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ABSTRACT 

This research utilized the compression technique to produce hybrid composite layers of equal amounts of Palm 

fiber and Banana fiber with varying fiber alignments [0/0/0/0/0/0(S1), 0/45/0/0/45/0(S2), 0/90/0/0/90/0 (S3), and 

+45/−45/+45/+45/−45/+45 (S4)], incorporated in amino resin matrix with TiO2 as a nanofiller. The effect of fiber direction 

on natural fiber composites was assessed by tensile strength (TS), flexural strength (FS), impact strength (IS), and 

interlaminar shear strength tests (ILSS), performed. Furthermore, a comprehensive statistical analysis was conducted using 

Machine Learning methods such as artificial neural networks (ANN) for predictive purposes. Composite density is greatly 

affected by voids and imperfections, as shown by the experimental results, in the intervals (0/45/0/0/45/0). The experimental 

density and void content of composite S2 were higher than those of the other composites. In comparison to other composites, 

composite S1 (0/0/0/0/0/0) had a 5% to 29% higher flexural load-bearing capacity, impact strength, and tensile strength. 

Composite S1, a fiber-oriented composite, demonstrated the highest interlaminar shear strength value of 3.35 MPa compared 

to other composites. Scanning electron microscope (SEM) analysis revealed a beneficial interaction between amino resin 

and Banana-Palm eco fibers within the composite. It accurately estimates strengths with high R2 ratings of 1, 0.98, and 0.99 

for TS, FS, and IS. The interaction coefficients of the model are approximately 1, indicating strong correlative and predictive 

significance.  

Keywords: Flexural strength; Composite materials; Natural fibers; Artificial neural networks; Mechanical properties. 

1. INTRODUCTION

Growing public concern over environmental 

issues, high environmental regulations, and the 

unsustainable use of petroleum resources have 

collectively driven the development of eco-friendly 

products. Natural fibers are considered more 

environmentally friendly materials than synthetic fibers 

due to their superior characteristics. Fiber composites 

with NaOH-treated fibers showed flexural strength and 

fracture toughness, while reducing moisture absorption 

(Venkatesh, 2024). A bioresin was developed and used to 

fabricate composites with fibers and particles 

(Kandavalli et al. 2025). Singh et al. (2024) reported that 

chitosan-treated fibers could be successfully employed to 

reinforce polypropylene composites through film-

stacking compression molding. Tensile properties were 

evaluated by Girimurugan et al. (2022) for three 

composite variants as per ASTM standards. Nano-

alumina addition significantly improved tensile behavior 

of the fabricated composites. The best combination 

yielded 24.75 MPa tensile, 31.25 MPa flexural, and 21.47 

kJ/m2 impact strength, with potential for environmental 

applications (Gowrishankar et al. 2025). Flexural 

strength and hardness showed strong correlation between 

predicted and experimental values (R2 > 0.95). Design-

Expert modeling confirmed accuracy and reliability of 

the optimized composite configuration (Arunachalam 

and Saravanan, 2024). Epoxy composites with optimized 

ply-stacking sequences demonstrated enhanced 

mechanical properties, especially in tensile and flexural 

strength, as observed by Muralidharan et al. (2022). 

Natural hybrid composites using natural fiber 

and nanopowder achieved high mechanical and thermal 

properties (Kumar et al. 2024). Four laminates of 

polyester mats and sheaths were hot-pressed with 

different stacking sequences to study mechanical and 
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acoustic properties. The polyester fiber mats (WFs) and 

