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Abstract

Today, occupational health and safety is a prominent issue in all branches of the industry. In Turkey, shipyards are highly prone to
accidents related to occupational safety. Clearly defining hazard risks and taking precautions against identified priority risks are essential
in preventing these risks. This study proposes a two-stage risk-assessment method based on spherical fuzzy sets (SFSs), which is a new
fuzzy set theory. A systematic risk-assessment tool with the SFSs was developed combining two of the most reliable decision-making
methods: “Analytical hierarchy process (AHP)” and “VlseKriterijumska Optimizacija | Kompromisno Resenje (VIKOR).” The proposed
method was applied in a real case study considering the shipyards in Turkey. Results showed that the developed two-stage risk-assessment
approach provides reasonable results in identifying high-risk hazards to ensure occupational safety in a shipyard. A sensitivity analysis
was conducted to show the reliability and validity of the results.
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1. Introduction

In the recent competitive world, shipyards have to check
their production processes to decrease breakdowns and
retain their competitive power. Injuries, death, and work
loss can be the results of failures. Thus, shipyards must
identify and reduce risks in their production system.
To perform this procedure, a wide-ranging process
analysis must be performed, and reasons for failures
must be identified [1]. In addition to safety and health,
occupational injuries can also impact economies due
to high costs related to work injuries [2]. Taking into
account the importance of the abovementioned issues,
the concept of occupational health and safety (OHS) can
be considered. OHS can be defined as the investigation
and identification of hazard risks that may harm
employees’ health and taking precautions to control
these hazard risks [3]. In other words, OHS comprises
methodical studies to protect workers from hazardous
conditions and circumstances that might be caused by
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diverse reasons while performing a job in a working
environment [4].

One of the key roles in the field of OHS is risk assessment
(RA). Indeed, the desired occupation’s risk analysis has
fundamental and crucial importance in the OHS studies.
RA is recognized as the procedure of classifying, assessing,
and ranking risks in organizational assets and operations
[5]. In another definition by Rausand and Haugen [6], the
differences between risk analysis and risk evaluation are
explained. Risk analysis is the methodical employment
of on-hand information to find out hazards whereas risk
evaluation contains decisions on the acceptability of the risk
in terms of some important criteria. The entire procedure of
risk analysis and risk evaluation is termed RA. RA identifies
reasons for risks and suggests control measures to put
into action before an injury occurs [7]. An RA procedure
comprises the following steps [8,9]:

1. Identify hazards: To identify all hazards and situations
that could cause any harm or loss.
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2. Decide who might be harmed and how: To determine who
and how one might be harmed in each hazard.

3. Decide on precautions based on risk evaluation: To
examine the degree of risk that may arise from undesirable
events.

4. Record findings and implement them: To implement the
results of RA into training.

5. Observe the RA and update if necessary: To review what
you do and on go basis. The process may go differently than
planned. Thus, we should observe the results and update
them if necessary.

Various risk-assessment techniques are present in the
literature with their definite characteristics and outcomes.
The most used risk-assessment methods are given below
with short definitions [10]:

- Hazard and operability study: It can be defined as the
systematic identification of hazards in a process plant
design.

- Fault tree analysis: It is a potentially quantitative risk
analysis method to analyze contributors’ details to the
main annoying events.

- Event tree analysis: To potentially use quantitative
methods to analyze the details of the development of
major unwanted events.

- What-if analysis: What-if questions are asked about what
could go wrong and what would happen if things go
wrong.

- Failure mode and effect analysis (FMEA): It is used to
recognize potential failures and discover effects that the
failures would inflict.

An industry has to be familiar with some important
definitions before implementing one of the risk-assessment
methods.

