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Abstract: Petroleum products transportation considered as one of the crucial
parts of dangerous material transportation is a risky logistics activity. The
selection of the appropriate tanker vehicles may be a suitable solution to
reduce the risks and increase the efficiency and performance of the fuel
transportation companies. However, the selection of a suitable road tanker
vehicle is not an easy task for decision-makers as there are many conflicting
criteria and many decision alternatives. In addition, decision-makers may
have to decide with insufficient information since collecting crisp values may
not be possible at all times. Hence, many ambiguities affecting the evaluation
results exist in an assessment process performed to select the best tanker
vehicle option. This paper suggests a novel integrated fuzzy approach to solve
these decision-making problems. Sensitivity analysis is conducted to test the
validation of the proposed integrated fuzzy approach and its results was
performed by forming 130 scenarios. The results of sensitivity analysis prove
that the proposed model can be applied to solve these kinds of decision-
making problems.

Key words: Road tanker vehicle, Fuzzy SWARA, Fuzzy CODAS, dangerous
goods transportation, MCDM.

1. Introduction

In recent years, the flammable liquid transportation industry is an important part
of the dangerous goods logistics industry has grown quickly depending on the
increase of energy needs of both industries and individuals. The number of car
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ownership per 1000 inhabitants has averagely increased at the rate of 17.61%
around the world between 2001 and 2020 (OECD 2021). Increase in car ownership
has caused to increase energy needs of individuals. Hence, the volume of fuel
transported has shown a sharp increase in both urban and rural areas. The reports
published by market insight companies and international institutions suggest that
this trend will continue increasingly in near future and the analysts forecast that the
global oil transportation market will grow at the rate of 7.00% annually. The risks
associated with the transport activities will also increase.

Selection of the most appropriate tanker vehicle is a very crucial task for decision-
makers with respect to reducing the risks in addition to the efficiency and
performance of the oil and petroleum products transportation. However, there is no
study on the selection of proper road tanker vehicles in the literature, even though
dangerous goods transportation is a very important issue for all parties of logistics
such as international and national policymakers, operators, companies, local
authorities, and ordinary citizens.

Previous work on dangerous goods transportation focused on route selection
(Beczkowska, 2019; Wang & Liang, 2020; Li, 2018). A multi-objective mathematical
model is used for selection of dangerous goods transportation (Samanlioglu, 2013;
Pamucar et al. 2016; Jassbi & Makvandi, 2010). Also, many studies are available on
dangerous materials transportation such as designing the terminal layout for safety
(Santarremigia et al., 2018; Hervas-Peralta, 2020), evaluating safety systems in
airfreight operations (Huang et al., 2020), risk assessment (Huang et al., 2021; Kanj et
al,, 2019; Galierikova et al., 2018; Gul et al., 2019; Raemdonck et al., 2013), evaluation
of the work of advisors in the transport of hazardous goods (Pamucar et al., 2019;
Milosevic et al,, 2021). A limited study is carried on the selection of freight trailers
(Gorgiin, 2019a; Gorgiin, 2019b) but they are not related to tanker selection.
Equipment and vehicles used in ordinary freight transportation are quite different
from equipment and vehicles used in dangerous goods transportation. Hence it is not
possible to connect between previous works dealing with freight trailer selection and
the current paper focuses on the road tanker selection.

To the best of our knowledge, there is no study dealing with the selection of
transport vehicle. The selection of the appropriate road tanker vehicle has vital
importance and is crucial for companies, governments, local authorities, and
individuals. It can also be a determinative factor for effectivity and performance of a
HAZMAT (Hazardous Materials) transport company.

To analyze the significant criteria affecting the selection of proper tanker vehicles,
a set of research questions were determined. A team of experts is formed. All of them
are also experts and advisors of hazardous materials transportation certificated by
public authority. The researchers organized many face-to-face interviews with each
expert and directed these research questions to the experts. At the end of the face-to-
face interviews, preparing a list for decision alternatives and criteria was requested
from each professional. These lists were collected and researchers eliminated the
repetitive criteria and the final list for criteria and options has been determined by
providing full consensus among these experts. Hence, the determined selection
criteria are realistic and suitable to real-life and they can also be used by future
works and it can be taken into consideration by practitioners in a reel assessment
process.

As another finding of the research process, experts indicate that there is no
mathematical model implemented to determine the best tanker vehicle in the field of
hazardous materials transportation, furthermore, decision-makers, who responsible
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to decide on this issue, make decision based on their own experiences, and they
mostly consider each process as a case. It proves that using a mathematical model is a
crucial requirement for solving these kinds of decision-making problems
encountered in the field of dangerous goods transportation. In order to respond to
these requirements, the current paper proposes an integrated fuzzy approach
consisting of the fuzzy Step-Wise Weight Assessment Ratio Analysis (F-SWARA) and
the combinative Distance-based assessment (F-CODAS) techniques.

Although the fuzzy CODAS technique that is a part of the proposed integrated
fuzzy model is a novel multi-criteria decision-making (MCDM) approach, it has been
observed that it has been applied in some studies for solving decision-making
problems in various fields. For example; evaluation of IT technology alternatives for a
university (Dahooie et al., 2020), evaluation of environmental quality (Ouhibi &
Frikha, 2020), the selection of vehicle shredding facility location (Simic et al., 2021),
evaluation of renewable energy alternatives (Deveci et. al., 2020), evaluation of
personnel selection problem (Yal¢in & Pehlivan, 2019), market segment evaluation
(Keshavarz Ghorabaee et al, 2016a). The number of studies using the F-CODAS
technique is very limited and none of these papers dealt with decision-making
problems encountered in the field of logistics.

