes a
fuzzy number which is between zero and one for the
likelihood of an event. There are various
representations of fuzzy numbers such as Triangular
Fuzzy Number (TFN) and Trapezoidal Fuzzy Number
(TrFN) which are generally used in reliability analysis.
To quantify subjectivity of the DM’s evaluations, TFNs
are used in this study. A TFN can be represented by a
vector (ai, a», as) that shows the lower bound, most
likely value, and upper bound.

A fuzzy set A identified on R must have the following
features to represent a fuzzy number: [53-57].

(@ uA (x)=0 forall X€ (-0, c] U [d, o), where c<d.

(b) A (x) is hardly increasing on [c, a] and hardly
decreasing on [b, d] forc <a<b <d.

(c) P4 (x) =1 for all X€ [a, b] ensured a<b .

While a fuzzy number ( A) is represented as TFN, the
membership function of fuzzy number A is denoted by
the Expression (1):

0
ha (x)-JI P

ifx<aorx=a,

ifa, <x<a, (1)
2-0a1

az—x
G
Actriplet ( aq, a,, a3 ) might be used to illustrate any
TFN seen above.
A trapezoidal fuzzy number A represented by a

quadruple (al, a2, a3, a4) can be identified as
follows:

ifa, <x<az x,a,0,0a3 ER

0 ifx<aorx=a,
L ifa, <x<a,
a,_a,
uz (0= 1 if ay < x < a (2)
as—x

ifa,<x<a; x,a,a,a3 €ER

az—a,

(TFN) A =(a, b, c)and (TrFN) A = (a, b, ¢, d) are
illustrated in Figure 2.

(@ (b)
u(x)

1 |—

Figure 2. lllustration of (a) TFN and (b) TrFN.

Linguistic expression is representeed with words or
sentences. For example, ‘probability of failure’” might
be shown with linguistic terms whose values are: ““very
low”’, ““low”’, “‘medium”’, ‘‘high’> and ‘‘very high”’.
As shown in Figure 3, these variables can be

represented by fuzzy numbers whose members are
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Figure 3. Linguistic values of fuzzy numbers.

In the implementation of the Bow-Tie analysis, the risk
factors associated with each risk need to be identified.
A fuzzy evaluation for the probability of occurrence
and impact of the risk factors are determined. The
probability of occurrence is calculated using the
estimated evaluations given in Table 1. The impact or
severity of each risk is also calculated. Table 2 shows
the fuzzy probabilities for risk impacts.

Once two TFNs are summed, again a TFN is obtained.
Likewise, when one TFN subtract from other TFN, a
TFN is obtained again. Suppose A =(ay, a, as) and B
=(b1, b2, bs) are two TFNs. The operations of TFNs are
shown in Equation (3-5) [59].

A+B= (a1+b1, az +by, a3+b3) (3)
A-B= (a1-b1, a2 -ba, a3-bs) (4)
The multiplication of two fuzzy numbers A=(a1, a2, as)

and B =(b, by, b3) represented as A*B can be denoted
as:

uwA « B
-Dy+[D? +(x—P)/T,]Y? P<x <Q

(X):{ —D,+[D3 +(x—R)/U;1Y*  Q<x <R ®)
0 otherwise

where Ty = (az — ay)(by — by), Ty = as(az —ay) +
ab, (b, — by), Uy = (azT_ a;)(b, — bl11), U = bz(a; —
ay) +az(b, —by), Dy = i' D, = _ﬁ: P =aby,

Q = azb, ,R =aszb;

Supposing that the probability of a risk factor ‘i’ is
assessed by n different number of DMs, the fuzzy
probability can be computed as P(t) = (a; —
C1ir @, a; + cp;) Wherei = 1,2, ...,n; while (a; — ¢y;)
is the minimum value of the fuzzy number, a; is the mid
value of the fuzzy number and (a; + cy;) is the
maximum value of the fuzzy number. The fuzzy
probabilities can be aggregated using aggregation
operator. Thus, a single fuzzy probability has been
obtained as PA(t) = (b —dy, b, b + d,) that best fits
all DMs’ forecasts. The values of b,d; and d, are
estimated in such a way that PA has minimum variance
with all Pi(t)’s. The square of deviations (S) can be
computed as follows :

5= ) [2(d; = )P ()

S. Seker / IJOCTA, Vol.9, No.2, pp.113-124 (2019)

n

S, = ) [2(d, = )] @
i=1

The minimum deviation can be computed using d; =
/Yt ¢ and dy, = 1/n)k c,;. The parameter b
can be obtained by using equation D = max;<;<n|b —
a;| where D is the absolute deviation. Then, D is the
minimum for b = min,;<,a; + Max; <;<,a;/2 [43].
The fault tree consist of ‘AND’ and ‘OR’ gates. The
‘AND’ gate express that the out-put event will occur if
all the input events occur, while the ‘OR’ gate express
that the output event will occur if any one of the input
events occurs. Therefore, in Bow-Tie analysis total
probability for each failure is calculated when the
connecting gate is either AND or OR [58].