palm sheaths (WPs) of WP/WP/WF/WP/WF laminate 

showed flexural and tensile strength improvements over 

pure composites (Tang et al. 2024). Hybrid polymer 

nanocomposites were fabricated using banana fibers, 

epoxy, and nanopowder with ultrasonication for uniform 

dispersion. Mechanical testing showed peak values at 

0.50 wt.% tensile, 525.56 MPa, flexural, and 52.23 MPa 

ILSS (Shubham et al. 2024). Natural and synthetic fiber-

reinforced epoxy composites were fabricated in three 

stacking sequences using vacuum-assisted compression 

molding. Type III composite (aloe vera + palmyra palm 

+ synthetic fiber) showed a 12–30% increase in tensile 

strength and 11–13% in flexural strength over other 

types. Better wettability between aloe vera/palmyra palm 

and matrix contributed to enhanced performance (Banu 

et al. 2021). Water absorption behavior of bio-composites 

reinforced with fibers was analyzed across seawater, 

distilled water, and rainwater for over 670 hours. Water 

uptake increased with fiber content due to high porosity 

(above 51%), with absorption ranging from ~14% to 

42%.  ANN prediction models achieved high accuracy 

(R2 > 0.99) and minimal error (3 × 10⁻⁵) (Benyettou et al. 

2022). Natural fibers and nanosheets were used to create 

nano-hybrid polypropylene composites. Fiber content 

supported high tensile strength (45.4 MPa), flexural 

strength (62 MPa), and impact strength (147 J/m). 

FESEM showed improved fiber-matrix bonding and 

crack resistance for automotive/aerospace applications 

(Krishnasamy et al. 2025). The combination of optimized 

stacking sequence and nanoparticle reinforcement 

resulted in the highest ILSS, as reported by Giridharan 

and Sivaganesan, (2025). 

Hybrid flax (F) /bamboo (B) epoxy composites 

were developed with four different stacking sequences to 

analyze mechanical and water absorption properties. The 

B/F/F/B configuration showed optimal performance with 

up to 25% flexural and 14.6% ILSS improvement 

(Vijayakumar et al. 2022). A sandwich-structured 

impact-resistant glass was developed using silicate glass 

skins and oil palm fiber–epoxy interlayers. Compressive 

strength improved from 280.60 MPa to 402.46 MPa with 

oil palm fiber addition, which also improved crack 

resistance. SEM revealed rough fibril morphology, aiding 

stress distribution and structural durability for 

construction use (Yuhari and Awang, 2023). ANN models 

predicted Young’s modulus, stress, and strain with good 

accuracy (R2 = 0.87) (Makri et al. 2024). FESEM showed 

microfibrils and rough surfaces suitable for bonding. The 

thermal stability and structural morphology of the filler 

support its use in polymeric composites for high-strength 

applications (Balan et al. 2025). Natrayan et al. (2023) 

optimized mechanical properties of fiber/nanofiller 

hybrid composites using ANN methods. ANN 

predictions showed 95% accuracy, outperforming 

regression models, supporting their use in automotive 

composites  

Fibers were treated with 5–10 wt.% NaOH for 

up to 24 h to evaluate mechanical properties of single 

strands and multi-layer composites. A 5 wt.% NaOH of 

24 h treatment yielded peak tensile strength of 159.16 

MPa (single fiber), with the 5-layer composite showing 

33.51 MPa tensile and 56.72 MPa flexural strength. This 

was found to be effective for automotive interior 

applications (Zalinawati et al. 2020). The 

kenaf/carbon/epoxy composite showed up to 1055% 

increase in flexural modulus and outperformed the glass 

counterpart, despite having a lower carbon fiber volume 

fraction. Significant improvements were recorded in all 

mechanical metrics over pure kenaf mat composites 

(Malik et al. 2022). Eco-composites were produced using 

four stacking configurations in resin. The Jute-Banana-

Banana-Jute laminate showed the highest performance of 

46.65 MPa tensile strength, 87.24 MPa flexural strength, 

and superior ILSS (30–43%) better than others. The SEM 

analysis revealed better fracture behavior due to jute on 

the outer surfaces (Prashanth et al. 2024). The influence 

of chemical treatment and fillers on fiber-epoxy 

composites was examined for mechanical, tribological, 

and water-resistant performance. Optimal results at 10% 

fly ash included 40.25 MPa tensile, 77.23 MPa flexural, 

and 44.82 kJ/m2 impact strength. ANN showed reduced 

wear and moisture uptake, suitable for automotive and 

aerospace use (Sengottaiyan et al. 2025). Tri-layer 

composites were fabricated using palm leaf sheath and 

areca sheath fibers in varied stacking orders using the 

hand lay-up techniques. Composites with areca sheath 

skin and palm sheath core exhibited optimal 46 MPa 

tensile, 51 MPa flexural, and 54 MPa compressive 

strength. Reduced water absorption and good fiber-

matrix adhesion were confirmed by SEM (Ganesh et al. 

