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1. INTRODUCTION

The materials of composite are made two or morestituents with difference in physical and chemic
properties. Natural fiber composites are environtaén good due to lower impact on the environme
compared with the glass fibers. Perm kumar Ngilal. [1] worked on mechanical properties of fibers are
which has reinforced with resin phenol formaldehyB€&) and concluded that 300 ml PF of compositeegl
gives the maximum tensile strength, 500ml PF givetter moisture absorption resistance and 400nyiPés
maximum bending stress. Laxmana Naikal [2] investigated the tensile property of glassbiftber which
has reinforced by polymer based hybrid compositepgred by VBM and the observed tensile strength
hybrid composite of glass & glass/sisal fiber giveaximum strength compared to composites reinforzitia
sisal only. Mohanet al [3] worked on the mechanical properties of thecaréibers using PF as a resi
comparing with the other known natural fibers cditechanical properties of hybrid epoxy/jute compes
was studied by Gassan and Blledzki [4] and obsethat] improved the dynamic modulus using incorgiata
jute fibers with epoxy. Avcet al [5] worked on the glass fiber reinforced with coste polyester using th

Linear Elastic Fracture Mechanics (LEFM). Load afidplacement curves of SENB specimen increase
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both fiber and resin results in improved the conijgssof load carrying capacity along with imprové&dcture

toughness. Author also observed initial notch deptfithod that, increment of 10% in fracture touglness

achieved with 1 wt.% of glass fiber reinforcement1l8 wt.% of polyester content. Fracture behaviamf short

bamboo fiber which has reinforced with polyestersvsdudied by Woret al [6] reinforced the matrix with fibers
varying from 10-50, 30-50 and 30-60 vol.% with ements of 10 vol.% for bamboo fibers at 4, 7 andnif

length, respectively. Author has concluded fromneisult observation that, maximum fracture touglresachieved
at 10 mm/50 vol.%.

In the present work, we studied the mechanicalfeature behavior of sisal/lbanana fabrics reinfdrpelyester
and characterized through LEFM method. Sisal-barfdma fabrics are chosen because of its relativetgellent
mechanical and physical properties in terms ofngfite density, strain and stiffness at break pfdht Fracture test for
composite studied using ASTM standard is yet todbeeloped, and at present an available standargdiymer i.e.
ASRM D5045 is the only choice for fiber reinforcpdlymer composite and was often adopted by somer etsearcher
[5, 6]. Therefore, a special interest is requiredtudy the fracture behavior of composite usingrLEechnique for mode
I, single edge notch beam (SENB)/three point beradlihg. Along this, fracture toughness of the lerithermosetting
matrix composites is normally characterized by gisintical stress intensity factor i.e. K[7]. For this result, we also
discussed the fracture toughness of brittle theettiog matrix materials and it was characterized coiical stress

intensity factor i.e. K4 [7].

2. MATERIALS

The employed thermosetting polyester (Isophthaksjns was used in the fabrication of banana-$#aics reinforced
hybrid composite and also it has high versatiltycellent adhesive characteristic, lesser amoushfkage and low cost.
Methyl Ethyl Ketone Peroxide (MEKP) is applied asagalyst & cobalt naphthenate is used as accelstas supplied by
Chemicote Engineers, Bangalore, India. Alkali (NAQtHeated plain-woven sisal and banana fabric veasl o fabricate
composites. Sisal fabric (SF) was supplied by Gee@rProducts, Tamil Nadu, India. Banana fabric (8F)lain woven
was supplied by J. C Overseas INC Jaipur, Rajastimaiia. Mechanical properties of sisal-bananarfbas shown in

Table 1 and fabric of Sisal and banana are shovigune 1.
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Table 1: Mechanical Properties of Sisal/Banana Filve

. Density | Flexural Tensile Young’s Elongation at
PIEEEAES (Kg/m Modulus | Strength Modulus Break
Sisal fibers 1450 13.5 500855 9-28 2.4

Banana | 350 4 529-914 7.7-32 2.6
fibers
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3. EXPERIMENTAL DETAILS