1. Acceptable risk level: The risk level that does not cause
damage to human resources or work equipment.

2. Risk: The possibility of failure, injury, or any other
destructive result caused by danger or hazard.

3. Hazard: A situation with the potential to lead to injury in
the human body and/or damage to the business.

The Fine-Kinney method is a traditional OHS risk-
assessment method thatyields risk scores and obtain each
hazard’s risk classes [11]. This method was introduced
by Kinney and Wiruth [12] and is a comprehensive and
quantitative approach to support managers in evaluating
and controlling hazard risks. This method is utilized to
determine the ranking of the accomplishment of measures
and resource employment according to the ranking of
risks. Many researchers in various fields have employed
this method. Ilbahar et al. [4] developed a new integrated

method, including the Fine-Kinney, Pythagorean analytical
hierarchy process (AHP), and a fuzzy inference system for
the RA in the field of OHS. Oturakgi et al. [13] developed
a new methodology for the Fine-Kinney method used in
the construction industry. The integration of the fuzzy
AHP (FAHP), fuzzy VlseKriterijumska Optimizacija I
Kompromisno Resenje (VIKOR) (FVIKOR), and Fine-
Kinney methods was proposed by [14] to control the
ballast tank maintenance. In another research, Kokangiil
et al. [14] combined the AHP method to find hazards
and the Fine-Kinney method’s priorities to assess a
production company’s hazard risks. Wang et al. [15]
introduced a fuzzy Fine-Kinney framework in which
the extended MULTIMOORA method is developed to
appraise the risk of ballast tank maintenance. Gul and
Celik [16] analyzed the risks of transportation systems
by proposing a hybrid Fine-Kinney method. A new Fine-
Kinney-based risk-assessment framework integrating
the FAHP and FVIKOR approaches was proposed by
[17]. Moreover, Yilmaz and Ozcan [18] proposed a risk
evaluation and ranking application integrated with the
AHP and Fine-Kinney methods to get risk values for
lifting vehicles used in building sites. Karasan et al. [19]
developed a novel approach and its extension with the
Pythagorean fuzzy sets by incorporating the FMEA and
Fine-Kinney parameters to provide a comprehensive
and accurate RA. Gul et al. [20] presented a novel fuzzy-
based method utilizing the FAHP and FVIKOR methods
to find the parameters’ weights and priorities of hazards
in the Fine-Kinney risk-assessment approach for the
construction of wind tribunes. In a comprehensive study,
Gul et al. [21] investigated the Fine-Kinney method and
its fuzzy extensions, approaches, case studies, and Python
applications. Gul et al. [22] proposed a Fine-Kinney based
occupational RA integrating fuzzy best-worst method and
fuzzy multi-attribute ideal real comparative analysis. In
another research, Gul et al. [23] extended the Fine-Kinney
method to interval type-2 fuzzy sets and the QUALIFLEX
method.

Since the industrial revolution and globalization,
shipyards and the shipbuilding industry hold a significant
trading role [24]. In the last decade, with expansions in
the global market, the Turkish shipbuilding industry
experienced an increment in shipbuilding and export
capacity [25]. Owing to the types of equipment and
intricacy of manufacturing processes, the shipbuilding
industry is categorized as a heavy industry. Therefore,
shipyards must inspect their production processes to
reduce failures [1]. As mentioned before, failures cause
injury, death, and work loss, which results in the loss
of money. For these reasons, shipyards must recognize
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and reduce risks as much as possible. To realize this, a
comprehensive process analysis of the current situation
must be performed and reasons for failures must be
identified. The variety and harshness of work-related
accidents experienced in the shipyards in Turkey have
increased over years. Hundreds of serious injuries and
even deaths have occurred because of these accidents
[26]. The number of occupational fatalities in the Turkish
shipyards between 2000 and 2015 is estimated to be
approximately 201 [25,26].

In the literature, many essential studies exist with regard
to shipyard RAs. Barlas [27] appraised the mortal job-
related accidents in the Turkish shipyards and classified
them according to fatality reason, age, etc. Lee et al. [28]
introduced a RA for the Korean shipyards concerning
design, workforce, raw material supply, and risk number.
Buksa et al. [29] assessed risk priority numbers based on
the FMEA method and recommended reformative actions
to reduce the risk priorities. Moreover, Barlas [30] used
the AHP method to detect essential safety measures to
prevent accidents in the Turkish shipyards. Occupational
accidents, accident types, occurrence dates, and sites
were investigated in the Japanese shipyards [27].

