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Some strength characteristics of jute fibres, gyarns,
fibre bundles, yarn bundles, mats, and jute mat reinforced plas-
tics, have been determined. The hardness, fatigue life,flexural
modulus and percentage increase in weight due to immersion in
water of jute mat reinforced plastics have also been investigated.
The mean experimental wvalue of strength of jute fibre bundle corre-
lates well with that obtained theoretically on the basis of Daniels'
theory. It was observed that the mean experimentalvalue of strength
of jute fibre decreased with the increase of the gapge lencth.There
is a2 reduction of about 40% in strength when the gage lencth chan-

es from 1 cm to 10 cm. The mean experimental values of streangth

m

of jute fibre for three different gage lengths (10 em, 5 cm,1 cm)

correlated well with that obtained theoretically on the basis of

i

Coleman's theory. The mean exverimental value of strength of jute

ound to be about 1)t times greater than the mean experimen-
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of strength of Jjute yarn bundle.

It was observed that the mean experimental wvalues of g
and Young's modulus of Jjute mat reinforced plastics increased with
the increase of volume fraction of jute in the composite. But the
expérimental Young's modulus values of jute reinforced plastics were
found to be about 1% times greater than the theoretically calculated

values on the basis of Netting-type analysis.

It was also observed fhat the mean experimental values of
flexural modulus, fatigue life, hardness, and percentage increase
in weight due to immersion in water, of Jjute mat reinforced nlastics

increased almost linearly with the increase of volume fraction of

jute in the com»posite. -
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that can be formed ané shaned by many mithods. Flastics mav 1e

LS “

nan-made synthetic resins, or they may be comrositions formed
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n

from natural resins, The reiniorcec plastics industry has grown
enormously in size ané gained importence. It has now- becone a

major industry in zlimost every part of tne world.

n

The work presented in this thesis deales with the mechznic:._
behaviour of jute reiriorced Plastics. Tne experimental resulte f~ve

been correlated with the theorefical values.

The thesie is divided into seven chapters, whichk dezl withthe

et
[}
m
H
»
o
OJ
H
!_l
4]
b=t
i_J
e
ct
H
®]
A
o
(@]
cf
l_l
o}
=
o
-4
cl
L-.
m

different asbects of the Pro

DPrcblem is given in chapter I. A short discussion on Tlas

in order to facilitzte comparison with the precsent study. Mathema-
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chanter IV, in order to correlate th
mental results. The preparation of specimens, and exDerimentsl
procedure are discussed in chapter V . The results of the invest:-

gation are rresented in chapter VI. Comparisons are made with

48]

other related works, wonere these are relevent ang necessary.
The conclusions,discussiOQ and comments on peossible extensior oI
the work are presented in chapter VIJ.

Tables and Figures are placed at the end for easy reference.

The numbers in the bracket ( ) in the text refer to the serial

number in the reference list.
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INTRODUCTICN

Composite materials have Peen in existence for centuries,
well known materials, such as glass, rlywood, concrete and metsl
3lloys are composites. Tuese nave been used in s wide variety of

man-made structures. In the past, the designer was forced to

choose among available mzterials to design a particular structure.
Now he is in a position to prescribe material Properties in the
expectation that an appropriate composite will be fabricated. The
main structural problems which these materials overcorie are those
involving strength, weight, and stiffness. Thus composites have
been used in the construction of shipe, submarines, and helicopter
blades. Composite materials which can provide strength:, and are at
the same time corrosion resistant, dielectric and nonmagnetic are

obviously desirable for many purposes.

Fibre-reinforced composites are usually anisotropic. It is

a well-known fact that materials are stronger in fibre form then

in bulk form. This property cannot be usefully exploited unlecs

her by 2 matrix materiel. In fibre r -

S -

o

forced compcsite, the fibres carfy the bulk of the applied loac,
gnd tpe matrix serves to bind the fibres together, to space them,
to distributé the load to individual fibres, end to protect then
from mechanical or chemical damage. In selecting & matrix material
for a fibre-reinforced composite, it is necessary to ensure thzat
the fibres are properly‘bonded and are in total contact with the

matrix.-Further more, the matrix must not react chemically with

the fibres and should have adeguate shear strength and ductility.



n

In the- last 30 years, & number o: znalvtical and experimental
studies havé beén made on the determirnztion of wechanical

properties of fibre-reinforced composites, In continuing search

for light weight meterialis oi high scrength and stiffness,
considerable effort has been made in the pact vears in the technolo- |
gical development of fibre-reinforced materials. Suech msgterials
consist of a relatively soft binder in wanicn much stiffer fibres

are embedded. Fibre-reinforced plastics consist of one or more

Types of fibres within a common matrix. The types of fibres beint
useC most often are glass, carbon, boron, and aramids such as kevler
49, llost fabricatved composites consist of several layers giued

togzether a2t various orientations to each otner.

are cross-Ply or angle-ply compesites.

Several mathematical models are formulated in order to
obtain estimates of the properties of composite material. A1l of
these models have one common feature, i.e., assumption of a
sbecific idealized geometry and Packing arrangement. In many
composite materials, this regularity in geometry does not exist,
and the material cannot be identified as having a hexagonal, rhombic,
Or & square packing arrangement. Thus the models do not truly
represent a real composite. One way to avoid this idealizztion
Problem is through the use of the varietional techniques.

Most of the composites are made by using thermosetting
Dlastics as a binder material. The common thermosets, which are
used as binder material, are pPolyester resins and eDPoxXy resins.
Polyester resins can claim to be among the first of the many

synthetic resins which are now the basis of the plastic industzry.
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Jute is @ naturally occuring fibre, The length and dizmeter
of jute fibre changes with grades. Jute fibres have different
mechanical properties according to their grades, soil conditions,

-

fertilization techniques, and the climate. Constant mechanical
properties, diameter and length are impossible in jute fibres.
Jute 1s the cheapest among all fibres used as a reinforcing mate-
rial. The present study has been undertaken since no organised
record of mechanical properties of jute reinforced plastics exists.
The work is concerned with the experimental study of the mechanical

behaviour of jute-reinforced plastics and its correlation with the

theoretical results.
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CHATTTIR - II

PLASTIC MATERTALS

2.1 INTRCDUCTION

The general term polymer includes all natural erd synthaetic
plastics, fibres, elastomers, paints, and adhesives. The American
Society for Testing Materials has defined plastics as "materials
that contain as an essential ingredient organic solid in the fini-
shed state but are shaved by flow at some stage of their manufacture

or during processing into finished articles".

There are many different kinds of plastics. Within each kind,
there are hundreads of classification. Many plastics are comnounded
to gain special properties by the addition of plasticizers, stabili-
gers or fillers, or by alloying two or more synthetic resins. There

are two basic types of plastics, thermoplastic and thermosetting.

The plastic industry uses the word additive to describe
the materials which are combined with the basic resins and polymers
tc modify their properties, or to facilitate their processing, or

-

to achieve special colour and finish.

Fillers play a very imvortant part in the manufacture of
plastics compound. They reduce cost, accelerate the cure or
hardening, minimize shrinkage, improve thermal endurance, adcd

strength, and provide special electrical and chemical properties.
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bonded together into a unit bodw. rlastics industry manufactures
large guantities of leminsted snecels, Tubes, rods, and products
using various materials sach as payer, clotn, esbestos,wool,rlass
fabric, etc., bonded by the synthebic Tesins. Resine for this
Purpose are generally used in & varnish form., High melding

Pressures are required for the manufacture of laminated pDlastics.

2.3 REINFORCED FLASTICS

The reinforced plastics are similer to the laminctes in
many applications, differing primarily by their use of recins
that do not require molding preésures. Pressure is often used to
acquire higher density, desirable surface textures, and for
quicker rate of curing . Resin used for the reinforced plastics

include polyester, epoxy, phenolic, melamine, vinylester,silicone,

and diallylrhthalate.

2.4 FIBRE GLASS

Many types of reinforcement are available to meet the
multiple product requirement. Glass ig one oflthe most comuonly
used reinforcement materizls. élass fibre-reinforcement gives
high tensile strength, high modulus of elasticity, and excellent
dimensional stability. It is used with all principal resins for

such products as aircraft parts, ducts, electrical components,

aATme
— s

h
[

motor body parts, and building panels. There are two bssic

of glass fibre-continuous and staple fibres.
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L continous filament is an individual fibre of any decsirzbdble
lenzth. But a starle filzment is an individual fibre of S to 15
inches long. Both continuous and staple fibres can be fabricated
into yarns and cords through conventional twisting. Reinforcing

mats are made of either chopred strands or continuous swirl strends

lzid in nonwoven random patiern.

Hand lay-up, or wet lay-up is an open mold process. Since
no pressure is applied,other than rolling with a squeeze To Temove
entrapped air, very light weight and simple molds car be employed

A

for the process. In this process, fabric or mat is saturated with

3

!

liquid resin, and the thickness of the product is built up by
applying successive layers of wet fabric. Usually a special gel

coat is sprayed, against the mold before the layers of fzbric are

applied. This gel coat provides a high surface gquality. Curing

usually occurs at room temperature.

