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varying percentage of the tibre on tensiie srrength,

flexutal stilfness and fatigue of the composite
material have been studied and presented in this
paper.

Litterature Survey

Some experimental investigations (1-9) were
carried out to study the failure characteristics of
unifibre and multifibre, unilayer and multilayer
specimens oubjected to uniaxral tenslon in the

direction of f ibres only. Boue (10) studied the
effect of fibre to matrix volume ratio on the failule
mode of the composites. Tsai ('ll) made theore-
tical and exp€rimental studies on composite ma-
terials and obtalned good correlations lor cross-
ply and angle-ply laminations. Rosen (i2), Pih et
al (13) made experimental investigations using
photoelastic methods to determine mode of fai-
lure, eflect of fibre orientation, fibre and geometry
of arrangomont. Grinius 11 4) conducted experi-
mental investigations on fibre reinforced compo-
sites subjectod to tension, shgar, bending and
repeated loading in order to establish the effect
of the matrix and the fibre orientatian. Only two
specimens were tested fot each case. The ob-
served mode of failure for tension was similar to
thatfound by Boue (10) for low fibre'volume
fraction specimens.
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Abstract

Jute Reinforced Plastics is finding wider app-
lication and for efficient use the mechanical pro-
perties should be known to the designers.
Experimental values of tensite strength of the
composite together with that for matrix and rein-
forcement and the fatigue properties as affected
by the volume fraction are presented.

lntroduction
Designers have succeded in selecting many

new types of components for revolutionary machi-
nes and Etructures due to availability of composite
materials. The ccmposites have olfered better
properties in terms of strength, stilfness and
specific weight. ln this country jute fibre rein-
forced plastics have been used in some cases
ouch as Silver Cans for Textile and Jute lndus-
tries, main container for milk vans, shuttering
for concrete casting, sorne structure of slow
moving transports etc. But systematic studies on
different properties, econornic viability of these
materials have not besn done. For useful and
appropriate applicatlons the mechanical properties
of the materials should also be known to the
designers. To attain this objective the effect of
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Tsai (15) compared the uniaxial strength pro'

dlcted by maximum stress, maximurn strain, and

maxirnum work tlteories, with the test data

obtained from uniaxial tensile and compressive

tests on a unidiroctional E-glass-epoxy composite

He found that the maximum work theory offered

better agreement with experimental data than

did the other theories.

Armenkas et al (16) investigaied the strength

characteristics of S-glass fibre bundles and

composites subjected to quasi static loading.

The specimens were observed photographically

duringdeformation. Their experinnental bundle

strength compared well with that obtained on

the basis of Daniel's theory (17). The mean exp-

erimental composite sttength compared well wilh
that obtained on the basis of rule of mixtures and

Gucer- Gurland models (1 8-20).

Fariborg, Yang and Harlow (9) investigated
ths tensile behaviour of, lntraply Hybrid Com-
posites. They moclilied the basic chain of
bundles probability model. They used the Monte

Carlo simutatlon technique for their method of

analysis, They considered the effect of the

volume ratio of the constituents and the degree

of dispersion of the types of fibres. The existence
of the 'Hybrid effect' for strain is shown along

with its eensitivity of volume ratio and dispersion.

Ths Woibull distribution function was shown to
be a good representation for the hybrid breaking
stra in.

Most of the above investigations were invol-
ved with ccmposites made of glass fibres. ln
Bangladesh Jute is finding wide application.
No literature on the use of Jute as a reinforcing
ftaterial in composites together with the mecha-
nical properties is available as far as the know-
ledge of the authors are concerned.

Ihe fibres of the fibre reinforced ccmposite
materials carry the bulk of the load whereas tho
resin binds the f rbres together, to space them,
to distribute the load to individual fibres, and to
protecl them fronr rnechanical or chemical dam-
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ags. The polyester resin is bsing widely used

for this purpose as it satisfies the required char'

acteristics and this resin has been selected for

the present investigation.

Jute is abundantly grown throughout Bang'

tadesh and is finding wide application' This

fibre has different mechanical ploperties accor-

ding to their grades, soil conditions, fertilization

techniques and the climate. lu this study only

one grade of fibre namely BTA grade have been

used.

Experiment

Before carrying out the tests on Jute Reinfor'

ced plastics some tests wers necesary to be

carrled out on Jute Fibres, Jute Fibre' Bundles,

Jute Yarn, Jute Yarn Bundles, Jute Mat and resin

specimens to determine their sirength'charac-

tistics. For the tests BTA grade jute was used.

ir Jute Fibres : BTA jute bales were selec-

ted and spread on the floor, Fifty tensile spec-

imens were tested for each of three dilferent

gage lengths of 100 mm, 50 mm and 10 mm'

The etrain rates were 0.05, 0.1 and '0'5 per

minute respectivelY.

ii) Jute Fibre Bundles : From a bate of iute

ten reeds were taken at randorn. From these

reeds forty fibres were taken at random. From

these reeds f;rty fibres were taken for each

specirnen. Specimen length of 150 mm was

selected and was tested at a cross head speed

of 5 mm/min using a gage length of 100 mm-

iii) Jute Yarn : Samples wilh a length of

150 mm rvere perpared from reel of BIAgrade
jute. The samples were tested at a cross head

speed of 50 mmi min using a gage length of 100

mm.

iv) Jute Yatn Bundles: Specimens each of

200 mm length and 27.5 mm width werecut
from carpet backing cloth of BTA grade jute.

