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Abstract 

With the continuous need for sustainable, environmentally friendly, and low-cost systems, processes, and materials, 

natural fibers have been a major topic of discussion in the materials science community as it has increasingly found 

acceptance in material development as an alternative to synthetic fibers due to environmental concerns. Although 

many studies have been carried out in this regard, the optimal flexural performance of pineapple leaf fiber/synthetic 

fiber hybrid reinforced composite has not been studied even with its promising application in aviation, health, and 

fitness, marine, etc. In this study, a Pineapple Leaf fiber (PALF)/Glass fiber Epoxy hybrid composite PxGyEz (with x, 

y, and z representing the volume fraction of pineapple leaf fiber, the volume fraction of glass fiber, and fiber length 

respectively) was developed and its flexural properties optimized and modeled with regards to the variable 

manufacturing parameters of x, y, and z respectively. For the quality characteristics (flexural strength) investigated, 

the Minitab®19 software was used to analyze the Taguchi robust experiment design technique on a higher the better 

basis. The optimum combination of the control factors was found at x=20%, y=20%, and z = 25mm. The optimized 

composite P20G20E25 possessed a flexural strength of 144.4994MPa which was only a 7.17% deviation from the 

predicted optimum flexural strength. Analysis of variance showed that the PALF had the highest contribution of 

23.97% to the flexural strength of the PxGyEz, glass fiber 7.13%, and fiber length 12.79%. SEM Images of the PALF, 

glass fiber, and the fractured surface of the optimized material P20G20E25 revealed the surface structure which explained 

their different contribution to the flexural strength of the materials. An equation for the prediction of the flexural 

properties of PxGyEz was derived from the regression model and it had an approximately 77.57% agreement with 

experimentation. 
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1.0 Introduction 

One of the major discussions in the scientific community has been around the development of sustainable systems, 

processes, and materials (Paul et al., 2021; Sanchez-Rexach et al., 2020; Parv et al., 2021; Hardian et al., 2020; Tam 

et al., 2020). Fiber-reinforced polymer composites have found application in different industries due to their 

commendable strength to weight ratio Some of such applications include aircraft wings, wind turbines, ship hulls, 

physical fitness/health equipment, and prosthetics, etc. (Ozkan et al., 2020; Van Grootel et al., 2020; Nurazzi et al., 

2021; Palani et al., 2021). Many studies have been carried out on different renewable sources of fibers used for the 

reinforcement of such composites (Madhu et al., 2020; Rangappa et al., 2020; Reis et al., 2020; Hassan et al., 2020). 

Natural cellulosic fibers like sisal leaf fiber, pineapple leaf fiber, palm fiber, banana fibers, etc. have increasingly been 

gaining traction due to their sustainability, environmental friendliness, and low cost (Sapuan et al., 2021; Alhijazi et 

al., 2020; Li et al., 2020; Periyasamy et al., 2020).  

The flexural property is a major materials selection criteria for some of these applications as the forces in active service 

acts transverse to its major axis. These materials are expected to bear such flexural stress without failing (Estillore et 

al., 2021; Shaharuzaman et al., 2021; Gangwar et al.,2020; Ahmed et al., 2020; Mekonnen et al., 2020). 

In recent times, there has been an exponential growth in computational power and this is coupled with improved 

algorithms. Advanced design requirements have been achieved by different researchers in various fields by applying 

these computational methods in carrying out analytical studies (Shalf, 2020; Abdulqadir et al., 2021; Mulenga et al. 

2021). The challenges in physical complexities which are normally encountered in science and engineering research 

have been addressed by these modeling and optimization techniques (Jawahir et al., 2020; Mulengaet al., 2021). In 

the field of materials, researchers have been exploring these computational techniques to optimize the mechanical 

characteristics of these composite materials which are reinforced with natural fibers mostly to potentially replace 

synthetic fibers because of sustainability issues and environmental aspects. Several computational modeling and 

optimization techniques have been developed but one that stands out is the Taguchi design of experimental technique. 