1A

The procedure begins by placing mat or fabric over the mold.
The mats sre trimmed to suit the mold dimensions. Catalyzed resin
is applied to the reinforcement and rolled thoroughly tc wet out

the fibres. All air bubbles must be removed.

2.6 Polyesters :

Unlike almost all other thermosets, the polyesters polymerize

rapidly 2t room temperature without pressure. A large number of acids



7
and aslcohols mzy be selected for the corolymerizetion of
Polyesters. & polyester is the result ofthereaction between a
dihydric alcohol and dibzsic =zcid. Tolyvesters are = large family
of condensation polymers made from saturseted and unsaturated
organic acids and alcohols and cross-linked by styrene, acrylics,
or other monomers By means of a suitsble catalyst. The polyesters
are cured rapidly by the intervention of a small gquantity of .cata-

lyst, usually a peroxide such as metnyl ethyl ketone peroxide

Curing process is exothermic.



A number of experimental investigations have been directed
toward establishing the mode of failure of unifibre and multifibre,
unilayer and multilayer specimens subjected to uniaxial tension
in the direction of fibres only ( 1- 8). In 1962, EBoue (8) establi-
shed the effect of the fibre to matrix volume ratio on the failure
mode of fibre-reinforced composites. He found that, for specimens with
low fibre volume fraction, the failure commences by transverse resin
cracking followed by fibre fracture and fibre pullout from both
sides of the resin crack. For the high fibre volume fractiorn specimens,
random fibre failures occured below 50 percent of the ultimate load.
The failure of the composite occured by an accumulstion of random
fractures.

In 1964, Tsai (10) presented some experimental data to
verify the analytical results for both cross-ply and angle-ply
laminstions. The test specimen layers were made up of unidirectional
glass Tibres preimpregnated with an epoxy resin. The laminated

ers. The test results were

M
b
flJ
°d

rec

'

specimens consisted of Ttwo or t©
obtained by measuring the surface strains of the loaded specimens.
The measured components of the (4'), (B'), and (D') matrices agreed
resonably well with the theoreticaily predicted values for both
cross-ply and angle ply laminations. In 1964, Schuster and Scala(11)
utilized, Sapphire whiskers embedded in an epoxy matrix and appro-
ximately evaluated the three dimensional stress distribution from
the average values of birefringence measured in & conventional

polariscope. Measured values of shear stresses showed failr agree-

ment with theoretical computations.
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In 1965, Rosen (12) conducted tests on E-Glass unilcyer
specimens with approximately 50 percent fibre volume fraction. The
specimen were observed photoelastically during the tesv. The observed
mode of failure was similar to that of Boue (9). In 1965, Tyscn and
Davies (13) utilized a two dimensionsl model to study the shear-
stress distribution near a fibre end. They filed a slot in a sheet
of photoelastic material, fitted an alumium stiffener to the slot
and glued it in space. They found peak shear stresses greater than

those predicted theoretically.

ct

s

In 1967, Friedman, Flom and Mazzio (14) had alsc run tes
on continuous glass fibre reinforced specimens. The mode of failure

was of the same type as that observed in Rosen's exneriments(12).

I_l
m

In 1967, Edelman and Dahlke (15) utilized three dimernsionzl mode
and the stress freezing technique. The ratic of the elestic meodulus
of the stiffener to that of the matrix was selected to matc
anticipated ratio in the prototype material. In 196€, Pih (16)
analyzed photoelastically the effect of the fibre ené-geometry,fibre
orientation, fibre to matrix percent volume retio. liost of The works
done are on two-dimensional models, although some three-dimensional

cases were also considered. In 1968, MacLasughlin (17) has performed

a comprehensive study of the effect of fibre discontinuties in

|
composite materials using two dimensional models. As may be antici-

pated,from the two-dimensional structure of the models, very high

stress-concentration factors were observed.
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In 1968, Grinius (18) conducted an experimental investicstion
on fibre-reinforced compecsites subjected to tension, sheszr, bending
and repeated lozding in order to establish the effect of the mstrix
and the fibre orientation. Only two sbecimens were tested for each

case. The observed mode of failure for tension was similar to thaw

found by Boue (9) for low fibre-volume fraction specimens.

In 1968, Tsai (19) compared the uniexial strength predicted
by maximum stress, maximum strain, and maximum work thecries, with
the test data obtained from uniaxial tensile and comrpressive tests
on a unidirectional E-glass -epoxy ccmbosite. He found that the
maximum wﬁfk theory offered tetter agreement with experimental data
than did the other theories.

In 1972, Armenakas, Garg, Sciammarella, and Svalbon (20) inves-
tigated the strength characteristics of S-glass fibre bundles and
composites subjected to quasi-static loading. The specimens were
observed photographically during deformation. Their experimental

bundle strencth compared well with that obtained on the basis of

Daniels' theory (21). The mean experimental composite strengbh compared

)

=
s a

well with that obtained on the basis of rule of mixbur
Gurland models (22,23,24).

1
In 1984, Fariborg, Yang and Harlow (25) investirated the Tensile

beshaviour of "Intraply Hybrid composites". They modified tae basic
chain of bundles probability model. They used the monte carlo simulstion
technique for their method of analysis. They considered the effect

of the volume ratio of the constituents and the degree of dispersion
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of the types of fibres. The existence of the "Hybrid Effect"

s

for strain is shown along with its sensivity of volume ratic and dis-
persion. The Weibull distribution function was showr. to be a good

renresentation for the hybrid breaking strain.

From the previous works, it can be concluded that based unon
certain assumption a mathematical modelling is possible for the

determination of mechanical properties of composite.
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CHAFPI'YEH

AMALYSIS OF COMPCLITE WMATERIALS
o - - L 5 i 4 E
In order to znalyze tne mechanical bekaviour of comdocitc
materials, it is better to have & methemttical motel ¢
precdict strength values theoreticalij. S2nc L Lhe Importiit
models #re dalscussed belcow.
4.1 NETTIBEG TYFE LNALYSES
o b planar mat of fibres, subjected to tensile straine 1n Twe
diréctions at right angles to each other and to & snear strein
between these directions has beern considered (26).
Tois model is basged upon the following assumptions :
a. No effect of the binder phase
rb. 1long, straighit, tanin Lfibres
c. load applied only at the fibres ernds, and
d. no bending stiffness for the fibres.
.

F o A e Al A~ it (e [ U 1 ] e o ] | R \ ; -
omposite Young's moauius equation (detailed in the Appenqix-£4

&3!
|

(1/3) EVs ............f.......(ﬂ)

Eep = Young's modulus of fibre

Volume Ffraction of fibre

<
n

4,2 STRENGTH CHARACTERISTICS OF 4 SINGLE FIBRE

e Most of the reinforcing fibres are brittle with a wide scivo

in their tensile strength values. Statistical theoriles of brittle
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frecture are mostly based on tue Griffitn frszceture theorv 27%. 1%

is assumed that the strength of brittle material is limited by T.

presence of microcracks, or flaws,distributed throughout the Specimen.
T 9 : r 3 1 = 3
If 1T 1s further esssumed that the flzaws are distributed in o random

3 L S = G 1L Uduve [ (S8 6

manner and are noninteracting 28 ), then tle fibre mav be divicded
into & chain of '1l' 1inks, eacihh oi unitv length. Wnen the stresc at
the root of z microcrack in any link reacues the tneoretical cohesive
strength, fracture ensues. It 1s thus evident thzt the most severe
crack, or flaw, determihe the fzilure of the entire fibre. In

other woras, statistical theories sre vased on the concept of the

*

pi

) [y Jup I e g o P N e T Ay : ]
weakest link", sccorains to which tuae strengtr of & chain of

Coleman (29), using the weakest link showed ithat the cunulative

distribution function Gy ( 0 ) of classical fibres is of the Veibull

(30) type. The Weibull probability density function f(x) (detailed in

L

the Appendix - B) is given by
£{x = OC;BXB—’I exp(-OCXB) b § P (2)

where x > O,p > O ~ shape parameter, and O > 0~

characteristic perameter.

The Weibull distribution function may also be employed to

i

characterize the fibre strength behaviour under quasistatic loading

in an approximate manner, by postulating the distribution parameters

¢ and p as functilons of the strain rate'é’(51). The following rela-
parameters on the basis of tests

- 0.00 485

tions were established for these

on 2 in. gege length S-glass filaments (mean diameter df
in) at various strain rates

In ( - In @)= - 0.029 In € + 3.398 ...eevevcne (2)

In B = - 0:028In €& + 0.863 cecevccccanes (b)
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where

From the cumulstive distribrtion function (detailed irn the
Arpendix-C), the following quantities, may be calculated in a straight

forward manner

O, = axlj"q/B | G P V4:) H woosee (B
. r'(1+2/B) , nq/2 -
Iff i‘- r"(q_’_»‘]/B) J s s 8 =8 8= c e e

where Eq.(?) gives the average strength and Eq.(4), the coefficient
of variation. Here [ (x) denotes the gamma function of .

