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Natural fibres have been in a broad usage since the development of the 

human race. Catching up the Eco thrust, applied scientists were looking for 

eco-friendly options for fictile fibre. In the due class many natural fibres have

been tested and some were able to do their base going economically 

feasible. The present work proposes to fix and prove a Natural Fiber ( Asian 

Palmyra ) Reinforced Composite ( NFRC ) . The survey is planned in 

conformity to a 3-Level Factorial Design and find the fluctuation of Tensile 

Strength ( TS ) , of short and indiscriminately oriented Palmyra NFRC, under 

control parametric quantities such as alkali intervention clip, fiber length and

fiber volume % . The present paper focuses to pattern the influence of 

procedure variables on TS through Response Surface Methodology. The 

mathematical theoretical account which is developed to foretell tensile 

strength is found statistically valid and sound within the scope of the factors.

Keywords: A - Discontinuous support, B - Mechanical belongingss, C - 

Statistical properties/methods, D - Mechanical testing, E - Lay-up ( manual ) .

1. Introduction: 
Natural fibre has been in a broad usage since the development of the human

race. They had got broad acceptation in communities for their flexibleness 

and strength. Recent tendencies in the country of fibre reinforced complexs 

have drawn a twine in utilizing these natural fibres as their support. The 

natural fibre imparts lower lastingness and lower strength compared to glaze

fibres. However, low specific gravitation consequences in a higher specific 

strength and stiffness than glass. Natural fibres offer good thermal, dielectric

and acoustic insularity belongingss along with easiness in processing 

technique without have oning of tools. 
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Most of these fibres are produced in developing states like China, India and 

Brazil etc. In a historical position complexs like straw reinforced walls, bows 

and chariots made of pasted beds played of import functions in their 

endurance. Though many of these fibres are limited to their epidemic parts 

due to high local demand for many old ages, coming of man-made fibres 

have affected the market of natural fibres. After being entirely used for their 

electromagnetic belongingss, utilizing complexs to better the structural 

public presentation of ballistic capsule and aircraft became popular in last 

two decennaries of the old century. Particularly, increased constrains and 

future environmental route maps, have been emphasizing automotive 

industries to diminish their C pes prints. These rigorous steps have become 

blessing to the lagging natural fibre industries, and thereby making new 

challenges for research workers in happening beginnings of fibre, fiction 

techniques and applications of natural fibres. The easy handiness of natural 

fibres and fabricating have motivated research workers worldwide late to 

seek locally available cheap fibres and to analyze their feasibleness of 

support intents and to what extent they satisfy the needed specifications of 

good reinforced polymer complexs [ 1 ] . 

Many surveies proved them to be possible rivals to man-made fibre to some 

extent. After reexamining the bing literature available on natural fibre 

complexs, assorted writers had put attempts in planing complexs based on 

the demands of composite industry. There has been a broad assortment of 

literature available on natural fibres such aspen, abaca, bagasse, bamboo, 

banana, coir, day of the month thenar, flax, henequen, isora, jute, silk 

cotton, deccan hemp, oil thenar, Ananas comosus, ramee, sisal, etc. , [ 2-18 ]
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. Natural fibre complexs provide comparable specific strength with that of 

man-made fibre complexs, due the low denseness offered by natural fibres 

[ 19 ] . There are many parametric quantities which affect the public 

presentation of a natural fiber-reinforced complex. Chemical alteration 

improvesA fiberA matrix adhesion, their consequences and effects on the 

physical belongingss ofA complexs [ 20 ] . Aspect ratio has a considerable 

consequence on composite belongingss, hence it is of import to conserve 

fiber length every bit much as possible during composite processing 

operations [ 21 ] . Mechanical belongingss of the composite vary with 

assorted sums of fibre volume ratio. But there have been a really few 

documents covering with Palmyra fibre, the present fibre of our involvement 

[ 22 - 24 ] . 