2020). Palm fibers were applied as a bio-adsorbent for 

removing violet methyl dye using solid-phase extraction 

and modeled by ANN. Parameters such as pH, contact 

time, rotation speed, and dosage were optimized. ANN 

modeling showed strong predictive power for dye 

removal performance, validated using RMSE, MAE, and 

correlation efficiency (Andayesh et al. 2020) 

Research indicates that significant opportunities 

exist for further investigation of Banana-Palm amino 

resin composites. This study examined the option of palm 

and banana fibers within different directions in amino 

resin. An extensive statistical analysis utilizing machine 

learning methodologies such as ANN was used for 

predictive purposes. In the fabrication of composites, the 

woven eco-fiber laminate featuring inter ply orientations 

of 0/0/0/0/0/0 (S1), 0/45/0/0/45/0 (S2), 0/90/0/0/90/0 

(S3), and +45/−45/+45/+45/−45/+45 (S4) were utilized. 

Additionally, tests and analyses were performed to 

evaluate the influence of palm and banana fiber 

orientations on surface morphology as well as 

mechanical properties, such as flexural strength, tensile 

strength, inter-laminar shear strengths, and impact 

energy.  
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2. MATERIALS AND METHODS

2.1 Materials 

Banana and palm fiber mats were acquired from 

Go green enterprises, Chennai, India. The amino resin 

and TiO2 nanoparticles were obtained from Matrix 

Enterprises, Nagercoil, Tamil Nadu, India. Table 1 

illustrates the chemical and physical features of banana 

fiber and palm fiber and the characteristics of the amino 

resin are outlined in Table 2. 

Table 1. Properties of banana fiber and palm fiber 

Properties Banana Fiber Palm Fiber 

Strain at break 1.0–3.5% 1–4% 

Modulus 5–32 GPa 2–6 GPa 

Tensile strength 355–770    MPa 190–370 MPa 

Pectin 5% 5–10% 

Cellulose 60–65% 35–50% 

Lignin 5–10% 20–30% 

Hemicellulose 15–20% 20–35% 

Density 
1.35–1.50 

g/cm3 
1.20–1.45 

g/cm3 

Table 2. Properties of amino resin 

Properties Amino Resin 

Melamine content White granular solid 

Viscosity 30–60% 

Appearance 50–65% 

Solid content 50–500 mPa·s 

Density 7.5–9.5 

pH 1.25–1.35 g/cm3 

2.2 Fabrication of Banana-palm Amino 
Composite 

The law of mixtures is employed to ascertain the 

optimal quantities of epoxy resin and fibers. 

Subsequently, composites were fabricated by applying a 

desired quantity of amino resin premixed with TiO2 

nanoparticles at 2, 4 6 and 8 wt.% concentration to palm 

and banana fibers. The TiO2 nanoparticles were first 

ultrasonically dispersed in the amino resin for 30 minutes 

to ensure uniform distribution and minimize 

agglomeration. The resulting nanofilled resin was then 

used to impregnate the fibers. The composites were 

layered with designed fiber orientations. Composite 

fabrication method utilized in the study was taken from 

Balaji et al. (2024). Banana fiber particle and hybrid 

composites were fabricated by compression molding 

with epoxy as matrix. The subsequent step involved 

positioning the composites in a compression molding 

machine set to 120℃ for 20 minutes at a pressure of 1 

MPa. This method comprised of the concurrent 

application of temperature and pressure to produce a 

hybrid composite of TiO2 reinforced with amino resin 

and Banana-Palm fibers. The composite samples were 

subsequently sectioned in compliance with ASTM 

requirements utilizing a wood cutting machine. Fig. 1 

illustrates the various processes of manufacturing natural 

fiber composites. Table 3 depicts the different fiber 

orientation of the composites.