Equation (3) predicts a linear relationship between log
(Uf) and log (1) as shown in figufe 6.1. The slope of the sﬁraight
line[log(Of}- log (lﬂ yields the value of -1/B. Knowing the parameter

O ,the parameter P may be obtained through use of Eg. (3).

4.% TENSILE STRENTH DISTRIBUTION OF IARGE BUKDLES

A bundle made up of a large number 'N' of parasllel fibres,
all of equal length '1' is considered. The fibres are assumed to
be clamped at the ends, such taht all the unbroken elements have
the same strain. The fibres remain elastic uvr to the point of rup-

L
ture. It is evident that if there was no dispersion in the lengt

of the fibres, the strength of the bundle would be equal Tc thet
of all its individual components. However, since there is a dis-
tribution of fibre strengths, the problem is more complex. It was
first considered by Daniels (32).

In Daniels' analysis, it was assumed that when a fibre breaks,
the load it was carrying is instantaneously distributed egqually among

the surviving fibres. Pibre bundle strength and standard deviation

equations, according to Daniels' theory, are

o = (a:lB) '1/5 e 1/B . B 8RR SR . R R e (5)

B .
L

Yg = (a1 B)qq/B [e' 1/5(1—e— ) ] N (6)
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DESCRIPTION OF EXFERIVENTAL PROCEDURE AKRD

REFARATION (OF SFECILEN

5.1 Tensile test of tossa jute (Corchorus Olitorius) fibre :

Tossa jute are classified into six grades. These are namely
BTSFL, BT4i, BTB, BTC, BID and BTE grades, where B means Bangladesh
and T stands for work "Tossa". For sampling, two bales of ITA grade
jute were spread out on the floor. Ten reeds were taken at random
from them. Then 15" length were cut from the middle portion of the
reeds. From these reeds, two bundred filaments were talken ont. These
were then cut at 15 cm lengths. These filaments were the test
specimens. ‘

The study was conducted on these jute fibres using an Instron
mesting mfc model of Ty-M of BJRI at a cross-head speed of 5 mm Der
min. Load and elongation at break were automatically recorded on the
chart from which strength and strain at break were calculated.

Fifty specimens were tested for each of the three @ifferent
gage lengths (10 cm, 5 cm and 1 cm). The rates of straining were 0.05
mm/mm/min, C.1 mm/mm/min,0.5/mm/mn/min, for gage lengths 10 cm, 5 cm,
and 1 cm respectively. The data of different gage lengths are summarized

in Tables 5.1, 5.2 and 5.5.

5.2 Tensile test of Jute fibre bundle :

For sampling, one bale of BTA grade jute was spread out on the
floor. Ten reeds were taken at random from the bale. From these reeds
forty fibres were taken out for each specimen. These were then cut

at 15 cm lengths. These bundles were the test specimen.
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Experiment was conducted on these bundles using an Instren tes—

E:

ting m/c of model TM-M at & cross-head speed of 5 mm/min. Lozd &
elongation at break were automatically recorded on the chart from
which strength and strain at brezk were celculated. Ten sypeciznens
were tested each of gage length 10 cm. The experimental data are

summarized in Table 5.4.

5.3 MTensile test of jute yarns :

Samples of length 15 cm were cut from reel of BTL grade jute.
These yarns were the test specimens. Experiment was conducted on jute
yarn using an Instron Testing machine model 1026 of BUET at a cross-
head speed of 50 mm/min. Loads at break were automatically recorded
or the chart. Elongation at break was alsc recorded. In this investi-

gation ten specimens were tested, each of gage lencth 1C cm. The

experimental data are summarized in Table 5.5.

5.4 Tensile test of jute yarn-bundle :

Samples, each of 20 cm length and 2.75 cm width, were cut from
carpet backing cloth of BTA grade jute. There were ten longitudinal
yarns in each sample. Samples of 5 x 2.75 cm each, were also cut from
glass mat. The matrix was then prepared by mixing thoroughly in a
container with a stick, while carefully avoiding the entrainment of
excessive aif, 50C grams of Epolac G-774TSY(unsaturated normal polyester
resin) 15 grams of Cobalt Nepthanete, and 5 grams of methyl ethyl
ketone peroxide. Glass mats were wetted with this liguid resin, and
placed on both sides of the ends of the samples. Sheets of polythene

~L

were placed on them and rolled thoroughly to wet out tke mat and to

remove entrapped air. These were cured slowly at room temperature.



Transverse yaras were thern isclsted fronm the samnles. The test

M
ct

0]

length was 10 cm. The yarns were equally spaced in the s ecimen.

Experiment was conducted on these bundles usinge an Incstron
Testing machine, model 1025, at a cross-head sreed of 50 mnm/min.
Load at break wes automatically recorded on the chart,from which
strength at break was calculsted. The exnerimental data aregiven in

Table 5,6.

5.5 Tensile test of jute mats :

Same procedure as was discussed in section 5.4 were adortved
except that the transverse yarns viere not isclsted fror +the samdles.

The test data are summarized in Table 5.7.

5.6 Tensile test of Jute mat reinforced composites :

Semples 25 x 45 cm were cut from mat of ETA grace jute, then
welghed and recorded. The matrix polyester was then prepared by

mixing ingredients thoroughly in a container with a ctick, in the

proportions listed in Table 5.8., while carefully avoiding the

entrainment of excessive z2ir.

Unilayer and multilayer of jute mat reinforced plesiics were
made by hand lay-up method. These were cured slowly at roon temrerature.
These composite sheets were weighed. Svecimens each of lencth of 25 cm
and width of 2.76 cm were cut from these sheets. All surfzces =znd
edges of these specimens were filed, and the filed surface were finished
with finer abrasive papers. A ten layer of gless mat reinforeed

composite sheet was made by hand lay up method for tabs.



attached tc the ends of the Jute reinforced vlastic s~ecimens, with

imensions of tniie test specimens were according

(&

Licz adhesives. The
to the standard of ASTM D 3039 -76 as shown in figure 5.1.

Tensile tests have conducted orn the above syecimens using an
Instren Testing machine at a cross-head speed of 50 mn/min. Test was
performed at room temperature. Loazad at break was recorded on the

chart. The extension at or as near as possible to the point ¢of rupture

cf the specimen was measured and recorded. Load and deformztion at
different intervals of time were also measured and recorded. Ten

specimens were tested at each volume fraction of jute. Zxperimental

data for jute reinforced composite specimens are given in Table 5.0.
5.7 Tensile Test of Folyester Resins :

A sheet of 200 x 20C x € mm of pure resin, according to the
provpertions listed in Table 5.8, was mede. After curing at room

temperature, specimens were cut from this sheet by a metallic die,

-~
according to the standard of ASTM D 63%8-~ 772 as shown in fi

o

H
™

™1
I

£

file@ surfa
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All surfasces of the specimens were filed, and the

finished with finer abraszive cloths.

Tensile test was conducted on the above smecimens using an
Instron Testing machine at a cross-head speed of 5C mm/min. Test was
performed at roonm tempe;ature. Ioad at break was automatically
recorded on the chart. The extension at or as near as possible vO
the moment of rupture of the specimen was measured and recorded. Load
and deformatiocon at diffefent intervals of time were also measured and
recorded. Ten specimens were tested. Experimental dsta for pure resin

specimens are summarized in Table 5.10.
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Flexural test of jute mat reinforced composites :

\Nn

Sheets of varying thickness ranging 1.5 mn to 1.9 mm,
Lem long and 15 cm wide of different jute mat volume fraction of
juse reinforced plastics and pure resins were made by hand lay-up

ccthod. The matrix had the same provortion of resins as listed in

3

able 5.8. These were cured at room temvercture for two days.

i 3

Specimens of length 40 mm, and width 12.9 mm were cut frou these

sheets. Then all surfzces of the specimen were filed, and the filed
surfaces were finished with finer abrasive cloths.

; s s "R gl
Mest was conducted on the zbove specimens utilizing 8 " Flexursal

= ez : 1 g L e ,‘L +
modulus Mezsuring Apparatus" as shown 1n the ILEUTE 5.%3. AT 1

mean thickness (8) of each specimen over its full width at the mid
section was meagured and recorded. From the specimens, the one which
hzad the mwean thickness nearest to-the mean of thegme:ﬁ thickness of the
sprecimens vies selected. The deflection equivalenﬁ to an induced

strein of 0.2)% for this specimen from the following equation was

calculated :
i : C. 21505 D
- -""""'_'"_‘\'_' - . P 8 % " e 88 S e 1
D d
where,
D = deflection of the specimen at its mid peint, nmm
d = <thickness of the specimen, mm

The sPecimen was placed centrally on the supports and then

the load beam was placed on the specimen. The geuge edjusting screw

was turned in =& clockwise direction until the preoximity switch

was functioning,

The bezel locking screw was loosened. and the dial couge bezel wes

turned (so that " zero " coincides with the position of the pointer.



