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Efforts are continuously being made by researchers to improve fuel efficiency and to reduce CO;
emissions from the passenger cars. To achieve these goal, recent trend is to make the cars components
light in weight for which manufacturing car roofs using natural fiber reinforced composites (NFCs) is one
of the method. Several natural fibers (NFs)are available as alternative reinforcements for the fabrication
of NFCs. Different NFs possess different properties and therefore, it is necessary to select the most
appropriate natural fiber for fabrication of the composites which in turn will lead to the desired
performance of the vehicle. Selection of the optimal natural fiber, amongst the several alternatives, is
basically a multi criteria decision making (MCDM) problem as selection is based on the evaluation of
several conflicting criteria. In this study, twelve alternative natural fibers (Flax, Hemp, Jute, Kenaf,
Ramie, Okra, PALF, Coir, Isora, Cotton, Banana and Sisal) and six evaluation criteria (Tensile strength,
Stiffness, Failure strain, Density, Degradation temperature and Moisture gain) are considered and
selection of the optimal NF is made using a newly developed hybrid MCDM method i.e. Linear goal
programming model for Best-Worst method (LGPMBWM) and Proximity index value method (PIV).
Results of the study reveal that among all considered natural fibers, Ramie fiber is the most suitable
alternative for the fabrication of composites and coir fiber is the worst candidate for the same. Ranking
results were also supported by five other MCDM methods as there was a strong correlation between PIV
and other MCDM methods.

Povzetek: V prispevku so opisali izvirno hibridno metodo za iskanje novih delov avtomobilskih motorjev.

industries and different modes of transport. Production of
1 Introduction transport vehicles needs four times less energy as

. . L compared to energy required to drive them during their
The temperature of earth is increasing due to the emission complete service life [1]. Therefore, emissions from

of global warming gases from various sources such as  transports contribute major portion of global warming
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gases. However, the problem of global warming due to
emissions from transports can be minimized by improving
their performance in terms of fuel economy which can be
achieved by reducing their weight to strength ratio [2].
Consequently, it is suggested to produce light weight
vehicles with increased strength. The weight of the
vehicular transports can be minimized by using
appropriate materials in their production. Thus, it is
imperative to select the best material from the existing
numerous materials to achieve the objective of making
vehicles light in weight.

The car roof is usually encountered with dangerous
rollover accidents due to which the occupants get serious
head and neck injuries and sometimes the accident is so
fatal that they lose their life [3]. Therefore, for safety of
passengers, it is necessary to ensure that the car roof is
sufficiently strong to withstand the impact in the event of
an accident. Toughness of steel sheet is relatively poor
which leads to transfer of shocking load to occupants from
car roof during accident. Therefore, materials with high
value of toughness such as plastic based composite
materials are suggested for car roof manufacturing. It has
been reported that composites such as Kevlar fiber
/Epoxy, carbon fiber/Epoxy and Boron fiber/epoxy
possess high tensile and flexural strengths as compared to
aluminum and steel [4]. For manufacturing of car roof,
thermoset and thermoplastic base fiber reinforced
composites have favorable properties such as light in
weight, higher toughness and good flexural strength.
Generally, composite has high resistance for corrosion as
compared to commercial grade of steel which is an
additional benefit that restricts deterioration of material of
the automotive components such as car roof by corrosion
phenomenon which ultimately leads to improved service
life of the automotive vehicles.