Additionally, Seker et al. [26] offered a novel occupational
risk-assessment method to formulate appropriate
precaution strategies to prevent crucial accidents. A
risk-assessment technique for the production processes
of large-sized steel ship hulls was developed by [31].
Basuki et al. [32] conducted a RA on the construction
of new vessels using the Bayesian network approach so
that the RA was conducted using a probabilistic value at
risk. Moreover, the evaluation of risks using a statistical
approach was studied in [33,34].

Itis clear thatin a risk-assessment procedure, we can face
different uncertainties. By integrating risk-assessment
approaches into a fuzzy concept, considering any
uncertainty can be possible. Fuzzy sets have achieved
great success in handling

inexact and imprecise data in various fields [35,36].
Therefore, this paper attempts to formulate an integrated
risk-assessment method by compounding the Fine-
Kinney, FAHP, and FVIKOR methods using spherical fuzzy
numbers to make the RA more effective. Spherical fuzzy
sets (SFSs) introduced by Glindogdu and Kahraman [37]
are one of the most popular extensions of the ordinary
fuzzy sets in the literature. Unlike the other extensions of
the ordinary fuzzy sets such as intuitionistic, Pythagorean,
and g-rung orthopair fuzzy sets, which consider just
membership and non-membership degrees, SFSs
provide a larger preference domain for evaluators, and

each decision maker may also assign the membership,
non-membership, and hesitancy levels by satisfying the
requirement that the squared sum of these levels must be
within the unit sphere [38]. SFSs let decision makers have
more flexibility in giving different values for uncertainty
degrees (membership, non-membership, and hesitancy
degrees). The advantage of these fuzzy sets is used for
the first time in shipyard risk-assessment analysis, where
the uncertainty is high. Further, a new dimension, i.e,,
“undetectability,” has been added to the risk-assessment
analysis.

The rest of the paper is organized as follows: Section 2
briefly introduces the basic preliminaries of the Fine-
Kinney method and SFSs. In Section 3, the new risk-
assessment methodology is presented based on the
integration of the spherical FAHP and VIKOR methods.
Section 4 presents an application for a case study in the
shipyard industry in Turkey. In Section 5, a sensitivity
analysis is performed to illustrate the validity of the
proposed approach. Finally, the paper is concluded in
Section 6 in addition to describing future directions.

2. Preliminaries and Basic Concepts

In this section, the basic information and operations of the
Fine-Kinney, FMEA, and SFSs will be explained briefly to
make the proposed approach more understandable.

2.1. The Fine-Kinney and FMEA Methods

The Fine-Kinney method is a quantitative risk appraisal tool
utilized to mathematically assess and control accidents and
hazards [12]. This method is a technique used to determine
the rank of accomplishment of measures based on the order
of risks and where to use resources first [18]. The risk value
is the product of three parameters (C, E, and P), which are
introduced as follows [12]:

The severity of consequences for an employee
in case of threats or hazards (C): is the most
likely result in a potential accident. These values are graded
within the interval of (1,100). A high score means that doubt
or instability exists about the severity of the incident.

The exposure frequency of the occurrence of threats and
hazards (F) : the frequency of the occurrence of a hazard.
These values are graded within the interval of (0.5, 10).
The probability of an accident (P) : The likelihood that a
hazardous event may occur. These values are sorted within
the interval of (0.1, 10).

Therefore, the formula of the risk score (R) is denoted as
below;

R = CxExP. (D
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The probability, frequency, and severity degrees are
multiplied using Equation (Eq). (1) to obtain the risk score.
These risk scores are classified as “acceptable risk,” “risk,”
“important risk,” “high risk,” and “very high risk” [12].
FMEA is used to recognize potential failures and discover
what effect the failures would have. Thus, an extra dimension
exists, which is “undetectability” The present study also
incorporated the FMEA into the Fine-Kinney methods to
provide an accurate RA. This work developed the new risk-
assessment method with SFSs under four risk parameters:
probability (P), undetectability (U), consequence (C), and
exposure (E).

