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PVC (polyvinyl chloride) is a tough polymer used in applications, including plumbing and construction materials. As natural
fibre-reinforced composites have more advantages over conventional synthetic composites, this paper focuses on the fatigue
analysis of PVC composite which is reinforced with coir fibre. The influences of three input parameters, namely, the size of the
coir fibre, coir fibre content, and the chemicals that are used in the treatment of coir fibre on the fatigue life of the composite
are examined. In the response surface model (RSM), Box-Behnken designs (BBD) are employed for the preparation/analysis/
optimization of the samples. ANSYS software is used to perform the fatigue analysis of different samples containing various
combinations of the parameters. To determine the effects of various input parameters on the fatigue behaviour of composites,
ANOVA is employed to determine their optimal levels. Regression equations are established to determine the fatigue limit.
When treated with triethoxy(ethyl)silane, coir with a concentration of 6 wt.% and a particle size of 75 ym exhibits a maximum

fatigue limit of 2.819 MPa.

1. Introduction

PVC, often known as polyvinyl chloride, is a frequently
used material because it is affordable, strong, and flexible.
PVC is a hard thermoplastic used in various applications
such as building materials, pipes, and plumbing [1]. PVC
has the widest range of applications, and its use has
increased more significantly than that of other polymers
for a myriad of factors other than the affordability of the
raw materials. This is because PVC is simple to manufac-
ture and has a longer lifespan. PVC has much more
strength, is more rigid than most other thermoplastics,
and has exceptional chemical resistance to a wide spectrum
of corrosive fluids [2].

Safety and environmental concerns should be considered
when using PVC. An intriguing alternative is to combine
PVC with natural fibres [1]. Natural fibres, which might be
available in different forms such as particles, fibre bundles,
or single fibres, can be utilized as either a filler or as a rein-
forcement in plastics. Instead of filling plastics, natural fibres
can be utilized to reinforce them, giving them more strength
and stiffness [3]. Natural fibre-reinforced composite mate-
rials are of tremendous interest because of their fine
mechanical qualities, ecofriendliness, lightweight, excep-
tional life cycle, and biodegradability [4]. As a result, they
are employed to replace more standard fibres like glass, car-
bon, and aramid [5]. Natural fibres, from sources including
coir [6-8], oil palm [9], sisal [10, 11], bamboo [12], banana
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TasLE 1: Various fibre content, size of fibre, and chemicals.

Variables Parameters Levels -1 0 1

A Fibre content wt.% of material in composites 2 4 6

B Size Size of the fibre in ym 75 150 225

C Chemical treatment Chemicals used 1 (triethoxy(ethyl)silane) 2 (NaOH) 3 (KOH)

TaBLE 2: BBD table of various combinations of the parameters.

Sample no. Fibre content Size Chemical treatment
Coded Actual Coded Actual Coded Actual

1 1 6 0 150 1 3

2 -1 2 0 150 -1 1

3 0 4 0 150 0 2

4 -1 2 -1 75 0 2

5 1 6 1 225 0 2

6 0 4 1 225 -1 1

7 0 4 1 225 1 3

8 0 4 0 150 0 2

9 0 4 -1 75 -1 1

10 0 4 -1 75 1 3

11 -1 2 0 150 1 3

12 1 6 0 150 -1 1

13 0 4 0 150 0 2

14 1 6 -1 75 0 2

15 -1 2 1 225 0 2

[13, 14], rice husk [15], jute [16, 17], and kenaf [18, 19],
are shown to be effective reinforcement in polymeric
matrices, lowering the density and expense of the resulting
composites. Natural fibre composite mechanical properties
are impacted by factors, namely, fibre selection, matrix
selection, interface strength, fibre dispersion, and fibre ori-
entation [20].