InFTA, “AND gate” operator is: (Panp =I1 Pi) in which
Pi (i =1,2....n) recognizes the certain probability of
the event i. Fuzzy operator for Pyyp can be represented
by the following equation:

Pyvp = [1ieq P = (I1i2q i TTiy by 17 ] (8)

If the events are interdependent, then the mathematical
expression is Panp= min(P; , P, , ... B,).

In FTA, “OR gate” operator is: Por =I1 (1-Pi) in which
Pi (i = 1,2....n) recognizes the certain probability of
event i. Fuzzy operator for Pyg can be represented by
the following equation:

n
Por=1-] [ =Py
i=1

Por =1 [ﬁ(l - a), ﬁ(l ~ b)), ﬁ(l - cl-)] ©
i=1 i=1 i=1

if the events are dependent, then the algorithm is Pog =
max(P1, P2,...,Pn) [43].

4. Framework of the fuzzy Bow-Tie analysis

The proposed framework is applied to pharmaceutical
industry to prevent occupational accidents in the
pharmaceutical industry.

The aim is to propose a risk analysis framework which
can be used in any pharmacy firm as a risk analysis tool.
The steps of the proposed Fuzzy Bow-Tie risk analysis
approach for pharmaceutical industry are explained in
Figure 4. Before the implementation of this approach,
five DMs, who actively work in the pharmaceutical
industry, evaluated the risk events which can cause fatal
or non-fatal occupational accidents. The DMs made
judgments by expressing their opinions based on their
experience, knowledge, and expertise. All potential
occupational risk types and their impacts in any
pharmaceutical industry processes are identified in
Appendix A.
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Figure 4. Implementation of Fuzzy Bow-Tie risk analysis approach.

The proposed framework based on FST and Bow-Tie
analysis is as follows:

Step 1. Identify potential risks. The risks, risk factors,
and risks’ impacts are identified based on reported
events and DMs’ experience and knowledge in
pharmaceutical industry.

Step 2. Collect linguistic expressions of DMs. DMs are
interviewed about potential risk factors and their
impacts by using qualitative linguistic terms because of
the highly subjective and imprecise information.
Therefore, DMs express their opinions for the
probability of occurrence and impact of the risk events
using linguistic variables. The linguistic expressions
for the probability of occurrence of each risk event are
‘Expected, ‘Possible’, ‘Unlikely’, “Very unlikely’ and
‘Not expected’. The linguistic expressions for the
impact of each risk event are ‘High, ‘Medium’, ‘Low’,
‘Very low’ and ‘None’.

Step 3. Convert linguistic variables into numerical
values using TFNs. Each linguistic variable is
converted into a TFN using Table 1 and Table 2 for the
probabilities of occurrence and impacts of the risk
events, respectively.

Step 4. Calculate fuzzy aggregated values for the
probability of the occurrence and impact of each
identified risk. If two or more DM judgments are
available, it is needed to integrate their opinions into a
single opinion to deal with non-homogeneous
situations [60]. Accordingly, the individual DM fuzzy
values are aggregated in this step. Fuzzy probabilistic
value for the probability of the occurrence of each risk
event is calculated using Equations (6) and (7). The
same calculation is carried out for the impacts of the
risk factors.
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Table 1. Linguistic expressions and their corresponding
fuzzy numbers for probabilistic occurrence [43,59].

Linguistic Characteristic
assessment Corresponding  function of fuzzy
variables fuzzy numbers  numbers
Expected (E) 0.9 (0.7,0.9,1.0)
Possible (P) 0.7 (0.5,0.7,0.9)
Unlikely (U) 05 (0.3,0.5,0.7)
Very _

Unlikely(VU) 0.3 (0.1,0.3,0.5)

Not  Expected -

(NE) 0.1 (0.0,0.1,0.3)

Table 2. Linguistic expressions and fuzzy numbers for
impact of risks [43].

