Kufa Journal of Engineering
Vol. 12, No. 2, April 2021, P.P. 98-117
Received 13 October 2020, accepted 1 December 2020

A FUZZY ANALYTIC HIERARCHY MODEL TO APPRAISE
WATER ABSORPTION PROCESS PARAMETERS IN COCOA
POD HUSK COMPOSITE

Isaac T. Abiola' and Sunday A. Oke?
!Department of Mechanical Engineering, University of Lagos, Lagos, Nigeria. Email:

topetisaac@gmail.com

2Department of Mechanical Engineering, University of Lagos, Lagos, Nigeria. Email:
sa oke@yahoo.com (Corresponding author)

HTTP://DX.DOI.ORG/10.30572/2018/KJE/120207

ABSTRACT

Water absorption characteristics of composites are crucial to robust composite design with
integrity and long service lives. In the literature, scholars have evaluated the water absorption
properties of cocoa pod husk composites but reports regarding their uncertainty and imprecision
are missing. In this article, cocoa pod husk particulate reinforced composite material was
analyzed for uncertainty and imprecision using the fuzzy analytic process to rank and select the
important parameters of the water absorption process. Experimental data from a project were
collected and analyzed considering particulate loading, initial weight, particulate weight, the
weight of the matrix, weight gained after 150 days and rate of water absorption as parameters.
The parameters were sensitive and active and the findings provide new procedures to analyze
thermoset composites under the circumstances of uncertainty and imprecision. This work aids
to effectively produce composites of integrity, long lifespan and retain customers in the

competitive composite market.
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1. INTRODUCTION

In marine-oriented composites, water absorption tests are used to analyze the integrity of the
composites regarding their mechanical, wear and corrosive properties before full-scale
manufacturing (Karthick et al., 2018; Saxena and Gupta, 2018; Aydemir et al., 2019; Kusmono
et al., 2020). Knowledge on the performance of composites in water media provides ideas to
design engineers and fabricators on structural (re)design and computations concerning
composite parameters (Daramola et al., 2019; Yu et al., 2020). Hence, their service capability
is enhanced as well as their maintenance costs. Furthermore, their water resistance is improved
and their lifespan also increases. Therefore, water absorption tests of thermoset polymer
composites are essential for sustenance and growth of the industry. However, from the literature
review, it was discovered that researchers have attempted to discuss the water absorption
properties of cocoa pod husk composite (Ehi et al., 2016). But the importance rating of the key
parameters in the process considering the uncertainly and imprecision involved in the water
absorption process has not been reported (Imoisili et al., 2013a,b; El-Shekeil et al., 2014; Chun
and Husseinsyah, 2014; Chun et al., 2013, 2017; Ehi et al., 2016; Sanyang et al., 2017).

In the design and fabrication of marine-based composites, the use of the traditional analytic
hierarchy process lacks the aptitude to tackle imprecision subjectivity in the judgments by
designers and fabricators concerning the parameters of the composite (Bozbura and Beskese,
2007; Chan and Kumar, 2007; Ebrahimi and Bridgelall, 2020; Park et al., 2020; Wei et al.,
2020; Song et al., 2021). Consider the initial weight of the reinforcement as an object of interest.
The Mxbaocheng digital weighting balance of capacity to measure up to 1000g with precision
to 0.01g is an option to use in measuring the cocoa pod husk reinforcement. However, there is
inherent uncertainty in the measurement system. A specific measured value of reinforcement
on a rainy morning may be different from the measured value in a sunny afternoon due to
environmental changes of pressure, temperature and humidity of the laboratory. Furthermore,
since the measurement aspect is not limited to only a member of the research team, at times,
the measurement equipment may be used improperly while the sources of error are ignored.
Every kind of measurement has uncertainty regarding it. Since it is challenging to eradicate
error the aim must be to evaluate it and lessen it to a suitable value in the context of taking
measurements.