A few drawbacks of using natural fibres are low thermal
stability (probable degradation between 200 and 250°C),
owing to their hydrophilic nature and poor fibre adherence
leading to fibre swelling and moisture content. In the micro-
mechanical behaviour of composite, the fibre/matrix adher-
ence plays a significant impact. Natural fibres absorb a lot
of moisture and have poor adherence to the polymeric
matrix [21].

Contrarily, the matrix is mostly made of polymers that
naturally resist water such as polypropylene, polyvinyl chlo-
ride, and polylactic acid. Since natural fibres are hydrophilic
and polymer matrixes are hydrophobic, there is weak inter-
face bonding between the two. So, the natural fibre and poly-
mer matrix do not adhere well to one another; therefore, the
composites’ mechanical performance decreases. Natural
fibre surfaces can be easily altered to vary their hydrophilic
character [22]. Numerous chemical processes are available
to change the hydrophilic properties. Some of the treatments
include alkaline treatment, acetylation of natural fibre, silane
treatment, benzoylation treatment, permanganate treatment,
maleated coupling agents, and isocyanate treatment [23, 24].

The alkaline treatment (5% NaOH), which helps to improve
interactions between fibre and the matrix by attempting to
remove hemicellulose, lignin, as well as waxy elements as
an outcome of disrupting hydrogen bonding within fibre
structure, is the most economical and effective chemical
treatment, as per various chemical treatments, resulting in
improved mechanical and thermal properties [25]. Venkata-
chalam et al. claimed that the optimum value of flexural
stress was achieved by combining 45 fibre orientation, epoxy
resin, and KMnO4 treatment of the fibre. These conclusions
were based on taking into account many factors, including
fabric orientation, the type of alkali treatment, the type of
resin, and its impact on the fracture and flexural behaviours
of sandwich panels reinforced with flax fibre. There is rela-
tively little variation in flexural stress according to the alkali
treatment method [26]. Based on Adeniyi et al.’s findings,
alkalization with NaOH was the most widely used kind of
treatment. In comparison to their treated counterparts,
which have had the quantity of free hydroxyls reduced after
treatment, untreated coir composites are more prone to
excessive water absorption. The most researched polymer
matrix for coir fibre-reinforced composites was polypropyl-
ene [27]. When considering various natural fibres for rein-
forcement, a lignocellulosic fibre called coir is one of the
preferred choices cultivated from coconut trees in the tropics
[28]. The majority of the planet’s coir production, nearly
90%, is made in Sri Lanka and India. Contrary to certain
other plant fibres, coir contains a lot of lignin (41-45%),
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FIGURE 1: Box-Behnken design.
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FIGURE 2: Geometry for the analysis.

making it a hard fibre renowned for endurance. When
employed in humid environments, coir’s high wet strength
ratings are helpful [29]. In comparison to other natural
fibres, coir fibres have some competitive advantages, such
as low density, low cost, higher elongation at break, and a
lower elastic modulus. Additionally, coir fibre typically has
a density of 1.1 to 1.5g/cm’, a tensile strength of 105 to
593 MPa, and Young’s modulus of 2 to 8 GPa [30, 31]. On
the topic of the coir fibre made used in any composites,

the percentage of the said fibre and the size of the fibre play
a vital role in deciding the properties of the composite.
According to the tensile test results conducted by Venkata-
chalam et al., epoxy combined with 10 mm jute fibre at 3%
volume provides the maximum modulus of elasticity, yield
stress, and modulus of resilience. They found that Young’s
modulus falls along with the percentage of jute. In compar-
ison to epoxy/jute fibre specimens, coir fibre with a 1 mm
length and 2% volume is a strong competitor [32]. When
considering the overall size of the fibres present in the com-
posite, Sadeq et al. have results based on the experiments
conducted, where the size of the coir fibre reinforced in
epoxy ranges from 250 ym to 950 ym, for which the flexural
strength and impact strength are established to vary con-
cerning the size of the coir. The flexural strength increases
with the increasing range of the fibre size, and vice versa
for the impact strength [33].