Selection of a suitable material is based on several
desirable conflicting attributes. Therefore, material
selection is a multi-criteria decision making problem
(MCDM) which needs to be solved by using appropriate
MCDM method. Literature reveals that past researchers
have used several MCDM methods for solving various
problems pertaining to different field of applications. Al-
Oglaand Sapuan [5] employed Analytical Hierarchy
Process (AHP) to select the best natural fiber (NF) among
coir, date, palm, hemp, flax and sisal for sustainable
automotive industry and found that Flax was the best
alternative material followed by date palm fiber. Al-
Oqlaet al [6] used AHP method for the selection of best
polymer based matrix to form flax and date palm
reinforced natural fiber composite and found that
polypropylene (PP) as the best matrix material. Al-Oqlaet
al [7] applied AHP method for the selection of best natural
fiber for polypropylene based NFCs and reported that flax
fiber was the best reinforcing agent for polypropylene
matrix. Maskepatil et al [8] employed AHP method for
selection of the most suitable material among wood, steel,
aluminium, glass fiber and carbon fiber for designing wind
turbine blade and observed that carbon fiber was the best
choice for the same. Lugmanet al [9] used AHP method to
determine best suitable composite fabrication method to
manufacture carbon fiber crank arm of bicycle and
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observed that compression moulding process was the best
choice among all the manufacturing processes.
Anojkumar et al [10] employed four different methods:
TOPSIS, VIKOR, Electre  computational and
PROMTHEE computational for the selection of best steel
material for pipe manufacturing in sugar industry and
found that M 304 steel grade was best suited steel grade
among all five steel grades. Anupam et al[11]successfully
applied TOPSIS method for selecting optimum material
for pulp and paper making industry. Al-Ogla et al [12]
successfully investigated the best reinforcing condition for
fabrication of NFCs using TOPSIS and AHP method and
suggested the importance of NaOH treatment for
fabrication of NFCs. Majumdar et al [13] applied AHP for
selection of best cotton among Cotton grades (A to H) and
suggested Cotton D as the best alternative. Ozturk et al[14]
selected light weight fabric from natural cellulose
composite employing weighted sum method. Mohammed
et al [15] employed TOPSIS method for selecting best
glass fiber reinforced epoxy hybrid composite and
suggested Glass + epoxy + 5% coal fly ash as the best
feasible composite. Jha et al[16] selected optimal
biodegradable composite among many composites formed
by  pine cone with graphite content (0,5,10,15%)
/Polycaprolactone using fuzzy TOPSIS method and their
result clearly showed that Polycaprolactone/ pine cone +
graphite (0%) composite was a suitable choice. Getting
motivated from the wide application of AHP and TOPSIS
methods, Ahmed [17] developed a Java scripted MCDM
weight range method for selection of NFCs material for
door panel and suggested that Sisal 30%-PP was suitable
NFC. Ishak et al [18] employed fuzzy VIKOR method for
selection of NFs for car front hood and the result of their
study revealed that kenaf fiber was suitable choice for
designing of car front hood. Besides, MCDM methods
have also been used in other environments. Chang [19]
selected the most suitable public relations personal for
tourism industry using hybrid fuzzy Delphi-ANP-TOPSIS
method. Chakraborty and Zavadskas [20] successfully
used WASPAS method for ranking the alternative involve
in the parameter selection of eight machining problem
namely, cutting fluid, electrospinning, forging conditions,
arc welding process, industrial robot, milling conditions,
machinability of materials and process parameters
selection for electro-discharge micro machining. Selection
of new and right technology for industrial sustainability
was done using hybrid fuzzy-ANP and fuzzy- TOPSIS
method [21]. Keshavarz et al. [22] applied a EDAS
method for solving the multi-criteria inventory
classification problem.

From the available literature it is observed that
MCDM techniques can be used efficiently for material
selection. However, each technique have certain
advantages and limitations such as AHP and TOPSIS
have rank reversal problem. VIKOR has problem
associated with closeness of alternatives from ideal which
prompted us to use the recently developed PIV method.
PIV method eliminates the rank reversal problem and
include short steps. Besides, original BWM has 4n-5
number of constraints (n is number of criteria) however,
recently developed LGPMBWM consist of 2n-2
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constraints  which  minimizes the computational
complexity and gives better consistency results as
compared to original BWM method. To the best of
author’s knowledge, this kind of technique has never been
used for automobile material selection problem.
Therefore, recently developed LGPMBWM-PIV method
has been applied in this study for ranking the alternative
natural fiber to formulate the car roof polymer composite
on the basis of various conflicting criteria. As a result of
this study, best suited natural fiber was selected among all
the alternative materials. Consequently, sensitivity
analysis has been performed successfully to verify the
results of this MCDM method and their results showed
that technique applied is reliable and consistent.

