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ABSTRACT

AnewMCDMmodelbasedonatriangularintuitionisticfuzzy(TIF)aggregatingandrankingmodel
isproposedfortheevaluationofadhesivematerialsusedinjoiningfibre-reinforcedplastic.Thenew
modelwhichusesthetriangularintuitionisticfuzzynumbers(TIFN),TIFaggregatingoperatorsand
theTIFrankingfunctionsprovidesamoreaccuratemethodforassessinguncertainor imprecise
informationinthedecision-makingprocess.ThemodeladdressestheMCDMprobleminwhichthe
availableinformationcannotbeassessedwithexactnumbersandrequirestheuseofamoreholistic
approachwhichisadrawbackintheexistingMCDMmethodsusedintheevaluationofdesignmaterials
inliterature.TheresultfromtheevaluationshowsthatthealternativeT3(Polyurethane)hasthebest
chancesofbeenusedinjoiningtheFRPwithrespecttothefracturemechanics-basedcriteria.With
therankingresultpresented,thestudycanconcludethattheprocedureusedfortheevaluationofthe
adhesivematerialhasledtotheselectionofthebestadhesivematerialforjoiningtheFRPelements.

KEywORDS
Adhesive materials, Fibre Reinforced Plastic (FRP), MCDM model, TIFN ranking functions, Triangular 
intuitionistic fuzzy (TIF) aggregating operators, Triangular Intuitionistic Fuzzy Number (TIFN)

INTRODUCTION

Inthedevelopmentofnewproducts,fromthedesignconceptstagethroughtothedevelopmentofthe
detaileddesignallinvolveaprogressiveassessmentandcullingofalargenumberofmaterialchoices
(Mouritz,2012).Theprocessofmaterialselectionduringthesestagesisnotalwaysthesameforall
products.Forproductandstructureswhoseperformancesarenotsolelybasedonphysicalscientific
parameters,butonaesthetic,tactile,sensualandculturalfactors,suchproductslikeclothes,building
interiors,pens,mugetc.whicharemainlydesignedbymembersoftheartscommunity,don’tfollow
thetypicalengineeringprocessofmaterialselection(Laughlin&Howes,2014).

However, the process of selecting materials for the design of mechanical components and
systems involves a three main process stage which starts with; material translation which deals
withtheexaminationofthefunctionsandobjectivesofmaterialforthedesign,materialscreening,
whichisabouttheeliminationofmaterialswhosepropertiesdonotmeetthedesignconstraintsand
finallymaterialranking,whichinvolvestheactualselectionofthematerialsthatsurpassthedesign
constraintlimits.

Materialsselectionwhichpaysasignificantroleintheengineeringdesignprocessisoneof
themostcritical tasks forproductdesigners.Designersareexpected to identifymaterial(s)with
specificfunctionalitiesandpropertiesfortheirdesignconcepts(Chatterjee&Chakraborty,2012).
Thereareseveralengineeringmaterialswithdiversepropertiesavailabletothedesigners,tosatisfy
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andmeet specificdesign constraint limits.With a largenumberofmaterials available and their
diverseproperties aswell as the interrelationship, interconnectivity, and interactionbetween the
selectionscriteria,thematerialselectionprocesscanberegardedasacomplex,challenginganda
time-consumingprocess.Itisreferredtoasmulti-criteriadecisionmaking(MCDM)problemsince
multiplecriteriaareconsideredwhentryingtodealwithormeetwiththedesignconstraints.Design
constraintswhicharerequiredconditionsinengineeringdesign,needtobedealtwithforthedesign
projecttobesuccessful,alsotheyhelpinforcingthedesignerstoevaluateandnarrowtheirmaterial
choicetothebestmaterialalternative.