Loose y.eights were applied tc ti:e centre 01 the. b€

sively. As each weight was adaed,the gaisz adjusting
suf ficient weirwos

o ; : 5 5 s A om nwhen
turned clock wise until the red light came ON. WhLES

= ~ R [ TS e e CE2VUEE TU
bhad beer added to cszuse movements of 2D as indicated on the geuge the

’ oo ooy tea—
applied losd 'V' was recorded. The remaining nine specimens wWere es
ted similarly, rDl”"ﬂr load 'W' as quickly as possible. Exactly one

minute after the completion of loading , the resultant deflection D

.To the nearest 0.002 mm was Trecorded.

The elastic modulus for each specimen wzs calculeted from the
following equation.

1.2y

LI I I RN Y (2)

e
1

BDb

where,

b = Snecimen width, mm

L = Svecimen span length, r.m.
W = Load, Newbon

d ~ = Specimen thickness, m m.

D = Deflection of specimen, o m.

The experimentzl data of jute mat reinforced composite and

pure resin specimens are sunmarized in Table 5.11. ‘

5.9' Fatigue test of jute yarn composites :

A glass met reinforced mold was DPrepared for the Purpose of
maklng test specimens according to the standaerd of Terco Company as

Then alrandom sample, 20 cm long, s 752 m m. mean

shown in figure 5. Dl

= I —a

dlameter of ! BTA grade jute yarns was placed in the bottom half of the

molﬁ.ana the yarns were subjecteg to tension. The top of the mold wes



then placed above the bottom and the Iwo sections were clamnped.
Prior to placement of yarns, the mold had been cleaned thoroughly
and subsequently, its suriace 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 excessive air, 25 grams of Epolac G, 774 TSY, 0.5
erams of Cobalt Nepthanete and 0.25 grams of biethyl Bthyl hetone
Peroxide. The resin was then injected into the meclid. The mold was
cured at room temperature for two hours. It was then opened and tae
specimen was removed carefully. After this, the composite srecimen
was placed in the open spéce for post curing for two days. In this
way five specimens, for each volume fraction of jute yarns, were made.
Tive specimens of pure matrix were also made. A photograph of the
specimen is shown in fig. 5.5. The effective span length of the

specimen was 100.5 mm, the mean diameter of the comnmosite was 7.5 M.

Experiments were conducted on both resins and comnosz

snecimens, utilizing the Fatigue testing machine merco MY 205.

The test snecimen was massed through the locking nut and was

inserted in the besring on the loading device, which was on

13
D
)
D

with the gripping shaft. The test snecimen was introduced intc Tl

shaft and the locking nut was tightened. The load was set at = I.
Theloading device has a microswitch which on fracture of the
test piece, tut off the power supply to the motor. The microswitch

has & reset button which is pressed to restart the machine. The cycle



o S
counter was éet at zero before the machine was started in sach case.
After the test piece had fractured, the part grinned in the shalt was
removed by knocking the wedege shanec mandrel through the hole in
the shaft. The test was re-eated with cther test snecimerns. Five
specimens were tested for each rolume fractior of Jute. The 11
of the test snmecimen, was expressed in number of losding cycles,

recorded autvuatically.

5.10 Water absorption test of jute mat tompcsites :

Jute mat reinforcec composite sheets of different voclume

fraction of Jute mat and & Pulcs polyester resin in the proportion,

o

listed in Table 5.8, were mede according to the procedure &I scussed

40

”

in section 5.6. 8&rescimens of 76.2 mn long and 25.4 mm. wice Vers
_cut from these sheets, according to ASTW D-570, and welrhed. alter
weichineg, these specimens were placed in a container of distilled
water in such a way that specimens entirely immersed and rested on
edges. At the end of twenty four hours, the srecimens Were renoved
from water cne at & time, wiped off water from 211 the surfaces with

a dry cloth, and weighed immediately. Tercentage increases in weig

v
r

jue to immersion were calculated and recorded. Ter snecimens were

tested at each volume fraction of jute and nure resin.

5.11 Hardnesrs test of jute mat reinforced comrosite :

Jute mat reinforced composite sheets of differnt wvolume

te and a pure polyester resin were made acccrding to

v

fraction of ju

t
the procedure discussed ir. section 5.6. Srecimens were cut
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according to ASTN D-2240. The samnle had & diameter of 5 cm and

a minimum thicness of & mm; thiner specimen were placed layer

ne

upon layer until this minimum thicness had been achieved.
test was performed according to standard ASTM D-2240-6E€, using
Zwick Hardness Tester on Shore D.

Tests were performed on each sample at three differenf loca-
tions. When performing the tests, the hardness tester was applied to
the sample in a shock and vibration free manner and depressed until
the contact surface of the tester touched the surface of the sample
under test; The shore D hardness number was recorded. Ten szmples

£

were tested for each volume fraction of Jjute. A rhotograrh of

<
ALK

Shore D Herdness Tester is shown in figure 5.4.
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EXSERIMENT™AL RESULTS AND COMFARISOKR

JUTE FIZRES

Fifty specimens were tested for each ot the three different
gage lengths. The values of ieibull parameter were calculated,
using the mean experimental fibre strength values for threc
different gage lengths, and equation(2) of chanter 1V.ixperimental
and theoretical results in compzrison with 0.00485 in mean diameter
o—glass fibre of %8.5 mm gage length are summarised in Table Ol
(20). Average tensile strength of jute fibre versus fibre lenzth

are shown in figure 6.1 together with values for other fibres(33).



jute fibre, in comparison with S-glass fibre (20).

Table 6.1 Experimental results of tensile strength and Young's modulus of

Elastic modu-

Elastic modu-

Rate of Tensile Tensile values of leibull Theoretical values
6t zm._ lus of jute lus of glass strength of strength of | parameters for strength and
nir i fibre Eibre " jute fibre glass fibre standard deviation.
e kmg/mm kg/mm” ~ kg/mm® kq/mm? bkg/mm*
mn/mm/mirf Mean S. D Mean Mean S. D Mean o B Mean S.D
i o "10 6. 751 Y, Tt G
0.05 3865.59 370.22 16671, 72 36,75 6.215 66,7 5.145161x10 4,581529 s 2.435
0.1 4177.16 | 379.5 41.554 | 6.365 42.75 2.832
0.5 4189,20 131,34 60.747 1.322 60,748 4,025

* Straining rate of glass fibre was 0.0265 mm/mm/min.

e I iy e Bl S T
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6.2 JUTE FIBRE BUNDLEL

As the specimens were 1oaded individual fibres fractured at
random level of loading, well below the failure load of bundles.
The theoretical bundle strength ané stzudard deviation were calcu-
lated,using the equations {(4) and (5) of chapter IV, and the values

of Weibull perameters from Table 6.1.

Experimental wlues of bundle strength and standard deviation,
in comparison with theoretically ecalculated values, and alsc 1in
comparison with 0.00485 in meandismeter S-glass fibre bundle ol
32&.5 mm gage length,are summarired in Table 6.2 (c0). .

mable 6.2 Experimental and theo:etically calculated values

of jute bundle strength and standard deviation, in
comparison with S-glass fibre bundle.

@ : ) : g '
Rate of (TPensile strength of | Theoreticcl-values | "Teénsile strength
strain- |Jute fibre,kg/mm< foretrength and of glass fibre,
ning, S:De ylig/mme i . kg/ L o
- - mm
mm/m.m/min . r
Mean S.B. Mean S.0. Mean 8:D" ]
0.05 ;19.386 2.443% . L 22,208 | 1.73% 85.82 2D

* Rate of Straining of S-glass fipre bundle was 0.0265

6.3 JUTE YARNS
Ten specimcns were tested at @ straining rate of 0.5 mm/mm/min.

Experimentszl results are summarized in Table 6.3.
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Table- 6.3. Experimental results of tensile strength and
Young's modulus of jute yarns.
E:E?iginr Ten511e25trength Younp's modulus
o Ll o 8 kg/mm 2
mm/mm/min kg/hm
HERT S.D0 | Ilean [ s.D.
l .
0.5 14417 1.255 | ©10.95 11.52

5.4 JUTE YARN RUNDLES

Ten specimens were tested at = straining rate of 0.5 mm/mm/min.

Experimental mean tensile strength and standard deviation valuer

Table- 6.4 Experimental results of tensile strength and
standard deviatior of jute yarn bundles.

Fete of - ; : 2
Soraining . Tensile strength, kg/mm
mm/mm/mln Mean 8: D
0.5 10. 452 ’].55’}9

Ten specimens were tested at a straining rate of 0.5 mm/mm/min.
- - % ! ! - 3 3
Lxperimentsl mean tensile strength and standsrd devistion values

@re summarized in Table 6.5.

Table- ©.5 gpynerimental results of tensile strength and
stzndard deviation of jute mats.