The ability to tailor and enhance composite materials properties to meet expected performances has increasingly made 

them find application in manufacturing and engineering. Such that with changes in its methods of preparation, 

constituents, features, etc., varying material behaviors or properties such as high flexural strength can be achieved to 

suit the intended application (Nayak et al., 2020; Vieira et al., 2020; Rajeshkumar et al., 2021). Some of the properties 

of these composite materials such as their mechanical strength (tensile strength, flexural strength, impact strength), 

fracture toughness, etc. have been improved through the years so much that they could be compared with conventional 

materials like steel (Kerni et al, 2020; Wang et al., 2020).  

Natural fibers have more and more been used for the reinforcement of composite materials and this is not far from 

their exceptional features like environmental compatibility, low density, high impact strength, and some of them good 

flexural properties (Venkateshwaran et al., 2012; Wang et al., 2018). Natural fibers have been improving the 

mechanical properties of composites, serving as reinforcements, providing strength to the materials. These 

reinforcements could be in fibrous or non-fibrous (particulate) form. They are usually embedded in the matrix which 

serves the main purpose of holding the fibers in place and also transferring the stress from the loading point to the 

fibers. And they determine to a large extent, the durability, shape, environmental compatibility, and appearance of the 

composite materials (Omrani et al., 2016). Some well-known sources of natural fibers which have been explored for 

application in engineering, industrial, and consumer goods applications are banana, jute, coir, sisal, and kenaf (Wang 

et al., 2020). Sources like pineapple leaves have hardly been explored due to the setback of non-adhesiveness of the 

fibers with most polymer matrix materials (which is poor interfacial interaction between fiber and matrix) even though 

there have been attempts to surmount this setback by the surface modification of the fibers. With current findings, 

natural fiber composites have exhibited lesser mechanical properties in comparison with their counterpart synthetic 

fiber composites. Which is the reason why hybridization is normally employed to address this challenge. In 

hybridization, two or more fibers, which are dissimilar, are used in a single matrix to form a single material. An 

example is the hybridization of synthetic fiber with natural fibers. Hybridization can also be achieved by combining 

varying lengths and diameters of dissimilar short fibers, this approach has substantially improved the mechanical 

properties of these composites developed from natural fiber sources (Vijayakumar et al., 2019). In these natural fiber 

composites, the material behavior can be affected by different factors. Factors like the length of the fibers, the weight 
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ratio of fiber compared with the matrix, orientation of the fiber in the composites, kind of fiber (source), methods of 

fabrication, methods of preparation/modification, etc. (Pappu et al., 2017; Jeyapragash et al., 2020).  

1.1 PxGyEz Hybrid Composite 

Developing materials from renewable sources with a high strength-to-weight ratio such that the flexural performance 

of the material is high in respect to its weight remains a challenging task for engineers and scientists (Parashar et al., 

2021; Okokpujie et al., 2020; Jiang et al., 2020; Bratek-Skicki, 2021; Tu et a., 2021; Reddy et al., 2020). Natural fibers 

from plant materials have in recent times been exploited for applications in several industries due to their low density 

and environmental friendliness. But pineapple leaf fibers have been under-utilized due to their hydrophobic nature 

(Lee et al., 2020, Rajeshkumar et al., 2020). PxGyEz Hybrid Composite is a proposed hybrid composite material made 

up of Pineapple leaf fibers (PALF) with (X% composition by volume), Glass fiber (with Y% composition by volume), 

all with a fiber length of Zmm, in an Epoxy matrix. The composite seeks to exploit the high mechanical properties of 

synthetic fibers while taking advantage of the low density and eco-friendliness of natural fibers (pineapple leaf fiber). 

Glass fiber, although having commendable mechanical properties is non-biodegradable and the pineapple leaf fibers, 

being abundantly available due to its consideration as agro residue, has a low density and is environmentally friendly. 

1.2 Taguchi Optimization 

The Taguchi robust experimental design technique has been an important optimization process applied for the 

derivation of optimum processes or behaviors, and a powerful tool for the development or design of systems with high 

quality using individual and combined parameters from a minimum number of experimentations or simulation trials. 