The classical decision-making techniques use crisp values to assess the options
however these evaluations are not working and they often fail in real life. There are
many uncertainties in an assessment process and decision-makers may have to make
decisions with insufficient information (Pamucar & Savin, 2020). The proposed
integrated fuzzy approach can enable to deal with ambiguities because it has the
ability to include the ambiguities to the scope of the evaluation process. In addition,
this technique takes into consideration the combinative form of Euclidean distance
and Hamming distance in the aspect of the intangibility of decision-maker (DM).
Hence it can present accurate and reasonable results by considering ambiguities
(Wang et al, 2020; Ali et al., 2021). The proposed method can be used as a
methodological frame for both future works and practitioners who responsible to
decide in the field of dangerous goods logistics.

After the proposed integrated fuzzy approach was applied, a comprehensive
sensitivity analysis consisting of two stages was performed to test the validation of
the model and its results by forming different 130 scenarios. According to the results
of the analysis, A5 has remained for all scenarios and its ranking performance has
never changed. In addition, it has been observed minor changes, which did not change
the overall results, in the ranking performances of some alternatives. The results of
the analysis prove that, the proposed fuzzy model is a very strong approach and its
ranking results are reasonable, accurate and realistic. Hence, it can be applied to
solve these kinds of decision-making problems encountered in various fields of
logistics in addition to the dangerous goods logistics industry. The major contribution
of this work is:

e It presents a set of criteria, which are novel and suitable to real life, for
evaluating the road tanker vehicle selection. There is no criterion defined
by previous studies in this field.

e The proposed integrated fuzzy approach is a novel MCDM technique and
it can contribute to future work that will be carried out on this issue as
well as it can help to practitioners in the field of hazardous material
transportation.

e It presents a methodological frame which can enable to deal with many
ambiguities existing in an assessment process on the tanker vehicle
selection.
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The rest of the paper is organized as follows. In section 2, the proposed integrated
fuzzy approach consisting of F-SWARA and F-CODAS and its basic algorithm
consisting of four stages are presented. Section 3 describes the numerical analysis
for calculating the selection criteria and determines the ranking performances of the
road tanker vehicle alternatives. In section 4, a comprehensive sensitivity analysis is
performed to test the validation of the proposed integrated fuzzy model and its
results. Section 5 describes the overall results and conclusions. The limitations
encountered during the research process, and a set of suggestions for future works
are presented.

2. The Proposed Integrated Fuzzy Approach

The proposed integrated fuzzy approach and its basic algorithm are presented in
this section. The proposed model consists of three stages. The first stage is organized
as the preparation process. The main problems were determined, the board of
experts was formed, after the criteria and decision alternatives were defined fuzzy
data were collected in this phase. The weights of the criteria were computed by
applying the F-SWARA technique. Finally, the ranking performances of the decision
alternatives were determined by using the F-CODAS technique. The basic algorithm of
the proposed model is presented in Figure 1.
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Figure 1. The basic algorithm of the proposed integrated fuzzy model

2.1. Preliminaries

The fuzzy set theory introduced by Zadeh (1965) is a useful technique enabling to
deal with ambiguities for decision-makers. The fuzzy sets have degrees of
membership and the fuzzy set theory uses triangular fuzzy numbers (TFNs) to
convert the linguistic evaluations.
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A fuzzy number A on R to be an FTN if its membership function ni(x): R—[0,1]
is equal to the following equation (1) (Zadeh, 1965):

X—1
—— 1<£x<m
m_
() ={—— m<x<u (1)
A T
0 otherwise

As is seen from equation 1, the values of [, m, and u symbolize TFNs and while [ is
the minimum value, u denotes the maximum value of the fuzzy number, and m
represents the moderate value of the fuzzy number. the fuzzy set theory has been
used by many studies (Petrovic et al., 2019; Deveci et al,, 2020; Pamucar & Ecer,
2020; Ecer & Pamucar, 2020; Alosta et al.,, 2021).

2.2. The fuzzy SWARA Technique

The fuzzy SWARA (F-SWARA) technique is an extended version of the traditional
SWARA technique developed by Kersuliene et al. (2010). This technique is preferred
over other traditional MCDM techniques such as AHP and ANP.

This can estimate the decision makers preferences considering the significances of
the criteria (Mardani et al, 2017). It does not require an additional consistency
analysis as this fuzzy technique is maximally consistent. The basic algorithm of the
fuzzy SWARA technique consisting of five implementation steps is given below: (Mavi
etal, 2017; Percin 2019; Sumrit et. al., 2012; Zolfani & Saparauskas 2013).

Step 1. Rank the selection criteria: In a group decision process, each expert ranks
the criteria. Next, the ranking position of each criterion is determined by computing
the arithmetic mean of given ranking scores by experts.

Step 2. Determine the relative importance ratio: After the criteria are ranked, the
criterion is compared with the next criterion by each expert. The criterion j is
compared with the criterion of j-1. To make these comparisons, decision-makers use
the linguistic terms given in the linguistic evaluation scale which is given in Table 4.
These evaluations are converted to the corresponding triangular fuzzy numbers
(TFNs) in the evaluation scale. By calculating the arithmetic mean of these values, the
final fuzzy relative importance ratio of each criterion is determined.