Fig. 1: Different stages of manufacturing hybrid banana-
palm amino composites

Table 3. Different fiber orientations of the composites 

F
ib

er
 a

li
g

n
m

en
t 

0
/0
/0
/0
/0
/0

 

0
/4
5
/0
/0
/4
5
/0

 

0
/9

0
/0

/0
/9

0
/0

 

+
4
5
/
−
4
5
/+

4
5
/
+
4
5
/−

4
5
/+

4
5

 

Composite 

structure 
S1 S2 S3 S4 



Dipti N. Kashyap et al. / J. Environ. Nanotechnol., Vol. 14(3), 223-233 (2025)

226 

 2.3 Mechanical Properties of the Composite 
Specimens 

Samples with dimensions of 25 mm width × 250 

mm length × 3 mm thickness were used to test tensile 

strength using an Instron Universal Testing Machine 

(UTM) equipped with a 5 kN load cell at a crosshead 

speed of 2 mm/min, in compliance with ASTMD3039-

14. Flexural properties were examined for a specimen

with dimensions of 127 mm length, 12.7 mm width and 

3 mm thickness. The test was performed according to the 

specifications established in ASTMD790-3, and the 

UTM equipped with 5 kN load cell capacity were used 

for the evaluation process. Composite samples were 

subjected to impact test utilizing 22 J hammer on a type 

XC-50 Pantec machine. The test specimen measured 12.7 

mm in width, 64 mm in length, and 3 mm in thickness. 

The test procedure conformed to ASTMD256-10. The 

interlaminar shear strength were assessed utilizing a Z-

RUTM with a load capacity of 5 kN, in accordance with 

ASTMD2344-00. The sample had a thickness of 3 mm, a 

breadth of 12 mm, and a length of 60 mm. Each batch 

contained five specimens that were tested. Their results 

were averaged and documented. The ZEISS FE-SEM, 

functioning at a voltage of 20 kV, was used to evaluate 

the surface morphology structures of fractured 

specimens. The primary objective of the investigation 

was to detect patterns of interfacial rupture in the tensile 

tests that were conducted.  

 2.4 Simulation of Artificial Neural Networks

Algorithms were run for making predictions to 

capture the essence of the connection between two sets 

of data, namely, input variables called predictors and 

output variables called responses. The model produces a 

transformation from the source variables to the output 

variables through an iterative learning process, with few 

or no assumptions regarding the prior model form. The 

predominant neural networks examined in connection 

with composites were multi-layered neural networks for 

tasks such as function estimation, pattern classification 

(Fig. 2), and pattern association. Multilayer feed-forward 

networks are capable of being trained using various 

transfer functions through backpropagation training.  The 

input consisted of fiber orientation and reinforcement 

(wt%). The output data encompassed mechanical 

parameters such as TS (MPa), FS (MPa), and IS (J/m).  

The sigmoid function, commonly known as the 

logistic function, is a transfer method often utilized in 

neural networks. Listed below are several grounds for its 

potential selection: The logistic function converts a real 

value within the range. This is beneficial for binary 

classification tasks aimed at generating a probability that 

reflects the likelihood of a specific class. Optimization 

methods, such as gradient descent, benefit from the 

sigmoid function’s smooth and differentiable properties. 

During training, this property makes it easier to find the 

minimum of the loss function. For situations where a 

probability-like output is required, the sigmoid function 

is a good fit due its output and seen as a probability. 

Nonetheless, some restrictions and considerations exist: 

The vanishing gradient problem occurs because the 

logistic function compresses input parameters toward the 

limits of 0 or 1. The compression leads to the 

disappearance of gradients during backpropagation. This 

may impede the training process, particularly in deep 

learning models.  

3. RESULTS AND DISCUSSION

3.1 Density and Void Content 

The density values, both predicted then 

experimentally obtained for hybrid, banana palm amino 

resin composites are listed in Table 4, together within the 

attributed void content. Voids and other defects in the 

composite material cause the predicted and experimental 

densities to diverge. 