Although,thereareseveralarticlesthathaveemployedMCDMmethodsfortheselectionof
designmaterialinliterature.Someofwhichincludes;Guletal.(2017),whopresentsafuzzylogic
basedPROMETHEE(PreferenceRankingOrganizationMethodforEnrichmentEvaluation)method
fortheselectionofmaterialsusedinthedesignofautomotiveinstrumentpanel.Girubha&Vinodh,
(2012),employedtheVIKORmethodasMCDMtooltodeterminethemostappropriatematerial
fortheinstrumentusedinthedesignofelectricpanels.Chatterjee&Chakraborty,(2012)presenta
four-preferencerankingbasedMCDMmethodsforresolvingmaterialselectionproblem.Rahman,et
al.,(2012)proposedaknowledge-baseddecisionsupportsystemforselectingmaterialforthedesign
ofabuildingroof.ThedecisionsupportsystemutilizedaTOPSIS-basedmethodtofacilitatethe
selectionprocess.Liu,etal.,(2013)developedamethodologythatemploysMCDMmethodwith
interval2-tuplelinguisticinformationwhichusessubjectiveandobjectiveweightsinsolvingmaterial
selectionprobleminatwo-casestudyintheautomotiveindustry.

Anajkumar,etal.,(2014)usesfour(4)differentMCDMmethods(i.e.thefuzzyanalytichierarchy
process(FAHP)andtechniqueforOrderofPreferencebySimilaritytoIdealSolution(TOPSIS),FAHP
andVIKORmethod,FAHPandELECTREmethodandfinally,FAHPandPROMTHEEmethod)for
theselectionofmaterialsusedinpipesdesigninthesugarindustry,bytakingintoaccountdifferent
alternativesandevaluationcriteria.Liu,etal.,(2014)integrateddecision-makingtrialandevaluation
laboratory(DEMATEL)basedanalyticnetworkprocess(ANP)andVIKORmethodforresolving
bushmaterialselectionproblemwhichconsistsofmanyinterdependentcriteria.

OthersincludeLiao,(2015)whopresentsanintervaltype2fuzzymulti-attributedecisionmaking
formaterialselection.Themethodisillustratedinanengineeringapplicationofmaterialselectionina
jetfuelsystem.Govindan,etal.,(2016)constructedamodeltoselectthemostappropriateconstruction
materialbyutilizingDEMATEL,ANPandTOPSIS.Zhao,etal.,(2016)presentanintegratedgrey
relationalanalysis(GRA)withananalytichierarchyprocess(AHP)fortheselectionofcommercially
availablematerialsinthecontextofasustainabledesign.Kumaretal.(2014)usedanentropy-based
TOPSISmethodfortheevaluationofoptimummaterialusedinexhaustmanifolddesign,wherecost
istakenasthemaincriterionand.Caliskanetal.(2013),whoapplydifferentMCDMmethodsfor
theselectionofmaterialsusedintoolholdingworkingunderahard-millingcondition.

Inall,theseexistingtechniques,allfailtodealwiththeMCDMproblemwheretheavailable
materialselectioninformationcannotbeassessedwithexactnumbersandrequirestheuseofamore
holisticapproachliketheTriangularIntuitionisticFuzzyNumber(TIFN)toassesstheuncertaintyor
impreciseinformationinthedecision-makingprocess.TIFNisageneralizedandholisticplatformfor
communicatingimpreciseandincompletenessintheinformationusedinthedecision-makingprocess
otherwisecalleduncertainty(Aikhuele&Odofin,2017;Wan,Lin,&Dong,2016).TheTIFNhasthe
advantageofbeingmoreaccurateinrepresentingandaccountingforuncertaintythanthetraditional
IntuitionisticFuzzyNumber(IFN)(Aikhuele,2018a;M.J.Zhang&Nan,2013).

Tothisend,thispaperattemptstobridgethegapbydefiningandpresentinganewMCDMmodel
whichisbasedonatriangularintuitionisticfuzzyaggregatingandrankingmodel.Thenewmodel
consistsofdatathatarepresentedinTIFN,triangularintuitionisticfuzzy(TIF)aggregatingoperators,
whichareusedforaggregatingthedecision-makinginformationandthepreferencejudgmentsof
theexpertsassociatedwiththematerialselectionprocessand.Finally,aTIFNrankingfunctionsfor
rankingthedesignmaterials.InapplyingtheTIFaggregatingoperators,thestudyhasbeenableto
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accountforanddealwiththeMCDMissuesresultingfromunbalancedexpertiseinthedecision-
makingprocessisstilladrawbackinmostoftheexistingdecisionmodels.