Characteristic

Linguistic

assessment Corresponding function of fuzzy
variables fuzzy numbers numbers

High (H) 9 (7,9,10)

Medium (M) 7 (5,7,9)

Low (L) 5 (3,5.7)

Very low (VL) 3 (1,3,5)

None (N) 1 (0,1,3)

Step 5. Calculate the total risk probability for each
identified risk event. In Bow-Tie analysis, after the
probability of occurrence of each risk event is
determined, the total risk probability for each event is
calculated. The total probability value for each
identified risk is calculated according to the
relationship among risk factors (OR or AND). In the
proposed framework, the total risk probability is
calculated using Equation (8,9).

Step 6. Calculate the total impact for each identified
risk event. The right side of the Bow-Tie diagram is
event tree and it recognizes the estimated impact of
each risk event. If the risk has multiple impacts ij each

with probability B(t), the total fuzzy impact can be

calculated using Equation (10) in event tree diagram
[43].

~_TLBOL
S 10

Step 7. Defuzzify the fuzzy values for the probability
of occurrence and the impact of each risk event.
Defuzzification is the process of converting the fuzzy
numbers into a crisp (exact) value. The aim is to
determine the risk event priorities more easily using
defuzzified values for the probability of occurrence,
impact and total risk in the Fuzzy Bow-Tie analysis.
The bigger the defuzzified value, the bigger the overall
risk and the higher risk priority [58]

In this study, Centre of Area (COA) is used to defuzzify
TFN output. A crisp output is obtained by calculating

(10)
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the center of symmetry of the area delimited by
aggregating the consequences of such fuzzy set. Ais a
fuzzy set denoted on the output dimension (x), N is the
number of quantization levels of the output. Equation
(11) shows the COA formula [61].

= Z?’=1 pa(xo0)- Xo

0 Z?’:l Ha(xo)
Step 8. Calculate the risk score and prioritize the risk
events. The aim of this step is to determine the risk
level after calculating total risk score for each risk
event. After defuzzification process, risk score is

calculated by multiplying total risk probability and
impact of the risks [43].

Step 9. Suggest risk mitigation strategies for safety
management. After prioritizing risk events, appropriate
mitigation plan can be implemented to reduce or
eliminate the risk events.

(1D

4.1. Hlustrative example

In this section, applicability and efficiency of the
proposed Fuzzy Bow-Tie analysis is demonstrated
through risk analysis in real pharmaceutical industry.

Step 1. Identify potential risks. Five DMs are organized
as a team from pharmaceutical industry. These DMs are
denoted as DM 1, DM 2, DM 3, DM 4, and DM 5. The
DMs make judgments for potential risk events that
cause the top event and their impacts based on their
experience, knowledge, and expertise.

The profiles of DMs’ from Pharmaceutical industry are
shown in Table 3.

Table 3. The profile of DMs’.

Age Experience Professional
DM  (years) Education (years) Position
DM1 55 PhD 20 R&D manager
Synthesis/Process
DM2 40 Bachelor 15 chemist
Occupational
DM3 35 Master 10 safety expert
Pharmaceutical
DM4 40 Master 10 operator
R&D Laboratory
DM5 30 Bachelor 5 technician

Potential occupational risk events and their impacts
during any pharmaceutical industry processes are
identified as given in Appendix A. Risk factors,
impacts, preventive and protective strategies are also
identified by DMs as presented in Appendix A.
According to their risk classification, the framework for
risk assessment has been divided into six main risk
types.

Step 2. Collect linguistic expressions of DMs. In this
phase, DMs express their judgements and assessments
for the probability of occurrence and impact of the risk
events using linguistic variables.

Step 3. Convert linguistic variables into numerical
values by TFNs. In this step, each linguistic expression
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has been transformed into a corresponding fuzzy
number. Linguistic variables and corresponding fuzzy
numbers for risk probability and risk impact are given
in Table 1 and Table 2, respectively.

Step 4. Calculate fuzzy aggregated values for both the
probability of occurrence and impact of each risk event.
The individual DM fuzzy values for the probability of
occurrence and impactof each risk event are
aggregated with Equations (6) and (7). The aggregated
fuzzy probabilistic values for the probability of
occurrence of risk events are shown in Table 4. The
estimation values for the impacts and associated
probabilities are shown in Table 5.