The mechanical properties of the composite samples,
which were made with varying fibre contents ranging from
10 to 30% by weight, were also examined. When reinforced
with 20% fibre loading by weight, polystyrene composites
reinforced with raw as well as MMA-grafted agave fibres
showed maximum mechanical strength [34]. However,
when fibre loading increases, Young’s modulus of polymer
composites reinforced with natural fibres also rises. With
increasing fibre loading, the tensile strength and modulus
of elasticity of composites which have been reinforced with
bleached hemp fibres have significantly increased, according
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FIGURE 3: Boundary condition for the model.
TaBLE 3: Material properties of 15 samples.
Run no Fibre Size of Chemical Tensile Yield Young’s Poisson’s Density
content (%) fibre (um) treatments strength (MPa) point (MPa) modulus (MPa) ratio (g/cmS)
1 6 150 3 3.599 1.225 10.558 0.369 0.095548

2 2 150 1 4.621 1.943 17.225 0.371 0.059078

3 4 150 2 4.028 3.394 9.518 0.370 0.10665

4 2 75 2 4.362 3.113 10.690 0.368 0.094241

5 6 225 2 2.730 2.710 8.683 0.371 0.117226

6 4 225 1 5414 2.986 15.648 0.369 0.06466

7 4 225 3 3.573 2.007 8.837 0.372 0.115339

8 4 150 2 4.364 3.725 9.781 0.365 0.101734

9 4 75 1 8.665 4.377 10.931 0.367 0.091912

10 4 75 3 5.717 2.901 15.087 0.371 0.067535
11 2 150 3 3.358 2.767 9.742 0.374 0.105383
12 6 150 1 6.528 5.119 11.574 0.372 0.088136
13 4 150 2 3.942 3.281 9.898 0.367 0.101287
14 6 75 2 5.581 3.764 11.343 0.371 0.089713
15 2 225 2 3.537 2.795 10.446 0.371 0.097355
TABLE 4: Verification of the model.
Sample no Present model Anirudh et al. [47] Error (%)
b " Fatigue life cycle (min.) Alternating stress MPa (max.) Fatigue life cycle (min.) Alternating stress MPa (max.) ’
5 2.26E*% 1.0945 2.26E" 1.0945 0
10 1.00E™ 0.97565 1.00E™ 0.97565 0
15 3.69E7% 0.99553 3.69E 0.99553 0

to Khoathane et al. [35]. Numerous studies have shown that
fibre loading has a significant impact on the strength along
stiffness of composites made of natural fibre and polymer.
Up to a specific degree, the fibre-weight ratio escalates the ten-
sile strength and modulus. In cases where the fibre weight ratio
increments beneath the ideal level, the load is dispensed
among additional fibres, and because they are well attached
to the resin matrix, they have greater tensile qualities [35].
The composites’ wear resistance is raised by incrementing

the fibre loading. With an increase in fibre loading, these com-
posites’ coefficient of friction both rises and falls [36].
Taking into consideration all these various factors for the
composite, it is important to understand the various alter-
ations in the mechanical properties of the composite pre-
pared. One such property is the fatigue analysis of the
composite. A composite material subjected to repetitive
loading degrades over time from discrete microdamage
(such as fibre fractures, fibre/matrix debonds, and matrix
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FIGURE 4: Alternating stress results for a single sample.

TaBLE 5: Fatigue limit from Soderberg’s relation.