Todo this, first, theconceptof theTIFN, therankingfunctionsaswellassomeTriangular
IntuitionisticFuzzyaggregatingoperatorsareintroducedinSectiontwo(2).Thisisfollowedbythe
algorithmoftheproposedtriangularintuitionisticfuzzyaggregatingandrankingmethodinSection
three(3).Thenewproposedmodelisthenappliedfortheselectionofdesignmaterialswhichis
presentedinSection4.Finally,someconcludingremarksarepresentedinthelastSection.

TIFN CONCEPT, RANKING FUNCTIONS, AND THE 
TIF AGGREGATING OPERATORS.

TheTIFNisanextensionoftheIFNoriginallyproposedbyAtanassov,(1986),andIFNwasextended
from the traditional fuzzy set introduced by Zadeh (1965). TIFN which can be denoted as

δ µδ δ

´

, , ; ,�= 

( )l m n v forconvenience(Aikhuele,2018b;Li,2010),hasthecharacteristicmembership

µδ x( )andnon-membershipfunctionsv xδ ( ) whicharegivenas;
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where � ; ; ,�, , ,�,
´ ´

0 1 0 1 0 1≤ ≤ ≤ ≤ ≤ + ≤ ∈µ µδ δ δ δv v l m n l n  .
IntheapplicationoftheTIFN,severaloperationalrules(i.e.Equation3-5),crispconversion

functions(i.e.Equation6-10)andaggregationmethods(i.e.Equation11-12)havebeenproposed.
However,forconvenience,thestudywillfocusonthemostrelevantonesrequiredforthedevelopment
and formation of the new MCDM model. Some of the operational rules otherwise called TIFN
properties,conversionfunctionsandaggregationmethodsaregiveninthedefinitionsbelow.

Definition 1(Liang,Zhao,&Zhang,2014;Zhang&Liu,2010)



International Journal of Operations Research and Information Systems
Volume 10 • Issue 4 • October-December 2019

42
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TheresultsoftheoperationalrulesabovearesummarizedintheTIFNtheorem.
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Informulatingtherankingfunction,thescoreandaccuracyfunctionoriginalproposedbyLi,
(2010)forconvertingTIFNtoacrispisintegratedintotheMCDMmodelforrankingofthedesign
materials.Thescoreandaccuracyfunctionsaredefinedasfollows;

Definition 2(Li,2010)

If theTIFNisdenotedas δ µδ δ

´

, , ; ,� ,= 

( )l m n v and thecharacteristicmembershipandnon-

membershipfunctionsintheTIFNarepresentinthescorefunctionCSF δ
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andaccuracyfunction
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respectively,thenthefunctionsaredefinedasfollows;
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TheresultsofthescorefunctionCSF δ
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intheTIFNrankingtheorem.
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InaggregatingdatarepresentedinTIFN,thefollowingTriangularIntuitionisticfuzzyaggregating
operatorshavebeendefinedandpresentedfortheformationoftheMCDMmodel.

Definition 4(Liangetal.,2014)
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wherel
i
 istheithlargestoftheoftheTIFN δ

i( ) .When, � , ,�,,, /ω =










1 1
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n n
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v

,theTIFOWG

operatorisreducedintotheIntuitionisticFuzzyOrderWeightedGeometric(IFOWG)operator.
TheTIFOWGoperator,whichisabletoweightstheintuitionisticfuzzyvalues,however,arenot

effectivewhenweighingtheinducedorderingpositionsoftheintuitionisticfuzzyvalues.Inhandling
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this issue and limitation the induced triangular intuitionistic fuzzy ordered weighted geometric
(I-TIFOWG)operatorisintroducedasshowninthedefinitionbelow;

Definition 5(Aikhuele&Odofin,2017)
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wheretheTIFOWGpairx
i i
,δ istheorderinducingvariableandδ

i
 isthetriangularintuitionistic

fuzzyargumentvariable.

THE ALGORITHM OF THE PROPOSED MCDM MODEL

InformulatingtheMCDMmodel,thefollowingmainparametersaretakenintoconsideration,that
is;theTIFNconcept,therankingfunctions,andtheTIFaggregatingoperators.

LetatypicalMCDMproblembegivenbythesetofalternativesintheformT T T T T
m

= …{ }1 2 3
, , , , .