2 Methodology

The methodology adopted for solving the ranking problem
of the selected natural fibers is depicted in the research
framework shown in Fig. 1.

The details of criteria selection, criteria weights
calculation, and different methods used for ranking of
alternatives are given in the following sections.

2.1 Selection of criteria for car roof
materials

On the basis of car rollover testing, fabrication process
temperature, strength to weight ratio and delamination
process of NFCs, six criteria (shown in Table.1) are taken
in account. As a first criterion, density of reinforcing phase
i.e. natural fibres have direct effect on strength to weight
ratio of composites used for car roof manufacturing which
leads to fuel economy of the vehicles. Therefore, there is
a need to minimize the density of the reinforcing phase of
the composite to attain better strength to weight ratio.
Consequently, density is considered as an important non-
beneficial criteria for selection of natural fibre. Second
criterion is tensile strength of natural fiber and it is
observed that tensile strength of car roof composite (NFC)
mainly depends on tensile strength of the reinforcing
phase i.e. natural fibres [23]. Therefore, tensile strength of
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Figure 1: Research Framework.

the natural fibres is considered as an important beneficial
criteria. Third criterion is the stiffness of NFCs which is
mainly governed by reinforcing phase i.e. natural fibres.
The design of lightweight structures such as car roofs
requires the use of NFCs having greater stiffness [24].
Therefore, it is necessary to maximize the value of
stiffness for natural fibre to fabricate a composite for car
roof manufacturing which has greater value of stiffness.
Value of Failure strain of composite materials is
significantly depends on the reinforcing agent i.e. natural
fibres. The composite materials used to manufacture car
roofs must have good value for toughness and toughness
of composite materials is also depends on failure strain of
natural fibres. Therefore, it is necessary to include failure
strain of natural fibres in criteria. TGA analysis showed
that every natural fibre have different thermal degradation

Tensile . Failure . Degradation .
Al . Strength Stlffn_ess ©) Strain Dens_l ty Temperature (DT) I\/_I0|sture_
ternative NFs . in . (D) in . Gain (M) in
(TS)in GPa (FS) in glem? in %
MPa % °C
Goal (+) (+) () () () ()
Flax(F) 975 32.8 2.35 1.52 250 12
Hemp(H) 7815 9.93 3.15 1.48 250 12
Jute(J) 583 14.5 1.5 1.375 205 17
Kenaf(K) 4235 12.75 4.2 14 219 17
Ramie(R) 669 76.35 25 1.45 300 8.5
Okra(0) 307 9 1.95 0.88 220 13
PALF(P) 170 62.1 3 1.52 220 14
Coir(C) 140.5 6 22.5 1.25 190 13
Isora(l) 580.5 20.5 55 1.37 220 1.2
Cotton(CO) 500 8 7 1.55 220 8.5
Banana(B) 750 29.5 2.95 1.3 200 135
Sisal(S) 460 15.5 8 1.4 300 14

Table.1 Properties of selected Natural fibres [23-39].
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Ay 1 2 3 4 5 6 7 8 9
consistency index  0.00 0.44 1.00 1.63 2.30 3.00 3.73 4.47 5.23

Table 2. Consistency index.

temperature because of the difference in their activation
energy which depends on their chemical composition [25].
Generally, Natural fibres degrade at low temperature as
compared to synthetic fibres. Available literature revealed
that thermoplastic matrix based composites need higher
processing temperature during fabrication therefore, it is
suggested to improve the thermal degradation temperature
of the reinforcing agent i.e. natural fibre by choosing the
appropriate  natural fibre. Consequently, thermal
degradation temperature of natural fibres is necessary to
include in the required beneficial criteria of composite
which is used to manufacture roofs of the car. Natural
fibres have hydrophilic nature due to which they gain
moisture contents but the chemical composition of natural
fibres are different to each other which leads to differences
in percentage of moisture gain by the natural fibres. The
interfacial shear strength (IFSS) of the natural fibre
composites is significantly influenced by moisture
contents of natural fibres [26]. It has been observed that
IFSS of the NFCs shows deterioration for moisture gain
by natural fibres [27]. In NFCs, it is suggested to minimize
or eliminate the moisture contents of reinforcing agents
i.e. natural fibres. Consequently, percentage of moisture
gain by natural fibres is an important criteria for selections
of natural fibres to insure the IFSS of NFCs which is used
to manufacture car roofs.