Step 3. Calculate the coefficient K jas Eq. (2):

1, j=1
i ={ ‘ @

sj+1, j>1

Step 4. Compute the intermediated weight q; as Eq. (3):

1 j=1
=Jq 3
a; h, i>1 (3)
Kj

|
Where; q,-:(qj,q?,ql})
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Step 5. Compute the relative weights of the evaluation criteria as Eq. (4):

q .
wj=—3— (4)
pIC}
k=1
Where wj donates the fuzzy weight of criterion j.
Step 6. Compute non-fuzzy value of wj as Eq. (5):
(wh +w! +wt)
wj =— ?i ‘ (5)

2.3. The fuzzy CODAS Technique

The combinative distance-based assessment (CODAS) technique developed by
Keshavarz Ghorabaee et al. (2016) is a quite novel MCDM technique and is a very
useful approach. This technique considers a combinative form of the Euclidean
distance and Taxicab distance to determine the ranking performances of the decision
alternatives. However, the CODAS technique gives results when crisp values are
available. In order to present an MCDM technique, which enables to deal with
uncertainties, this approach was extended in later studies (Keshavarz Ghorabaee et
al,, 2016a; Yalgin & Pehlivan, 2019; Vinodh & Wankhede, 2020; Roy et. al., 2019) with
the help of the fuzzy set theory introduced by Zadeh (1965). The basic algorithm of
the fuzzy CODAS (F-CODAS) technique consisting of nine implementation steps are
given as follows: (Keshavarz Ghorabaee et al., 2016a; Yal¢cin & Pehlivan, 2019; Roy et.
al,, 2019; Katranci & Kundakei, 2020)

Step 1. Generate the fuzzy decision matrix: In a group decision process, k number
of experts evaluate m number of decision alternatives by considering n number of
criteria as seen in equation 6. The decision-makers perform linguistic evaluations for
options considering the linguistic terms given in Table 5.

11 1 2 2 2 Kok K
X1 X2 ... X X1 X2 ... X X1 X2 ... X1

1 1 2 2 2 Kk k k
xb_| Xer Xz Yo | o2 | X2 Xop - Xon x| Xa1 %22 - Xan
B ] 1| N ) 2 | T ok Gk k (6)
X31 X32 ** X3p X31 X32 ** X3n X31 X32 ** Xgn
2

1,1 ... 2 2 .. k k.. k
Xml Xm2 an Xml Xm2 mn Xml Xm2 an

>

Next, these evaluations are converted to the corresponding TFNs in the linguistic
evaluation scale. As a result, the k numbers of initial fuzzy decision matrices are
obtained. Finally, these matrices are combined and the initial aggregated fuzzy matrix
is formed as follows (equation 7).
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X11 X12 ... Xin

X = X21 X22 -+ X2n (7)

Xm1 Xm2 *** Xmn

Where the element of the matrix Xjj denotes the average fuzzy rating score of it
option with respect to jt criterion and k symbolizes the number of experts.

Step 2. Determine the weights of criteria: The fuzzy weight of each criterion is
determined in the previous stage of the suggested integrated fuzzy approach with the

help of the F-SWARA technique.
Step 3. Generate the fuzzy normalized decision matrix: The fuzzy aggregated matrix

is normalized by applying equation 8.

Xij

———, jeB
max K { Xjj
m (xf') .
1-—2  _jecC
m;’:IXK(Xij)JE

B denotes the benefit criteria; C symbolizes the cost criteria.
Step 4. Form the fuzzy weighted normalized decision matrix: The fuzzy normalized

matrix N = |:nij:| is weighted by using equation 9 and the weighted normalized
mxn

fuzzy matrix R = |:Fij men is constructed.

Fij =Nij ®W; 9)
Step 5. Determine fuzzy negative-ideal solution as Egs. (10-11)
NS = [ns i lxm (10)

nsj = min Fij (11
|

Where min rjj ={ij|K(ij)=min(K(ij )), k=12,..n}

Step 6. Calculate the Euclidean distance (EDi) and Hamming distance (HD:): The
distance values for each alternative are computed by using equations 12 and 13.

ED, ZZm:dE<Fij,nSj) (12)
j=1

HD, =Zm:d,_| (Fij,nSj) (13)
j=1

Step 7. Determine relative assessment matrix RA = py, ]mxn Eq. (14):
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pi = (ED; —EDy )+ (t(ED, —ED, ) x(HD; — HD, )) (14)
1 if|x|=6
t(x)"{o if [ <0 o)

The threshold parameter (6 ) of this function can be set by decision-maker. It can
take values between 0 and 1.

Step 8. Compute the assessment score (AS;) of each alternative by using
equation 16.

m
AS; = Z Pik (16)
k1

Step 9. Rank the decision alternatives: Decision alternatives are ranked with
respect to their assessment scores in descended order. The best alternative is
determined as the option having the highest assessment score.

3. Evaluation of the road tanker vehicle alternatives

In this section, the proposed integrated fuzzy approach is implemented to solve
the decision-making problems related to the selection of road tanker vehicles. By
following the basic algorithm of the integrated fuzzy model, the best solution was
tried to obtain.

Details of the selected professionals are given in Table 1.

Table 1. Details of the Members of the Board of Experts

No Graduate Duty Exp. Country
DM-1 Logistics Management Advisor of DG 14 Turkey
DM-2  Business Management Advisor of DG 18 Turkey
DM-3  Logistics Management Advisor of DG 17 Netherlands
DM-4  Business Management Advisor of DG 18 Turkey
DM-5  Mechanical Engineering Advisor of DG 21 Bulgaria
DM-6  Industrial Engineering Advisor of DG 27 India

The research questions determined in the first step of the research process were
directed to these experts and the obtained answers were recorded. As one of the most
significant findings of these research process, it has been ascertained that there is no
mathematical model or computational tool used for solving the road tanker selection
problem. According to the opinions of the members of the board of experts, decision-
makers mostly decide considering their own experiences and, knowledge, and
competence furthermore they consider these kinds of problems as singly case.