If they are evaluated based on some multiple criteria which can be represented as
MC MC MC MC MC

m
= …{ }1 2 3

, , , , .Thenthebestalternative(s)canbedeterminedwhentheweight
ofthecriteriaareknown,andwithspecialconsiderationoftheuncertaintyinthedecision-making
process.TheproposedalgorithmofthemodelwhichisaimedataddressingtheMCDMproblem
wheretheavailableinformationcannotbeassessedwithexactnumbersandrequirestheuseofa
moreholisticapproachtoassessuncertainorimpreciseinformationintheselectionprocessisgiven
inthefollowingsteps;

1:Inviteagroupofexpertsotherwisecalledtheboardofdecision-makers(Ei),togivetheir
preferencejudgmentandratingonthesetofalternatives � , , , ,T T T T T

m
= …{ }1 2 3

 i m= …( )1 2, , , ,
withrespecttoasetofmultiplecriteriaMC MC MC MC MC

m
= …{ }1 2 3

, , , ,  j n= …( )1 2, , , . The
preference judgment of each of the DM are given in the intuitionistic fuzzy decision matrix
Z S

ij mxn
= ( ) below.ThepreferencejudgmentandratingaregivenusingtheTIFlinguisticscalein

Table1.
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2:ThedecisioninformationgivenbythedifferentboardofDecision-makersintheintuitionistic
fuzzydecisionmatrixZ S

ij mxn
= ( ) areaggregatedusingtheI-TIFOWGoperator,toobtaintheoverall
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wherew w w w w
n

v
= …( )1 2 3

, , , , istheweightingvectoroftheinvitedboardofdecision-makers(Ei).
3:UsedtheTIFOWGoperatortointegratethepreferencevalueandinformationofthedifferent

alternativesT
i
.  into a comprehensive preference value and information ( )CP

i
 for the different

alternativesT
i
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whereω ω ω ω ω= …( , , , , )
1 2 3 n

v istheweightingvectorofthemultiplecriteria,whichisobtained
byaskingtheinvitedboardofdecision-makers(Ei)toratetheimportanceofthemultiplecriteriato
theevaluationofthealternativesT

i
.

Table 1. TIF linguistic scale

Linguistic terms Fuzzy Numbers

Verylow(SL) ([0.1,0.25,0.3];06,0.4)

Low(LW) ([0.2,0.3,0.55];06;0.5)

Good(GD) ([0.3,0.45,0.6];0.6,0.6)

High(HH) ([0.5,0.6,0.7];0.6,0.8)

Excellent(EX) ([0.6,0.75,0.9];0.6,0.8)
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4:  Compute the scores function CSF cp i n
i( ) = …( )� , , ,1 2  and accuracy function

CAF cp i n
i( ) = …( )� , , ,1 2 forthemembershipandnon-membershipfunctionsoftheTIFN.
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basedonEquation8.

5:End.

DESIGN MATERIAL SELECTION EXAMPLE AND ITS ANALySIS

DuetotheattractivephysicalandmechanicalpropertiesofFibreReinforcedPlastic(FRP),particularly
its high strength, stiffness and its lightweight characteristic (Mohammed et al., 2015). Thenext
generationoftheBoeing787Dreamlinerisexpectedtohave50%ofitsstructuralelementmadeof
FRP;basicallytoreducetheweightoftheaircraftandminimizeitsfuelconsumptionandcorresponding
engineemissions(Milberg,2015;Nicolaisetal.,2011).

AdhesivesbondswhichareusedextensivelyinthejoiningofFRPelementsareconsidereda
strongpotentialtoreplacetheboltedjointsfoundincommercialaircraft.Withadhesivebondsin
commercialaircraft,itisestimatedthatabout50%ofthejointweightinthestructureisboundto
reduce(Halliwell,2012).Thereareseveralfamiliesofadhesivematerials(SeeTable2)available
forthispurpose.InthisSection,theproposeMCDMmodelisappliedfortheselectionofthebest
adhesivematerial(s)forjoiningtheFRPelementswithrespecttothefollowingfracturemechanics-
basedcriteria(fracturetoughnessC1,crack-resistanceC2,yieldstrengthC3,andfatiguethresholdC4).

Inimplementingthemodel,athree-manboardpanelwassetup,whichincludes;TwoAdhesive
bondexperts(E

1
andE

2
)andaMechanicalEngineeringProfessor(E

3
).Theboardmemberswho

wereassignedthefollowingweightvectors0.2,0.3and0.35,respectively,basedontheiryearsof
experiencewereaskedtogivetheirpreferencejudgmentandassessment,fortheadhesivematerials
withrespect to thefracturemechanics-basedcriteriausing theTIF linguisticscale (intuitionistic
fuzzydecisionmatrix  Z S

ij mxn
= ( )( ) .