Rate of ;
straining Tensile strength, kg/mm2

mm/mm/min

Mean ‘B« D

0.5 15.03%12 1.9061
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Table - 6.6 Experimental and theoretical results of Young's modulus and tensile
strength of jute mat reinforced composite in comparison with S—glass
fibre reinforced composite,

IYoung's modulus of;jute

Youna's modu-

Tensile strength

Tensile strength of

-~
ka/mm<,

=

f

V =8 - =1 i e 3 B ==t : 2
Rate of Straining £ ?gln{orcgd i:mpoSlte, i?glhﬁ:?f;?; jute ritnfoic?d > S-glass reinforced
% on Netting compos e mm S F V.=0,08 5
mm/mm/min kg/m.m bype prodict- p y K9/ composite,Ve=0.089%
ion, kg/m
Mean SeDe. using. Mean S.De. Mean S.D.
: tf by
0.3937 0.142 43,0349 1.7005 182,97 | 28.92 1.9987 0.128 196.26 T
- 0.168 52,3336 2.0552° | 216.47 | 34.21 2.3049 0.104
" 0.178 54.3885 1,3122 | 229.35]| 36.25 2 57677 0.090
" 0.202 61.5860 1,2122 | 260,28 | 41.137 | 2.9017 0.066
h 0.208 63.257 @781 268.01 | 42.36 2.9929 0.078

ad




+3
g
o
=
43

|

250

6.7 Exverimental results of tensile strength
and Young's modulus of pure Polyester resin
sbecimens.

Rate of Eepsmle strangth [ Young's modulus

straining kg/mm2 kg/mm“

mm/mm/min

i Mean S.D lfean S.D
1.0 1.104 0.0%4 15.276 | 0.511

€.8 FLEXURAL MODUIUS :

Ten specimens were tested at each volume fraction

-

Experimental mesn flexurzl

mat reinforced ccmn

Jute

Q
n
e
et
@

of Juve.

modulus an¢ standard devisztion oi
are summarized in Table 6.5.?1635;
ute are stown in fir. 6.5

Table-6.8 ZIxperimenteal
svandard demlut;cv of juue rat re nforced
- composite and pure resin.
Volume frac- Flexural modulus, N/mm<
tion of Jjute
Mean S. D
0.0 ol 494 0.52¢9
C.0602 160+ 95 5.246
0.0802 183.407 .60z
0.108 21%.3%65 7+.395
0.208 3247 .817 o e
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Ten specimens were tested at each volume fraction ©i Juve
mat and & pure resin. Experimental resvlits on Jjute mat reinforced
commosite and nure resin, are surmerizel in Table 6.9. Welght

]
b o |
v
-

inerease due to immersiorn in water

of jute are shown in fig.6.65.

Table- 6.9 Exnerimentzl values of weight increase
due to immersion in water and standard .
deviation of jute mat reinforced composite

and pure resin.

i

Volume Trac- | . . .

+ion of -[ute Weight increase due tc immer-
1 “ _ sion in water, %
v |
f i Mean S. D

0.C 1555 O.0us

8.+142 2.828 0.063%

C.188 3.148 0.086

0«20 3,60 C.083

0.208 Z.680C C.041

Ten specimens were tested at each volume fraction of jute
'.
mat reinforced composite and pure resin. Experimental results of
shore-D hardness number and standard deviatlion are sunrrarized 1

Table 6.10. Shore-D hardness number versus volume fraction of jute

are shown in Fig.b.7.
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Table - 6.10 Experimental results of shore-D
har@1ness number and standard deviaticn
of jute mat reinforced composite and pure resin.

T Tome Trae. | shore-D Hainies mumber
¢ Méan 5. D
0.0 45 1.76
C.a42 55 2.3%
0.168 60 1. 45
0.178 6 182
| 0.208 62 1.75
6.11 FATIGUE :

Five specimens were tested at each volume frection of Jute
mat reinforced composite and »ure resin. Exverimental values of fatigue
life, in cycles of loading and standard deviation are summarized
in TMable 6.11. The load was 5 Newtons. Fatigue life,in cycles of
lozding versus gross fibre volume fraction are shown in figure €.8.

mable 6.1 Experimental results of fatigue life and

*dnaa*a.ﬂev¢'tl'n.o* Jute yarn reinforced composite
and pure resin, ’load of N.
Vglume f?GC— i Fatigue life, in cycles of loading W
tion of jute
; Mezn S. D i
0.0 %256 56
0.03%3 S46 58
-~ 0.079 2474 ' 96
0.1245 2878 220
0.1495 4672 265
0.224 7524 513
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CEAFTER - VII
DISCUSSION AND CCNCLUSIONS

7.1 Introduction :

Some mechanical properties of jute, polyester resin, and
jute reinforced plastics have been determined experimentally. And
the experimental results are correlated with theoretical values.
The important points are summarized in this chapter and possible
extension of the present work for continuation of the research

is discussed.
7.2 Discussion of results :

It is observed that the mean experimentalvmlue of jute fibre
strength decreases while increasing the test gage lenglth. This is due
to the value of strength of the weakest link in the fibre. 4is the
gage length decreases, the total number of links in the fibre also
decrease, and the strength value of the weakest link may be more.
There is also a reduction in the mean experimental velueof Young's
modulus of jute fibre, while increasing the test gage length from 1 cm
to 10 em. But it is observed from figure 6.1 that the mezan strength
of jute fibre increases almost linearly with decreasing gage length.
The theoretically calculated strength compares well with the experimental
strength, but the theoretically calculated standard deviation is nearly
one and half times greater than thé sample standard devietion. The
S-glass strength is nearly four and half times greater than the strength
of jute fibre. The S-glass Young's modulus value is about 4%;times

greater than the mean experimental value of Young's modulus of jute

fibre.
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The mean experimentzl fibre bundle strength comrares well

.with that calculated from Daniels' theory (32). But the burnile

v

strength is much smaller than the fibre strength of both jute

of the fibres.

The mean values of experimental jute yarn strength and Young's
modulus are much smaller than those of jute fibres. This i- due to
the discontinuities of the fibres in yarn. The mean experimental
Jute yarn strength is greater than the mean experimental jute yarn

bundle strength.

The mean experimental value of Jjute mat strerngth is about
one and half times greater than the mean experimental Jjute varn bundle

strength. This is due to the transverse yarmns in the mzt by which the

A

strength increases.

It is observed that the experimental values of Young's meodulus
of Jute mat reinforced plastics are greater than the theoretically
calculated values on the basis of Netting-tynme analysis. But if =
constant K = 1.5 is taken into account for discontinpities of the
fibres . and multiplied by the results obtained on the bzsis of Tetting
type analysis, the results obtained compare well with the nean
experimental results. The mean experimental strength of Jjute mat
reinforced plastics increases with increasing volume fraction of jute
in the composites. But the value of strengtk of composite i1s less
than the strength of Jjute fibre.

It is observed that the experimental values of fiexural
modulus, fatigue life, hardness, and percentage increzge in weight

due to immersion in water, increase with increasing volume fraction

of jute in composites as shown in figures 6.5,6.6,6.7 and ©.8.
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7.3 Conclusions :

The following conclusions can be drawn as a consequence

of the present research work :

1. Ls Jjute absorbs much resin, there is a limitation of
increasing the vlume fraction of jute in composite. The
maximum volume fraction of jute is in composite(0.20E. The
composite has some voids when the volume fraction of jutve
is more than 0.208.

2 The experimental values of mean tensile strength,Young's
modulus, fatigue life, hardness number, flexural modulus,and
water absorption of jute mat reinforced plastics incresase

almost linearly with increasing volume fraction of Jute 1in
the composite.
De The experimentalvalue of mean breaking strain of pure polyester

resin is decreased approximately by 96% when C.208 volume

fraction of jute mat is used as a reinforcing material.
d :

4. The experimental values of mean tensile strength and Toung's
modulus of jubte mat reinforced plastics containing 0.208 volume

fraction of jute mat are antroximately 2.75 times greater than
g

pure rolyester resin. So jute may be used as a reinfcrcing
material.
B The experimentalvalue of mean fiexural modulus of jute mst

reinforced plastics containing C.208 volume fraction of jute
is aprroximately 4.82 times greater than pure polyesver resin.

B. Experimental values of mean shore-D hardness number and
percentage weight increase due to immersion in water ol juve
mat reinforced plastics containing 0.208 volume fraction of
jute are approximately 1.357 and 2.37 times greater than polyester

resin respectively.
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7. Experimental value of mean fatigue life of jute yarn

reinforced plastics containing 0.224 volume fracticn of

Jute is approximately 21 times greater than polvester resin.

8. Experimental value of mean tensile strength of jute fibre

= 4

is approximately 2.45 times greater th-n Jjute mat.go it
better to use jute fibre as a reinforecing material.

7.4 Extension of the present work :

is

The study of the mechanical behaviour of jute reinforced

plastics has been presented in this work. Due to relatively limited

amount of measurements performed for mechsnical behaviour cof jute

reinforced plastics, several questions regarding the mecl.anical

L

properties are yet to be solved. It is not possible to reach defi

conclusion regasrding the effect of strain rate omn mechanical Drorer-

ties of jute reinforced plastics. This answer may be reached only by

conducting a large number of tests at various strain rates. 4s a

direct extension of the present work, the following suggestlons may

be made for continuation of the research.