In this study, twelve natural fibers (listed in Table 1)
with their different attributes/properties have been
considered as available alternatives being used for
fabrication of composites for car roof manufacturing.
These fibers are eco-friendly, biodegradable and their
abundance and light weight make them suitable to be used
in automotive, aerospace and sports industries.

In order to rank the natural fibers, it is necessary to
evaluate the weights of criteria which can be done by
various methods but in our study simple, consistent and
reliable LGPMBWM method is employed for the weight
calculation. The comprehensive study of LGPMBWM is
explained in the following section.

2.2 Linear goal programming model for
best worst method (LGPMBWM)

In this study, recently developed linear goal programming
model for best-worst method (LGPMBWM) [40] is
employed for weight calculation which involves the
selection of best (most important criterion) and worst
factor (least important criterion) and their comparison
with other criteria on the basis of comparison scale from 1
to 9. Thus, this comparison leads to the formation of two
pairwise comparison vector i.e. Best to Others (BO) and
Others to Worst (OW) vectors. Further, using
LGPMBWM the optimal weights of criteria and
consistency are calculated. The BWM has certain
advantages over the other methods as [41]; (i) It provides
minimum total deviation and thereby ensures closer

weight ratios, (ii) It provides consistent comparisons, and
(iii) In comparison to AHP, it provides minimum violation
i.e. better ordinal consistency. Based on the significant
advantages of BWM, researchers have used this method
for calculating weight of criteria in various applications
[42-50]. In addition to these advantages, the LGPMBWM
has 2n-2 number of constraints while the original BWM
had 4n-5 number of constraints (n is the number of
criteria). The LGPMBWM has fewer constraints in
comparison with the BWM, which results in improved
computational solution and reducing the complexity in
original BWM. Further, detail of this method can be found
in work done by its developer [40].

However, it is necessary to provide the steps of this
method for visualizing the clear picture behind its use in
present research.

Step 1: Identify n decision criteria {Cy, Ca, ..., Cn}for
making decision. In decision making problem of natural
fibers selection for Car roof, criteria are as follows:
Tensile Strength (TS), Stiffness (S), Failure Strain (FS),
Density (D), Degradation Temperature (DT) and Moisture

Gain (M).

Step 2: Select the best and the worst criteria. In this
study best and worst factors have been selected on the
basis of academic expert advice.

Step 3: In this step, pairwise comparison is done
between best criterion and other criteria by using numbers
between 1 to 9 (1: equally important, 2: weakly important,
3: moderately important, 4: moderately plus important, 5:
strongly important, 6: strongly plus important, 7: very
strongly important, 8: very, very strongly important 9:
extremely important) to determine the importance of the
best criterion over others which leads to the formation of
best to others (BO) vector as:

Ag =
(ap1,ap2, Aps - - Apn) 1)

Where, a is the best to others (BO) vector and ag; =
Importance of best criterion over the j™ criterion. It is
obvious that agg = 1.

Step 4: Comparison of all the criteria with the worst
criterion is done in same way as in step 3 which leads to
the formation of others-to-worst (OW) vector as:

Ay = (1w Q2w Azyy - )" )

where a;,, = importance of j" criterion with respect to
the worst criterion. It is evident thata,,,, = 1.

Step 5: The final step is to calculate the optimal
weights (wi", w2", ..., wa"). The amount of inconsistency

J
preference of BO and OW. The objective function of

LGPMBWAM is also about minimizing total deviations.
The

. + + - .
is reflected to yj — vy and z]. —Zj for indicating the

LGPMBWM model is presented as Eq. (3).
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. _ + - + -
mmz—Z(yj + yj)+Z(zj + Zj)
j

J
subject to:

Y , for all j,

—
Wg — agjw; —yj
—
W — QW =2 — Z;

J J ’
3)
Z w; =1
j

+ + -
Wj,yj.yj,zj,zjzo,forallj.
Step 6: The consistency ratio can be calculated by Eqg.