Thisisfollowedbyaskingthemtoratealsothefracturemechanics-basedcriteria,usingthesame
TIFlinguisticscaletodeterminethelevelofimportanceofthedifferentcriteriaintheassessment
oftheadhesivematerials.Theirpreferencejudgmentsandassessment,aswellastheratingofthe
criteria,arepresentedinTable3.

ByfollowingthealgorithmofthemodelinSection3above,thepreferencevaluesandinformation
P
i
ofdifferentalternativesT

i
givenbythedifferentboardmembers(intuitionisticfuzzydecision

matrix � ( )Z S
ij mxn

= )areaggregatedusingtheI-TIFOWGoperator.Thisisfollowedbytheaggregation
of the preference rating of the multiple fracture mechanics-based criteria. The results of the
aggregationsaregiveninTable4.

Furthermore,thepreferencevaluesandinformationforthedifferentalternativesareintegrated
into the comprehensive preference valuesCP

i
 using the TIFOWG operator. The result of the

integration is shown in Table 5. This is followed by the computation of the scores function
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Table 2. List of adhesive materials

Adhesive Materials Code

Rubberadhesive T1

Acrylic T2

Polyurethane T3

Anaerobic T4

Solvent-basedadhesive T5

Hot-meltadhesive T6

Aminoorurea-basedadhesive T7

Phenolicsandresorcinolicadhesive T8

Epoxy T9

Polyimidesandbismaleimidesadhesive T10

PVAadhesiveandrelatedemulsionsystems T11

Plastisolsandelastosolsadhesive T12

Cyanoacrylate T13

Silicone T14

Table 3. Ratings of the of the adhesive materials (intuitionistic fuzzy decision matrix)

Ci E1 E2 E3 E1 E2 E3 E1 E2 E3 E1 E2 E3

MC1 MC2 MC3 MC4

T1 LW GD SL HH LW HH SL HH GD GD LW SL

T2 HH HH SL EX GD EX LW EX HH SL GD LW

T3 EX EX LW SL HH HH GD HH EX LW HH GD

T4 HH HH GD LW GD GD LW LW SL GD LW SL

T5 HH GD LW GD HH GD HH GD LW LW GD LW

T6 SL GD HH H EX HH EX LW SL GD HH GD

T7 LW HH SL EX HH HH LW GD LW HH GD HH

T8 HH EX LW SL EX EX GD HH GD GD HH LW

T9 SL HH HH SL HH HH SL GD SL GD SL GD

T10 LW SL EX LW EX EX LW LW LW HH LW HH

T11 GD LW HH SL HH HH GD GD GD EX GD HH

T12 SL HH GD HH HH GD SL HH HH LW EX GD

T13 LW SL EX SL SL SL SL SL HH GD HH HH

T14 HH LW HH GD LW GD GD LW HH LW EX GD

Criteria
Rating

MC1 MC2 MC3 MC4

E1 E2 E3 E1 E2 E3 E1 E2 E3 E1 E2 E3

HH EX LW SL EX EX GD HH GD GD HH LW
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CSF cp i n
i( ) = …( )� , , ,1 2 andaccuracyfunctionCAF cp i n

i( ) = …( )� , , ,1 2 forthemembershipand
non-membershipfunctionsinthecomprehensivepreferencevalues  CP

i( ) .Finally,theresultsare
rankedbasedonEquation8asshowninTable5.

WiththerankingresultpresentedinTable5,thestudycanconcludethattheprocedureused
fortheevaluationoftheadhesivematerialhasledtotheselectionofthebestadhesivematerialfor
joiningtheFRPelementstobeusedforthereplacementoftheboltedjointsincommercialaircraft.
Also,ithasrevealedthesuitabilityofusingtheproposedmodelforrankingalternativeswithrespect
toconflictingcriterialiketheonesusedinthisstudy.