At the end of the face-to-face interviews and well-attended meetings with the
members of the boards, researchers requested to prepare a list from each expert to
determine the selection criteria. Next, these lists were combined and the final criteria
list was formed as in the Table 2.
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Table 2. The selection criteria for road tanker vehicles

Code Criteria Code Criteria
C:1  Purchase Price Cs Empty weight
C.  Maintenance Cost Co  Tanker Length
Cs  Number of Authorized Services  Cig  Number of divisions
Cs  Capacity Cu  Design Pressure Value
Cs  Material thickness Ci»  Design Temperature Value Max
Ce  Safety Ciz  Design Temperature Value Min

C7;  Loaded weight

According to the opinions of the experts, technical and economic criteria are
crucial to select the appropriate road tanker vehicle. these vehicles should be in good
condition and they have to respond some requirements related to dangerous goods
transportation. As a result of negotiations taken long time with the experts, the
selection criteria were determined by providing full consensus among these experts.
the set of the selection criteria are defined as follows:

C1 Purchase Price: it is the price an individual or companies, which operates
dangerous goods transportation, pays for purchasing a road tanker vehicle. It can
also be defined as the acquisition cost.

C2 Maintenance Cost: it refers to the expense incurred to ensure that a road
tanker vehicle continues to operate healthily. the maintenance cost is also defined as
all kinds of costs which are bear by individuals or businesses for keeping their
vehicles in good working condition.

C3 Number of Authorized Services: It refers to the number of authorized service
suppliers, which can provide for regular or irregular maintaining and repairing
support at the global level.

C4 Capacity: it refers to the total weight capacity that can be carried by a road
tanker vehicle at a minimum or zero risk level in terms of the liter, m3, or tons.

C5 Material thickness: it defines the thickness of materials used for
manufacturing a road tanker. UNECE has determined minimum standards on metal
plate thickness used as a semi-finished product for manufacturers and transport
operators since it is very crucial for safety and security.

C6 Safety: it refers to the availability of the safety requirements, which
determined by international institutions on dangerous transportation, for a road
tanker vehicle. all of them may not be installed on each road tanker or all of the safety
equipment such as electronic stability control systems, safety valves, manholes,
Internal bulkheads, and so on may not have the same quality and abilities. due to
these differences, the safety level of a road tanker is one of the crucial factors for
selecting the appropriate vehicle.

C7 Loaded weight: it means to total weight of the loaded tanker vehicle. it equals
the sum of the weight of liquid cargo and tare weight of a vehicle. overweighting can
cause to rollover of road tanker vehicles as there is a negative correlation between
the total weight and vehicle stability. Hence, it is a crucial factor that affects road,
vehicle, and cargo security directly.

C8 Empty weight: Empty weight means the weight of a road tanker vehicle
including the operating body and accessories. there is a negative correlation between
the empty weight of a tanker vehicle and its carrying capacity. Hence, it can be
accepted as both a technical and economic criterion since it is a determinative factor
with respect to the carriage capacity of a vehicle.
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C9 Tanker Length: it refers to the maximum length of a road tanker vehicle that
is fixed or extendable. it is one of the crucial selection criteria since can affect the
maneuverability of a tanker vehicle and utility of these kinds of vehicles in all
dangerous goods transport operations.

C10 Number of divisions: it means the number of internal baffles in a tanker
truck. while it causes to reduce carriage capacity of a vehicle, allows carrying
different types of liquid cargo (i.e. oil, diesel, gasoline, and etc.) in a single transport
operation.

C11 Design Pressure Value: it refers to technical requirements for loading,
unloading liquid cargo in terms of bar or psi. standards for these requirements at a
minimum level have determined by international institutions such as UNECE.

C12 Design Temperature Value Max: providing a certain temperature value may
be required when special liquid cargoes are carried. Hence, it means the temperature
value that can be provided by a road tanker vehicle at a maximum degree.

C13 Design Temperature Value Min: it means the temperature value that can be
provided by a road tanker vehicle at a minimum degree.

Next, the decision alternatives were determined together with experts and given
in Table 3.

Table 3. Decision alternatives for road tanker vehicles

Code Options Code Options
A Brand OK. As Brand KO
A Brand OT. As Brand TR
As Brand TA Ay Brand RH
A4 Brand TS Asg Brand IZ

While the decision alternatives were determined, road tanker vehicle market of
Europe and Turkey was taken into consideration and the products manufactured by
key players of the market were included into the scope of the research process. Then,
the criteria and options were determined, researchers progressed to the next stage of
the proposed fuzzy model.

3.1. Calculation of the weights of the criteria

Next, experts performed linguistic evaluations for criteria and alternatives and
these evaluations were converted to the corresponding TFNs in the linguistic
evaluation scale as given in the Table 4.

Table 4. Linguistic weighting scale for criteria (Percin, 2019)

Triangular Fuzzy Number (TFNs) for tangible

Linguistic terms Abbr. | m u

Very Low VL 0.00 0.00 0.30
Low L 0.00 0.25 0.50
Medium M 0.30 0.50 0.70
High H 0.50 0.75 1.00
Very High VH 0.70 1.00 1.00

Step 1. Expert rank the criteria by considering own experiences and judgments.
Then the final ranking scores of the criteria were determined by computing the

149



Gorgiin et al./Decis. Mak. Appl. Manag. Eng. 4 (2) (2021) 140-162

geometric mean of ranking scores given by experts for each criterion as shown in
Table 5.