Being a very important optimization process, the Taguchi technique is a powerful tool for the design of systems of 

high quality with individual and combined parameters and yet still a minimum number of experimental runs thereby 

reducing the cost of resources needed for the process (Basavarajappa et al., 2007; Taguchi et al., 1987; Taguchi, 1993). 

As stated earlier, in designing composites, the various factors that may affect the desired properties must be detailed. 

The fiber length and fiber content ratio have proven to be of influence in the mechanical behavior of the composite 

materials (Vijayakumar et al., 2019). This study explores the effect of the fiber content and the fiber length on the 

flexural property of the natural fiber reinforced polymer composite. The optimum strength with regards to the 

combination of these factors was achieved by the evaluation of the flexural strength of these composites.  

Although studies have been carried out on the development of natural fiber reinforced polymer composites, the 

optimized flexural performance of pineapple leaf fiber hybridized with glass fiber as reinforcement in an epoxy matrix 

is still a grey area. This study will employ the Taguchi robust design to optimize the best combination of development 

factors of pineapple leaf fiber, glass fiber, and fiber length to achieve the optimum possible flexural strength of the 

PxGyEz hybrid composites within the constraints of these variable parameters. It will also model the behavior of these 

composite within these constraints.  

2.0 Experimental Methods 

2.1 Fiber Preparation 

The fiber was extracted from pineapple leaf using the wet retting method. The chemical treatment was carried out in 

line with the procedure stated in (Mittal & Chaudhary, 2018). After cleaning the cellulosic fiber and drying under the 

sun, the fibers were immersed in an alkali solution of 4wt% NaOH at room temperature for 24hrs and was thereafter 

treated with 2wt% acetic acid (CH3COOH) solution. The pH was controlled at 7 by rinsing in distilled water. The 

treated fibers were then dried in an oven at 900C for 24hrs until the weight became constant (i.e. there was no more 

weight loss due to moisture loss. The glass fiber was procured directly from Maersk Chemicals (Sigma Aldrich). The 

fibers were then cut in appropriate lengths as needed. 

2.2 Composite Preparation 

The volume of the matrix (epoxy and hardener) required was calculated by multiplying the dimensions of the steel 

mold with the required thickness of the composite to be molded. The required amount of the epoxy and hardener was 

calculated by weight in the ratio of 5:1. This research employed the stir cast open mold (hand lay-up process) as 

described in (Nagavally, 2016), i.e., directly casting in an open mold, for the manufacturing of the composites. 
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During the fabrication process, the PALF and glass fiber, after being cut into the lengths as described in the orthogonal 

array, was soaked with the matrix which is unsaturated epoxy resin. Before casting, a releasing agent (wax) was 

applied to the surface of the mold to enhance the easy removal after fabrication, then the mixed resin and fibers were 

poured into the mold. Voids were removed from the materials by the use of brushes and hand rollers and to spread the 

resin evenly throughout the fibers. The mold was transferred to the simple press to force all air which was between 

the fiber and resin out and it was left under pressure for 72hrs in other to obtain the perfect samples. Upon complete 

setting (hardening) of the hybrid composite, the mold was released from the press and the rough edges trimmed to the 

shape of the mold. Curing of the laminated hybrid composites was carried out by exposure to atmospheric conditions. 

Samples for the flexural test were then obtained from the cured composites by cutting to shape using a grinding 

machine. 

2.3 Flexural Test 

The flexural test was conducted according to ASTM D790 using the ENERPAC P391 material testing machine. The 

flexural modulus (MOR), was calculated using 𝑀𝑂𝑅 =  3𝑃𝑆2𝑏𝑡2     …..  (3.21) 

Where S is the span length of the sample (gauge length). P is the load applied; b and t are the width and thickness of 

the specimen respectively. 

2.4 Taguchi Approach to Robust Parameter Design 

In this study, optimization of the flexural strength by variation of design parameters through the Taguchi approach is 

used along with orthogonal arrays (OAs) in the statistical experimental design method. Using this method enables us 

to observe the effects of Pineapple leaf fibers volume content, glass fiber volume content, and fiber length on the 

flexural strength of the hybrid composite. Table 1 shows the different factors considered and their various levels. 