Arising from this argument, the novelty of this article is to suggest a new method to water
absorption process parametric evaluation to establish the uncertainty in the evaluation of the
key parameters of water absorption for a collected data from the laboratory experiment on cocoa

pod husk composites. To attain this, the fuzzy analytic hierarchy process is deployed where the
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parametric characteristics are described in linguistic terms by membership functions in a
fuzzification exercise (Ebrahimi and Bridgelall, 2020; Park et al., 2020; Wei et al., 2020; Song
et al., 2021). Subsequently, the pairwise comparison, fuzzy weight determination,
defuzzification and normalisation are done (Park et al., 2020; Song et al., 2021). The new
approach is then applied to data collected from the laboratory on water absorption experiments
regarding cocoa pod husk composites. Then the results are analyzed and discussed.

A brief review of the relevant literature will offer some insights into the problem being solved.
Imoisili et al. (2013) examined the mechanical attributes of cocoa pod composites and the
influence of various filler volume fractions on the mechanical characteristics. It was concluded
that a decline in flexural and tensile strength of the composite with volume fraction decrease.
However, growth in flexural modulus, tensile modulus and micro-hardness were experienced
with growth in filler volume fraction. Imoisili et al. (2013b) examined the physicochemical
attributes of cocoa pod composites. The results showed values for moisture, ash, lignin,
cellulose and extractive contents as 6.69%, 8.91%, 26.51%, 24.28% and 4.81%,
correspondingly. The decline of the tensile and specific strength and percentage elongation with
volume composition of the fillers was experienced. However, the contrary results were obtained
when modulus and specific modulus were related to volume composition as growth on one side
was mapped to growth on the other side. Chun et al. (2013) analyzed the influence of filler
modification with methacrylic acid on polypropylene-cocoa pod husk composites. It was
ascertained that the methacrylic acid enhanced the composites stabilization torque, their tensile
strength and modulus. Chun and Husseinsyah (2014) experimented with cocoa pod husk
composites with chemical treatments and different chemical composition. They concluded that
with treatment regarding 3-mercaptopropyltrimethoxsilane and sodium dodecylsulphate,
enhancement in the thermal stability crystallinity, tensile strength, water resistivity, tensile
modulus and stabilization torque existed. El-Shekeil et al. (2014) produced cocoa pod husk
composites in various filler compositions (20%, 30% and 40% by weight) and engaged
optimum processing parameters regarding speed, temperature and time as 40 rpm, 190°C and
11min, correspondingly. It was concluded that growth in fibre loading triggered growth in
tensile strength as well as modulus and decline in the pattern of strain.

Ehi et al. (2016) studied the kinetic attributes of cocoa pod husk composites and their influence
on water absorption characteristics of the composites while varying the volume fraction of the
filler. The conclusion was that the diffusion coefficient, a key Fick’s model parameter was
obtained at 105.8 x 10'm?/s at 30% volume fraction. It was confirmed that the water absorption

process yielded to Fick’s law. Puglia et al. (2016) conducted a three-phase characterisation of
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cocoa been shell composites to include morphological, thermal and tensile tests. The reported
result was an improved rigidity with a marginal decline in strength regarding neat polymer. A
lessened elongation was experienced at 30wt% composite. At this point, the eventual collapse
occurred for strains merely marginally surpassing the yield point. Olabisi et al. (2016)
developed cocoa been shell composites for brake pad application and established their attributes
regarding physical, tribological and mechanical aspects. It was reported that the decline in filler
composition stimulated growth in wear rate, compressive strength and tensile strength.
Conversely, oil absorption, density, thermal conductivity and hardness responded differently.
Chun et al. (2017) examined the rheological characteristics of polypropylene/cocoa pod husk
composites and considered the following attributes — the influence of processing parameter,
modification of content by maheated propylene treatment agent addition, and filler composition
and their association with torque rheological attributes. The processing torque was established
to grow with the growth in filler composition, rotor speed and the addition of the chemical
treatment. The melt attributes of the composites were confirmed at superior shear rate. This
behaviour was coupled with shear thinning. Furthermore, the power-law index declined as the
growth of filler composition and addition of the chemical treatment occurred. Sanyang et al.
(2017) examined the influence of cocoa pod husk loading on the tensile attributes of the
composite. The conclusion was that growth in the tensile strength accompanied the growth in
filler loading up to 10% loading but outside this range, the elongation at break declined.