(4) and (5). We also use Table 2 to obtain the consistency
index. A value of consistency ratio close to zero indicates
a high degree of consistency and vice versa.

forall Js

c’;=m}ax {y-]i— - y]_-,z-]l._ + z;} 4)
: (5)

consistency ratio = ——————
consistency index

2.3 Proximity Index Value Method (P1V)

Proximity Index Value (P1V) method has been developed
by [51]. This method has advantage of minimizing the
rank reversal phenomenon over TOPSIS method. Further,
the computational steps involved in PIV method are less
as well as simpler than TOPSIS method. Owing to these
advantages of PIV method which is a recent method, it has
been used in this study. This method involves the
following simple steps:

Step 1: Identify the available alternatives Ai (i =1, 2, ....,
m) and decision criteria Cj(j = 1, 2, ...., n)involved in the
decision problem.

Step 2: Formulate the decision matrix Y by arranging
alternatives in rows and criteria in columns as given in
Eq.(6).

where, Y represents it alternative performance
value on j™criterion, m is the number of alternatives, and
n is the number of criteria.

Step 3: Normalized Performance value of each alternative
for a given criterion against the performance of remaining
alternatives is calculated by taking performance value of
one alternative with respect to performances of all the
alternatives for the same criterion and mathematically it
can be expressed by Eq. (7).

gt = Yij
ij— ———
7
f myz, ()
where, y;; = Normalized performance of i

alternative ofj™" criterion, y;; =performance value of
ithalternative on j™criterion.

Step 4: In order to calculate the weighted normalized
performance value, weight of the criterion has been
calculated using Best-Worst method and then weighted
normalized performance value of i™Malternative on the
jtcriterion is calculated by Eq.(8).

Vij =yi; X W, 8
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where Vyis the weighted normalized value and Wjis
the weight of criterion

Step 5: Evaluate the Weighted Proximity Index (WPI), u;
using Eqg. (9) which is determined by taking the difference
of  weighted normalized value from its
maximum/minimum value (Vijmax, Vijmin) i its range
Vijmax — Vij; for beneficial attributes 9)
Ui = { Vij = Vijmin; for cost attributes }

Step 6: Overall proximity value (d;) which determines the

closeness of the available alternative w.r.t best alternative

and given by taking the overall sum of all the weighted

performance index value (u;) given in Eq.(10).
n

di=Zui

j=1
Step 7: Ranking of the alternatives on the basis of d;
values. The alternative with least value of d; represents
minimum deviation from the best and therefore, it is
ranked first, followed by alternatives with increasing d;.

(10)

3 Results and Discussion

3.1 Results of LGPMBWM-PIV Method

Decision matrix of this problem is shown in Table 1 which
reveals twelve alternative natural fibers i.e. flax, hemp,
jute, kenaf, ramie, okra, pine apple leaf fibre (PALF), coir,
isora, cotton, banana and sisal and six decision criteria viz
tensile strength (TS), Stiffness (S), failure strain (FS),
density (D), thermal degradation temperature (TD) and
percentage moisture gain (M).

In order to evaluate the importance and comparison of
criteria with each other, Academic experts from various
university and industry are interviewed and they were
asked to select the best and worst criterion for Car roof

Yll Y12 e Yl] e Yln
Yor Yoo o o o Yop

Y= [Yij]mxH = Yiq Yij v Yip (6)
Y1 ij Ymn

where, i= 1,2,..,m;j=1,2,..,n

based on their experience related to automotive area.
Thus, best and worst criteria identified by these expert are
listed in Table 3.

Factors Identified as Identified as
‘Best’ by “Worst’ by
Expert No. Expert No.