According to Taguchi, the S/N ratio is a measure of the deviation of our measured effect from the desired values. For 

the analysis with regards to the SN ratio, the effects measured could be categorized into three classes which are the 

higher the better, the lower the better and the nominal the best. Flexural strength is regarded in the class of the higher 

the better implying that the higher flexural strength is desired and corresponds to the optimal level of the process 

parameters. SN ratio for the Higher the better characteristics is derived from equation (2) (𝑆𝑁)𝐻𝑇𝐵 = −10 ∗ 𝑙𝑜𝑔10 (1𝑛 ∑ 1𝑦𝑖2𝑛𝑖=1 )     (2) 

Where n represents the number of experimentations, 𝑦𝑖  represents the response value (flexural strength) of the 𝑖𝑡ℎ 

experiment in the orthogonal array. Also, (S/N) represents the signal-to-noise ratio, and the acronym HTB stands for 

the Higher the Better. The Minitab® 19 software was employed for the analysis of the result, while the Origin Pro 

2019b software was used for the graphical illustrations of the results. 

The factors that were considered in this optimization process and their levels are presented in Table1.  

Table 1: Variable parameters and their levels 

S/N Processing Factors 
Factors 

Designation 

Level 

1 2 3 

1 PALF Volume Fraction (%) x 10 15 20 

2 Glass Fiber Volume Fraction (%) y 20 15 10 

3 Fiber Length (mm) z 15 20 25 

 

Table 1 shows the experimental design with three factors at three levels for the fabrication of the PLAF/GL Epoxy 

(PxGyEz) Hybrid composite. 

x: Pineapple Leaf fiber vol.% y: Glass Fiber vol.%  z: Fiber Length mm 
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For the three-factor three-level experiment: equation (3) gives the minimum number of experimental runs to be carried 

out:  𝑁𝑇𝑎𝑔𝑢𝑐ℎ𝑖 = 1 + 𝑁(𝐿 − 1)      (3) 

Where NTaguchi is the minimum number of trials to be conducted; N is the number of variable parameters, while L is 

the number of levels for the control factors (variable parameters), and from Table 1 above, N = 3, L = 3. Therefore 

NTaguchi = 9. 

From the Taguchi Orthogonal array Table, the 3 factors 3 levels, the number of experimentations to be carried out is 

9 and 27, in other to reduce the number of experiments, we go for the minimum which is nine. Minitab®19 was then 

used to generate Table 2 where the factor combinations in the experimental runs are presented. 

Table 2: The Result of Orthogonal Test L9 

Trial No. Levels of parameter Settings 

PALF Volume Fraction 

(x) 

Glass Fiber Volume 

Fraction (y) 

Fiber 

Length (z) 

1 10 20 15 

2 10 15 20 

3 10 10 25 

4 15 20 20 

5 15 15 25 

6 15 10 15 

7 20 20 25 

8 20 15 15 

9 20 10 20 

Each test was replicated three times for repeatability. 

 

 

 

 

 

 

 

 

 

 

 



6 

 

3.0 Results and Discussions 

Using the orthogonal array as presented in Table 2 which is a combination of the different variable parameters at 

different levels, the mean flexural strength of all the runs was observed to be 98.212MPa and the mean SN ratio was 

observed to be 39.7024dB. The result of the mean and SN ratio of the different combinations are presented in Table 

3. 

Table 3: Results of Mean and SN Ratio of Flexural Strength of PALF/Glass Fiber Epoxy Hybrid composite 

Trial No. Raw Data (Flexural Strength (MPa)) Mean (MPa) S/N ratio (dB) 

1 91.449 92.690 94.316 92.818 39.3506 

2 91.818 92.690 92.690 92.399 39.3131 

3 95.694 93.391 92.690 93.925 39.4532 

4 93.333 97.627 93.010 94.657 39.5167 

5 79.997 74.405 78.161 77.521 37.7764 

6 86.367 86.069 87.719 86.718 38.7613 

7 143.678 144.164 145.655 144.499 43.1969 

8 86.367 87.558 86.969 86.964 38.7864 

9 114.526 112.552 116.144 114.407 41.1669 

Mean    98.212 39.7024 

 

The response Table for the mean and SN ratio are presented in Table 4. Each was derived from averaging the measured 

responses of the factors at each level. Such that: 𝑆𝑃𝑖 = ∑ 𝜂𝑖𝑛9𝑛=1𝑙        (4) 

Where 𝑆𝑃𝑖 represents the average response of factor P(X, Y, Z) at level i; 𝑛 is the experiment number; 𝜂𝑖𝑛 is the result 

of the S/N ratio or mean at level 𝑖 appearing within the number of runs; 𝑙 is the number of levels. Table 4 presents the 

response Table for the mean and SN ratio. 