The Borasseus Flabellifer is a tall and vertical thenar, and can populate 100 

old ages or more and make a tallness of 30 m, with a canopy of big, fan-

shaped foliages several twelve found distributing 3 metres across [ 25 ] . 

Each and every portion of the tree is a noteworthy socio-economic value for 

people in Southern India. The mid-ribs of the foliages and the fibres from 

their chaffs are used in doing industrial coppices and brooms. The fibre has 

good opposition to clash and heat, and will defy many chemicals and 

dissolvers. The denseness of toddy palm ( 0. 7 gm/cm3 ) is least among all 

known natural fibres that are being commercially used in fabricating natural 

fibre complexs. This is extremely favourable belongings from the position 

point of light-weightiness. The present complex can happen extended 

application in non-structural, low-performance utilizations. Hence, the toddy 

palm fibres are most suited for doing support in green composite stuffs. 
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The present research focuses on the survey and consequence of procedure 

parametric quantities on the tensile strength of short and indiscriminately 

oriented palmyra natural fibre reinforced complexs. The decisions drawn 

from this is that, a successful combination of procedure parametric 

quantities consequences in the betterment of mechanical belongingss of the 

composite. In future, complexs will be manufactured even more harmonizing

to an integrated design procedure ensuing in the optimal building 

harmonizing to parametric quantities such as form, mass, strength, stiffness,

lastingness, costs, etc. The developed mathematical theoretical account will 

be able to demo the influence of a design alteration on each one of these 

parametric quantities ( here strength ) . 

2. RESPONSE SURFACE METHODOLOGY: 
Response surface methodological analysis ( RSM ) began with the work of 

Box and Wilson in the Journal of the Royal Statistical Society [ 26 ] . That 

work was motivated by the demand to run experiments expeditiously, by a 

proper pick of design, and to find operating conditions on a set of governable

variables that give rise to an optimum response. The cardinal thoughts in the

classical RSM are developed utilizing additive multinomial theoretical 

accounts, chiefly first-degree and second-degree theoretical accounts, with 

uninterrupted response variables assumed, for the most portion, to be 

independently and usually distributed with changeless mistake 

discrepancies. This method has gone through several phases of development

that are aimed at doing it more applicable to wider experimental state of 

affairss [ 27 ] . 
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RSM is a aggregation of mathematical and statistical techniques that are 

utile for the mold and analysis of jobs in which a response of involvement is 

influenced by several variables and the aim is to optimise the response [ 28 ]

. For, illustration, if the experimenter wishes to happen the degrees of two 

input variables, x1, x2 which maximize the output [ y ] of the procedure, so 

the procedure output is stated as: 

where Iµ represents the noise or mistake observed in the response Y. If the 

expected response is denoted by E [ y ] = f [ x1, x2 ] = I· , so the surface 

represented by I· = f [ x1, x2 ] is called a response surface. If the individual 

input variable can be related to the end product variable so it is known as 

response curve and if the two input variables relate to the end product 

variable so it is known as response surface [ 28 ] . In common pattern, 

response surfaces are expressed diagrammatically and visualized through 

single secret plans, contours and 3D surface graphs. 

3. SPECIMEN Fabrication: 
The petioles of Asiatic Palmyra tree were soaked in a H2O retting armored 

combat vehicle for 45 yearss. After 45 yearss, the fibre can be extracted 

from the chaffs manually. These long uninterrupted fibres are washed 

exhaustively in plentifulness of clean H2O to take the excess waste ( fig. 1 ) .

3. 1 ALKALI TREATMENT: 
The obtained fibres were divided into three parts of equal weight. These 

three groups of fibre were treated with 5 % NaOH solution for different clip 

continuances. The first group is treated for 2 hours, the 2nd for 4 hours and 

the 3rd for 6 hours. Chemical intervention with NaOH removes wet content 
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from the fibres thereby increasing its strength. The chemical intervention 

besides clears all the drosss that are bordering the fiber stuff and besides 

stabilizes the molecular orientation. After alkali intervention, fibres were 

washed exhaustively in the distilled H2O and were dried for one twenty-four 

hours at room temperature. 