3.1. Fabrication of Tensile & Fracture Tests Speciens

Figures 2—4 show the dimensions of tensile, bendind fracture test specimen used in the presenk.wbne
mentioned dimensions of the each specimen forngstre defined as per ASTM D638 [8], D790 [9] an8TM™
D5045-99 [10], respectively. Composite laminatesenfabricated with 300 x 300 x 3nirfor mechanical properties,
300 x 300 x 10mrhfor fracture properties. The composite laminatesists of alternate layers of fabrics of sisal-
banana as per the stacking sequence. Weight dfttbies and matrix are calculated by using EquaBoMNumber of
layers was decided to achieve the laminate thickmés8 mm and 10mm. Each weight of banana fabrig) (¢/13 +
2 g, and weight of sisal fabric (Ws) is 16 + 1 g éodimension of banana and sisal fabric 300mm Gn@8. For the
preparation of matrix system, the resin, acceleratwl the catalyst are mixed in the ratio of 1¢4and lay-up and
vacuum bagging technique is adopted to fabricaté bypes of the specimens. In this vacuum baggiraress 80
bars pressure is applied to fabricate laminateckwis duly sealed with mastic sealant. The layéraloric materials
are kept one on another on the flat mold and laplied the resin after each layer followed byuesaising hand
layup method. Later, place the release fabric &thrable fabric on the laminated layers have resris on the
amount of resin that can be pulled out of the baskbken the resultant composite materials curedgusacuum at
room temperature for 24 hrs. After that, removeel ldminates from the mold and kept it using auteethat 80°C /
5 hrs before specimen is cutting as per requiradedsion.Laminate designhation as per stacking sequence for
mechanical and fracture properties are shown inldsaB and 3. For Single Edge Notch Beam (SENB) isper,
thickness of razor blade about 0.1 + 0.005mm isritesl at the center for initiate 2 mm pre-crackterathe
composite is cooled at room temperature for 24 @Grack to width ratio (a/W) of 0.45 was obtained.

wf wm

- d Wm=
wf +wm Hah wf +wm (1)

Wf = Weight of fiber
Wm = Weight of matrix

Table 2: Laminate Designation as Per Stacking Seqnee for Mechanical Properties

Laminates Designations (Matrix)
La BF + BF + BF + BF + BF (Polyester)
Lg SF + SF + SF + SF + SF (Polyester)
Lc BF + SF + BF + SF + BF (Polyester)
Lp SF + BF + SF + BF + SF (Polyester)

Table 3: Laminate Designation as Per Stacking Seqnee for Fracture Properties

Laminates Designations (Matrix)
Le BF + BF + BF + BF + BF + BF + BF + BF + BF + BF +B- BF + BF + BF + BF + BF = (16 BF)
Le SF + SF + SF + SF + SF + SF + SF + SF + SF + SF+ SF + SF + SF + SF + SF = (16 SF)
Lg BF + SF + BF + SF + BF + SF + BF + SF + BF + SFRBSF + BF + SF + BF + SF = (8 BF + 8SF)
Ly BF + SF + SF + BF + SF + SF + BF + SF + SF + BFF+SF + BF + SF + SF + BF = (6 BF + 10 §F)
L BF + BF + BF + SF + SF + SF + BF + BF + BF + SFRSSF + BF + BF + BF + SF = (9 BF + 7SF
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3.2. Experimental Procedure

The tensile, bending and fracture tests are coeduusing 100 kN Kalpak computerized Universal TestMachine
(UTM). The dimensions of tensile, bending and fuaettest specimens are shown in figures 2—4. Téte sge performed
at room temperature, with crosshead speed of 1.BmmmFour same types of tests are run for each tfcomposite and
determined the average values and recorded thedisgdacement curves for all tests. For tensileabih, stress—strain

curves are plotted. For fracture toughness, Ctisitass intensity factor (k) is determined.
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Figure 2: Dimension of Tensile Test Specimen.
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Figure 3: Dimension of Bending Specimen.
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Figure 4: Dimension of Fracture (SENB) Specimen.

In order to establish a validyRalculated a conditional result KQ. SENB specimerladed and from the
obtained result Load-displacement curve is drawime Torce PQ at a 5% secant offset from the iniskalpe is

recognized by a particular variation from the linpartion is record. The value ofj{s calculated from this force using

equation no 2 [11].
_(_Pe .
e = (BI-Vlf": )f( 2 2
B = Thickness of specimen (mnX,= a/wwhere (0 > > 1)
W = Width of specimen (mm)

a = Length of crack (mm).
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[1.99 —x{1 —x)(2.15 —3.93x + 2.7x1)]
1+ -7 3)

fx =6xl /5

Pqis explained in the load—displacement graph. Fakenit sure for the plain strain condition, theesiziteria is

validated by the equation (3).

k
B-alw—a) =25(=2
) o
Where (w - a) = ligament
oys =Yield stress of the specimen. I satisfies equation (4), theryKs equal to K¢.