Tensile  strength 4 5

(TS)

Stiffness (S) 1,2,5,6

Failure strain (FS) 3 2

Density (D)

Degradation 3,4,6

temperature (DT)

Moisture gain (M) 1
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Expert No TS S FS D DT M Consistency ratio
1 0.1952 0.3903 0.0781  0.1952 0.1301  0.0112 0.0554

2 0.1206 0.4824 0.0151  0.2412 0.0804 0.0603 0.0663

3 0.1842 0.1228 0.3684  0.1842 0.0175 0.1228 0.0403
4 0.5680 0.1136 0.1420  0.0811 0.0142  0.0811 0.0842

5 0.0239 0.5972 0.0853  0.0746 0.1194  0.0995 0.0731

6 0.1838 0.5234 0.0748  0.1308 0.0218  0.0654 0.0625
Average 0.2126 0.3716 0.1273  0.1512 0.0639 0.0734 0.0636

Table 6: Optimal weights of criteria and consistency ratio.
Alternative NFs TS S FS D DT M

Goal (*) (*) () () (*) ()

F 0.4856 0.2883 0.0880 0.3167 0.3066 0.2736
H 0.3892 0.0873 0.1180 0.3084 0.3066 0.2736
J 0.2903 0.1274 0.0562 0.2865 0.2514 0.3875
K 0.2109 0.1121 0.1573 0.2917 0.2686 0.3875
R 0.3332 0.6711 0.0937 0.3021 0.3680 0.1938
] 0.1529 0.0791 0.0730 0.1834 0.2698 0.2964
P 0.0847 0.5458 0.1124 0.3167 0.2698 0.3192
C 0.0700 0.0527 0.8429 0.2605 0.2330 0.2964
| 0.2891 0.1802 0.2060 0.2855 0.2698 0.0274
CcoO 0.2490 0.0703 0.2622 0.3230 0.2698 0.1938
B 0.3735 0.2593 0.1105 0.2709 0.2453 0.3078
S 0.2291 0.1362 0.2997 0.2917 0.3680 0.3192

Table 7: Normalized decision matrix for Car roof NF’s problem.

Table 3: Best and Worst Criteria Identified by Experts
from 1 to 6.

Based on the expert interview, identification of best
vector and its comparison with other vectors is done using
Eq.(1) and pairwise comparison matrix is formulated as
depicted in Table 4.

Expert Best TS S FS D DT M
No.

1 S 2 1 5 2 3 9
2 S 4 1 9 2 6 8
3 FS 2 3 1 2 9 3
4 TS 1 5 4 7 9 7
5 S 9 1 7 8 5 6
6 S 2 1 7 4 9 8

Table 4: Best to Others (BO) pairwise comparison matrix.

Similarly, Expert interview revealed the identification
of worst factor and the comparison of other criteria with
respect to worst factor using Eq.(2) is shown in Table 5.

Expert 1 2 3 4 5 6
No.

Worst FS DT DT TS DT

TS
S
FS
D
DT

M
7
9
7
8
7
M 1

N W NP ©
o R N © N
Wk W~ o ©
AR, N OPR
N R O WO

Table 5: Others to Worst factor
comparison matrix.

(OW) pairwise

Based on the Pairwise comparison matrices shown in
Table 4 and 5, final optimal weights and consistency are
calculated using Eqg. (3), (4) and (5) presented in Table 6.
In the table, last row gives the final average optimal
weights of all the criteria whereas last column gives
consistency ratio.

Normalized decision matrix is formed by using Eq.
(6), (7) and depicted in Table 7. In table (+) represents the
beneficial criteria whereas (-) is for non-beneficial criteria.

Ranking of the NF’s was done based on the proximity
value by employing the Eqg. (8), (9)& (10) as given in the
Table 8.

Table 8 clearly shows that best available alternative
material for the design of Car roof is ramie (R) natural
fiber whereas worst choice for the Car roof material
among all the NF’s is Coir (C) fiber. There are plethora of
reasons behind the ranking but some of the highlighted
reasons can be (a) Maximum Stiffness (~ 76 GPa) of



A New Hybrid LGPMBWM-PIV Method for...