Then these long fibres were cut into short fibres of different lengths ( 3mm, 

5mm and 7mm ) . The fibres which were treated for 2 hours with NaOH are 

cut into equal sums of 3mm, 5mm and 7mm fibres severally. Similarly, the 

fibres which were treated with NaOH for 4 hours and 6 hours were besides 

cut into short fibres. Therefore nine different samples of fibre were prepared 

which vary in fibre length and alkali intervention hours. 

3. 2 PREPATION OF COMPOSITES: 
A rectangular wooden board of 300mm, 300mm was taken and wooden 

forms of thickness 4mm were fixed on these wooden boards with the aid of 

nails. These wooden forms were placed so that a infinite of 150mm, 10mm, 

and 4mm was obtained. After the molds of needed dimensions were 

prepared, wax was applied to the interior sides of the molds for easy release 

of the complex without lodging to the mold walls. Then the matrix was 

prepared by blending the hardener to epoxy. The epoxy and the hardener 

ratio were maintained at 10: 1. To acquire good cured and a standard quality

specimen, the epoxy and hardener must be assorted swimmingly and easy 

for about 10 proceedingss. Initial bed of the mold was filled with the epoxy 

rosin and hardener mixture and so the appropriate measure of fibres was 

placed such that epoxy mixture wholly spread over the fibres. Again, epoxy 

mixture was poured on the fibre. Therefore, the starting and stoping of the 
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beds were of epoxy rosin. A fictile releasing house was placed on the top of 

the uncured mixture. Before using compaction, attempts were made to take 

all bubbles with roller. Finally, the compaction force per unit area of 0. 05 

MPa was applied equally and cured for 24 hours at room temperature. In this

manner, specimens incorporating different volume fractions of fibre were 

prepared. These specimens were cured in the hot air oven at 600 C for 2 

hours. Specimens incorporating different fibre volume fractions such as 20 %

, 30 % , 40 % were prepared and 27 specimens were prepared. Natural Fiber 

Reinforced Composite ( NFRC ) is considered as the stuff for probe and its 

material composing is given in Table 4. 1. The specimen ( Fig. 2 ) is prepared

with the dimensions of 150mm length, 10mm breadth and 4mm thickness 

harmonizing to ASTM D 3039-76 [ 29 ] is used for experimentation. 

3. 3 MECHANICAL Testing OF FIBER-REINFORCED 
COMPOSITE: 
The most basic mechanical trial is the tenseness trial. For most structural 

stuffs, the tensile belongingss are indispensable elements of the stuff design 

allowable. The complexs specimens were tested as per ASTM criterions. The 

tensile testing was done as per ASTM D 3039M with the aid of INSTRON-6025

theoretical account Universal Testing Machine ( Fig. 3 ) at a crosshead 

velocity of 2mm per minute and consequences were analyzed to cipher the 

tensile strength of composite samples. 
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4. Plan AN Experiment: 

Recognition of job and job statement: 
`` Determine the affect of Alkali Treatment Time, Fiber length & A ; % Fiber 

volume on the tensile strength of Natural Fiber ( short Asian Palmyra ) 

Reinforced Composite. '' 

Choice of factors, degrees, scopes: 
Alkali Treatment Time ( A ) , Fiber length ( B ) , Fiber volume % ( C ) ( 3 

Levels ) 

Choice of the response variable: 
Tensile Strength of Natural Fiber Reinforced Composite ( T ) . 

Choice of experimental design: 
3 flat factorial design. 

Performing the experiment: 
Tensile strength on Universal Testing Machine ( UTM ) . 

Statistical analysis of informations: 
A, B, C relation to T 

Decisions and recommendations: 
Accomplishment of experiment aims. 