2.2. Preliminaries of Spherical Fuzzy Sets
Single-valued SFSs are defined in Definition 1. SFSs provide

a large preference domain for evaluators by satisfying the
unit sphere condition as defined in Eq. (3).

Definition 1. A single-valued SFS ZS of the universe of
discourse X is given by [37]

A~5 = {x, ,UJS(X). ﬁgs(x), I,;S(x) I x € X}, 2)

where My W), 85 (u), and I (u):U — [0,1] are the degree
of membershlp, non- membershlp, and indeterminacy of x
to 4 » respectively. Moreover,

0<pf () +95 (0)+I1F(x) <1 (3)

Then Jl - [F‘fis(x) +05 (0 + Ii(x)] is defined as the refusal

degree of xin X.

Definition 2. Suppose that 71; and ES are two spherical fuzzy
numbers that include the membership, non-membership,
and indeterminacy degrees. The basic operations of SFSs
can then be defined as follows [37] (formulas between 4-7
are given below):

A @B ={ i3, + i, — 16, 0a05, [(A-B)E + - ~B I} (4)

B _ {uﬁsygs,\/ﬁgs +93 —0F 0% ,J(1 —ORE + (A =95)IE — 15 1E } (5)

c={{i-a-s ok, Ja- gy -a-w - B0 (6)

Ak = {uﬁs.\ll -(1- ﬁ}s)k,\/(l -0y - (1 -0 - 1§S)k}; k>0, (7)

Definition 3. Spherical fuzzy weighted arithmetic mean
(SFWAM) with respecttow = (w,, w,, ., w ); w, € [0,1];
.n,w, = 1,SFWAM is defined as [37] (8" formula is below):

SFWAM,,(&sy, Asz, ..., Asy) = wiAsy + ol + -+ Wydgy =
([1-me ) e, G- ) -0 - )" (8)

Definition 4. Spherical fuzzy weighted geometric mean
(SFWGM) with respecttow = (w,, w,, ., w, ); w, € [0,1];
2n.w, = 1,SFWGM is defined as [37] (9" formula is below):

SFWGM,,(Asy, Asgy s Asn) = Asy "+ Agy 4 o+ Ay " =

(e from G- o)™ Jis(-o)" - maG- 0 - )" (9)

3. The Proposed Spherical Risk-
Assessment Methodology

In the proposed spherical fuzzy (SF)-AHP&SF-VIKOR
methodology, the weights of risk parameters are first
calculated using the SF-AHP. These weights are then used
in the SF-VIKOR method to find the priorities of hazards.
Figure 1 gives the general framework of the proposed

methodology.

Fuzzy

Phase 1: Determine the occupational health and
safety expert group and hazard lists

V

Phase 2: Calculate the weights of four risk parameters <::|
(P: Probability, U:Undetectability, C: Consequence, E: Exposure)
<::\ SF-VIKOR

Phase 3: Compute the priorities of hazards

Phase 4: Suggest the control measures

Figure 1. The proposed risk-assessment framework

SF-AHP: Spherical fuzzy analytic hierarchy process, SF-VIKOR: Spherical
fuzzy ViseKriterijumska Optimizacija I Kompromisno Resenje

Table 1 indicates linguistic terms to construct pairwise
matrices based on SF-AHP and linguistic terms to construct
decision matrices based on SF-VIKOR.
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Table 1. Linguistic terms for SF-AHP and SF-VIKOR