1. Experimental study of the elastic behaviour of unidirection-
ally continuous jute fibre reinforced plastics.

e Experimental study of strength characteristics of Jjute fibres
under dynamic loading. .

D Experimental studry of the mechanical behaviour of hybrid
composites, consisting of two or more tyres of reinforcing

fibres, one of them being a jute fibre within a common

matrix.
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ATTENDIX- A
NETTING TYFE ANWATYSES

A planar mat of fibres subjected to tensile strains
vher

and €55 in two directions a2t right angles to each o
(Fig. 1) and to a shear strain Y,, between these directions

€11

has been considered.

The fractic

Fig. 1. rlanar mat of fibres.
2
- . - & ‘s-.
The strain of a fibre inclined at an orbitrary angle '€¢' to
-
the direction x, is
€ 00526 + € Singa 4+ Y.~ 8in € Cos © iss (%)
74 o 12 ’
Let £(©) be the distribution function, that is, the fraction
of fibres inclined at angle '6'tc the direction X, in the unit width
transverse to their direction, such that
W
ff(e) de =’i L L LR .- e * " w0 LI L3N BN ) (2)
o
ons of fibres intersecting lines of unit width
the directions X4 and X, are then f(©) Cos © and

perpendicular tc
respectively.

£(©) sin (©)




density, i.e., ©

o

composite. The BsTtresses are
Oq =EgV f(”m Cos“6 + ey, 5in“6 + ¥, Cos € Sin €) Cos~e £(e)ae
2 2 ; -
Oop = E.V f(eﬂcos 6+e,, 5in“6+ Y., Cos € Sin ©) Sin“e £(€) a6
T, =Efvf£(eqqcos 6+e,,5in" 8+Y,|2 Cos® Sin €) Siné Cos € £(B) ae
Alternately equations(2) can be recoritten as
041 = Cqq849+ Cqp€00+C T2
Opp = Caplqq+ CopoptCpe¥yn ... (3)
Ta2 = Cq681q+ Cog €20* Coelqpn
where
n I
= R A y
Cira X Jac e £(6) ae
LA 5
Cag = EpVs foc 6sind f(8) aeo
1T
Cop = EgVy [ Sin Yo rey @@ . . (4
C.. = E.V. [5in’® Cos 6 £(8)ae
26 = gz J
3 i
Chp = EgV, [Cos™0 Sin“€ £(6) 4o
The elestic constants Ci. for the composite may be czlculated

 d

in & simple manner. For the isotropic, two dimensicnal case with

' random distribution of fiber, the distribution function f(8) used

f(e>=~#, Oéeén e P R e (5’}
Then using the WALLIS' integration formulas, which are
/2 /2
- - b B+ o singeee (2) or (1) -

« B n _ . .
a) t[éln 6 a6 = 4?005 ©d = Sy @ o &) ¢

* where W =T/2 if 'n' even and W = 1, if 'mn' is odd.

o)

)



r;'r a
Pk - (2=-1)(n-3;..(2)or(1) | |(m-1)(m=1)..(E1 2=(1)
b) JCos™s sin“e de =[ J 1 ; ___,_JT
e (o) (Het~2) & sesnwwnss (2) or (1)
where T = n/2, if botk 'm' and ‘'n' are even; otherwise
T =1
We can easily find out the elacstic constants, which are as
follows.
Cqq = Cop = (3/B)EfVy 5 Cqp = (1/8) EgV,
Cig = Co¢ =0O
Frorw theory of elasticity ( Hooke®s law)
E = 9—
e
C :
Ec — 81,1 = C/l/] e,],]-f-c,leeﬁﬁ c N ~ e:_l: .
11 e/l/l ’I 1C eq/i --ol(l)
C. +
ama E, = _22 _ St *tCec2e_ . ., €14
&5 e 22 1e
5 22 €nn
: ;. - (T -
OA— 91’1( 822 - (LC 022)/012 IIIII - & L L ) L B B (11)

E
c

=
Caq= (Cgp /02)
(/BB wwnwsmsinss (6)




The Weibull probability density function f(x) chanres

shape with the distribution parameters. It can adept anywhere

exponential to highly skewed shapes. The probgbility density

tion f(x) is given Dy

f(X) =O:ﬁ XB_1 exp (-c:(xB) — .se et e~

where x > 0, B> O ~ shape parameter, and o >0 ~ characteris

parameter.

& The cumulative distribution function F(x), corresno-dinc to

f(x) of Ea.(1), is

F(x) = 1 - exp (—mﬁxg) S VB e wad G

(A9

o

The wide range of possible shapes for the Weibull mrobahil

deneity function is shown in Fig. 4,

£1x) T EXFONENTIAL f(x) A SKEWED RIGHT
| B <A

AN '3 |
el

PORmAL (x)

= 230 B> 3.57

e

Fige 1. Weibull probability density curves.

—

X




Mathematically, if Gq(O) and Gy ( O ) denote the probabilit
that the strength of the fibers of length unity and‘l), resrective

does not exceed'UJ, the weakest link hypothesis yields
-6, (0)= [1-G(0f v i aeh e e (@

Equation (a) implies that the probability of the survival of a fiber
of length'l’ subjected to a stress ‘0’ equals the probability thot all

of the ‘1’ 1inks of unit length survive under the avplied stress.

avart from the weakest link hyvothesis, the followin~ %two

fda
83}

‘self-evident' statements mar be made regarding the cumulative distri-
bution function Gl( g ) :

a) The fiber strength in greater than zero regardless of
the fiber length 1.

b) Gy ( ) is a monotonically increasing functicn of O .
whenever 1l’in Eq.(a) is large, and G, ( 0 ) differs appreciably from
zero, the right hand side of the equation will vanish. According TO
the second 'self-evident statement above, small Gq( 0 ) corresponds
to small O . Thus, the form of G ( 0 ) for large‘l, is governed by
the behavior of G,i ( 0) as 'O ' approaches zero. One must furscher

agsume that G,I ( 0 ) is well behaved near the origin, such thao

Lim G',I (G)-':O:cp . . Y " e s . "= ® - e -oo(-D)

-0
where OC and B are positive constants. he Weibull distribution is
derived from a slichtly more general hypothesis than Bg.(b). One
assumes that for all x3O0,

>
Lim M =X LI - .e - e a8 -8 @ L - "8 (C)

N Gq(n ) »




o

Where 7 1is any positive variable.

The guantity n is determined such thet

G, (nl) w ALY e 9  EEE  Ghe  Bes  mew  mms (@)

7

and a new random variable 'él' is defined such thsat
Zl= nl min(x,‘, " vy Xi,-.t-, Xl) e " e e e (8)

where Xqs Xpy eeeeey X denote the strengths of the '1' links
of unit length comprising the fiber. Also note that as l—oc,
Gy (ny) —o0, and hence n,;—0. The probability that Z, is greater

than some fixed quantity 'X' is

P {22%) = [16( ]t e L (@

c_

substituting n = n,, one obtains from Egs(c) and (f ), for large 1,

“ - * . E 1
Lim .r'-thl) X} = Lim 1- G’I ( “11) X } i R

1—oc Irree
Substitution of Eg.(d) in Eg.(g) results in

1+

Lim F {Zl? x] = Lim_[i - (1/1) xs}l = exp{_— XB} ae g {H)

and
P{min (X50ee-ex,) > 0’} =1-06, (0)

we see that Ec.(h) yields

Gl((:?)-e’l—e}cp{—(v/ql)ﬁ} sioe  oww i)
/B

when Eg.(b) is applicable, B (x1)” L and Eq. (i) becomes

61(0) =1 - exp{- 10:05} L U



The above relation is the Veibull cumulative distribution
function. Here, OC and B are independent of the length 1, and

are referred to as the distribution pazrameters.