Table. 4. Density and Void content for various hybrid eco-fiber composites  

Composite Fiber Orientation 

Weight (grams) Density(g/c.c.) 
Void 

Content 

(%) Palm 

Fiber 

Banana 

Fiber 

Amino 

Resin 
TiO2 Theoretical Experimental 

S1 0/0/0/0/0/0 60 60 120 2 1.21 1.19 1.65 

S2 0/45/0/0/45/0, 4 1.18 2.47 

S3 0/90/0/0/90/0, 6 1.19 1.65 

S4 +45/−45/+45/+45/−45/+45 8 1.2 0.82 



Dipti N. Kashyap et al. / J. Environ. Nanotechnol., Vol. 14(3), 223-233 (2025)

227 

Fig. 2: ANN architecture for prediction of mechanical 
properties 
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Fig. 3: (a) Tensile stress-to-strain graph (b) Tensile modulus 
for different hybrid composites  

3.2 Results of Tensile Tests 

As shown in Fig. 3(a), the deviation of the fibers 

from the direction of the applied load results in a 

reduction in composite strength, and all curves 

demonstrate low ductility. Composite S1 outperforms 

composites S2, S3, and S4 in terms of strength by 14%, 

9%, and 16%, respectively. Fig. 3(b) shows that 

composite S1 has  a tensile modulus that is 8%, 15%, and 

22% higher when compared to composites S2, S3, and 

S4, respectively. Composite S1 has fibers that run 

perpendicular to the direction of the force. They are able 

to effectively withstand the stress because of how they 

pull together. Composites are not strong enough to 

endure tension since their fibers run perpendicular to the 

stress. The performance of the material depends 

increasingly on the modulus of the composite matrix, 

especially in S4 and S2, rather than the intrinsic strength 

of the fibers. The increase in fibers oriented at angles 

greater than 0° causes this shift because it puts more 

strain on the matrix and makes it more likely to fail. In 

this failure process, the characteristics and interactions of 

matrix material with the fibers are very important. In 

these conditions, the overall performance and durability 

of the composite structure are contingent upon the stress 

resistance of matrix and the interfacial bonding between 

the fibers and the matrix. 

When analyzing unsaturated polyester resin 

composites reinforced by maintaining the alignment of 

fibers, an increasing number of fibers deviating from the 

load direction reduces performance. Composites with 

alternating layers tend to achieve high tensile strength 

(Gaddala et al. 2025). 

3.3 Flexural Strength 

Fig. 4(a) shows the load-displacement curve for 

different composites. The flexural modulus of composite 

S1 is 10%, 15%, and 23% superior to that of composites 

S2, S3, and S4, respectively (Fig. 4(b)). The FS of 

composite S1 is 8%, 16%, and 30% superior to that of 

composites S2, S3, and S4, respectively (Fig. 4(c)). In 

composite S1, fibers oriented at a 0° angle parallel to the 

applied load demonstrate uniform stress transmission and 

efficient weight distribution. This alignment enables 

enhanced load-bearing capability by uniformly 

distributing stress over the length of the fibers. 

Consequently, stress concentrations reduce, thereby 

enhancing flexural strength and resistance to failure. 

Nevertheless, the fibers in composites S2 and S4 are not 

oriented along the direction of the applied tension, 

leading to reduced efficiency in load transfer. The regions 

where the fibers terminate or where gaps exist frequently 

endure increased stress upon the application of a load. 