Chun et al.’s (2018) contribution to cocoa pod husk development had an emphasis on green
coupling mediator. Notwithstanding, explanations on the strength of the agent were given from
the viewpoint of spread for the customized cocoa pod husk particulates and their superior
interfacial relationship with the matrix, which vyield substantial composite property
enhancement. The interest of Olatundun et al. (2020) in the use of cocoa pod husk was a route
to economic prosperity. By combining this agro-waste with a blend of plantain peels, the
researchers achieved their aim. In Azmin et al. (2020), the concern for use of cocoa pod husk
in food packaging was examined.

From the above review, it was observed that no study has discussed the ordering and selection
of the important water absorption parameters for cocoa pod husk composites under uncertainty
and imprecision. This research gap has motivated the necessity to rank and select the key water
absorption parameters of cocoa pod husk composites and apply the fuzzy analytic hierarchy
process technique to it. Apart from particulate loading, there are other parameters, including
particulate weight, initial weight, the weight of the matrix, weight gained after 150 days and

rate of water absorption that also influence the water absorption behaviour of the composite.
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Consequently, it is essential to rank these parameters against particulate loading. If the
particulate loading of the cocoa pod husk composite varies then the mentioned parameters are
influenced and consequently, it is essential to rank these parameters together with particulate
loading.

The earlier studies in this specific knowledge domain are Ehi et al. (2016) and Ayanladun and
Oke (2020). While Ehi et al. (2016) analyzed the kinetics of water absorption, the concern of
Ayanladun and Oke (2020) was the sensitivity analysis tests of parameters. Although these
studies advanced knowledge on water absorption on cocoa pod composites, the gap concerning
uncertainty and imprecision still remains unsolved. The study by Ayanladun and Oke (2020)
while recognizing the importance of extended particulate loading scope tried to span the study
from 1wt% to 31wt% in steps of 2. However, the period of composite immersion is still limited
to about 70 days, which may be further extended since the case of marine applications may
involve longer stay of ships, for instance in water and the ship’s hull may have contact with the
water bodies for long periods. Thus, a novel feature of the present paper is the extension of the
period of analysis by a multiple of 2.143 of the study by Ayanladun and Oke (2020). That is,
this study spans for 150 days.

Besides, the ranking techniques within the multi-criteria context used for composite parametric
ranking include the analytic hierarchy process (Onyegiri and Oke, 2016; Raji and Oke, 2020).
But fuzzy analytical hierarchy process using geometric mean approach has not been deployed
to solve this water absorption parametric determination problem. Interestingly, fuzzy analytic
hierarchy process has merits regarding its huge similarity with the traditional analytic hierarchy
process method (Ighravwe and Oke, 2017; Ebrahimi and Bridgelall, 2020; Park et al., 2020;
Wei et al., 2020; Song et al., 2021). It comprises of fuzzy pairwise comparison, matrix
defuzzification, computation of consistency ratio, weight determination among other elements,
to the choice of the preferred option. Keeping in mind the intrinsic attributes of fuzzy analytic
hierarchy to attain robust ranking and selection of parameters, it is used in the current study to
establish the ranks of water absorption parameters for cocoa pod husk composites.

2. METHODS

A robust procedure on the fuzzy analytic hierarchy process (FAHP) is presented in Park et al.
(2020) in eight phases compressed to six here. As presented by Park et al. (2020), AHP prides
in its ability to offer superior decision-making framework weighed against the AHP as it is
more accurate. This procedure is mentioned based on the work presented by Park et al. (2020)
as follows. The premier step involves an appraisal of every standard and entries of the topic.