Sample no. Fatigue limit (MPa)

0.6125
0.9715
1.697
1.5565
1.355
1.493
1.0035
1.8625
2.1885
1.4505
1.3835
2.5595
1.6405
1.882
1.3975
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cracking) or macrocrack propagation, sometimes facili-
tated by a hostile environment like dampness. To guaran-
tee that the product or component is safe for the planned
life span or can be replaced before failing, the engineer
needs to be aware of how these loading cycles affect the
lifetime or component. Fatigue test methods are used to
determine a material’s resistance to recurrent loading to
meet this purpose [37]. These fatigue failures fall under
the categories of low-cycle fatigue as well as high-cycle
fatigue, which are two domains of cyclic stressing and
straining [38]. In comparison to metal, composite mate-
rial fatigue life prediction is more challenging. This is
due to the fact that failure in composite materials does
not result from the growth of a single macroscopic crack
[39]. The presence of subsidiary constituents as well as
the areas where the fibres along with the matrix interact
may have a significant effect across the materials’ fatigue
behaviour. Fatigue qualities for composites can vary sig-
nificantly because of the vast changes in the characteris-
tics of the fibres and matrix which account for the

10 SN curve
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FIGURE 5: SN curves of 15 samples.

composite together with the composition of constituents
[40]. The work by Gokula Krishnan et al. is based on
CNT, fly ash, and coir reinforcement in a polymer com-
posite with an epoxy matrix. It provides analysis showing
that the fatigue limit reaches a maximum value of
7.84 MPa in the optimum amalgamation of 1 weight per-
centage of carbon nanotube, 0.55 weight percentage of
coir, and 0.55 weight percentage of fly ash [41].

In accordance with the above literature survey, the fol-
lowing denouements are brought forward.

(i) An examination of many studies and current trends
reveals that the demand for materials with qualities



similar to composites reinforced with synthetic
fibres but with less negative environmental effects
has created a need for composites that are rein-
forced with natural or plant fibres

(ii) Polypropylene is the most popular matrix/resin
used in the creation of coir polymer composites
(PP). Epoxy, polylactic acid (PLA), polyster, and
polyethylene are listed after that

(iii) However, not enough research has been done on the
use of alternative resins such as polyvinyl chloride,
polysterene, and vinyl esters in the creation of
coir-based composites

(iv) This work attempts to determine the fatigue life
analysis of coir-reinforced PVC composites which
is a rare one

The authors attempted to develop a numerical procedure
to predict the fatigue life of PVC composite which is rein-
forced with coir fibre. Such attempt is very limited for natu-
ral fibre-reinforced composites. The applications of PVC
and PVC composites are plenty in day-to-day applications.
Hence, its fatigue life prediction is very important. So, the
authors develop a numerical procedure to predict the same.
The current work is developing a numerical procedure for a
natural fibre thermoplastic-reinforced composite.

2. Methodology

The samples are fabricated by considering three parameters:
the size of the coir used, the percentage of coir used in fab-
rication, and the chemical used for the treatment of the coir.
The size of the coir is taken between 75 ym and 225 ym. The
fibre content is between 2% and 6%, and three types of alkali
are considered for the chemical treatment: sodium hydrox-
ide, triethoxy(ethyl)silane, and potassium hydroxide, as
mentioned in Table 1. A total of 15 samples are obtained
using various parameter combinations, as shown in
Table 2. The samples are formed using the RSM (response
surface model) tool which comes under DOE (design of
experiment), as shown in Figure 1. The RSM uses Box-
Behnken designs (BBD) which give a higher-order surface
response with an optimum number of samples [42]. The
Box-Behnken design is the most effective for an experiment
with three components and three levels; also, less testing is
required to perform compared to a central composite design
[43]. To enumerate the maximum number of experiments
(N) essential for the development of the BBD model [44],
it is elucidated as follows:

N =2k(k-1)+C,, (1)

where k can be expounded as a number of factors and C, can
be expounded as the number of central points. As given by
the formula, it can be calculated that the total samples are
15 in number.

The 15 sample material properties are referred to by
Aravind and Venkatachalam [45]. Various experiments
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TABLE 6: Results from ANSYS and fatigue life from SN curve.