. i SF-VIKOR linguistic
SF-AHP linguistic terms ((TR°5,5] —
Absolutely more .
important (AMI) (0.9,0.1,0.0) Very high (VH)
Very high important (VHI) | (0.8, 0.2,0.1) High (H)
High important (HI) (0.7,0.3,0.2) Medium high (MH)
Slightly more important | ¢ 4  3) Slightly high (SH)
(SMI)
Equally important (EI) (0.5,0.4,0.4) -
Slightly low important | ¢ ¢ 3) Slightly low (SL)
(SLD
Low important (LI) (0.3,0.7,0.2) Medium low (ML)
Very low important (VLI) | (0.2,0.8,0.1) Low (L)
Absolutely low important (0.1,0.9,0.0) Very low (VL)
(ALD)
SF-AHP: Spherical fuzzy analytic hierarchy process, SF-VIKOR: Spherical
fuzzy VlseKriterijumska Optimizacija I Kompromisno Resenje

The steps of the methodology are described in detail in the
pseudo code as follows:

Pseudo Representation of Spherical Fuzzy Safety and
Critical Effect analysis

Input: n: number of evaluation criteria

(i and j are aliases=1,2,..n), m: number of hazards
(h=1,2,..m), p: number of experts (k=12,..p),
o: number of pairwise comparison matrices (s = 1,2, ...0)

Stage 1: Spherical FAHP
Output: Weights of the risk parameters
begin fors = 1:0do:

Step 1.1: Construct the linguistic spherical fuzzy judgment
matrices

(R= (F"i;)nxn) —> Based on Table 1

Step 1.2: Convert the linguistic terms into corresponding
spherical fuzzy numbers = Based on Table 1

where R = (i) = ([ vi§ mi51),

for each comparison matrix R do consistency analysis:

CR = £ Where Cl = Amazx
RI n-1

end for

Step 1.3: Analyze the results of consistency analysis
if CR>0.1:

return to Step 1.1
else:

go Step 1.4

end if

Step 1.4: Aggregate the spherical fuzzy pairwise matrices
and obtain spherical fuzzy weights of the risk parameters
using the spherical fuzzy weighted geometric mean
operator:

fij = ([HZH(#E)W’C’ Jl - H§=1(1 - Vlkiz)w’(' \/HZ=1(1 - Vll(jz)wk - HZ=1(1 - /‘:Ciz - V"kfz)WkJ>

where weights of experts are Wi >0(k=12,..,p) and
» _

Yp=1Wk =1 and ("ijdnxn = ([Iiij: Vijs ”ij])nxn

end for

Step 1.5: Defuzzify the weights of the risk parameters to get
crisp values

forj = 1:ndo:
w; = \/|100 * [(Zui], _ ﬂij/z)z _ (vi]- - ”ij/Z)ZH

forj = 1:ndo normalization:

Wi

W, =
J Xie1wj

end for

Stage 2: Spherical fuzzy VIKOR

Output: Obtain the priorities of the hazards

fork = 1:pdo:

Step 2.1: Input linguistic decision matrices (F}k)mxn by
each expert = Based on Table 1

Step 2.2: Convert these linguistic terms to their corresponding

spherical fuzzy numbers (SFN)
where fff == ([uf, vi5.n])

Step 2.3: Aggregate the SFN influence matrices using the
spherical fuzzy weighted geometric mean

P » v »
2 2 2 2
[ oo 1= Ja =gt [ Ta-vitme=]Ja-ug - v
k=1 k=1 k=1 k=1

wherew, > 0(k = 1,2,..,p)and 3} w, = 1

end for

fij=

Step 2.4: Compute the SFN best value (f;*) and worst value
(fi) based on the following equations:

T

f]_+ _ {<[<max,ui,-> , (min vl-]-) , (min 7ri]->]> li=1,2, n} = {ﬁ+’f2+“f~n+}T
j J J

T
fj‘ = {<[<min ,u,-]-> , (max vil-> , (maxnij)]> li=12, n} = {fl_'fz_..fn_}T'
J J J

Step 2.5: Calculate S and R, degrees
for i = 1:mdo:
2.5.1. Compute () degree

NGy, ]
S; jZlW] [ /d(f?,fr)
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2.5.2. Compute (R) degree
max [w;d(fi*, fi) ]