They were afterwards positioned in a hierarchical framework. The second step involves an
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appraisal of entries and subcriteria, which are weighed against one another to achieve match up
assessment at each echelon of hierarchy. The third step involves the translation of the matrix
containing the matched up assessment to triangular fuzzy values. The fourth step has orientation
around how the fuzzy extent value is computed by employing the matrix that was translated
into triangular fuzzy value. In step five, the fuzzy extent value for the degree of possibility is
attained. Step six contains actions to normalise the degree of possibility the comparative
significance of each hierarchical rank, the upper rank and associated sub-hierarchy rank
multiplication as well as how to attain preference.
2.1 The use of AHP method to solve the problem
For comparison of the FAHP method, the procedure for the AHP method is established here.
Step1 Build up a hierarchical framework revealing the goal of the water absorption
process regarding composite manufacture at the top level, the criteria displayed

at the second level and the options shown at the third level (Fig. 1).

Step 2  Establish the relative importance of different attributes regarding the goal of the
cocoa pod husk composite production. To achieve this, a pairwise comparison

matrix is developed.

Pairwise comparison matrix is achieved by generating a scale of comparative importance

according to Satty’s importance scale:
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Scale of comparative significance
1 Equal interest 3 Moderate interest 5 Strong interest
7 Very strong interest 9  Extreme interest 2,4,6,8 Intermediate values
1/3, 1/5, Values for inverse
1/7,1/9 comparison
Level 1 To establish the behaviour of cocoa pod husk composites
Particulate Particulate Weight gained
loading weight after 150 days
Level 2
Initial Weight of Rate of water
weight the matrix absorption
Experiment 16
Experiment 1
Experiment 15
Experiment 2 -
Experiment 14
Level 3

Experiment 3

Experiment 4

Experiment 5

Experiment 6

Experiment 7

Experiment 13

Experiment 12

Experiment 11

Experiment 10

Experiment 8

Experiment 9

Fig. 1. AHP hierarchical structure for water absorption parameters of cocoa pod husk

composite
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Step 3  Decision making

Step4  Converting the factional values to decimal values and summing up all the values
in each column.

Step5 Calculate the normalised pairwise matrix. All the elements of the colum are each
divided by the sum of the columns.

Step 6  Calculate the criteria weight. This is achieved by adding all the elements in the
row and dividing each by the number of criteria

3. RESULTS AND DISCUSSION

The most important step in AHP is to create the pairwise comparison matrix which evolves
with the assistance of the scale of comparative importance. The numbers in relative importance
are strictly numeric values such as 1, 3, 5, 7 and 9. In fuzzy, this numeric values are converted
into fuzzy numbers. There are various terms that need explanation in adopting fuzzy analytic
hierarchy process to the cocoa pod husk composite evaluation for water absorption process
parameter establishment. First is the term fuzzification. By converting linguistic terms into

membership function the triangular shape (Fig. 2) is used to create the membership function.

Membership function

Fuzzy numbers

Fig. 2. Membership function of parameters for the cocoa pod husk composite for water
absorption process

As the shape of the membership function is triangular it is known as triangular membership

function. Other shapes may include the trapezoidal and bell shaped membership functions. The
fuzzy value is represented by sz, (x) . Notice that z, (x) = A=(1,2,3) means that there are three

numbers, which are 1, 2 and 3 and are known as fuzzy numbers. They are associated with the

membership function. These numbers indicate the upper, middle and lower function.
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Equal
Moderate
Strong
Very strong
Extremely
strong

v

LA R N
o1 2 3 4 5 6 7 8 X

Fuzzy numbers

Fig. 3. Membership function of parameters for the cocoa pod husk composite for water
absorption process (fuzzy scale).