There were ten longitudinal yarns in each sample.

Pieces of 50 mmx 27.5 mm size were cut from

gless mat. The mattix was then prepared by

l

l
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rnixing 500 gm of Epolac G-774 TSY (unsaturated
normal polyester resin;. 15 gm of Cobalt Napth-
anate and 5 gm of methyl ethyl ketone peroxide.

Glass mats were wetted with this liquid resin,
placed on both side of lhe ends of the samples
and cured slowly at roorn temperature. Trans-

verse yarns wero then isolated from the samples.

The yarns were equally spaced in the sample,

The test length of the samples were 100 mm and

cross head speed of 50 mm/min was used.

v) Jute Mat : The procedure was similat to
that for Jute Yarn Bundles except that the trans-

verse yarns were not isolated from the specimens.
vi) Tensile Test of Polyester resin : A sheet of
200 X 200 X 6 mm of pure resin, according to
the proportion shown in Tabte I was made. After

curing at loom temperature, specimens were cut
from this sheet by a metallic die, according to
the standard of A.STM D 638-77 a as shown in

Figure 1. AII the surfeces af the specimen wero

filed and finished with fine abrasiv,e cloth. Ten-
sile tests were conducted on ten specimens at the
roorn temperature using lnstron Testing Machine
at a cross head speed of 50 mm/min.

vli) Tensile test of jute reinforced composite :

Samples of 250 X 450 mm were cut from mat of

BTA grade jute and weighed. The matrix poly-

ester was prepared by rnixing ingredients tho-

roughly in a container with a stick in the propor-

tion as listed in Table 1, carefully avoiding tl'ie

entrainrnent of excessive air.

Unilayer and multilayer of jr.ite mat reinforced

plastics were made by hand lay-up mothod.

These were cured slowly at room temperature.

These ccmposite sheets were weighed, Speci-

mens with a length of 250 mm and wiCth of

27.6 mm were cut from these shoets. Atlsurfaces

and edges of these were filed and smoothened

by abrasive paper. A ten layer ol glass mat

reinforced composite sheet was made by hand

W-Width, overali 'l9mm

Wc-Width of narro'w section 13* 0.5mm
G-Gage length
L-Length of narrow section
D - Distance between grips

Lo -Length overall
T-Thickness

50rnm

57;0'5mm
102" 0 5mm

152mm
6*0 5mm

Fig. 1 -Polyester resin specimen for tensile tesl.
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Table 1

Matrix polyester molding compound formula

Name gm o/
/o

Emolac G-240 Fx (Unsat.

Epolac G-774 TSY (Unsat.

Cobalt Nepthanste

Methyl Ethyl Ketone Por,

flexibls polyester resin)

normal polyester resin;

6,000

2,000

160

80

72.82

24.27

1.94

0.97Peroxide

100.0

lay-up method, cured to make 38 x2d.4xb mm
tabse used for attaching by Aica adhesives to
the ends of specimens (Figure 2\ tor gripping
according to the standard of ASTM D3039-76.

Tensile tssts wero carried out by using lnEtron

Tesring Machine at a cross head speed of 50 mmi

min. fensite specimens were tested at diiferent

volume fraction of jute.

L - Overall length
D-Distance between grips

G-Gage length

w-width
T-Thickness varY from

254mm
177'8mm
127mm
25'4mm
0'1-6'5mm

Fig.*2 Jute reinforced composite specimen for tensile test
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vlii) Fatigue iest of jute reinforced composite :

A glass mat reinforced mold was prepared for the
purpose of makihg test specimens according to

dimensions and shape (Figure 3) required for the

Terco MT 205 Testing Machine. A random sam'

ple 2O0 mm long, O. 752 rnrn mean dia of BTA

grade jute yarn was placed in the bottom half of

the mold and the yarns were subjected to tension.

The top of the mold was then placed above the

prepared. The details of the test have been

described elsewhere Ql'5. Five similar speci-

mens with pure matrix were also made. The

specimens were tested in the fatigue testing

machine as cantilever beams with a load of 5 N.

The effeotive span iength was 100'5 mm. The

life of the t€st specimen was expressed in number

of loading cycles, recorded by the counte'

automatioallY.