R = . 1Ny R

i J[ /d(fj*,fj‘)

where the Zhang and Xu'’s distance formula is as follows:

d(ft. fip) = (|#ij2 - (#7)2| + |”ij2 - (Uf)2| + |7Tij2 - (”f+)2|)

(it 77) = () = @)’ + | = @)+ | () = (1)),
end for
Step 2.6: Calculate the maximum group utility (QI_)
for i = 1:mdo:

L (5i-5Y)
U (sm=8")

(Ri—R")
(R™-R")

Q; +(1-wv)

where " = miinSl., S = m?xSl. R = miin R, and R™ = max R,-
andv=0.5
end for

Step 2.7: Rank the alternatives in a descending order Q,
end

4. Application: Spherical Fuzzy Safety and
Critical Effect Analysis for Shipyards

To show the applicability of the proposed approach, a case
study was employed to the ship production in Turkey.
Shipbuilding contains three processes: design, materials,
and production. Each process has different sections. The
design process is the initial process that contains the
basic design, key plan, yard plan, production drawing,
and documentation sections. The materials process is
the intermediate part of the shipbuilding that includes
the hull construction, paint materials, hull outfitting,
machinery, and outfitting. The last process is production
that comprises work preparation, hull construction, leak
test, hull outfitting, machinery systems, electrical outfitting,
painting, corrosion control, and spare parts. Herein, the
hazards and associated risks regarding the hull construction
in the ship were analyzed. Four risk parameters, i.e., the P,
U, C, and E of the hazards were evaluated. To assess eleven
different hazard risks and their effects on the safety risk of
the observed shipbuilding industry, three decision makers,
which are represented as Expert 1, Expert 2, and Expert 3,
were used. Table 2 illustrates the hazard list, identifications,
and possible effects, and Table 3 presents the linguistic
evaluations of the risk parameters. Based on Step 1.4, these
evaluations were aggregated as given in Table 3.

Table 4 presents the defuzzified and normalized weights
of the main risk parameters that are obtained using Step
1.5. The most essential risk parameter is the probability of
hazards’ occurrences, which is followed by the exposure of
the events parameter.

Table 2. Hazard identification list in the shipwrights [17]

Hazard ID Hazard Identification Possible Risk
Ha(z:;i 1 Working with hand tools Cuts, injury
Hazard 2 . R Joint, injury,

(H2) Material handling lifting discomfort
Hazard 3 Layout of the work environment Wound. iniur

(H3) (unfixed materials) » tjury
Hazard 4 Rotating or moving parts of the .

(H4) ships Injury, death
Hazard 5 . . .

(H5) Falling objects Injury, death
Hazard 6 Unsuitable climatic conditions Disease. iniur

(H6) (too cold or too hot conditions) » tjury
Hazard 7 Noisv pollution Hearing less, stress,

(H7) yP and panic
Hazard 8 Emergency events .

(H8) (flood, earthquake, fire, etc.) Injury, death
Haé_;‘;? 9 Working with lifting tools Injury, death
Hazard 10 Exposure to chemical liquid, Cancer, burns, eye

(H10) dust, and gas disease, irritation

(Painting, acids, etc.) !

Hazard 11 . . .

(H11) Falling from the ship Injury, death

The decision matrix in Table 5 is obtaingd using Step 2.3.
After performing Step 2.4, the SF best (]’j) and worst (f])
values are obtained and presented in Table 6.

Table 7 shows the ranking result based on the descending
order of Q, values. The first three critical processes/work
units in descending order are the material handling lifting
(H2), working with the hand tools (H1), and falling objects
(H5). The last critical hazard is the emergency events (H8).

To decrease the worst consequences of the riskiest categories
(H2, H1, and H5), some control measures can be suggested.
The examination of the shipyards in Turkey revealed that
the main issues are the insufficient training period with
hand tools, handling process, and importance of the usage of
protective materials. The training period must be extended
to overcome these issues, such as manual lifting, hand tools,
and transportation works. Using the height equipment
should be reviewed, and the possible damaged items must
be changed. Employees must realize the importance of the
usage of appropriate protective eyewear, safety gloves, and
helmets during work.