Informatica 23 (1999) xxx-yyy

TS S FS D

DT M Proximity

(+) (+) () () (+) () Value Rank
F 0.0000 0.1422 0.0041 0.0202 0.0039 0.0181 0.1884 3
H 0.0205 0.2169 0.0079 0.0189 0.0039 0.0181 0.2862 6
J 0.0415 0.2020 0.0000 0.0156 0.0074 0.0264 0.2930 7
K 0.0584 0.2077 0.0129 0.0164 0.0063 0.0264 0.3282 10
R 0.0324 0.0000 0.0048 0.0180 0.0000 0.0122 0.0673 1
0] 0.0707 0.2200 0.0021 0.0000 0.0063 0.0197 0.3189 8
P 0.0852 0.0465 0.0072 0.0202 0.0063 0.0214 0.1868 2
C 0.0884 0.2298 0.1001 0.0117 0.0086 0.0197 0.4583 12
I 0.0418 0.1824 0.0191 0.0154 0.0063 0.0000 0.2650 5
(6{0) 0.0503 0.2232 0.0262 0.0211 0.0063 0.0122 0.3394 11
B 0.0238 0.1530 0.0069 0.0132 0.0078 0.0206 0.2254 4
S 0.0545 0.1987 0.0310 0.0164 0.0000 0.0214 0.3221 9
Table 8: Final ranking of NF’s obtained through PIV method.

Alternative PIV WASPAS TOPSIS EDAS ROV COPRAS

F 3 2 3 3 2 3

H 6 7 7 7 6 7

J 7 6 6 6 8 6

K 10 10 9 10 10 10

R 1 1 1 1 1 1

O 8 8 8 8 7 8

P 2 4 2 2 4 2

C 12 12 12 12 12 12

| 5 5 5 5 5 5

CcO 11 11 11 11 11 11

B 4 3 4 4 3 4

S 9 9 10 9 9 9

Table 9: Ranking of alternative using PIV, WASPAS, EDAS, TOPSIS, ROV and COPRAS methods.

MCDM methods WASPAS

TOPSIS

EDAS ROV  COPRAS

Correlation coefficient 0.9860

0.9510

0.9860 0.9720 0.9930

Table 10: Correlation between ranks obtained using PIV method with other MCDM methods.

Ramie fiber whereas, Coir has lowest stiffness (~6GPa),
Car roof is a critical part of car which is subjected to high
aerodynamics forces which can be major reason behind
the bending of car roof. Therefore, it is necessary that
sustainable fiber being used for car roof should be highly
stiff in order to withstand against all the bending forces
acting on Car roof, (b) Tensile strength of Ramie fiber is
~*4 times greater than the tensile strength of Coir fiber
which is also one of the major reason and (c) Natural fiber
should have minimal moisture gain to obtained good
interfacial integrity between NF reinforcement and the
polymer matrix for successful fabrication of NFC. In this
study, ramie fiber has lowest moisture gain ~8% whereas
coir has high moisture gain therefore, ramie fiber is
suitable choice for natural fiber reinforced composite
being used for car roof. Properties of other fibers is lying
in between ramie and coir fiber so they are ranked
accordingly.

3.2 Comparison with other MCDM
methods

Since, PIV is a newly developed method, the ranking
results obtained from PIV method are compared with the
ranks obtained with existing methods namely weighted
aggregated sum product assessment (WASPAS),
technique for order by preference by similarity to ideal
solution (TOPSIS), Evaluation based on distance from
average solution (EDAS), Range of value (ROV) and
Complex proportional assessment (COPRAS) method.
The details of these methods can be found in literature [52-
57]. The ranking results are shown in Table 9.

It has been observed again from Table 9 that the best
available alternative material for the design of car roof is
ramie (R) natural fiber. Whereas, worst choice for the car
roof material among all the NF’s is Coir (C) fiber using all
the six methods. Further, there is very few variation in the
ranks of other NF’s. Subsequently, correlation coefficient
which is a statistical parameter used to measure
relationship between two measures is computed for the
ranks of NFs using different methods. The correlation
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Criterion Normal

Modified weights of all indicators when the weight of S is varied from 0.1 t0 0.9

(0.3274)
TS 0.2126  0.3045 0.2707 0.2368 0.2030 0.1692 0.1353 0.1015 0.0677 0.0338
S 0.3716  0.1000 0.2000 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000
FS 0.1273 0.1823 0.1621 0.1418 0.1215 0.1013 0.0810 0.0608 0.0405 0.0203
D 0.1512 0.2165 0.1925 0.1684 0.1444 0.1203 0.0962 0.0722 0.0481 0.0241
DT 0.0639 0.0915 0.0813 0.0712 0.0610 0.0508 0.0407 0.0305 0.0203 0.0102
M 0.0734 0.1051 0.0934 0.0818 0.0701 0.0584 0.0467 0.0350 0.0234 0.0117
Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Table 11: Weights of Criteria in sensitivity analysis.