Fuzzy scale of relative importance
Equal 1; Moderate 3; Strong 5; Very strong 7; Extremely strong  9; Intermediate
values 2,4,6,8

Crisp numbers in the scale of relative importance (1, 3, 5, 7, 9) are replaced with fuzzy numbers
(Fig. 3). It is seen that assigning a single number to any term was not justified. For instance,
moderate has been assigned the value of 3 but what do we call 2.5 or 3.5? To solve this issue,

the concept of fuzzy numbers will be introduced (Table 1).

Table 1. Introducing fuzzy numbers.

Description Scale of relative importance Fuzzy numbers

Equal 1 (111)

Moderate 3 (2,3,4)

Strong 5 (4,5,6)

Very strong 7 (6,7,8)

Extremely 9 (9,9,9)
strong

2 (1,2,3)

Intermediate 4 (3,4,5)

values 6 (5,6,7)

8 (7,8,9)
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Convert the crisp values in Table 1 into fuzzy numbers with the help of the conversion rate in
Table 2.

Table 2. Fuzzification pairwise comparison matrix for the cocoa pod husk composite.

. . : Weight Weight Rate of
Particulate Initial  Particulate g . g
Parameter of gained after water

loading  weight  weight iy 150 days  absorption

Particulate
loading (1,1,1) (4,5,6) (3,4,5) (1,2,3) (6,7,8) (9,9,9)
Initial weight 1/5 (1,1,2) (2,3,4) (3,4,5) (5,6,7) (7,8,9)
Particulate
weight 1/4 1/3 (1,1,2) (4,5,6) (7,8,9) (6,7,8)
Weight of
matrix 1/2 1/4 1/5 (1,1,2) (4,5,6) (5,6,7)
Weight gained
after 150 days 17 1/6 1/8 1/5 (1,1,2) (7,8,9)
Rate of water 1/9 18 17 1/6 18 (1,1,1)
absorption

Converting the reciprocal value into fuzzy number using (Table 3):

A =(I,m,u)‘l:(%,%,%j_

Table 3. Fuzzification pairwise comparison matrix for the cocoa pod husk composite
(translationl).

Parameter Particulate Initial Particulate Weight of Weight Rate  of

loading weight weight matrix gained after water
150 days absorption

Particulate (1,1,1) (4,5,6) (3,4,5) (1,2,3) (6,7,8) (9,9,9)

loading

Initial 111y (111) (2,3,4) (3,4,5) (5,6,7) (7,8,9)

weight E’E'Zj

Particulate (1 1 1 111\ (111 (4,5,6) (7,8,9) (6,7,8)

weight g’zaj 432

Weight of (1 11 111 111) (L1 (4,5,6) (5,6,7)

matrix 5'5’1) 543 (a'g’z)

Weight 111 111) (111 111) (111 (7.8,9)

gained 5’?5) 76’5 [5’5’7) [aaz)

after 150

days

Rate of (111 111 111 111 111 (1,1,1)

water (ng (5’5’7) (é'?’é} [?g’gj (5@7)

absorption
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Using the FAHP proposed by Buckley in the year 1985 in which geometry mean is used to
calculate the weight, calculating the fuzzy geometric mean value is obtained using the formula:

A® A, =(I,,m,u, ®1L,,m,,u,)=(I, xL,,m xm,,u, xu,)

For the first parameter, the computation proceeds as follows:
~ 1 1 1
ri=(Ax4x3x1x6x9)%, (Ix5x4x2x7x9)°,(1x6x5x3x8x9)%) =(2.94,3.69,4.32)

Similary, other values such as r2, rsand rsare obtained an inserted in Table 4.

Table 4. Fuzzy geometric mean values.