O
(>

i bottom and the two sections were clamped.
Prior to placement of yarns, the mold had been
cleaned thoroughly and subsequontlys its surface
were evenly coated with a thin coat of Mold
Release Wax. The matrix polyester was then
prepared by mixing thoroughly in a container

'with a wooden stick, while carefully avoiding
the entrainment of Cobalt exoessive air,25 gm

Mech. Engg. Res. Bull. Vol. 10, (1987)

F!g.-3 Fatigue test specimen

of Epolac G.774 TSY, O.5 gm of Cobalt Neptha'

nte arrd 0.25 gm of Methyl Ethyl Ketone Peroxide,

The resin was then injected into the mold. The

mold was cured at room temperature for two
hours and then opened to remove the specimen

catefully. The cornposite specimen was placed

in air for post curing for a period of two days.

Fol each fraction of jute fivo specimens wete
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Results and Discussion
The mean values of tensile strongthn modulus

of elasticity for the jute fibres are shown ln Table

2 together with the values for S-glass fibro (16).

Experimental Values of

Table 2
Tensile Strength, Young's Modulus of Jute Fibres

Specimen Gage Rate of Tensile Strength Young's Modulus

Length straining
mrn mm/mmimin

N/mm2

Mean Std Dev,

N/mm2

Mean Std Dev.

Jute
Fibre

100
50
10

0.05
0.10
0.50

360.9
406.2
595.7

58,5
65.4
13.0

37,916 3,624
40,979 3,561

41.075 1,283

S-Glass
Fibre 0.0265 1,635 163 543

Table 3
Expetimental Values of Tensile Strength of Jute Fibre Bundle and S-glass Fibre Bundle

Rate of
straining

mm/mm/min

Tensile Strength of
Jute Fibre (N/mmZ)

Tensile Strength of
S-Glass Fibre (Nimrn2)

Mean Std. Dev. Mean Std. Dev.
0.05 189.14 22.8 841.9 246.3

The average tensile strength of jute bundle jute yarn, jute yarn bundle and jute matsare
togetherwith S-glass fibre bundle (16)are shown shown in Tables 4and Table 5.
in Table 3. Experimental values for the case of

Experimetal Values of
Table 4

Tensile Strength and young,s Modulus of Jute yarn

Rate of
straining
mm/mm/min

Tensile Strength
( Nimm2 )

Young's Modulus
( P/mm2 )

Mean Std. Dav. Mean Std. Dev.

68

0.5 141.4 42.4

Mech. Engg, Res. Bull. Vol, lO. (198;)

5,993 113



Table

Experimental Values of Tensile Strength

5

of Jute Yarn Bundle and Jute Mal

lipecimen Rate of
Straining
mm/mm/min

Tensile Strengtlr ( N/mmZ)

Mean Std. Deviation

Jute Yarn Bundle
Jute Mat

0.5
0.5

102.5
146.6

15.2
18.6

The average tensile strength for the case of
pure polyester resin specimen is shown in Table

6. The experimental values of tensile strength of

Jute Reinfotced Plastics ( JRP ) are shown in

Table 6

Tensile Strength of pure polyester resin

Rate of
straining

mm/mm/min

Tensile Strength ( N/mm2; Young ModulusN/rnm2 ) Mean
strain

Mean Std Dev Mean Std Dev at failure

591.0 10.7 0.43 150 4.76

Table 7

Tensile Strength of Jute Flbre Reinforced Plastics and Glass Fibra Reinforced Plastics

Volume

Fraction

Reinforcement Tensile Strength ( N/mm2 )

Mean Std. Dev.

4.142

0.168

0.178

4.202

0.208

0.0895

Jute

Jute

Jute

Jute

Jute

Glass

196

23.4

24.98

28.5

28.4

1925

1.16

1.26

o.372

0.62

0.93

268 4
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Table 7. These values have baen compared with
the values for a typical Glass Reinforced plastlcs
(GRP). The values for JRP are vory low compared
to that for GRP. By refening the strength of the
two fibres of Table 3 it may be noted that the
strength of JRP do not increase like that of GRp

due to reinforcement. The effect of volume frac-
tion however indtcates that with the increase in
volume fraction the strength increases.

The values of Young's Modulus and percent of
elongation at fracture as affected by volume frac-
tion are shown in Figures 4 and b. ll is apparent
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0'175 0'?o0 8'225

iFlg-  Young's modulus of composite Vs gross f ibre volume traction

Gross fibte volume fraction, vr

0"02s
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that lhe value of E increases and percent elonga-
tion st fracture decreases with the increase in
volume lraction of jute.
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The values of fatigue strength of JRP as affec-

ted by volume fraction are represented in Figuro
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6 which showsthat with the increase in votume in a linearfashion. :

fiection the fatigue strength ls improved almost
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Conclusions

The effect of reinforcement.by jute fibre is not
as good as glass fibre but the property .is enhan-
ced with the increase in volume fraction of jute in
the composite. The Tensile Strength and fatigue
property is enhanced and the Modulus of Elasti-
city increases linearly with reinforcament. The
ductility decroases with the increase in volume
fraction of jute in the composite.
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