Samples Alternating stress (Pa) Fatigue life
1 1.81E*0¢ 8126.995
2 1.82E"% 32386.95
3 1.82E%06 460956.6
4 1.81E*0¢ 239557.6
5 1.82E%06 13762.58
6 1.81E*0¢ 231398.2
7 1.82E"% 18143.04
8 1.80E*0¢ 1518763
9 1.81E*0¢ 1000000
10 1.82E*% 204884.9
11 1.83E%0¢ 51314.49
12 1.82E*% 1000000
13 1.81E*0¢ 335869.1
14 1.82E7¢ 1419613
15 1.82E%06 68765.4

are conducted to enumerate mechanical properties which
are used for determining the fatigue limit and SN curve.
There is a stress threshold known as a fatigue limit below
which a material will not fail from fatigue, regardless of
how many load cycles it has experienced [46]. The
fatigue limit is imperative for the fatigue analysis which
is the ultimate aim of this work and can be computed
using the Soderberg relation as referred to in equation
(2). As claimed by the ASM handbook, o,,, and o,
are taken as 80 per cent and 40 per cent of yield stress,
respectively.

o o

_mo4 24— 1, (2)

Gyt O,
where  0,, — meanstress =0, + 0,,;,/2, 0, — stress
amplitude = 0, — 0,1,/2, 0, — fatigue limit, and 0, —
yield stress.

The SN curve is a graph of the alternating stress and the
number of cycles before failure and is calculated using the
Soderberg equation which is depicted in equation (3). Each
material has its own unique SN curve, and it can be calculated
through experiments and also using equations. The Soderberg
equation is acclimated as its results are based on yield strength
in comparison to Goodman’s equations which arbitrate ulti-
mate tensile stress. The Soderberg equation is from a linear
graph which connects the fatigue limit (0,) and yield stress
(ayt). There are 5 values of “S” taken to calculate the SN curve.

These are ultimate tensile stress (o), 80% of o,, 60% of 7,
yield stress (ayt), and 50% of (oyt). The corresponding no. of

cycles is found, and the SN graph is constructed.

Log S = (bLogN) + ¢, (3)
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where

1 0.8.0,
b——glog[ o }, (4)
2
¢=log (0.8.0,) . (5)

02

Here, “S” refers to the fatigue stress, “N” is the number of
cycles to failure, and “b” and “c” are constants and are derived
from equations (4) and (5). o, specifies the ultimate tensile

stress, and o, specifies the fatigue limit.

3. Numerical Analysis

ANSYS software is employed for fatigue simulation. With
the aid of ANSYS, it is possible to investigate the strength,
elasticity, toughness, temperature distribution, fluid flow,
electromagnetism, and other properties of computer-
simulated models of structures, electronics, or machine
parts. A model of dimensions 115 mm x 15mm x 3 mm is
constructed in SpaceClaim, as shown in Figure 2, and is
imported to the ANSYS Workbench for further analysis.
The fatigue analysis is performed using the ANSYS Work-
bench. To do the fatigue analysis, one needs material prop-
erties such as yield stress (ay), ultimate stress (o), density
(p), Poisson’s ratio (v), and SN curve, as shown in
Figure 3. The yield stress (oy), ultimate stress (o,,), density

(p), and Poisson’s ratio (v) are obtained from experimental
data performed by Aravind and Venkatachalam [45] as
given in Table 3. The SN curve is calculated from equations
(3) to (5).

Anirudh et al. [47] work is considered to validate our
model. The results of the present model are matched with
Anirudh et al. [47] with zero error, as given in Table 4.

Hence, the present model is validated. In the model, the
geometry is fixed at the bottom plane, and a tensile force of
44.1N is applied to the top plane. The force is 80% of the
force, corresponding to the minimum yield stress.

Contour plot of fatigue limit vs B, A

220

200

180

160

140

120

100

80

Fatigue limit
<14
14-16
Wi16-18
W 18-20

B >20

Hold values
C 2

Ficure 7: Contour plots of fibre content and fibre size on fatigue
limit.