Step 5. Determine the total risk probability for each
identified risk event. Total probability for the identified
risks is calculated using Equation (8-9). In Bow-Tie
analysis, the left side is related to the relationship
among the risk factors (OR or AND) for all the
identified risks.

Step 6. Calculate the total impact for risk events. Total
impact for each risk event is calculated using event tree
diagram with Equation (10). The total risk probability
of occurrence and total impact for each identified risk
are given in Table 6.

Step 7. Defuzzify the fuzzy values for the probability
of occurrence and the impact of each risk event. In
order to obtain crisp value, TFNs are defuzzified using
COA defuzzification method. The risk priority is
obtained using defuzzified values for the probability of
occurrence, impact and total risk in the Fuzzy Bow-Tie
analysis. The results are seen in Table 7.

Step 8. Calculate the total risk score and prioritize the
risks. In this step, total score for each risk event is
calculated by multiplying total risk probability and
impact of the risk after defuzzification process. The aim
is to determine risk level of each risk event.
Accordingly, Risk events are ranked based on the
calculated total risk scores. Table 7 shows the total risk
score and risk level for each risk event.

Step 9. Suggest mitigation strategies for safety
management. After prioritize risks, appropriate
mitigation plans must be implemented firstly for the
high priority risks.

5. Results

According to the total risk scores, R1 is the most
hazardous risk due to its higher score and the others
have medium scores. The critical risks in descending
order are R1, R3, R5, R6, R4 and R2. In order to
mitigate the effect of risks, the risk mitigation plans
must be developed for the high priority risks. However,
managers have to identify preventive and protective
mitigation measures to reduce risk scores to lower
level. Preventive measures and protective strategies
should be implemented to avoid the risk event occurs
and minimize the impact of risk event, respectively.
Hence mitigation plans related to R1 must be
implemented firstly. R1 is associated with chemical

hazards. According to this result, firstly, health and
safety management team should implement a
multifaceted prevention program and educate and
inform employees about environmental health and
safety risks, safe working instructions and the use of
personal protective equipment and ventilators, gasmask
etc. Training must include the drugs and chemical
awareness. Chemicals must be stored in a separate
storage area to reduce the risks of chemical practices,
worker exposure to hazardous chemicals, and fire and
explosion. Manual handling system must be replaced
with an automated handling equipment for safety.
Smoke or heat alarms and automated sprinkler systems
must be installed to detect and prevent fire.
Construction of suitable flooring, safe maintenance
activities and appropriate cleaning and hygiene for
work place are other key prevention and mitigation
strategies for chemical risks. Other preventive
protective measures about other risks are as follows:

Arrange design of workstations, hand tools, equipment
etc.

Provide ergonomically designed equipment and
furniture.

Install safeguards which protect workers against
contact with potentially dangerous machine motions
via physical guard.

Implement electrical safety program which designs and
manages electrical installations.

6. Conclusions and discussions

The objective of this research is to propose a QRA
framework which can be implemented effectively in
any pharmacy company as a risk analysis tool. The
Bow-Tie analysis is used to combine quality features of
both FTA and ETA for risk assessment. It noticeably
analyzes causes and consequences of an accident, then
develops prevention and mitigation measures
accordingly. Fuzzy sets and probability theories have
been performed to handle the ambiguity of data since
estimating the impact and occurrence probability of
events are imprecise. Hence, this study combines the
Bow-Tie analysis and FST to identify an initiating
event; its causes and consequences; and potential
preventive and protective control strategies or barriers
to mitigate harms. The proposed methodology is easy
to understand, clear, and practical that combines the
features of handling vagueness, aggregation of
different DM’ data and prioritizing risks based on the
probability of occurrence and impact of the risks.

The proposed method provides satisfactory risk
assessment to evaluate and then prevent, control and
mitigate occupational risks for pharmacy industry. A
risk matrix, which shows the comparison of results
obtained by above procedures, defines the level of risks
related to ranking probability and impacts. In order to
mitigate effect of risks, the risk mitigation plans must
be developed for the high priority risks.
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Table 4. The aggregated fuzzy probabilistic values for the probability of the occurrence of each risk event.