Fractures may form more readily in composite S3 

because the perpendicular orientation of the fibers to the 

load, thus, reducing their resistance to the applied stress 

throughout their length. Boban et al. (2025) have also 

(a) 

(b) 
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reported that hybrid composites reinforced with banana 

fiber display high flexural strength. 
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Fig. 4: Comparative plots showing (a) force displacement 
characteristics, (b) flexural modulus and (c) FS of diverse 
banana-palm hybrid amino matrix materials 

3.4 Impact Strength 

Composites S1 (Fig. 5) exhibited superior 

impact strength, surpassing composites S2, S3, and S4 by 

9%, 13%, and 16%, respectively. The orientation of 

fibers significantly influences the impact resistance of 

composites. The fibers of banana-palm composites 

aligned perpendicularly to the trajectory of the impact 

force may yield specific effects. The orientation of the 

fibers perpendicular to the impact force increases their 

ability to resist force and distribute stress over a broader 

region. This configuration allows the fibers to act as 

barriers, they absorb and dissipate impact energy, thereby 

improving impact resistance.  

In comparison to other directions, the right-

angled fibers exhibit superior impact properties due to 

their enhanced ability to endure force. The impact 

strength of S2 and S3 composites has reduced due to fiber 

deviation from 0°. conversely, the impact strength of S4 

composite was the lowest, resulting from the absence of 

fiber alignment perpendicular to the applied impact force. 

Hybrid composites were fabricated with alkali-treated 

fibers. Type I showed highest impact energy, while Type 

III exhibited the best dynamic and mechanical properties 

including a higher break load as reported by (Murali et 

al. 2023). 
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Fig. 5: Comparison of the impact strength of different hybrid 
banana palm amino resin composites 

3.5 Interlaminar Shear Strength Assessment 

Fig. 6(a) presents the force–displacement 

relationship, which demonstrates the material 

characteristic load-bearing behavior. Composites S1 

possesses superior load-bearing capability attributable to 

enhanced matrix bonding compared to the other 

composites. Fig. 6(b) presents the ILSS values of 

composites. Composite S1 exhibits superior strength 

values (33%, 18%, and 30%) relative to composites S2, 

S3, and S4. Fiber laminates with this stacking 

configuration exhibited higher ILSS as also observed by 

Xiao et al. (2024). The maximal ILSS is typically 

observed in composite S1, where the fibers were oriented 

along the 0° direction parallel to the applied load and 

demonstrated enhanced strength. This orientation 

enhances the capacity of the fibers to endure load while 

countering shear stresses. As the angle of fiber alignment 

moves away from 0°, however, the ILSS drops. 

Discordance between the direction of the applied force 

and the fiber reinforcement caused by different 
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orientations reduces resistance of the composites to shear 

stresses. The degree of reduction is determined by the 

fiber angle. As a result, the interlaminar shear strength is 

typically lower at 45° than at 0°, and it drops off sharply 

as the fiber angle increases.  

0.00 0.02 0.04 0.06 0.08 0.10
0

25

50

75

100

125

F
o

rc
e
 (

N
)

Displacement (mm)

 S1

 S2

 S3

 S4

S1 S2 S3 S4

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

In
te

r 
la

m
in

a
r 

s
h

e
a
r 

s
tr

e
n

g
th

 (
M

P
a
)

Samples

Fig. 6: (a) Load Vs displacement curve and (b) ILSS of different hybrid composites 

Fig. 7: SEM images of fractured surface of the tensile-tested composites for various fiber orientations (a) S1 (b) S2 (c) S3 and 
(d) S4 composites

3.6 Surface Morphology Analysis 

Fig. 7 (a–d) present the SEM images of the 

fractured surfaces of natural fiber-reinforced polymer 

composites, elucidating essential aspects of fiber-matrix 

interface adhesion and failure mechanisms following 

mechanical loading. Fig. 7(a) illustrates the surface 

morphology of composite S1, demonstrating robust 

interfacial adhesion between the fiber and matrix. The 

SEM images confirmed superior fiber–matrix bonding as 

observed by Shivayogi et al. (2024). The low fiber pull-

out and distinct fiber impressions indicate efficient load 
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transfer and mechanical interlocking. The cohesive 

failure mechanism, together with the dense structure and 

minimal void content, verifies effective dispersion and 

wetting of the fibers inside the matrix, hence enhancing 

mechanical characteristics. Fig. 7(b) pertains to 

composite S2, exhibiting more prominent indications of 

interfacial debonding. The observable fiber pull-outs and 

surface irregularities indicate diminished fiber-matrix 

adhesion. Cracks advancing at the fiber-matrix interface 

indicate diminished capacity to impede crack 

propagation, resulting in premature failure under tensile 

stress. Fig. 7(c) illustrates the microstructure of 

composite S3, marked by evident indications of matrix 

fracture and fiber rupture. The fractured fiber termini and 

matrix disintegration signify a brittle failure mechanism. 