Parameter Fuzzy geometric mean values
Particulate loading (2.94,3.69,4.32)

Initial weight (1.81,2.14,2.61)
Particulate weight (1.43,1.09,2.04)
Weight of matrix (0.78,0.95,1.23)

Weight gained after 150 days (0.26,0.41,0.47)
Rate of water absorption (0.17,0.19,0.20)

To calculate the fuzzy weight, we use the formula:

O =@ (MOr:®...1)"
Adding fuzzy geometric mean value with the formula:
A® A; = (,m,u, ®1,,m,,u,) = (I, x1I,,m xm,,u, xu,), we obtain
2.94+1.81+1.43+0.78+0.36+0.17= 7.49

3.69+2.14+1.69+0.95+0.41+0.19= 9.07
4.32+2.62+2.04+1.23+0.47+0.20=10.87

HOr®r®r®rs®r, = (7.49,9.07,10.87)

u'm'l 10.87'9.07 "' 7.49
To calculate fuzzy weight, we use the formula (Table 5):

c o~ o~~~ o1 -1
But (r®r:@rs®@rs®@rs®@r,) " = A :(I,m,u)l:(l,l,}j :[ L 1 1 j
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Table 5. Fuzzy weights for parameters.

Fuzzy geometric

Parameter
mean value

Fuzzy weight

2.94,3.69,4.32) ® L t 1
Particulate loading (2.94, 3.69, 4.32) (2.94,3.69,4.32) 10.87'9.07'7.49
= (0.270, 0.4059, 0.577)

1 1 1
Initial weight (1.89,2.14,261) (189214280 8| 50050 7.49j
=(0.167, 0.235, 0.350)
1 1 1

(1.43,1.69,2.04) ®

Particulate weight (1.43, 1.69, 2.04) 10.87'9.07 7.49

=(0.132, 0.186, 0.273)

1 1 1
Weight of matrix (0.78,0.95, 1.23) (0.78,0.95,1.23) ® 10.87'9.07  7.49

=(0.072, 0.105, 0.165)

. . 1 1 1
Weight gained after 150 0.36,0.41,0.47) ® , ,
days (0.36,0.41,0.47) ¢ ) ¥ 10877 9.07'7.49

= (0.033, 0.045, 0.063)
1 1 1

10.87'9.07'7.49
= (0.016, 0.018, 0.0268)

Rate of water absorption  (0.17, 0.19, 0.24) (017,0.19,024) ®

To obtain defuzzified values for the parameters, the expression for wj is used (Table 6):

W; = (I+m+n)/3

Table 6. Defuzzification of parametric values.

Parameter Fuzzy weight (w;)  Weight (wj)
Particulate loading (0.270, 0.406,0.577) 0.418
Initial weight (0.167, 0.235,0.350) 0.251
Particulate weight (0.132, 0.186,0.273) 0.197
Weight of matrix (0.072, 0.105,0.165) 0.114
Weight gained after 150

(0.033, 0.045,0.063) 0.042
days

Rate of water absorption  (0.016, 0.015,0.027) 0.020

Summation of weightage
The sum of weightage becomes 1.047 from the component elements of 0.4176, 0.251, 0.197,
0.114, 0.047 and 0.0203. The result of weight is greater than 1, which makes it unacceptable.
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Therefore there is need to normalise the weight by obtaining each weight by the sum of weight.
The outcome of normalisation is shown as follows (Table 7):

Table 7. Normalised weights of parameters

Parameter Weight (wj)  Normalised weight
Particulate loading 0.4176 0.399

Initial weight 0.251 0.240

Particulate weight 0.197 0.188

Weight of matrix 0.114 0.109

Weight gained after 150 days 0.047 0.045

Rate of water absorption 0.0203 0.0194

4. COMPARISON OF THE PRESENT STUDY WITH THE AHP METHOD

This study introduces a fuzzy analytic hierarchy process as an intervention tool to identify the
strength of the parameters regarding cocoa pod husk composites tested through water
absorption process experiments. Experimental data were obtained from a larger project. To
demonstrate the competence of the approach, this paper utilized an example by applying the
data to the analytic hierarchy process (AHP) method. The numerical results obtained in the
present study were compared with the results that were computed using the AHP method. Some
statistical analysis provided insights into the similarities and differences between the two output
categories.