Finally,toprovetherationalityandfeasibilityoftheMCDMmodelwhichisbasedonatriangular
intuitionisticfuzzyaggregatingandrankingmodel, theresultpresentedinTable5arecompared
withsimilarcomputationalmodelinliteratureincludingthetraditionalfuzzyTOPSISmodeland

Table 4. The preference values and information for alternatives and the criteria weight vector

MC1 MC2 MC3 MC4

T1
([0.23,0.38,0.50];0.65,
0.45)

([0.42,0.53,0.69];0.65,
0.66)

([0.34,0.49,0.59];0.65,
0.60)

([0.22,0.37,0.50];0.65,
0.43)

T2
([0.32,0.48,0.55];0.65,
0.63)

([0.53,0.67,0.81];0.65,
0.69)

([0.49,0.60,0.76];0.65,
0.69)

([0.25,0.39,0.55];0.65,
0.46)

T3
([0.44,0.57,0.77,0.65,
0.65)

([0.40,0.54,0.62];0.65,
0.68)

([0.53,0.66,0.78];0.65,
0.71)

([0.39,0.51,0.67];0.65,
0.61)

T4
([0.46,0.59,0.70];0.65,
0.68)

([0.33,0.47,0.64];0.65,
0.52)

([0.20,0.34,0.49];0.65,
0.41)

([0.22,0.37,0.50];0.65,
0.43)

T5
([0.35,0.47,0.65];0.65,
0.57)

([0.42,0.55,0.68];0.65,
0.63)

([0.35,0.47,0.65];0.65,
0.57)

([0.29,0.41,0.62];0.65,
0.48)

T6
([0.34,0.50,0.60];0.65,
0.61)

([0.59,0.69,0.80];0.65,
0.75)

([0.25,0.40,0.54];0.65,
0.51)

([0.42,0.55,0.68];0.65,
0.63)

T7
([0.26,0.42,0.52];0.65,
0.55)

([0.58,0.68,0.78];0.65,
0.75)

([0.29,0.41,0.62];0.65,
0.48)

([0.48,0.59,0.71];0.65,
0.69)

T8
([0.43,0.54,0.73];0.65,
0.65)

([0.45,0.63,0.73];0.65,
0.68)

([0.42,0.55,0.68];0.65,
0.63)

([0.36,0.48,0.66];0.65,
0.60)

T9
([0.40,0.54,0.62];0.65,
0.65)

([0.40,0.54,0.62];0.65,
0.68)

([0.20,0.37,0.44];0.65,
0.43)

([0.26,0.43,0.53};0.65,
0.48)

T10
([0.30,0.47,0.60];0.65,
0.57)

([0.52,0.65,0.83];0.65,
0.69)

([0.25,0.36,0.60];0.65,
0.45)

([0.42,0.53,0.69];0.65,
0.66)

T11
([0.38,0.50,0.67];0.65,
0.61)

([0.43,0.59,0.68];0.65,
0.68)

(]0.36,0.51,0.65];0.65,
0.54)

([0.49,0.62,0.74];0.65,
0.69)

T12
([0.34,0.49,0.59];0.65,
0.60)

([0.46,0.59,0.70];0.65,
0.68)

([0.40,0.54,0.62];0.65,
0.68)

([0.41,0.55,0.72];0.65,
0.61)

T13
([0.30,0.47,0.60];0.65,
0.57)

([0.14,0.31,0.36];0.65,
0.35)

([0.25,0.42,0.48];0.65,
0.56)

([0.50,0.61,0.72];0.65,
0.71)

T14
([0.42,0.53,0.69];0.65,
0.66)

([0.32,0.45,0.63];0.65,
0.51)

([0.38,0.50,0.67];0.65,
0.61)

([0.41,0.55,0.72];0.65,
0.61)

WeightingVectorforMC1 WeightingVectorforMC2 WeightingVectorforMC3 WeightingVectorforMC4

([0.43,0.54,0.73];0.65,
0.65)

([0.45,0.63,0.73];0.65,
0.68)

([0.42,0.55,0.68];0.65,
0.63)

([0.36,0.48,0.66];0.65,
0.60)
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thedistance to the idealalternative(DiA)algorithm(Tran&Boukhatem,2008)under thesame
condition.Thecomparisonresultwhichfocusesontherankingoftheadhesivematerialshowstotal
agreementwiththeproposedmethod.TheresultsareshowninTable6.