4. 1 DESCRIPTION OF PROPOSED METHODOLOGY 
The control factors considered for experiments are alkali intervention clip, 

fiber length and fibre volume per centum while tensile strength is considered

as the end product response. 
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The process of response surface methodological analysis comprises the 

undermentioned stairss [ 30 ] : 

Plan a series of experiments for equal and dependable measuring of the 

response of involvement. 

Develop an empirical or mathematical theoretical account of the 2nd order 

response surface with the best adjustments. 

Find the optimum set of experimental parametric quantities that produce a 

upper limit or minimal value of response. 

Represent the direct and the synergistic effects of procedure parametric 

quantities through two and three dimensional secret plans. 

4. 1. 1 Conducting the experiments 
The executable scopes of the procedure control variables considered are 

listed in Table 4. 2. These values correspond to the conditions at which there

is maximal consequence on tensile strength as reported by other writers for 

different natural fibres. 

The belongingss of Asiatic Palmyra fibre reinforced complexs with different 

fibre lengths, clip continuances of Alkali intervention and fibre volume per 

centums under these conditions, the probes are presented in the 

undermentioned Tables 4. 3, 4. 4 and 4. 5. Sample of tensile trial studies are 

shown in Fig. 4. The tensile strength of the specimen made of epoxy and 

hardener is 12. 44MPa. 
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4. 2 DEVELOPMENT OF EMPIRICAL MODELS 
The informations collected from typical experiments refering to end product 

responses, Tensile Strength from Tables 4. 3, 4. 4 and 4. 5 are used to 

implement the proposed methodological analysis. The demand in developing

the mathematical relationships is to associate the tensile strength to the 

procedure parametric quantities thereby easing the optimisation of the 

procedure parametric quantities. Design Expert, 8. 0v [ 31 ] , statistical 

analysis package, is used to calculate the arrested development coefficients 

of the proposed theoretical accounts. 

The interaction effects of the procedure parametric quantities and tensile 

strength are important and hence the 2nd order theoretical accounts are 

postulated. The multinomial is fitted and the relationships obtained for the 

end product responses are given below: 

4. 2. 1 Adequacy trial: 
The developed empirical theoretical accounts are tested for their 

adequateness utilizing the undermentioned trials: 

4. 2. 1. 1 Analysis of Variance [ ANOVA ] : 
ANOVA is carried out for the quadratic response surface theoretical accounts.

The statistics of ANOVA for Tensile Strength is given in the Table 4. 6. In 

instance of tensile strength, it can be observed from Table 4. 6 that the 

value of `` Probability & gt ; F '' for the theoretical account is less than 0. 05, 

which indicates that the theoretical account is important [ 28 ] . 
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4. 2. 1. 2 Multiple arrested development coefficients: 
To look into whether the fitted theoretical accounts really describe the 

experimental information, the multiple arrested development coefficient [ R2

] is computed. R2 statistic is defined as the ratio of variableness explained 

by the theoretical account to the entire variableness in the existent 

experimental informations and is used as a step of goodness of fit [ 28 ] . If 

R2 attacks to integrity, the better the theoretical account fits the 

experimental information. In other words, it is the proportion of fluctuation in

the dependant variable [ response ] that can be explained by the forecasters

[ factor ] in the theoretical account. From Table 4. 6, R2 for tensile strength 

is found to be 0. 9276. This shows that the second-order theoretical account 

can explicate the fluctuation in tensile strength up to the extent of 92. 76 % .

The adjusted R2 efforts to give a more appropriate value to gauge R2. 

Adjusted R2 can be computed utilizing the expression 1- [ [ 1- R2 ] * [ N-1 ] / 

[ N-k-1 ] ] , where N is the figure of observations and K is the figure of 

forecasters [ 28 ] . When N is little and K is big and there will be a much 

greater difference between R2 and adjusted R2 [ because the ratio of [ N-

1 ] / [ N-k-1 ] will be much less than 1. By contrast, when the figure of 

observations is really big compared to the figure of forecasters, the value of 

R2 and adjusted R2 will be much closer because the ratio of [ N-1 ] / [ N-k-1 ]

will near 1. From Table 4. 6, adjusted R2 for tensile strength is found to be 0.