It is desired to evaluate the weightage of each parameter and this effort begins by transforming
the data into a 6 x 6 matrix. Afterwards, six steps are followed in the use of AHP method to

solve the problem.

Step1  Build up a hierarchical framework revealing the goal of the water absorption
process regarding composite manufacture at the top level, the criteria displayed

at the second level and the options shown at the third level (Fig. 1).

Step 2 Establish the relative importance of different attributes regarding the goal of the
cocoa pod husk composite production. To achieve this, a pairwise comparison
matrix is developed.

The length of the pairwise matrix is equivalent to the number of criteria used in the decision
making process. Consequently, this paper adopts a 6 x 6 matrix in the evaluation of the ranks

for different parameters using the AHP.
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Step 3  Decision making

Particulate loading was taken to be of strong interest to initial weight. Consequently, if it is
assumed that the initial weight is “q”, then particulate loading will be “5q” value. Thus the row
element with the column element divided. So the association between particulate loading and
initial weight equals 5g/q = 5. This is the division of the row element to the column element
while the value for the inverse yields 1/5.. Next, the particulate loading is compared with
particulate weight. Here, particulate loading is of moderate to strong interest when compared
with particular weight. So, there is a value a value in-between 3 and 5, which is 4. Consequently,
if particulate weight is g value then particulate loading equals 4q, and 4qg/q = 4. The value for
the inverse comparison is ¥.. With this procedure followed, the 6 x 6 matrix is constructed
(Table 8).

Table 8. The 6 x 6 matrix representing the values of the pairwise comparison for the cocoa pod
husk composite.

Particulate Initial Particulate Weight Welght Rate of
Parameter loadin weiaht  weight of gained after water
g g g matrix 150 days absorption
Partlcglate 1 5 4 ) y 9
loading
Initial 1/5 1 3 4 6 8
weight
Particulate 1/3 1 5 8 7
weight
Weightof 1/4 1/5 1 5 6
matrix
Weight
gained
after 150 17 1/6 1/8 1/5 1 8
days
Rate of
water 1/9 1/8 1/7 1/6 1/8 1
absorption

In Table 8, the diagonal elements take the value of 1 because particulate loading will be of equal
interest to particulate loading, for example. Similarly, initial weight will be of equal interest to
initial weight, particulate weight will be of equal interest to particulate weight, and the rest is

computed in a similar manner.
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Step 4  Converting the factional values to decimal values and summing up all the values
in each column (Table 9).

Table 9. The 6 x 6 matrix representing the values of the pairwise comparison for the cocoa pod
husk composite.

. .. . Weig Wélght Rate of
Particulate Initial Particulate gained
Parameter . . . of water
loading  weight  weight . after 150 .
matrix absorption
days
Particulate loading 1 5 4 2 7 9
Initial weight 0.200 1 3 4 6 8
Particulate weight 0.250 0.333 1 5 8 7
Weight of matrix 0.500 0.250 0.200 1 5 6
Weight gainedafter )3 160 0125 0200 1 8
150 days
Rate of water 0110 0125 0143 0160  0.125 1
absorption
Sum 2.203 6.863 8.644 12.36 27.13 39

Step5 Calculate the normalised pairwise matrix. All the elements of the colum are each
divided by the sum of the columns (Table 10).

Table 10. The 6 x 6 matrix representing the values of the pairwise comparison for the cocoa pod
husk composite.

i " . Weight  Weigh Rate of
Particulate Initial Particulate 'O eight ate o

Parameter loadin weiaht  weight of gained after water
g g g matrix 150 days  absorption
Particulate loading 0.450 0.730 0.470 0.160 0.260 0.231
Initial weight 0.091 0.146 0.350 0.320 0.220 0.220
Particulate weight 0.113 0.048 0.120 0.400 0.290 0.180
Weight of matrix 0.227 0.036 0.024 0.081 0.180 0.150
Weight gained after o e G003 0015 0016 0.037 0.210
150 days
Rate of water
. 0.0499 0.018 0.017 0.013 0.04 0.026
absorption

Step 6  Calculate the criteria weight. This is achieved by adding all the elements in the

row and dividing each by the number of criteria (Table 11).
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Table 11. The 6 x 6 matrix representing the values of the pairwise comparison for the cocoa pod
husk composite.