Table 4: Flexural Strength Response Table (Means and S/N ratio) 

Level 

PALF Content 

(X) 

Glass Fiber Content 

(Y) 

Fiber Length 

(Z) 

Mean S/N Ratio Mean S/N Ratio Mean S/N Ratio 

1 93.05 39.37 110.66 40.69 88.83 38.97 

2 86.30 38.68 85.63 38.63 100.49 40.00 

3 115.29 41.05 98.35 39.79 105.31 40.14 

Delta 28.99 2.37 25.03 2.06 16.48 1.18 

Rank 1 1 2 2 3 3 
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Figure1a: Effect of PALF on the Flexural Strength of PxGyEz (Mean and S/N) 
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Figure 1b: Effect of Glass Fiber on the Flexural Strength of PxGyEz (Mean and S/N) 
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Figure 1c: Effect of Fiber Length on the Flexural Strength of PxGyEz (Mean and S/N) 

 

Figure 1(a-c) graphically illustrates the effect of the various variable parameters on the flexural strength of PxGyEz. In 

Figure 1a, it is seen that the flexural strength of the PxGyEz hybrid composites generally increases with the increase in 

the amount of PALF fiber in it. With the highest performance of 115MPa at 20% volume content of the fiber. Also, 

from Figure 1b, there was a general increase in flexural strength with an increase in glass fiber with a peak of 110MPa 

at 20% glass fiber content. This observed increase is due to the increased amount of fiber in the composite making it 

easier for stress to be transferred from the matrix to the fiber at higher volume content. Also, the agglomeration of 

fibers at higher content may have a positive effect on flexural strength. Figure 1c shows that there is a constant increase 

in flexural strength with a corresponding increase in fiber length. This is not be disconnected from the reason that at 

higher fiber length, there is a lower possibility of fibrillation (an instance where the ends of the fiber acts as the failure 

initiation points, and with a lower number of ends, there is a lower possibility for crack or failure in the composite). 

Therefore the optimized combination to produce the best flexural strength in the PxGyEz hybrid composite is 20% 

volume content of PALF, 20% volume content of glass fiber, and 25mm of the fiber length. Therefore the optimized 

form of the PxGyEz hybrid composite is P20G20E25. 
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Figure 2: SEM Images of (A) Treated pineapple leaf fiber (B) Glass Fiber (C) P20G20E25 fractured surface. 

Figure 2 shows the SEM images of the fiber, glass fiber, and the optimized P20G20E25 composite. In Figure 2a, the 

rough and ridge-like surface of the treated pineapple leaf fiber gives it an advantage of adhesion in the composite. 

Also, Figure 2b shows the adhesion of the matrix material to the surface of the glass fiber at the fracture area. This 

good adhesion enhances the flexural strength of the material. 
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3.1 Analysis of Variance (ANOVA) 

The analysis of variance is used to understand the percentage contribution of each factor (variable parameter) on the 

measured effect (flexural strength). In this situation, the ANOVA is used to determine the level of contribution of 

PALF, glass fiber, and fiber length to the flexural strength of the developed composite. The ANOVA for the mean 

effect and the SN ratios are presented in Tables 5 and 6 respectively. 

Analysis of Variance for Means 

Table 5: Analysis of Variance of Means for Fexural Strength of PALF/Glass Fiber Epoxy Hybrid composite. 