The alternating stress obtained from the fatigue analysis
is used to find its corresponding number of cycles from the
SN curve; this is deemed to be the fatigue life of that partic-
ular sample, as shown in Figure 4.

4. Results and Discussion

In this work, Soderberg’s equation is chosen to fix the fatigue
loading conditions for the analysis to obtain fatigue values in
the fatigue solver of ANSYS. The fatigue limit is calculated
from the Soderberg relation (equation (2)), and the results
are tabulated in Table 5.
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The simulation uses an alternating load at one end of the
strip in the in-plane tensile direction with a magnitude of
44.1 N based on the minimum yield strength of the test sam-
ples. The fixed support in all six degrees of freedom is
located at the opposite end of the strip. The maximal
induced alternate stress, determined by the minimum num-
ber of cycles to fail and Von Mises stress, is computed and
utilized in the analysis of variance. The SN curves of the 15
samples are calculated from Soderberg’s equation (2).
Figure 5 shows the SN curves of 15 samples put together.
This graph has an important role in analyzing the material
fatigue life of the samples.

The results obtained from the fatigue analysis carried out
using the ANSYS Workbench are tabulated in Table 5. The
fatigue life of the materials is interpreted from the SN curve
graph, taking the alternating stress found from ANSYS.
Also, Table 6 represents the fatigue life from the SN curve.

4.1. ANOVA Analysis. The statistical method known as anal-
ysis of variance (ANOVA) is used to examine how different
means differ from one another. Minitab is the software used
for this analysis. The Minitab gives the regression equation
consolidated from the three parameters and the fatigue limit
of the samples. The equation gives statistical values for a bet-
ter understanding of the influence of the 3 parameters on the
fatigue limit.

The Pareto chart depicts the effects of various parame-
ters. In Figure 6, the Pareto chart shows that the fibre size
and the chemicals used for treatment have the major influ-
ence when considering the fatigue limit, and fibre size has
the least influence. Figures 7-9 depict the comparisons
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between the parameters taking a combination of the
parameters in pairs. The inferences obtained from the
graph are listed one by one. The fibre content maximizes
the fatigue limit when the fibre content percentage is at
its maximum. Contrastingly, the size of the fibre is
required to be in lower ranges to get the optimum fatigue
limit. Among the three chemicals, triethoxy(ethyl)silane is
the best chemical for providing an effective increment in
the fatigue limit.

The main effect plot (Figure 10) helps us understand
individual parameters’ effects on the fatigue limit.
Figure 10(a) shows that a rise in fibre content from 2 wt.%
to 4wt.% increases fatigue life, but a decrease is also
observed from 4wt% to 6wt% of fibre content.
Figure 10(b) shows that fatigue life decreases when particle
size is increased from 75 ym to 225 yum. Figure 10(c) reveals
that fatigue life is high for triethoxy(ethyl)silane chemically
treated FRP (fibre-reinforced polymer) composites. The
hydroxyl groups (lignin, hemicellulose, and pectin) existing
in the coir powder are reduced, thereby increasing the cellu-
lose content. As a result, a good interfacial bond is created,
which leads to an increase in fatigue life. Larger amounts
of lignin, hemicellulose, and pectin are removed by triethox-
y(ethyl)silane compared to other chemical treatments.
Hence, the silane treatment leads to a higher fatigue life in
comparison to other treatments. Figure 10 concludes that
there is an increase in fatigue limit as the fibre content
increases from 2% to 4%, and the decrease in fatigue limit
is gradual with an increase in the size of fibre. Triethox-
y(ethyl)silane is concluded to be the most influential among
the chemicals used for the treatment of the fibre.
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TaBLE 7: Error analysis of the values procured from Soderberg’s relation and regression equation.