CONCLUSION

Inthispaper,anewMCDMmodelwhichisbasedonatriangularintuitionisticfuzzyaggregatingand
rankingmodelisproposedfortheevaluationofadhesivematerialusedinjoiningFRP.Thenewmodel
whichconsistsofdatathatarepresentedinTIFN,triangularintuitionisticfuzzy(TIF)aggregating
operatorsandaTIFNrankingfunctionsprovidesamoreaccuratemethodforassessinguncertainor
impreciseinformationinthedecision-makingprocess.ThemodeladdressestheMCDMproblem
inwhichtheavailableinformationcannotbeassessedwithexactnumbersandrequirestheuseofa
moreholisticapproachwhichisadrawbackintheexistingMCDMmethodsusedintheevaluationof
designmaterialsinliterature.InapplyingtheTIFaggregatingoperators,thestudyhasalsobeenable
toaccountforanddealwiththeMCDMissuesresultingfromunbalancedexpertiseinthedecision-
makingprocess,astheaggregationoperatorsareabletoaggregatethedifferentinformationfrom
theexpertsirrespectiveoftheirexpertiseusingnumericalfiguresassignedtothemaccordingtotheir
yearsofexperienceandexpertise.

Toprove the rationalityand feasibilityof thenewMCDMmodel, the result from thestudy
havebeencomparedwithasimilarcomputationalmodelinliteratureincludingthetraditionalfuzzy
TOPSISmodelandthedistancetotheidealalternative(DiA)algorithm(Tran&Boukhatem,2008)
underthesamecondition.Hence,thestudycanconcludethattheprocedureusedfortheevaluation
oftheadhesivematerialhasledtotheselectionofthebestadhesivematerialforjoiningtheFRP
elements.Also,ithasrevealedthesuitabilityofusingtheproposedmodelforrankingalternatives
withrespecttoconflictingcriterialiketheonesusedinthisstudy.

Table 5. Ranking result for the adhesive materials

Ti CPi CSF CAF Ranking

T1 ([0.130,0.165,0.201];0.323,0.870) 0.041 0.002 12

T2 ([0.205,0.252,0.308];0.323,0.922) 0.050 0.002 5

T3 ([0.255,0.289,0.379];0.323,0.939) 0.055 0.002 1

T4 ([0.128,0.157,0.214];0.323,0.851) 0.041 0.002 13

T5 ([0.175,0.194,0.297];0.323,0.882) 0.046 0.003 10

T6 ([0.203,0.249,0.294];0.323,0.924) 0.050 0.002 6

T7 ([0.199,0.231,0.296];0.323,0.923) 0.049 0.002 8

T8 ([0.234,0.272,0.370];0.323,0.928) 0.053 0.002 2

T9 ([0.139,0.187,0.189];0.323,0.890) 0.042 0.002 11

T10 ([0.184,0.212,0.330];0.323,0.908) 0.048 0.002 9

T11 ([0.227,0.269,0.343];0.323,0.925) 0.052 0.002 3

T12 ([0.219,0.260,0.306];0.323,0.929) 0.051 0.002 4

T13 ([0.108,0.155,0.159];0.323,0.878) 0.039 0.002 14

T14 ([0.199,0.217,0.331];0.323,0.906) 0.049 0.002 7
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Table 6. Comparison of the proposed model with similar computational models

Alternatives
The Proposed Model

Rank
(Tran & 

Boukhatem, 
2008)

Rank Traditional 
Fuzzy TOPSIS Ranking

CSF CAF

T1 0.041 0.002 12 0.376 12 0.404 12

T2 0.050 0.002 5 0.093 3 0.503 3

T3 0.055 0.002 1 0.000 1 0.534 1

T4 0.041 0.002 13 0.384 13 0.403 13

T5 0.046 0.003 10 0.249 10 0.448 10

T6 0.050 0.002 6 0.094 4 0.502 4

T7 0.049 0.002 8 0.135 7 0.489 7

T8 0.053 0.002 2 0.036 2 0.522 2

T9 0.042 0.002 11 0.351 11 0.413 11

T10 0.048 0.002 9 0.186 9 0.471 9

T11 0.052 0.002 3 0.110 5 0.496 5

T12 0.051 0.002 4 0.127 6 0.490 6

T13 0.039 0.002 14 0.391 14 0.401 14

T14 0.049 0.002 7 0.180 8 0.472 8
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