8915. It can be observed that the values of R2 and adjusted R2 are much 

closer to each other. 

The developed mathematical theoretical accounts are farther checked for 

their adequateness utilizing normal chance secret plan of remainders. 
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Thediagnosticsecret plans are drawn to look into whether the informations 

are usually distributed and for any premise is violated. Therefore, the normal

chance secret plan of remainders for the responses, tensile strength is 

plotted. 

Normal chance secret plans are used to measure whether informations come

from the normal distribution. The statistical process makes the premise that 

an implicit in distribution is normal [ 28 ] . Thus normal chance secret plans 

can supply confidence that the premise is justified, or else supply a warning 

of jobs with the premise. An analysis of normalcy typically combines normal 

chance secret plans with hypothesis trials for normalcy. In a normal chance 

secret plan, if all the information points autumn near the line, an premise of 

normalcy is sensible. Otherwise, the points will swerve off from the line, and 

an premise of normalcy is non justified. 

The normal chance secret plans of the remainders for the end product 

responses, tensile strength is shown in Fig. 5 and it can be observed that the

remainders are located on consecutive line, which means that the mistakes 

are distributed usually. 

The 3D surface graphs for tensile strength are shown in Figs. 6 - 8. All have 

curvilinear profile in conformity to the quadratic theoretical account fitted. 

Fig. 6 shows the interaction consequence of fibre length and alkali 

intervention clip on tensile strenth at different degrees of fibre volume per 

centum. It is clear from the figure that at highest values of fibre length and 

alkali intervention clip the tensile strenth attains largest value of 27MPa. At 

high value of alkali intervention clip ( 6Hrs ) and low value of fiber length 
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( 3mm ) , tensile strength varies from 17-19 MPa. where as at low value of 

both fiber length and alkali intervention clip the tensile strength is lowest. 

Fig. 7 depicts the consequence of fibre volume per centum and alkali 

intervention clip on tensile strength at different degrees of fibre length. As 

indicated in the secret plan the tensile strength additions with addition in 

both fiber volume per centum and alkali intervention clip. The highest value 

of tensile strength of about 27MPa is recorded at high values of fibre volume 

per centum and alkali intervention clip. 

Fig. 8 describes the interaction consequence of fibre volume per centum and

fiber length on tensile strength of short and indiscriminately oriented 

Palmyra fiber composite at different degrees of base intervention clip. As the

fibre volume per centum additions from 20 - 40 % and fibre length increasing

from 7 - 3mm so tensile strength additions from 13 - 27 MPa. The combined 

consequence of fibre length and fibre volume per centum increases the 

tensile strength of composite. It can be said that the empirical theoretical 

accounts developed were moderately accurate, for Tensile strength. 

5 Decision 
The proposed work is on the survey and consequence of procedure 

parametric quantities on the tensile strength of short and indiscriminately 

oriented toddy palm fibre reinforced complexs. The experimental probe on 

mechanical behavior of palmyra fibre reinforced complexs leads to the 

undermentioned decisions: Tensile strength ( TS ) , of the toddy palm fibre 

reinforced composite stuff is greatly influenced by alkali intervention clip, 

fiber length and fibre volume fraction. The quadratic theoretical account 
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developed by RSM can be used to foretell the tensile strength of the toddy 

palm fibre reinforced composite stuff at 93 % assurance degree. But the 

cogency of the theoretical account is limited to the scope of parametric 

quantities considered for the probe. The truth of the developed theoretical 

account can be improved by including more figure of parametric quantities 

and degrees. Further, mathematical theoretical accounts can be developed 

by taking multiple responses, with different scopes of procedure variables 

and the composite design can be optimized based on the demand of the 

clients. 
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