Source DF Seq SS Adj SS Adj MS 
Fishers Test: 

F 
P 

% 

Contribution 

(%) 

Regression 6 2470.78 2470.78 411.80 1.15246 0.533338  

PALF Content 

(%); x 
1 742.10 845.03 845.03 2.36492 0.263929 23.297 

Glass Fiber 

Content (%); y 
1 227.23 8.49 8.49 0.02377 0.891616 7.134 

Fiber Length 

(mm); z 
1 407.47 354.85 354.85 0.99308 0.423986 12.792 

x*y 1 16.78 509.49 509.49 1.42588 0.354858 0.527 

x*z 1 783.26 1042.63 1042.63 2.91793 0.229724 24.589 

y*z 1 293.94 293.94 293.94 0.82262 0.460149 9.228 

Error 2 714.64 714.64 357.32   22.435 

Total 8 3185.41      

Tabulated F-ratio at 95% confident level 

Analysis of Variance for SN Ratio 

Table 6: Analysis of Variance of SN Ratio for Flexural Strength of PALF/Glass Fiber Epoxy Hybrid composite. 

Source DF Seq SS Adj SS Adj MS 
Fishers Test: 

F 
P 

% 

Contribution 

(%) 

Regression 6 14.3232 14.3232 2.38720 0.81764 0.641498  

PALF Content 

(%); x 
1 4.2224 5.3418 5.34185 1.82965 0.308799 20.942 

Glass Fiber 

Content (%); y 
1 1.1996 0.0084 0.00836 0.00286 0.962200 5.9497 

Fiber Length 

(mm); z 
1 2.0747 2.0010 2.00098 0.68536 0.494806 10.29 

x*y 1 0.0543 3.1631 3.16306 1.08339 0.407242 0.2693 

x*z 1 4.6173 6.6577 6.65774 2.28036 0.270103 22.901 

y*z 1 2.1549 2.1549 2.15492 0.73809 0.480806 10.688 

Error 2 5.8392 5.8392 2.91961   28.961 

Total 8 20.1624      

Tabulated F-ratio at 95% confidence level, DF= Degree of freedom, SS=Sum of Square, MS=Mean Square 

The assertions from the physical observations in the SEM images of Figure 2 was corroborated by the analysis of 

variance presented in Table 5 and 6, it is observed that PALF have the highest contribution of 23.29% to the flexural 

strength of the optimized P20G20E25 hybrid composite. With the glass fiber and fiber length contributing 7.133% and 

12.792% respectively. The failure pattern of the glass fibers as shown in Figure 2c indicates the brittle nature of the 

glass fiber thereby having less flexural strength, even though that attribute may not be detrimental to its tensile 

strength, even as a material brittleness influences its flexural strength. Figure 2c shows also show the PALF in a bent 
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position, indicating its ductility compared to the glass fiber. And this may explain its more contribution to the flexural 

strength of the composite. The results indicate that the more PALF in the composite, the more the flexural strength of 

the material. The analysis was carried out at a 95% confidence level. 
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Figure 3a: Surface plot of the interaction of PALF fiber content with glass fiber content. 
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Figure 3b: Surface plot of the interaction of PALF fiber content with fiber length 
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Figure 3b: Surface plot of the interaction of glass fiber with fiber length 

The interaction of the factors considered in the optimization of the PxGyEz for high flexural strength is presented in 

the surface plots of Figure 3(a-c). Figure 3a shows that higher flexural strength was obtained at points of the higher 

fiber content of both PALF and Glass fiber. This is because of the resultant increase in overall fiber volume content 

with the increase in the fiber volume content of each of the fibers under study. Also, it has been reported that an 

increase in fiber volume content generally results in an improved mechanical property, although with a decline upon 

exceeding a saturation limit where stress is inefficiently transferred from the matrix to the reinforcements (Herrera-

Franco et al., 2005). The ANOVA as presented in Table 5 shows a percentage contribution of the interaction of PALF 

content and glass fiber content as 0.53%.  So also with the interaction of PALF with fiber length as shown in Figure 