Inadequate interfacial contact is seen, possibly leading to 

inefficient stress transfer and diminished tensile strength. 

Fig. 7(d) illustrates composite S4, characterized by 

matrix cracking, fiber pull-out, and surface delamination. 

The comparatively clean fracture surface, coupled with 

the presence of voids and fiber separation, indicates 

inadequate bonding. These qualities collectively 

emphasize the imperative for enhanced fiber treatment or 

matrix alteration to increase composite performance. The 

SEM images highlight the essential significance of fiber-

matrix interaction, fiber dispersion, and structural 

compatibility in determining the mechanical properties of 

natural fiber-reinforced composites. 

3.7 ANN Projected Results 

Fig. 8 illustrates the correlation between the 

output of the network and the projected targets through 

regression curves. As part of the network verification 

process, regression curves were constructed to evaluate 

the degree of agreement between the target data and the 

network’s predictions. The correlation coefficients for 

each regression curve were 0.9578, 0.9872, and 0.9542. 

Values approaching 1 indicate that the model exhibits a 

strong fit, with excellent predictive accuracy and 

correlation. As shown by the regression curves, the data 

points closely follow the ideal line of fit, indicating a 

strong correlation and a high level of agreement between 

the network's output and the expected targets. High R-

values nearing 1 in the regression curves for training and 

validation confirm the model’s strong predictive 

accuracy and correlation with target outputs. The dataset 

comprised 120 entries, with 84 used for model training 

and the remaining 36 reserved for testing and validation 

purposes. Fig. 8 shows a clustering of the majority of data 

points, implying that only a subset of the full dataset is 

visually displayed. The observed results indicate that 

performance enhancement is achieved by progressively 

refining the network's connections through repeated 

modifications of weights and biases. Similarly, in a study 

by Saravanakumar et al. (2024), the results were 

accurately predicted by ANN, achieving R² values above 

0.95.

Fig. 8: Comparison of predicted and actual values for (a) tensile strength, (b) flexural strength and (c) impact strength
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4. CONCLUSION

The experimental results confirmed that fiber 

orientation strongly influenced the mechanical 

performance of banana–palm amino composites 

reinforced with TiO₂. Composite S1, fabricated with 

fibers aligned at 0°, achieved the best results, recording a 

tensile strength of about 68 MPa, tensile modulus of 3.25 

GPa, flexural strength of 72 MPa, flexural modulus of 3.9 

GPa, interlaminar shear strength of 4 MPa, and impact 

strength of 110 J/m. In comparison, Composite S3 

showed lower performance, with tensile and flexural 

strengths of 62 MPa and 60 MPa, respectively, 

interlaminar shear strength of 3.2 MPa, and impact 

strength of 95 J/m, while Composite S4 exhibited further 

reductions, with tensile strength of 58 MPa, flexural 

strength of 55 MPa, interlaminar shear strength of 2.8 

MPa, and impact strength of 90 J/m. Composite S2, 

despite showing the highest density of 1.18 g/cm³ and 

void content of 2.47%, displayed weaker properties 

across all tests due to increased porosity. SEM analysis 

revealed strong fiber–matrix adhesion in S1 and poor 

bonding in S2–S4, confirming that microstructural 

integrity is closely tied to mechanical behavior. ANN 

predictions further supported these findings, with high 

correlation values (R² = 0.9578 for tensile strength, 

0.9872 for flexural strength, and 0.9542 for impact 

strength), demonstrating excellent agreement between 

experimental and predicted data. These results establish 

S1 as the most effective fiber orientation for achieving 

superior mechanical performance in banana–palm amino 

composites 
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