Table 5. Ranking of the criteria and the final ranking scores

Code DM1 DM2Z DM3 DM4 DMS5 DM6 GeoMean
C1 1 2 1 2 2 3 1.698
Ca 4 5 5 6 5 5 4.966
Ce 7 6 6 5 7 7 6.287
Cs 2 3 3 3 3 2 2.621
C2 5 4 4 4 1 1 2.615
Cs 3 1 2 1 4 4 2.140
Cio 9 10 8 8 9 9 8.807
Co 10 9 10 9 10 10 9.655
C7 8 8 9 7 8 8 7.979
Cs 6 7 7 10 6 6 6.878
C11 11 11 11 12 11 11 11.161
Ci2 12 13 12 11 12 12 11.986
Ci3 13 12 13 13 13 13 12.828

Step 2. Experts perform linguistic evaluation for criteria to determine the relative
importance ratio of each criterion by making comparison between criterion j and j-1
criterion. The determined linguistic evaluations are presented in Table 6.

Table 6. Linguistic evaluations for the relative importance ratios

Code DM1 DM2 DM3 DM4 DM5 DM6
C1 - - - - - -
Ca VL VL VL L VL L
Ce M H M M M VL
Cs VL VL VL VL VL VL
Cz VL L VL VL VL L
Cs VL M VL VL M M
C1o H H H VH L M
Co L VL L L VL VL
Cr L VH M L VH VH
Cs VL VL VL VL L L
Ci1 VH H VH M VH VH
C12 VL L VL L L L
Ci3 VL L VL L L L

The weights of the factors were computed and presented in Table 7.

Table 7. The results obtained by applying the fuzzy SWARA technique

Code Sj Kj q; Wi dﬂ;m w;
G 1000 1000 1000 1000 1000 1000 0137 0191 0318 0215 0172
C+ 0000 0083 0367 1000 1083 1367 0732 0923 1000 0100 0176 0318 0198 0158
Cs 0283 0458 0683 1283 1458 1683 0435 0633 0779 0060 0121 0248 0143 0114
Cs 0000 0000 0300 1000 1000 1300 0334 0633 0779 0046 0121 0248 0138 0110
C2 0000 0083 0367 1000 1083 1367 0245 0584 0779 0034 0111 0248 0131 0105
Cs 0150 0250 0500 1150 1250 1500 0.163 0467 0678 0022 0089 0215 0109 0087
Co 0417 0667 0867 1417 1667 1867 0087 0280 0478 0012 0053 0152 0072 0058
Co 0000 0125 0400 1000 1125 1400 0062 0249 0478 0009 0047 0152 0069  0.055
C; 0400 0667 0783 1400 1667 1783 0.035 0150 0342  0.005 0028 0109 0047 0038
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Cs 0000 0083 0367 1000 1083 1367 0026 0138 0342 0004 0026 0109 0046 0.037
Cin 0600 0875 0950 1.600 1875 1950 0013 0074 0214 0002 0014 0068 0028  0.022
Ciz 0000 0167 0433 1000 1167 1433 0009 0063 0214 0001 0012 0068 0027 0022
Cis 0000 0167 0433 1.000 1167 1433 0.006 0054 0214 0001 _ 0.010 _ 0.068  0.026 _ 0.021

3.2. Determining the preference ratings of the alternatives
The example is related to road tanker vehicles used in the field of dangerous
goods transportation. Hazardous transportation firms need to assess all potential
tanker vehicles and have to choose the appropriate alternative among them to reach
safe, effective, and productive transport operations. In order to conduct successful
and productive research and reach accurate, reasonable, and realistic results, a board
of experts was constructed by researchers, and they took on a task as advisors and
experts during the research process as mentioned in the previous section.
Step 1. Experts performed linguistic evaluations for decision alternatives
considering the linguistic terms given in Table 8. These evaluations were converted to
the corresponding TFNs in the linguistic evaluation scale.
Table 8. Linguistic scale for alternatives (Chen, 2000)
Triangular Fuzzy Number (TFNs) for tangible
Linguistic terms Abbr. 1 m u
Very Poor VP 0 0 1
Poor P 0 1 3
Medium Poor MP 1 3 5
Medium M 3 5 7
Medium Good MG 5 7 9
Good G 7 9 10
Very Good VG 9 10 10
After, these evaluations were converted to the TFNs, k number of initial fuzzy
decision matrices were generated and these matrices were combined and the
aggregated fuzzy matrix (Table 9) was constructed as follows.
Step 2. The fuzzy weight of each criterion was computed by using the F-SWARA
technique. The obtained fuzzy weights of the criteria are given in Table 7.
Table 9. The initial fuzzy matrix
Code Ay Az A3 Ag As
l m u 1 m u l m u l m u 1 m u
C1 257 371 514 514 686 814 386 529 657 3.00 457 629 143 271 443
C2 557 714 814 457 614 757 700 843 914 629 7.57 843 171 286 443
C3 157 243 386 414 543 671 229 286 386 600 757 857 257 371 514
Ca 657 786 857 614 771 871 700 843 929 757 914 986 643 814 9.14
Cs 486 629 757 371 471 586 400 571 729 257 429 6.00 686 829 9.00
Ce 6.14 800 914 729 886 957 757 9.00 957 7.00 871 957 671 843 943
C7 443 571 686 557 686 786 514 7.00 843 643 800 886 586 757 886
Cs 729 886 957 357 486 6.00 486 643 7.71 557 686 7.71 429 586 743
Co 514 657 771 443 571 686 486 643 771 6.00 757 857 7.00 871 0971

C1o 786 929 986 629 771 871 814 957 1000 6.43 829 943 686 829 9.00
C11 071 114 243 1.14 186 329 3.00 357 443 786 914 957 6.71 843 943
Ci2 329 471 6.14 514 7.00 843 7,57 914 986 514 7.00 843 557 743 886
Ci3 357 514 686 486 671 814 486 643 786 586 743 857 729 886 971