Parameters ™  Particulate Initial Particulate Weight Weight Rate of
loading weight  weight of gained after water
matrix 150 days absorption
Criteria 0.383 0.225 0.192 0.157 0.061 0.021
weights =

The numerical results are presented (Table 12) regarding the six parameters analyzed in the

study.

Table 12. Normalised weight values for the current method and analytic hierarchy process
(AHP) method.

Parameter Present method ~ AHP method
Particulate loading 0.399 0.383
Initial weight 0.240 0.225
Particulate weight 0.188 0.192
Weight of matrix 0.109 0.157
Weight gained after 150 days 0.045 0.051
Rate of water absorption 0.019 0.021

First, it was desired to understand the strength of the association between the two methods and
correlation analysis was deployed. By using the MS Excel data analysis facility, a correlation
value of 0.9884 was obtained, translated to 0.9769 in the coefficient of determination value.
This result shows a high correlation value between the two methods and suggests that they are
related. Furthermore, by taking the current method as the dependent variable, 0.9769 was
obtained as the proportion of the variance of the proposed method, which is predictable from
the AHP method. Thus, given the values of correlation and coefficient of determination of the
current method compared with the AHP method, the competence of the present method to rank
the parameters is confirmed. Further confirmation of the competence of the present method was
made by the outcome of the AHP method being the same as the present method’s results. Both
methods yielded the positions (ranks) of the parameters as 1% for particulate loading, 2" for
initial weight, 3" for particulate weight, 4™ for the weight of the matrix, 5 for weight gained
after 150days and 6™ for the rate of water absorption.

At 95% confidence level, the present method gives a value of 0.1482 while AHP method gives
a value of 0.1371. The higher value of the present method indicates that more assurance is
attached to the present method than the AHP method that one can be 95% certain that the

evaluated method contains the true mean for the population. Another statistical measure used
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is Kurtosis, which describes the level that the weights of the parameters clusters in the trails of
the two methods, Kurtosis coefficients of 0.1675 and 0.3092 were obtained for the present
method and the AHP method, respectively. Compared against normal kurtosis at 3, the two
kurtosis coefficients are less than normal, which means that the data does not follow a normal
distribution but some other types of distribution. The skewness coefficients are 0.8233 and
0.5996 for the present method and AHP method, respectively. This indicates that the present
model is more skewed than the AHP method. Overall, the statistical test confirms the

competence of the proposed method to evaluate the parameter and reliably rank them.

5. CONCLUSIONS
In the current study, six input parameters of water absorption during tests carried out on cocoa
pod husk composite were examined for ranking and selection using the fuzzy analytic hierarchy
process with the geometric mean feature. The parameters are the rate of water absorption, initial
weight, weight gained after 150 days, particulate loading, particulate weight and weight of the
matrix. Based on the results obtained from the present study, the following conclusions may be
drawn:
1. The fuzzy analytic hierarchy process (FAHP) is an efficient ranking approach to select
the best parameters to give attention to during the water absorption process.
2. FAHP indicates that the particulate loading, initial weight, particulate weight, weight of
matrix weight gained after 150 days and rate of water absorption are important by ranks
as 1%, 2" 31 4% 5t and 6™, respectively, and by normalized values like 0.399, 0.240,
0.188, 0.045 and 0.0194, respectively.
3. Further studies may be conducted on the hybridization of a decision tree diagram with

the present structure of the fuzzy analytic hierarchy process.
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