S. Seker / IJOCTA, Vol.9, No.2, pp.113-124 (2019)

Risks Factors DM 1 DM 2 DM 3 DM 4 DM 5 Aggregated
R1 R11 P P U P P (0.4,0.6,0.8)
R12 U ] U U VU (0.2,0.4,0.6)
R13 U VU P U ] (0.3,0.5,0.7)
R2 R21 NE NE NE NE NE (0,0.1,0.3)
R22 NE NE \Y{V) NE NE (0.08,0.2,0.4)
R23 U ] U U VU (0.2,0.4,0.6)
R3 R31 U ] U U VU (0.2,0.4,0.6)
R32 U P P P P (0.4,0.6,0.8)
R33 U NE U U ] (0.12,0.3,0.5)
R4 R41 VU VU U U U (0.2,0.4,0.6)
R42 NE U U U ] (0.12,0.3,0.5)
R5 R51 E u P U U (0.5,0.7,0.88)
R52 U 0] U U VU (0.2,0.4,0.6)
R53 U NE U U ] (0.12,0.3,0.5)
R6 R61 P P U P P (0.4,0.6,0.8)
R62 U P VU U U (0.3,0.5,0.7)
Table 5. The estimation values for impacts and associated probabilities.
Impact
Risks Factors /Probability DM 1 DM 2 DM 3 DM 4 DM 5 Aggregated
R1 R11 Impact L M H M H (5,7.8.6)
Probability P U U P P (0.4,0.6,0.8)
R12 Impact L L VL M M (3,5,7)
Probability P P P P U (0.4,0.6,0.8)
R13 Impact M M H M M (6,8,9.8)
Probability P P U P P (0.4,0.6,0.8)
R14 Impact M M H M M (6,8,9.8)
Probability P U P ] P (0.4,0.6,0.8)
R2 R21 Impact H M H M M (6,8,9.6)
Probability P E P P P (0.6,0.8,0.98)
R22 Impact L L L VL L (2,4,6)
Probability  NE P E NE P (0.34,0.5,0.68)
R23 Impact L M H M H (5,7,8.6)
Probability P U U P P (0.4,0.6,0.8)
R3 R31 Impact L M H M H (5,7,8.6)
Probability P U U P P (0.4,0.6,0.8)
R32 Impact L L VL M M (3,5,7)
Probability P P P P U (0.4,0.6,0.8)
R33 Impact M M H M M (6,8,9.8)
Probability P P U P P (0.4,0.6,0.8)
R4 R41 Impact L L L VL L (2,4,6)
Probability U P P U P (0.4,0.6,0.8)
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R42 Impact H M H M M (6,8,9.6)
Probability P E P P P (0.6,0.8,0.98)
R5 R51 Impact M VL L L L (3,5,7)
Probability U U U P E (0.5,0.7,0.88)
R52 Impact M M H H M (3,5,7)
Probability U U U U P (0.4,0.6,0.8)
R53 Impact L M H M H (5,7,8.6)
Probability P U U P P (0.4,0.6,0.8)
R6 R61 Impact L M L L L (4,6,8)
Probability P E P P P (0.6,0.8,0.98)
R62 Impact L M L L L (4,6,8)
Probability U P P U P (0.4,0.6,0.8)

Table 6. Calculated total probabilities and impacts for each risk.

Risk Type Total Probability Total Impact
R1 (0.66,0.88,0.98)  (5,7,8.8)

R2 (0.26,057,0.83) (4.45,6.63,7.43)
R3 (0.58,0.83,0.96) (4.67,6.67,8.47)
R4 (0.30,0.58,0.8) (4.4,6.28,7.98)
R5 (0.65,0.87,0.98)  (4.4,6.28,7.98)
R6 (0.58,0.8,0.94) (4,6,8)

Table 7. Determination of ratings for risk occurrence probability and impact.

Risk  Probability Probability  Impact  Impact Total risk Risk
Type (COA)  level (COA)  level score level
R1 0,84 VH 6,93 H 5,82 H
R2 0,55 H 6,17 M 3,42 M
R3 0,79 VH 6,6 M 5,22 M
R4 0,56 H 6,22 M 3,47 M
R5 0,83 VH 6,22 M 5,18 M
R6 0,77 VH 6 M 4,64 M
[3] Naumann, B., Sargent, EV., Starkman, BS., Fraser,

According to results, R1 is more hazardous risk due to
higher its higher score. Hence mitigation plans related
to R1 must be implemented at first. However, to reduce
future risks, and human and material losses, other
mitigation strategies must be implemented for other
risks. Therefore, all risks needed to be reduced to low
risk scores. For further research, the proposed approach
can be used for safety and risk analysis in different
industry areas that are faced with uncertainty in data
and model.
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