Code Ae A7 Asg
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C1 343 457 586 286 371 471 6.14 7.00 7.43
Cc2 143 286 4.71 586 686 743 529 643 7.29
C3 357 529 7.00 357 514 6.57 1.71 214 3.14
C4 529 657 757 757 9.00 957 629 771 857
C5 6.71 829 914 7.00 857 943 486 614 7.14
cé 6.43 814 914 671 843 943 571 714 814
Cc7 729 871 957 500 629 743 486 6.71 829
8 271 414 586 386 514 643 371 529 671
Cc9 471 6.00 7.14 7.00 857 943 514 657 7.71
c10 8.14 9.57 10.00 786 943 10.00 686 814 8.71
C11 514 571 614 343 443 557 429 514 6.00
C12 514 7.00 843 729 886 957 743 843 871
C13 871 986 10.00 729 886 971 729 871 9.29
Step 3-5. By implementing the equation 8, the initial fuzzy matrix was normalized.
Afterward, with the help of equation 9, the matrix was weighted (Table 10) as follows
in the step 4. Next, by applying equation 10-11, the fuzzy negative-ideal
solutions( nsj ) were computed.
Table 10. The weighted normalized fuzzy matrix
Code Al A2 A3 A4 A5
1 m 1 m u 1 m u 1 m u 1 m u
c1 0.07 012 0.24 0.03 0.06 0.15 0.05 0.09 0.20 0.05 0.10 0.22 0.08 0.14 0.27
c2 0.01 0.3 0.11 0.01 0.04 0.13 0.00 002 0.07 001 0.03 0.09 0.02 0.08 0.21
¢c3 0.00 0.02 0.08 0.01 0.05 014 0.01 0.03 0.08 0.01 0.07 018 0.01 0.03 0.11
c4 0.07 0.14 0.27 0.06 0.14 0.28 0.07 015 030 0.08 0.16 031 0.06 014 0.29
¢5 0.02 0.08 019 0.02 0.06 0.14 0.02 0.07 018 0.01 0.05 0.15 0.03 010 0.22
c6 0.04 010 0.23 0.04 0.11 0.24 0.05 0.11 0.24 0.04 0.11 0.24 0.04 010 0.23
c7 0.00 0.02 0.07 0.00 0.02 0.09 0.00 0.02 0.09 0.00 0.02 0.10 0.00 0.02 0.10
c8 0.00 0.00 0.03 0.00 0.01 0.07 0.00 001 0.06 0.00 0.01 0.05 0.00 0.01 0.06
c9 0.00 0.02 0.07 0.00 0.02 0.08 0.00 0.02 0.08 0.00 0.01 0.06 0.00 0.01 0.05
c10 0.01 0.05 0.15 0.01 0.04 0.13 0.01 0.05 0.15 0.01 0.04 014 0.01 0.04 0.14
c11 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.01 0.03 0.00 001 0.06 0.00 0.01 0.06
Cc12 0.00 0.01 0.04 0.00 0.01 0.06 0.00 0.01 0.07 0.00 001 0.06 0.00 0.01 0.06
C13 0.00 0.01 0.04 0.00 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.02
Table 10. The weighted normalized fuzzy matrix (Continue)
Code As A7 As nsSj
| m u | m u l m u l m u
C: 006 010 0.21 0.07 0.12 0.23 0.04 0.06 0.12 0.025 0.057 0.123
C: 0.02 0.08 021 0.01 0.03 010 0.01 0.04 0.12 0.003 0.017 0.074
C: 001 0.05 0.15 0.01 0.05 0.14 0.00 0.02 0.07 0.004 0.019 0.068
C+ 005 012 0.24 0.08 0.16 030 0.06 0.14 0.27 0.053 0.116 0.241
Cs 0.03 010 0.23 0.03 0.10 0.23 0.02 0.07 0.18 0.012 0.052 0.145
Cs 0.04 010 0.23 0.04 0.10 0.23 0.03 0.09 0.20 0.034 0.086 0.202
C; 0.00 0.02 0.10 0.00 0.02 0.08 0.00 0.02 0.09 0.002 0.016 0.074
Cs 0.00 0.02 0.08 0.00 0.01 0.07 0.00 0.01 0.07 0.000 0.003 0.029
Co 0.00 0.02 0.08 0.00 0.01 0.05 0.00 0.02 0.07 0.000 0.006 0.046
Ciwo 001 0.05 0.15 0.01 0.05 0.15 0.01 0.04 0.13 0.008 0.041 0.132
Ca 000 0.01 0.04 0.00 0.01 0.04 0.00 0.01 0.04 0.000 0.002 0.016
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Ciz 000 0.01 0.06 000 0.01 0.06 0.00 0.01 0.06 0.000 0.006 0.042
Ci 000 000 0.01 0.00 0.00 0.02 0.00 0.00 o0.02 0.000 0.000 0.009

Step 6. The Euclidean distance (EDi) and Hamming distance (HDi) were calculated
by using equations 12 and 13. The computed values are presented in Table 11.

Table 11. The Euclidean distance (EDi) and Hamming distance (HD;) for
each option

Code A1 A2 A3 Aq As As A7 As
EDi 0.213 0.408 0.223 0.294 0.376 0.349 0.320 0.150
HD;i 0.184 0.173 0.187 0.245 0.322 0.292 0.279 0.121

Step 7. The relative assessment matrix was constructed by applying equation 14-
15. The threshold parameter ( 0 ) was taken as 0.02 in the current paper.