Fibre content (wt.%)  Fibre size (um)  Chemical treatment Fatigue limit (MPa) from  Fatigue limit (MPa) from the

Error (%)

Soderberg’s relation regression equation
6 150 3 0.6125 0.5827 4.865306
2 150 1 0.9715 0.9985 -2.77921
4 150 2 1.697 1.7319 -2.05657
2 75 2 1.5565 1.546175 0.663347
6 225 2 1.355 1.362375 -0.54428
4 225 1 1.493 1.586225 -6.24414
4 225 3 1.0035 1.020025 -1.64674
4 150 2 1.8625 1.7319 7.012081
4 75 1 2.1885 2.168825 0.899018
4 75 3 1.4505 1.354225 6.637366
2 150 3 1.3835 1.4877 -7.53162
6 150 1 2.5595 2.4527 4.17269
4 150 2 1.6405 1.7319 -5.57147
6 75 2 1.882 2.004675 -6.51833
2 225 2 1.3975 1.271675 9.003578

Regression (equation (6)) is a second-order polynomial where “A” is the fibre content, “B” is the fibre size, and “C” is
equation obtained through Minitab based on the parameters  the chemical used for treatment. The fatigue limits obtained
A, B, and C is as follows: from the regression equation and the fatigue limits obtained

from the Soderberg equation are compared, and the error

Fatigue limit = —1.346 + 1.088A — 0.00136B + 1.441C
—0.0422A * A - 0.000003B * B—-0.1827C

percentage is below 10%, as given in Table 7. This gives
credit to the efficiency of the regression equation.

#* C—0.000613A * B—0.2949A 4.2. Verification and Optimization of the Model. The
« C+0.000828B * C, response optimization plot is used to find the optimal com-
binations to create a significant fatigue limit. In Figure 11, a

(6) response optimization plot for fatigue limit is shown, with
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FI1GURE 11: Response optimization plot for fatigue limit.

TaBLE 8: Criterion for optimization.

Solution Fibre content (%) Fibre size (um) Chemical treatments Fatigue limit fit Composite desirability
1 6 75 1 2.819 1
TABLE 9: Optimum set of parameters.
S. no. Fibre content (%) Fibre size (um) Chemical treatments Fatigue hmlt’(MPa). from Optimization Error (%)
Soderberg’s relation
1 6 75 1 2.947 2.819 4.54

the Y-axis displaying fatigue limit and the X-axis exhibiting
fibre content (%), fibre size (um), and chemical treatments.
It exhibits that a combination of fibre content (6%), fibre size
(75 um), and triethoxy(ethyl)silane treatment offers a high
fatigue limit (2.819 MPa).

To attain a high fatigue limit, it is essential to recog-
nize the maximum significance of each parameter by satis-
fying composite desirability. Thus, the optimized
combination provides a maximum fatigue limit, as stated
in Table 8.

Table 9 explicates the validation test for the optimization
process and displays the error examination for the fatigue
limit among Soderberg’s relation and optimization values.
The error is 4.54% which shows the legitimacy of the optimi-
zation process.

5. Conclusion

The coir-reinforced PVC composite, with varying fibre con-
tent, fibre size, and the different chemicals treated, is simu-
lated using ANSYS for fatigue analysis. Various statistical
analyses are performed to predict the optimized fatigue
limit. The analysis has led the way to the following infer-
ences and results:

(i) The fibre content which is the weight percentage of
coir present in the composite should be 5%-6% of
the weight for acquiring a composite with a maxi-
mum fatigue limit

(ii) The fatigue limit is augmented when the size of the
coir is 75-120 ym, where the results are improved in
lower ranges

(iii) The chemical treatment of coir is necessary for
improving the adhesion of the fibre in composite
use. The coir chemically treated with triethox-
y(ethyl)silane shows an ameliorated value of the
fatigue limit

(iv) Using a response optimizer, a high fatigue limit
(2.819 MPa) is obtained for a combination of fibre
content (6%), fibre size (75um), and triethox-
y(ethyl)silane treatment

Data Availability
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