5. Sensitivity Analysis by Changing the Weights
of the Risk Parameters

A sensitivity analysis is a useful process to test the
validity of the method. In this research, a sensitivity
analysis was performed on the weights of the risk
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Table 3. Linguistic terms for the risk parameters and aggregation results

Experts Risk parameters Aggregation results

Expert 1 P U C E n v ™
P EI HI AMI SMI 0.66 0.33 0.28
U LI El SMI LI 0.31 0.69 0.23
C ALI SLI El VLI 0.33 0.66 0.25
E SLI HI VHI El 0.58 0.41 0.29

Expert 2 P u C E n v ™
P El VHI HI SMI 0.64 0.34 0.28
U VLI El SLI ALI 0.25 0.75 0.20
C LI SMI El LI 0.41 0.59 0.27
E SLI AMI HI EI 0.58 0.41 0.29

Expert 3 P U C E n 14 i
P El HI SMI VHI 0.64 0.34 0.28
U LI El SLI SMI 0.44 0.55 0.30
C SLI SMI EI VHI 0.56 0.43 0.30
E VLI SLI VLI El 0.30 0.70 0.23

P: Probability, U: Undetectability, C: Consequence, E: Exposure, EI: Equally important, HI: High important, AMI: Absolutely more important, SMI: Slightly more
important, LI: Low important, ALI: Absolutely low important, SLI: Slightly low important, VLI: Very low important, VHI: Very high important

Table 4. Weights of the risk parameters based on SF-AHP

Risk v - Defuzzified | Normalized
parameters K weights weights
P 0.65 | 033 | 0.28 11,3554 0,446
U 0.32 0.68 | 0.24 1,7795 0,070
C 0.42 0.58 | 0.28 5,5122 0,216
E 0.46 | 0.54 | 0.26 6,8266 0,268
P: Probability, U: Undetectability, C: Consequence, E: Exposure, SF-AHP:
Spherical fuzzy analytic hierarchy process

parameters. Different important weights can result in
different outcomes. The weights of the risk parameters
were changed according to the following weight vector:
w, = [0.25, 0.25, 0.25, 0.25]" forj = P, U, C, E. As seen in
Table 8, the first and last hazards were the same, whereas
the other hazards’ ranking changed. This indicates the
importance of the firsthazard that remains the same for each
situation. The first and last hazards were not sensitive to
the risk parameters weights, whereas the other alternatives
were observed to be sensitive.

This study employed a sensitivity analysis by changing
the v value, which combines the 51 and R values to get Qr
which is the value for the ranking of the hazards. The results
indicated that the similarities in the given decisions existed.
Figure 2 shows the slightly similar decisions from the
proposed approach that were produced by performing the
sensitivity analysis.
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Figure 2. Sensitivity analysis by changing the v value

6. Conclusion and Future Research Directions

As in all branches of industry, job-related accidents are a
reason for serious social and economic problems owing
to physical wounds and deaths. The frequency of fatal
accidents in the Turkey’s shipyards has forced shipyards
to take appropriate actions to improve the safety of
the workplace and workforce environment. Therefore,
defining, evaluating, and eliminating or reducing risks
have become important in reducing fatal and serious
occupational injury accidents in shipyards. To this
end, the current research presented a hybrid risk-
assessment approach combining the safety and critical
effect analysis (SCEA), AHP, and VIKOR methods. In the
proposed framework, the SFSs were used to model the
high uncertainty in the risk evaluation process. The
SCEA method was employed to determine the main risk
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Table 5. The decision matrix based on the aggregation results of the three experts