Step 8. The assessment score (AS:) of each alternative was calculated by using
equation 16. The relative assessment matrix and the assessment scores of options are
presented in Table 12.

Table 12. The relative assessment matrix and the assessment scores of options

Code A A As A As As A As ASi Rank
AL 000 -018 001 014 -030 024 -020 013 095 7
A2 018 000 017 004 -012 -0.06 -002 031  0.52
As 001 -017 000 -013 -0.29 -023 -019 014 -0.86
A 014 -004 013 000 -016 -010 -006 027 017
As 030 012 029 016 000 006 010 043 145
As 024 006 023 010 -006 000 004 037 099
A7 020 002 019 006 -010 -004 000 033 065
As -013  -031 -014 -027 -043 -037 -033 000 -1.97

O WN - UTO D

Step 9. At the end of the F-CODAS technique, the decision alternatives were
ranked with respect to their assessment scores.

4, The Validation Test

A comprehensive sensitivity analysis consisting of two stages was performed to
test the validation of the proposed integrated novel fuzzy model. First, impact of
changing the weights of the input and output factors on the ranking results were
examined. Secondly, the results of the proposed model were compared to the results
of different fuzzy techniques.

a) Examination of impacts of changing the weights of the criteria on the ranking
performances of the alternatives: In the first stage of the sensitivity analysis, the
weight of each criterion is modified to examine its impacts on the preference ratings
of the option by forming 130 scenarios. Previous works suggested changing the
weights of criteria that are in the first three ranks (Stankovic et al., 2020). This kind
of approach can give a limited result since it did not consider the potential impacts of
changes in weights of the remained criteria. This work takes into consideration the
potential effects of all criteria having impacts on the results more or less. therefore,
While the weight of each factor is modified at the rate of 10% in each scenario, the
weights of the remaining factors are corrected to meet the condition of the sum of
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weights should be equal to 1. New weight values of the criteria are determined for
each scenario with the help of equations 17, 18, and 19 respectively.

W:rllv = W})v _(W:;L)V-CV)

(17)

w2 ) a8
v n-1 v

W, + D Wl =1 (19)

Here, Wﬁv denotes new value of modified weight of jth factor, Wlpv is the previous
values of the criterion, {, is the modification degree in terms of percentage (i.e. 10%,

20%,..,100%). Also, lem, symbolizes new values of remaining factors, n is the

number of factors, Wf,v is the previous values of the remaining criteria.

To examine the effects of modified weights on the preference ratings of the
options, the new ranking performances of the alternatives are calculated by using the
changed new weights of the criteria and the obtained results are presented in Figure
2.

Al == A) =83 Al = 5 e NG =] B

SC-129 " sca
e 19556127 S5 o
sc-123
sc121
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Figure 2. Impacts of changes of criteria weight on the ranking performance
of the alternatives

154



Evaluation of tanker vehicle selection using a novel hybrid fuzzy MCDM technique

When impacts of modification of the criteria weight on preference ratings of the
options are evaluated, the same ranking result has been obtained for 51 scenarios
and average correlation coefficient value among the results of the scenarios has been
determined as 95.67% for all scenarios. A5 has remained as the best option for 105
scenarios (80.77%). When the weight value of criterion 1th is changed at the rate of
50%, the ranking position of A5 has also changed. In addition, it has been observed
the same situation, when the weights of the criteria C11 (at over 40%) and C12 (at
over 60%) has been changed.

A6 which has been determined as the second-best alternative by applying the
proposed fuzzy model has also remained at the same ranking position for 106
scenarios (81.54%). The ranking performance of A3 has changed for only 4 scenarios,
and it has remained at the same rank for 126 scenarios (90%). Changes in preference
ratings of other alternatives are presented in the following Table13.

Table 13. Ranking of the options with respect to 130 scenarios

Code 1th  2th 3t 4t 5h  gh 7t gh  Similarity (%)

As 0 0 0 0 0 4 117 9 90.00
Az 15 4 30 54 27 0 0 0 41.54
As 0 0 0 0 0 126 4 0 96.92
A4 0 0 1 39 90 0 0 0 69.23
As 105 14 11 0 0 0 0 0 80.77
As 9 106 9 3 3 0 0 0 81.54
Az 1 6 79 34 10 0 0 0 60.77
As 0 0 0 0 0 0 9 121 93.08

When the results of the first stage of the sensitivity analysis are evaluated in
general, slight changes which cannot change the overall results in the preference
ratings of the alternatives depending on modification of the weight values of the
criteria. These changes occur when the weights of the criteria were changed.
Although modifications were made in the weights of criteria at excessive level, the
obtained results show that the proposed integrated fuzzy approach is a very strong
technique giving accurate, realistic and reasonable results even in adverse conditions
which have low possibility of emergence.

b) Making Comparisons with other fuzzy Approaches: In this stage, the results of
the proposed fuzzy model is compared with fuzzy approaches such as F-MABAC
(Joki¢ et al, 2021), F-EDAS (Keshavarz-Ghorabaee et al, 2016b), F-MARCOS
(Stankovic¢ et al., 2020), F-TOPSIS (Chen et al., 2000), and F-MAIRCA (Boral et al,
2020). The obtained results of the comparisons is shown in Figure 4.

155



Gorgiin et al./Decis. Mak. Appl. Manag. Eng. 4 (2) (2021) 140-162

. R

-

| A

: 1} —

3

2

1 D

S A58 CRORAN D RUREY A RTAM { 1 i
Al A2 A3 Ad AS AB AT A8

@ Proposed Hybrid Model @ F-MABAC @ F-EDAS [ F-MARCOS E F-TOPSIS @ F-MAIRCA

Figure 4. Re-ranking of the decision alternatives with respect implemented
other fuzzy decision models.