4. RESULTS AND DISCUSSIONS

4.1. Tensile Properties

The tensile properties of fabricated composite teatds for different stacking sequences were estiinah universal
testing machine. Stress/strain and load/displacemeatve were plotted based on the results generdeitig the test.
figure 5 and 6 represent the load/displacementstress/strain plots, respectively. Ultimate tensiiength (UTS) and

tensile modulus of composite materials had studgidg the equations (5) & (6) respectively.

W
Ultimate Tensile Strength-a (5)

Tensile modulus b_nt] (6)

Where, W = ultimate failure load (N),
b = width of specimen (mm),
t = thickness of specimen (mm), and

m = slope of load-deflection curve at a linear oegi
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Figure 5: Tensile Load v/s Displacement Curve of &
Composite Laminates.
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Figure 6: Stress vs. Strain Curves of Composite Laimates.

Figures 5 and 6 show the load displacement andss$teain curve of tensile strength of the compdsiminates.
It is noticed that sisal-bananapjLcomposite laminate exhibits better tensile stteras compared to other composite
laminates. Increase in the tensile strength istdueetter bonding, adhesion and uniform dispersibthe fibers in the
matrix. Maximum load, maximum ultimate tensile sgemaximum tensile modulus found in composite tete Ly
compared to all other laminates. The hybrid langnad yields better tensile load of around 788 N comgare other
laminates. The ultimate tensile strength of langnagis 35.11MP and tensile modulus is1.756 GPa whidrester than
the other laminates. The ultimate tensile strergftiybrid laminate k is 30.41MPa and tensile modulus is1.684GPa
which is lesser than thesLlaminate but more than that of land Lg laminates. The tensile strength of laminajeand Lg
made of pure banana and sisal are 23.76 MPa aA8 R&Ra, and modulus of 1.14GPa and 1.62GPa.

4.2. Flexural Strength

The flexural strength of fabricated composite laa@s for different stacking sequences are estimatadhiversal testing
machine. Load/displacement plot is plotted basedtlmn results generated during the test. Figure @gwshthe

load/displacement plot for the tested compositdrates.
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Figure 7: Flexural Load v/s Displacement Curves of
the Composite Laminates.
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Figure 7 shows the load displacement curve of thaposite laminates. It is observed from the resihigs,
banana-sisal polyester{] composite laminate exhibit improved flexural sfgth compared to other composite laminates.
Maximum load, maximum flexural strength, maximumxfliral modulus found in composite laminate LD coragato all

other laminates.

It is observed from the figure 7 that and Lg laminates exhibit flexural strength of 106.71 Maral 142.84 MPa
respectively. Further, adding banana fiber to thal $eads to enhance flexural strength €148.80 MPa andJ=166.26
MPa). From figure 7 it is absorbed that hybrid cosife laminates ¢.and Ly exhibit improved flexural strength compared
to L, and Lg laminates, b composite laminate exhibits better flexural sttermpmpared to other laminates. It is observed
from the results that the maximum load of aroundN@@aximum flexural strength of around 166 Mpaxiviaum flexural
modulus of around 9.1 GPa.

4.3. Fracture Toughness
4.3.1. SENB (Single Edge Notch Beam)

The fracture properties of fabricated compositeitates for different stacking sequences were eggignan universal
testing machine. For each laminate four tests werglucted. Load/displacement plots were plotteedbam the results

generated during the test as shown in figure 8.
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Figure 8: Load Displacement Curves of SENB Samples.

Figure 8 shows load displacement curve of the caitpdaminates. It is observed from the results, thanana-
sisal polyester (§) composite laminate exhibit maximum stress intgnfctor (Klc) compared to all other composite
laminates. Single edge notch beam fracture toughsscimens used have a/W = 0.45, B = 20 mm, Whs@8Using the
above data and formulae, the values of fracturghoess (KIc) obtained are tabulated in table 4.