Hazards Probability (P) Undetectability (U) Consequence (C) Exposure (E)
H1 (0.83,0.17,0.08) (0.10, 0.90, 0.00) (0.87,0.14, 0.06) (0.66, 0.34, 0.24)
H2 (0.80, 0.20, 0.10) (0.36,0.64, 0.27) (0.80,0.22, 0.13) (0.70,0.31, 0.22)
H3 (0.63,0.37,0.27) (0.40, 0.60, 0.30) (0.36,0.66, 0.15) (0.70,0.31,0.22)
H4 (0.16,0.84, 0.07) (0.30,0.70, 0.20) (0.13,0.87,0.05) (0.90, 0.10, 0.00)
H5 (0.73,0.29, 0.20) (0.20, 0.80, 0.10) (0.77,0.24, 0.14) (0.90, 0.10, 0.00)
H6 (0.83,0.17,0.08) (0.70, 0.30, 0.20) (0.70, 0.30, 0.20) (0.26,0.74,0.17)
H7 (0.90, 0.10, 0.00) (0.60, 0.40, 0.30) (0.90, 0.10, 0.00) (0.16, 0.84, 0.07)
H8 (0.10, 0.90, 0.00) (0.10, 0.90, 0.00) (0.20, 0.80, 0.10) (0.87,0.14, 0.06)
H9 (0.16,0.84, 0.07) (0.16,0.84, 0.07) (0.18,0.82,0.11) (0.90, 0.10, 0.00)

H10 (0.73,0.27,0.17) (0.90, 0.10, 0.00) (0.29,0.72, 0.16) (0.77,0.24, 0.14)
H11 (0.26,0.74,0.17) (0.10, 0.90, 0.00) (0.20, 0.80, 0.10) (0.87,0.14, 0.06)
Table 6. SF best (£*) and worst (£7) values
f+ (0.90, 0.10, 0.00) (0.90, 0.10, 0.00) (0.90, 0.10, 0.00) (0.90, 0.10, 0.00)

2

(0.10,0.90, 0.00)

(0.10,0.90, 0.00)

(0.13,0.87, 0.00) (0.16, 0.84, 0.00)

SF: Spherical fuzzy

Table 7. S, R, and Q, values and the ranking results

Table 8. Ranking based on the new weights of the risk parameters

Hazards S' Rank R.- Rank Q', Rank Hazards Q,- Rank
H1 0.216258 2 0.095691 2 0.020533 2 H1 0.566932 7
H2 0.224669 3 0.083806 1 0.012297 1 H2 0.019083 1
H3 0.459935 7 0.170784 4 0.361278 7 H3 0.273350 3
H4 0.685757 10 0.414921 9 0.918169 10 H4 0.922319 9
H5 0.212026 1 0.109679 3 0.03574 3 H5 0.307946 4
H6 0.356692 6 0.235738 6 0.350584 6 H6 0.367310 5
H7 0.299090 4 0.268965 7 0.340456 5 H7 0.555584 6
H8 0.726081 11 0.445766 11 1 11 H8 0.993654 11
H9 0.682779 9 0.414921 9 0.915272 9 H9 0.837595 8
H10 0.332185 5 0.176793 5 0.245322 4 H10 0.175302 2
H11 0.643978 8 0.363663 8 0.806727 8 H11 0.940003 10

parameters. Moreover, the SF-AHP method was utilized to
find the weight of the risk parameters, and the SF-VIKOR
was then employed to obtain the priority of the hazards.
To explain the effectiveness of the proposed approach, a
case study was employed to ship production in Turkey.
Results showed that in the Turkish shipyard industry,
material handling lifting, working with hand tools, and
falling objects are major risks. Therefore, employers
should consider some preventive control measures to
reduce human losses. To demonstrate the validity of the
proposed method, a sensitivity analysis was performed

on changing the weight of the risk parameters and v
value; the results were sensitive to the weight of the risk
parameters. Moreover, the result showed that the new
method is robust and flexible in the application.

For future research, the authors recommend the proposed
hybrid method by combining fuzzy inference systems to
be used in the RA of construction, medical, operational, or
other industries, including situations with high uncertainty
and risks. Furthermore, some other MCDM approaches
such as TOPSIS, ANP, OPA, and their fuzzy versions can be
combined with traditional risk-assessment methods.
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