3b where the best flexural properties were observed at the points of the highest PALF fiber content and longest fiber 

length. The length of the pineapple leaf fiber increases the possibility of favorable fiber-to-fiber interactions like 

entanglements and the reduction in the fibrillations (failure initiation points). This is a critical consideration for the 

flexural strength of the composite as this interaction proved to contribute about 24.59% to the flexural strength of the 

composite as shown in Table 5. Also with a percentage contribution of 9.228% on the flexural strength of the 

interaction of glass fiber content with fiber length as presented in Table 5, Figure 3b shows a higher flexural strength 

at the highest glass fiber content and longest fibers. This is due to the brittleness of the glass fibers as observed in its 

failure pattern shown in the SEM images of Figure 2c. The longer the fiber, the more flexible it is and therefore its 

higher resistance to flexural stress. Good flexural strength was also observed at low glass fiber contents of 14% and 

length within regions of 18-22mm as shown in Figure 3b.  

3.2 Estimating the Optimal Flexural Strength 

Using the optimal settings of the control factors (x1y1z3), an optimal flexural strength for the hybrid material PxGyEz 

can be predicted using the expression; 𝑇𝑜𝑝𝑡 = 𝑇𝑚 + ∑ [(𝑇𝑖𝑘)𝑚𝑎𝑥 − 𝑇𝑚]𝑘𝑛𝑘=1      (5) 

Where: 𝑇𝑚 = 98.212MPa is the overall mean or S/N ratio obtained from Table 3; 

 𝑇𝑖𝑘𝑚𝑎𝑥  = 115.29MPa, 110.66MPa, and 105.31MPa is the mean or S/N ratio at optimum level i of factor k (obtained 

from Table 4) and 𝑘𝑛 is the number of main design factors that affect the response (=3; PALF, glass fiber, and fiber 
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length). 𝑇𝑖𝑘𝑚𝑎𝑥  is gotten from the response Table of mean or S/N ratio in which for each parameter on the Table, the 

highest value among the levels is the 𝑇𝑖𝑘𝑚𝑎𝑥.  

Therefore, the optimal flexural strength is:  𝑇𝑜𝑝𝑡 = 98.212 + (110.66 − 98.212) + (115.29 − 98.212) + (105.31 − 98.212) 𝑇𝑜𝑝𝑡 = 134.836𝑀𝑃𝑎 

In other to calculate a confidence interval C.I,  𝐶. 𝐼 = √𝐹𝛼(1, 𝐹𝑒  )𝑉𝑒 [ 1𝜂𝑒𝑓𝑓 + 1𝜂𝑣𝑒𝑟]     (6) 

Where; C. I = Confidence interval; Fα(1, Fe ) = F ratio required for α; α = Risk; Fe = Error DOF; Fα(1, Fe ) =F0.05(1,2 ) = 18.51 (tabulated), Ve = Error Variance (obtained from the ANOVA Table) = 714.64;  ηver =number of trials to run confirmation test  i.e. same as the number of replication for each run = 3; ηeff =Effective number of replications 𝜂𝑒𝑓𝑓 = 𝑁1+[𝑇𝑜𝑡𝑎𝑙 𝐷𝑂𝐹 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠]    (7) 

N = Total number of results = 27, Total DOF (degree of freedom) of controlled factors = 6 

Therefore 𝜂𝑒𝑓𝑓 = 3.85 

𝐶. 𝐼 = √18.51 × 714.64 [ 13.85 + 13] 

Therefore C.I = ±88.57MPa 

3.3 Confirmation test 

The P20G20E25 optimized composite was fabricated using the optimized composition as obtained which is PALF fiber 

at 20%, glass fiber at 20%, and fiber length at 25mm. Three samples were cut out and flexural tests were carried out 

according to the ASTM D790 flexural test procedures. The result of the flexural test is presented in Table 7. The 

average flexural strength was found to be 144.499MPa with an SN Ratio of 43.1969dB. 

Table 7: Observation of confirmation test (flexural strength) 

 Trial Number   

 1 2 3 Average Flexural Strength 

(MPa) 

SN Ratio (dB) 

1 143.678 144.164 145.655 144.499 43.1969 

The obtained flexural test from the confirmatory test shows that the experimental value lies between the confidence 

interval range of the flexural strength such that Predictive value – C.I < Experimental value < Predictive value + C.I. 