Alternative Run Run Run Run Run Run Run Run Run
NF’s Normal 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9

F 3 2 2 2 3 3 3 3 3 3

H 6 4 6 6 6 7 7 8 9 9

J 7 6 7 7 7 6 6 6 6 7

K 10 10 10 10 10 10 9 9 8 8

R 1 1 1 1 1 1 1 1 1 1

@) 8 7 8 8 8 9 10 10 10 10

P 2 8 5 3 2 2 2 2 2 2

Cc 12 12 12 12 12 12 12 12 12 12

I 5 5 4 5 5 5 5 5 5 5

CO 11 9 11 11 11 11 11 11 11 11

B 4 3 3 4 4 4 4 4 4 4

S 9 11 9 9 9 8 8 7 7 6

Table 12: Ranking of alternative materials after weight modifications.

coefficient of ranks obtained using PIV method with the
rank obtained using other method is shown in Table 10.

It is observed from Table 10 there is a strong
correlation (correlation coefficient is nearly 1) between
the ranks obtained using PIV method and other MCDM
methods. Hence, it can be concluded that the results
obtained using PIV method are similar to that of other five
MCDM methods. This also support the consistency and
reliability of PIV method.

3.3 Sensitivity analysis

Sensitivity analysis has been done to ensure that the
obtained results do not show any biasness and also to
purge the effect of the highest weight criterion on other

Normal

criteria considered in the present study. A methodology =~ ——Flax(F) ——Hemp(H) ——Jute(J)
available in the literature [52-54] to carry out sensitivity Kenaf(K) ——Ramie(R) —— Okra(O)
analysis has been used in the present research where

weights of all criteria have been varied in proportion tothe ~ ——PALF(P) Coir(C) Isora(l)
weight of the highest ranked criterion. In the present study Cotton(CO) Banana(B) Sisal(S)

since the top ranked criterion is stiffness as its weight is
maximum i.e. 0.3274 and therefore, its weight has been
varied from 0.1 to 0.9 and the weights of all other criteria
have been calculated as presented in Table 11.

In sensitivity analysis, the effect of changing weight
on the ranking of alternative materials are observed as
presented in Table 12.

Figure 2: Ranking of alternatives in Sensitivity Analysis.

Table 12 clearly shows the ranking of alternative NF’s
by changing the weight of S, it can be clearly observed that
on changing weight of S from 0.1 to 0.9 ramie acquired
first rank and Coir is placed at last which shows the
reliability of the LGPMBWM-PIV method. Thus, it is
verified that ramie is best alternative NF for composite
fabrication of car roof whereas coir is worst choice for the
same . Further, ranking of alternatives on varying the
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weight of criterion are shown in Figure 2 which clearly
represent the variation of ranking of different alternatives.

4  Conclusion

In this study, selection of appropriate natural fibre for Car
roof was successfully done by employing LGPMBWM-
PIV method. The ranking sequences obtained from PIV
method suggest Ramie fiber as the most suitable
alternative NFs for fabrication of NFCs used in
manufacturing of car roofs whereas coir fiber being worst
alternative NF. This ranking sequence was also supported
by ranking obtained through PIV, WASPAS, EDAS,
TOPSIS, ROV and COPRAS methods. Sensitivity
Analysis results show that for any weight modification of
criteria, the ranking of alternatives obtained from hybrid
LGPMBWM-PIV method remains same which support
the consistency and reliability of the method.

5 Future work

Automotive industries are engaged with the
manufacturing of several complex components and each
components involves the material selection. Thus, as a
future research direction, hybrid LGPMBWM-PIV
MCDM method can also be applied to the selection of
other automotive components which will minimize the
cost and time involve in their production.
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