Table 4: Results of Fracture Toughness Testing

Specimen| Pmax(N) | PQ (N) | Kic MpaM | 6yiciavpa
Le 270 250 0.40 45.74
Le 345 332 0.53 49.84
Lg 440 432 0.69 52.12
Ly 415 408 0.65 55.14
L, 255 241 0.38 50.72
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It is observed that, banana-sisal polyestey) @omposite laminate exhibit improved fracture tongss strength
compared to other composite laminates. The Maxinftaoture toughness is found in composite laminaie When

compared to all other laminates. Maximum stregsnisity factor Klc is 0.69Mpa 1.

5. MORPHOLOGY STUDY
5.1 Scanning Electron Microscope (SEM) of Tensiled&st Samples

The failure morphology of the fabricated composéésr tensile testing was studied through scanalagtron microscope
(SEM). The SEM images of the samples undergo dfiletest is presented. The tensile specimen tzadufire, which has
takes place by the application of uni-axial tenkied. The fracture in the SEM indicates the fifsacture which is pulled
out from the specimen and also the dislocationbaré. The SEM images of the produced samplesrasepted in figure
9 (LA, LB, LC & LD). The SEM images of LA laminate in figure 9 revedis presence of more voids (x20um size) near
fibers area which are formed due to fiber pulletland also observed the few micro cracks, fibectina@s and resin rich
area. This types features are formed maybe dusettatminated of only banana fabrics. In SEM imagfelsB laminate in
figure 9covers the rough surface area along with the fitzeture and transverse fibers. This types of festare formed
maybe due to the laminated of only sisal fabriecsSEM images of LC laminate in figureeXhibits the sisal and banana
fibers fractures along with transverse fibers ag ¥oids are presented due the fiber pull out. BMSmages of LD
laminate in figure 9 also exhibits some sisal aadama fractures but in the present SEM images soove surface cover

with rough area, void (10-20 pm width) are formee ¢b fiber pull out, tight bonds and also havérreish areas.

Figure

9: SEM Micrograph Images of Samples LA, LBLC and LD.

5.2. Scanning Electron Microscope (SEM) of Fractur@est Samples

The SEM micrographs of fractured features for SHbi:d samples (LE, LF, LG, LH & LI) are shown iig@ire 10. It can
be seen that the evidence of fiber fracture and a0 formed due to the fiber pull out in SEM imagd.E. A few tight

bonding between the fiber and matrix with transediisers along with the fiber fracture and voidetied due to the fiber
pull out in SEM image of LF. In SEM image of LG, myavoids (width 10-15 pum) are noticed which arexfed due to the
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fiber pull out and also observed the fiber bendstrgicture, tight bonding between the fiber matpror bonding and

transverse fibers.

E3a00 500k 13 3em riS0 5

Figure 10: SEM Micrograph Images of Samples LE, LFLG, LH and LI.

In SEM image of LH observed the presence of smauifiace and fiber fracture along with this, voide a
observed which are formed due to the fiber pull ditere are poor bonding between the fiber andixnate observed
along with rough surfaces and few voids rangingnfrt0 to 30 um are seen which are formed by thedibee pulled out

each others.

6. CONCLUSIONS

A hybrid composite of multilayered has been pregaeccessfully by reinforcing with light weight,wocost and eco-
friendly sisal fibres with banana fibers using mawf polyester resin. It is noticed that sisal-aaa (LD) composite
laminate exhibit better tensile strength as congbémeother composite laminates. From the resuliseoved clearly that,
both the tensile strength and modulus are improwith increase in sisal fiber. Maximum tensile loafdaround 788 N
and maximum ultimate tensile strength of around.B3VIPa and maximum tensile modulus of around 1@%&. It is
observed from the results that, banana-sisal p@yedD) composite laminate exhibit improved flealrstrength

compared to other composite laminates. Maximum tfeatound 80N and maximum flexural strength ofusich 166 MPa
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and maximum flexural modulus of around 9.1 GPas lbbserved that, banana-sisal polyester (LG) caitppdaminate

exhibit improved fracture toughness strength commbdo other composite laminates. The Maximum fractoughness

found in composite laminate LD compared to all ofaeinates. Maximum stress intensity factor KI0i§9 MPa- .
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