It is observed that A5 determined as the best option by using the proposed fuzzy
approach is also the best alternative for all applied fuzzy techniques. A6 which is the
second-best alternative and A7 that is the third-best option have remained in the
same rank for all implemented fuzzy techniques except the fuzzy MABAC. Also, the
ranking position of A8 has not changed for all applied fuzzy approaches. It has been
observed that there are slight changes in ranking performances of remained
alternatives. The Spearman correlation coefficients between the proposed model and
other fuzzy MCDM techniques were calculated and the obtained results are given in
Table 14.

Table 14. Spearman's correlation (SSC) coefficients among the fuzzy
MCDM methods

Proposed Hybrid Fuzzy-  Fuzzy- Fuzzy- Fuzzy- Fuzzy-

Code Model MABAC EDAS MARCOS TOPSIS MAIRCA
Proposed Hybrid
Model 1 ,833%  ,952%  920%* ,929%* ,929**
Fuzzy-MABAC ,833* 1 ,881%  952%* ,952%* ,952%*
Fuzzy-EDAS ,952%* ,881** 1 ,929** ,929%* ,929**
Fuzzy-MARCOS ,929** ,952%  920%* 1 1,000**  1,000**
Fuzzy-TOPSIS ,929** ,952% 929%  1,000%* 1 1,000**
Fuzzy-MAIRCA ,929** ,952% 929%  1,000%*  1,000** 1

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Since the average correlation value is high at the rate of 0.914, the results of the
sensitivity analysis validate the proposed model.
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5. Overall Results and Conclusion

Dangerous goods transportation is one of the special types of logistics activities
requiring a set of special implementations for reducing the risks. Since there is no
tolerance to any mistake, each process related to transport operations should be
planned. Road tanker vehicle selection is also one of the very crucial decision-making
problem since it can affect almost all process related to dangerous goods
transportation. The number of studies is limited and there are serious gaps in the
literature. There is no mathematical and systematic model applied to solve these
kinds of decision-making problems encountered in the field of dangerous goods
logistics. Decision-makers make decisions considering their own experiences and
individual judgments and they consider almost all selection process as a special case
and try to produce solution for each problem individually.

This work proposes a hybrid fuzzy approach that can be applied as a
methodological and systematic frame for both scientific works carried out in the
future and practitioners who responsible to decide in the field of dangerous goods
logistics. The proposed integrated fuzzy technique consists of the SWARA and the
CODAS technique and while the F-SWARA is applied to calculate the weights of the
criteria, the F-CODAS method is implemented for determining the preference ratings
of the decision alternatives.

The proposed integrated fuzzy approach is a novel hybrid technique and it has
many advantages compared to traditional MCDM methods. The extended CODAS
technique with the help of fuzzy set theory can provide more reasonable, applicable,
and accurate results, which appropriate to real life as it uses the Euclidean distance
and the Hamming distance, and utilizes only the negative-ideal solution in the
evaluation process (Yal¢in & Pehlivan, 2019).

The sensitivity analysis performed to validate the proposed model and its results
have verified the applicability of the model. According to the obtained results, as well
as the hybrid fuzzy technique can be applied to solve these kinds of decision-making
problems, the results obtained by implementing the integrated fuzzy technique
proposed in the current paper are accurate, realistic and reasonable. Consequently,
the potential contributions of the paper can be summarized as follows:

e The current paper suggests a novel integrated fuzzy approach having an
applicable basic algorithm that can also be implemented by decision-
makers who are in the field of logistics industry.

e It presents a methodological frame which can enable to deal with many
ambiguities existing in an assessment process on the tanker vehicle
selection.

e It determines a set of novel criteria, which can be considered by
practitioners in an assessment processes on the selection of appropriate
road tanker vehicles.

e Itcan deal with ambiguities existing in an evaluation process.

e The proposed hybrid approach provides flexibility to the decision-makers

e It can also be applied to solve decision-making problems encountered in
various fields.

When the main findings of the paper focusing on the selection of road oil tankers
are examined, C1 "Purchasing Price" has been determined as the most significant
criterion. C4 "Capacity" and C6 "Safety" criteria follow the first ranked criterion
respectively. The importance and sequence of the criteria are aligned from most
critical to least critical is C1>C4>C6>C5>C2>C3>C10> C9> C7> €8> C11> C12> C13.
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According to the results of the analysis, A5 Brand KO is the best alternative that
has the highest performance score, and A6 Brand TR and A7 Brand RH follow it.
Other options are ranked as follows: A2>A4>A3>A1>A8.

The current work has also some limitations. First of all, experts should be selected
carefully to obtain reasonable and realistic results. Therefore, selecting experts who
are highly experienced, having deep knowledge, and certificated by authority may
beneficial for researchers who will carry out research on this issue in the future. Also,
selecting the right and appropriate criteria is crucial, and performing only a literature
review for determining the criteria may not be sufficient hence fieldwork performed
together with experts may a beneficial way to describe the proper selection criteria.

In addition, the F-CODAS technique can be extended with the help of different
operators such as the normalized weighted and normalized weighted geometric
Bonferroni aggregate functions (Ecer & Pamucar, 2020), Heronian mean (HM)
operators (Yu et al., 2012), hybrid weight Power Heronian operator (WPHAp,q) and
hybrid weight geometric Power Heronian operator (WGPHA p,q) (Pamucar &
Jankovic., 2020). Also, it can be examined comparatively with different approaches
based on different IVIF sets such as F-CODAS-SORT, interval-valued intuitionistic
trapezoidal fuzzy and Pythagorean fuzzy sets.
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