From the cumulstive distribution function, Eq.(j), the
following gquantities, may be calculated in a straight forward

manner :

Op = (@) VP [C1/B)  cveee ceee eeee aen ()
TR,
’

O = -
% T e @ me see omme s aelD)

Where (k) gives the average strength and (1) the co-efficient

of wvariation.
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Table- 5-1. Tensile test data of jute fibres of gage length 100 mam.
Specimen| Diameters | Ultimate Strain at | Tensile strength | Elastic Modulus
No. of fibre load,grams | failure | f fibre of fipre
mm2 ; % (6 ) g
(df) (W) . . 2f f ,
g/mm kg/mm

1 0.047 47 0.68 27.090 ) 3983.85

2 0.049 56 0.82 29.696 3621.53

3 0.047 61 0.89 35.159 3950.52

4 0.050 58 0.85 29,539 3475.20

5 0.046 91 1.32 1 54.756 4148,22

6 0.046 47 0.68 28.280 4188.95

7, 0.044 57 0.83 37.487 4516.49

8 0.046 §9 0.86 35.501 4128,.08

g 0.050 64 1.23 42,780 3478.11
10 0.046 S 0,71 29,484 4152,71
11 0.048 63 0.92 34.851 3784.25
12 0.049 65 0.95 37.465 3943,.30
13 0.048- €5 0.94 35.920 3821,31
14 £.049 68 0.99 36.060 3642.43
15 0.046 67 0.97 40,315 . 4156.21

-16 0.048 64 0.63 35,367 3802.98

f 0.045 68 0.98 42,755 4362,.82
18 0.050 69 1.00 35.141 3514.14
19 0 .047 75 1.09 43,229 3965.96
20 0.050 70 1.02 35.650 3495.16
21 0.045 71 1.03 44.641 4334,17
22 0.048 72 1.04 45,270 4352,.95
23 0.049 62 0.90 32/878 3653.14
24 0.05 66 0.96 33,613 3501.40
25 0.045 52 0.75 32.695 4359.40
26 0.046 57 .| 0.82 34,298 4182.68
27 0.049 a4 0.78 S aue 3671.27

4




Table->-1, Tensile test data of jute fivres of gage length 100 m.m.
Specimen Diameter 1 Ultimate Strain at Tensile strength Elastic MNodulus
No. of fibre load,grams| failure of fibres Ef
(EF? o % ( 0 )., kg/mm kg/m m
8 0.048 48 .70 264525 3789.40
29 0.046 59 0.85 35,501 4176.64
30 0.051 74 1.07 36.229 3385.46
31 0.047 67 0.97 38.618 3981.23
32 0.045 58 0.€4 36.468 4341,44
33 0.052 85 1.24 40.024 3227.75
34 0.046 47 0.68 28.28 4158,.94
35 0.050 84 1.22 42.780 3506.52
36 0.052 gg 1.28 41,431 3237.25
37 0.050 86 1.25 . 43,799 3503,95
38 0.045 58 0.85 36.468 4290.36
30 0.046 67 0.98 40.315 4112.80
40 0.050 63 0.92 32.085 3487.57
241 0.040 59 0.86 35.501 4128.08
42 0.049 61 0.88 32.348 3679.91
43 0.052 79 1.15 37.1989 3234.67
‘a4 0.048 82 1.19 45,315 3807.98
45 Q.048 59 0.86 32.604 3791.24
46 0.044 61 0.88 40,117 4558.81
47 0.045 47 0.68 28,551 43 5,84
48 0.050 77 1.12 36.257 3237.25
"4 0.049 91 1,32 46,346 3511.05
50 0.048% 8% 1.30 47,196 3630.48
)




Table-5-2. Tensile test data of jute fibres of gage length 50 m.m.
r-Specimen liean dia—) Ultimate Strain a Tensile strength Young's modulus
No. meter of load, failure, Z E_-
fibre,df grams gm.a kg/m¢m2
m m %

1 - 048 72 0.96 32.788 4144.,6
2 .047 73 0.99 42,076 4250,1
3 . 046 63 0.86 37.968 4407.9
4 .049 64 0.83 33.939 408%9.02
5 .047 75 0.87 43,22% 4456.6
6 . 046 62 0.90 37.306 4145,1
7 .049 76 0.98 40,302 4112.4
& .045 79 1.06 49,672 4686.0
S 047 69 C.90 38.770 4418.8
40 048 84 1.09 46.420 4258,7
11 .049 70 1.00 37.12 3712.0
12 -048 84 1,10 46.42 4220,01
13 .046 74 0.92 42,722 4643.70
14 .047 B8 1.14 B0.72 4449,3
15 | 046 g1 1l.16 54.75 4718.82
16 ; <047 89 130 51.29 4663;4
17 E .047 53 1.124 53.60 4660.8
18 .048 95 1.15 52.50 4565.1
19 =046 97 1.05 -36.70 3495.7
20 .047 61 0.85 35159 4136.3
21 «045 61 0.88 38.354 4358.3
22 .046 58 0.78 34,91 4474,23
23 .050 57 0.76 29.03 3819.71
24 .049 73 0.96 38.71 4032.45
25 =047 76 0.98 43,805 4469,.9




Table-5.2. Tensile test aatz of jute fipres of ozge length 50 m.m,

rﬂéyccimen Mean die—| Ultimat Strzin at] Tensile strength| Young's moaul 1
Noe ?i;iz gf | loag, W failure, kg/m n° E, ,
g 1O | grems % kq/m .m
26 0.044 86 1.25 564559 4524,7
27 0.049 80 1.04 42,423 4079.19
28 0.050 80 1.00 40.743 4074.36 [
29 0.052 74 0.96 34,844 3629.64
30 0.051 66 0.85 23.308 3800.97
31 0.043 81 1.18 56.466 4785.2
32 0.083 88 193 39.887 3529,90
33 0.050 82 327 41,762 3569.401
34 0.050 82 1517 41.762 3569.401
35 0.051 g2 1.16 40.14 3460.344
36 0.052 79 1.12 37.199 3321.339
37 0.059 67 0.87 34.122 3922.16
38 0.049 65 0.82 34.469 4203.56
39 0.048 62 0.80 34.262 4282.81
40 0.047 g5 1.20 46.972 3914.333
L 41 0.046 70 1.20 42.120 42897,959
42 0.045 €9 1.02 43,384 4253,333
43\ 0.045 67 1.03 44,063 4277.961 |
44 0.045 60 0.88 37.725 4286.931 i
45 0.044 58 0.96 38.144 3973.33
46 0.047 72 0.96 1.499 4322.81 [
47 0.048 76 0.94 41,999 4467.9
48 0.046 66 0.088 39.713 4512.8
49 0.045 67 0.92 42,127 4579.0
50 0.049 73 0.95 38.711 407490




Table-5.3. Tensile test data of jute iz of sage length 10 m.m,
[ S_ocimen | iean cdia—] Ultimate Strein ot Tvnsile strength | Youna's
Ho. ?;:Ez g; ;s::; failure, kestio B 1 E. '
1 047 104 1,42 59.944 4221,40
2 048 108 1.42 5%.683 4203.02
3 .048 og 1.40 56.968 4191.64
4 «045 o8 1.44 61.618 4279.01
5 .048 119 1.48 63.105 4263.85
6 .048 110 1.43 60.788 4250.90
7 <047 107 1.46 61.673 4224.178
8 .046 104 1.50 62.5788 4171.52
5 049 117 1.51 62.044 4108.80
10 <047 105 1.48 60.52 4089, 189
11 046 101 1.45 60773 4191.24
12 .049 112 1.44 55.393 4124 .51
13 .045 95 1.38 59.'732 4328.40
14 047 106 1,55 61.097 3941.74
15 048 112 1.51 £1.893 4098.87
16 045 115 1.54 | 60.9839 | 3959.9¢ |
17 048 113 1:53 ! 62.446 4081,43 }
18 .046 o 1,43 E 59.570 4165.73 |
49 .047 105 1.41 { 60.52 4292,198 ;
20 046 97 1.42 5 58.366 4110,28 é
| .
21 .047 104 1,40 59.944 4281.71 '
22 047 106 1,51 61.097 4046,15
23 1048 114 1.60 62.998 3937.275
24 046 103 1,52 61.977 4077.43
25 047 107 .43 61.673 4312,797




I JeZs Tensile test Gata of jJute tibres of e lencth 1C Me
r-.SL-e-:__rﬁ lnean dia—- Ult:imate Strein at Tensile ST:J:l':'n-’;T.':'i_"_ Younc's modulus
No. meter ol Yoad, W feilure, o g ! ) E_
fibr&,df grams Kg/m: m y /._I )
i A <. Lg/m m
26 . 045 105 1.45 60/52 4173,79
27 .04€ 100 1.49 60,172 4038.38
28 .050 121 1453 61.6248 4027.76
29 .049 124 1.51 63.635 4213,56
30 .047 120 1.52 61.097 401%.58
31 .044 106 1.48 57.874 3910.41
32 .049 88 1,46 62.574 4285,89
33 .050 118 1.42 62.643 4411.47
34 .052 123 1.38 58.386 4231.01
35 .051 124 1.46 61.189¢9 4&91,08
36 044 125 1,45 59.189 4082.0
37 .052 90 142 59.80 4211,267
38 .052 127 1.38 60.271 4367.46
30 «050 128 1.46 61.1155 4185,99
40 .049 120 1.44 59.721 4147.25
41 048 126 1,35 { 55.329 |  4394.74
a2 +047 11¢ 1.36 6C.097 4418.89
43 .046 11e 1.47 £1.514 4184.62
44 .0456 107 1.34 59.130 4417.68
45 .045 107 1.45 61.673 4253.31
46 .044 102 1.42 61,375 4322.18
47 .045 97 1.38 60.989 4419.49
ag .044 90 1.41 59,189 4197.80
49 .045 95 1.38 50.732 4328.40
50 -044 93 1.50 61.162 4077.46
- .




eéble- 5-4. Tensile test data of jute fibre bundles.
v Specimen Mean cross= | Ultimate Tensile
No. sectional load, w strength
area of grams ()
bundl es ; &
kg/mm
mm
1 065325 1440 22,04362
2 »0754296 1540 20.416381
3 =0664761 1420 21.361
4 062211388 1180 18.967588
5 .08171282 1380 16,8884
6 0760466 1200 15.779
7 .056745 1060 18.680
8 04059446 1080 18.1677
9 0«06503882 1120 17,220
10 .06939778 1620 23.34368




Table— 5.5. Tensile test datz of

-

-

jute yarns.