Such that Toptimal (predicted)-C.I < 144.499MPa < Toptimal (predicted) +C.I. This confirms the acceptability of the optimum 

flexural strength prediction. 

3.4 Regression Analysis 

A mathematical model for the combination of PALF in volume percentage, glass fiber in volume percentage, and fiber 

length in millimeters was obtained from the regression analysis carried out using the MINITAB® 19 statistical 

software used for the prediction of the flexural strength of the PxGyEz composite. The regression analysis model for 

the flexural strength means and the flexural SN ratio is presented in Table 8 and Table 9 respectively. 
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Table 8: Regression analysis model flexural strength mean 

Predictor Coef SE Coef T P 

Constant 432.589 276.289 1.56571 0.258 

PALF Content (%); x -32.643 21.226 -1.53783 0.264 

Glass Fiber Content (%); y -1.599 10.370 -0.15419 0.892 

Fiber Length (mm); z -8.855 8.885 -0.99653 0.424 

x*y 0.836 0.700 1.19410 0.355 

x*z 1.196 0.700 1.70820 0.230 

y*z -0.635 0.700 -0.90699 0.460 

S = 18.9029      R-Sq = 77.57%   

The regression equation for the mean is given in equation (8) 

Flexural Mean = 432.6 - 32.7 x - 1.6 y - 8.9 z + 0.84 x*y + 1.2 x*z - 0.64 y*z   (8) 

Table 8: Regression analysis model for flexural strength SN ratio 

Predictor Coef SE Coef T P 

Constant 65.5066 24.9746 2.62293 0.120 

PALF Content (%); x -2.5953 1.9187 -1.35264 0.309 

Glass Fiber Content (%); y -0.0501 0.9374 -0.05350 0.962 

Fiber Length (mm); z -0.6649 0.8032 -0.82786 0.495 

x*y 0.0659 0.0633 1.04086 0.407 

x*z 0.0956 0.0633 1.51008 0.270 

y*z -0.0544 0.0633 -0.85912 0.481 

S = 1.70869      R-Sq = 71.04% 

The regression equation for SN ratio is given in equation (9) 

Flexural SN Ratio = 65.5 - 2.6 x - 0.0502 y - 0.665 z + 0.0659 x*y + 0.0956 x*z - 0.0544 y*z  (9) 

Mathematical models on the mean and SN ratio of the flexural strength of PxGyEz composite in regards to the factors 

considered for optimization are presented in Equations (8) and (9) respectively. The R-Sq of 77.57% for the means 

model and R-Sq of 71.04% for the flexural SN ratio model indicates the suitability of the model to predict the flexural 

strength of the PxGyEz composite with the conditions of the factors under study. This agreement of the predicted value 

with the actual experimental values of the means is shown in Figure 4. 
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Figure 4: Modeled and experimental plot of flexural strength of PxGyEz hybrid composite 

The result of the predicted flexural strength and the experimental values of the P20G20E25 hybrid composite which is 

at the optimal composition is compared in Table 9 where the error percentage is calculated from Equation 10. 

The percentage error is calculated using Equation 8. %𝐸𝑟𝑟𝑜𝑟 = 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒−𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑣𝑒 𝑉𝑎𝑙𝑢𝑒𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 × 100    (10) 

Table 9: Confirmatory results comparison at the optimal level 

 Optimal Process 

Parameter Settings 

Predictive Values 

(MPa) 

Experimental 

Values (MPa) 

% Error 

S/N ratio (dB) x1y1z1 42.4755 43.1969 1.7 

Flexural strength 

(MPa) 

x1y1z1 134.836 144.499 7.17 

 

4.0 Conclusion 

In the optimization of the manufacturing parameters of a PxGyEz hybrid composite based on its flexural properties, 

experimental observations have verified that the flexural strength of the composite is best at a composition of PALF 

content volume at 20%, glass fiber at 20% fiber content volume and fiber length at 25mm. Also, pineapple leaf fiber 

has the highest contribution to the flexural strength of the material. The regression equations developed predict to a 

good degree of reliability, the flexural strength of the PxGyEz composite at different combinations of its factors. 
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