Specimen | Mean cross-| Ultimate| Strain at| Tensile Youna's
No. sectional load, Ww, feilure, strength moduius
= . 2
area, A kgG. xg/m.m* By
mm % { CT)Y kg/m rn_-.2
1 0.19635 3.00 2.5 15,278 611,155
2 0.2042 3,25 2.4 14.685 611,90
3 0.197135 2,75 23 13.949 606.51
4 0.2083 3.25 245 15.602 624.09
5 0.18085 2,75 245 15,197 607.88
6 01772 2450 2a4 14,108 587.841
7 C.16982 2425 Zu2 13.249 602,24
8 0.15%90 2,00 2.0 12,578 628.93
9 0.21237 2450 2.7 16.48 610.395
10 0.19244 2.50 2.1 12299 618.57




Teble- 5-6. Tensile test data of jute yarp bundles

rSpeCimen Mean cross- Tensile Ultimate
No,. gec?io?al strength loaﬁ,
ar:cr;zhm (0 v kéfj
kg/m m
1 1.62597 10.45529 17
2 1.59 12,5786 20
3 1.52 12.50 19
4 2,042 8.81488 18
5 1.963495 9.1673 18
6 2.003 B.48726 17
7 1.84745 10.2844 19
8 1.9244 1.432 22
9 1,772 $.0293 16
10 1.69822 11.777 20
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Tanle 5-7, Tensile test data of jute y&rn mats.

Specimeny Mean cross- Ultimate Tensile
No. sectional load, W, strength
areE,Aw; kge (& }Ym

mm kg/m me
ok 1.963495 27 13,750
2 2,083 34 16.322
3 1.8095 30 16.579
4 2.1227 31 14.597
5 " 1.6982 30 17.665
6 1,772 31 17.494
7 1.62587 24 14,760
8 1.9635 26 13,2416
=) 2.003 24 11,1982
10 2.083 29 13.922
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Table-5.8, Matrix polyester molding Compound fprmulsa,

Name Weight, grams Weight, %
Emolac G-240 FX (unsaturated flexikle polyester resin)ie 000 72.82
Epolac G-774 TSY (unsaturated normal polyester resin) |2,000 24,27
Cobalt Nepthanete 160 1,94
Melhyl elthyl Ketone peroxide i 80 | 0.97

?
Total 100

8240




Table- 5.9.1. Tensile test data of jute reinforced composites of V_=
Specimen | Mean cross—| Ultimate Tensile Young's 5t§aln at ;
NO. sectional load, W, strength modulus failure
area, Ac, kg. ( G e, Ec 2
m m N kqg/min2 kg/Ti
1 139,384 297 2.1308041( 45.557 (.05315
2 146,358 291 1.9882753| 43.386 p.05118
3 166,242 300 1.804598 | 43,927 0.055118
4 140.0934 315 2.2485 43,068 0.05118
5 153,81449 300 1.95040 43,3476 0.055118
6 156.989167 300 1.,911096 | 44,493 0.055118
7 154.68599 335 2.036383 | 41.050 0.05118
8 158,72499 305 1.9215624 | 40,006 0.05315
9 153.064667 310 2.02528B77 | 41.485 {5138
10 149,961167 295 1,9671759 | 44.038 0.05315




o1

Teble— 5.9.2. Tensile test deta of jute reinforced composites of

V= »168.

specimen | tiean crouss—| Jltinate Tensii | Young's S 31 <t

Ho. | sectiznal load, ., strength gulus iallure
gy S he i_ fiu)zc' .

1 162.0525 375 2,314064 | 50,940 .0433
2 169,84933 375 2.207839 | 50.4712 «0413356
3 154.6745 420 2.715379 | 49.264 »039370
4 155.61734 375 2.40975 55.087 0433
5 167.67 410 2.445279 | 54.914 .041335¢
6 - 159.68934 387.50 2.426586 | 53.682 .0413756
7 165.004 375 2.2188824 | 52.602 .0433
B 162.399% 380 2.339901 50.8312 0412756
) 163,845 390 2.38044034 54,2572 «0413756
10 160.955333 385 2.3919679 | 51.2875 0410756
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Tetle—~ 5.9.3 Tensile test data of jute reinforcec composites

L —
tLoecimen | Meon cross—| Ultinatoe I Tensliie Younsts Straln ot
NCe seciiorml load, strength modul failure
ares, AC, Qe ¢ O e, E. o
m 1 Gk, Kg/i- m
1 24,3936 62 2.54165 54,6659 | £.03543
2 27.540288 69 2.50542 53.031 ¢.03137
3 26.47913 68 2.5680602 | 52.7585 0.0374
4 26.862176 70 2.605894 | 54.370 0.03137
5 27.70 69 2.49047 55.018 0.03137
3 25.8561 66 2.55258 54,0298 0.0374
60
7 24,062 2.493558 | 52.780 0.03543
& 24,892 o 2.5711 56.1224 | £.0374
64 '
5 24,6927 2.591849 | 56,575 0.03543
68 .
10 26,7806 2.53915%4 | 54,525 0.03137




Teble~ 5.9.4 Ten

i specimen Mean cross- Ultimate Tensile Young's Strain of =1
NO. sectional load, W, strength | modulus failure
E | R R

1 51.4346 149 2.89688 €1.7288 .02559
2 49,12848 140 2.84067 62.041 .02362
3 56.5372 156 2.75924. 62,8966 .027556
4 53.4076 158 2.9583 61.8264 .02756
S 52.177 154 2.95148 63.284 102756
& 48,62142 144 2.96165 62.688 .02559
¥ 48.099%6 142 2.9522 50.6171 .02559
B 45,9317 147 2.944 61.043 .02559
] 52,593 150 2.85209 6.03€9 .02559
10 50.486592 146 2.891856 60.372 .02559




Table- 5,9.5. Tensile test datz cof jute reinforced composites of ‘J.F='.208

64

Specimen | Mean cross- fUltimate | Tensile ?Young's Strain of
No. sectional load, W, | strength modulus - failure
ity kg { 02 E 2
mm kg/mm kg/mm
i 75.67 230 3.0395 62,937 0.0256
< 73.3212 220 3.000496 64.087 0.0256
3 72,712 225 3.09439398 | 62.878 0.0256
A 73.24178 227 3.0993239| 64,157 0.0256
> 71.90 212 2.,948539 63.588 .023622
& 72.64144: 210 2.89091 62,939 023622
i 72.0618 215 2.98355 63.445 +023622
71.624 205 2.862169 63.833 ,023622
B 74.45136 222 2.981812 63.115 0.0256
ic 72.23538 210 3.02829 ' B1.535 .023622




“q2hble- 5-10. Tensile test data of polyester

\Jh

resin specimens.

Specinen | Wean cross-| Strain of | yltimate | Tensile | Young's
areaéAC, E kg: , ft;e?gth Regiaian
mm Xg/mm? kg;mmz
1 67,992 0.59 a7 1.099 14.70
2 69.551 0.62 49 1.141 15.09
3 67.883 0.56 46.5 1.068 14.73
4 70.71 0.61 49 1,1157 15.55
5 75.75 0.64 54.5 1.1798 15.84
5 62.616 0.59 a3 1.09188 14,37
o 70.328 0.58 48 1.0783 15.64
i g 70.421 0.58 a8 1,07694 15.62
| 9 70.5276 0.60 48.50 1.00278 | 15.59
5 16 70.356 0.615 47.50 1.09034 15.63
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Table-5.11.1. Test data of flexural modulus of polyester resin.

Specimen | Thickness Width Span Load,we |Deflection| Flexural
NO. mm m me length Newton mm modulus
m m, N/mm
1 1.70 12.74 25.4 0.15 0.123 79.819
2 1.69 12.76 25.4 n 0.124 80.463
3 1.64 12,72 " " 0.134 81.729
& 1.65 12,75 o " 0.132 81,28
5 1.67 12.76 N 1 0.1287 80.299
6 a7 19.72 "t " 0.121 79.85
7 1.62 12,78 " " 0.138 81.955
8 1.66 12,80 " " 0.130 80.73
9 1.72 12,72 " " 0.120 79.118
10 170 12,76 " n 0,123 79.695




Table-5.11.2. Test data of flemural modulus of composites, V_=

o

0.0602.

Specimen Thickness Width Span Load, W.| peflection Flexu.ral_
No. =R mm length Newton - modulus
mm N/mm<
1 1.81 12.80 25.4 0.35 0.11% 158,75
2 1.8034 12,85 " " 0.1195 159.20
3 1.82 12,75 " n 0.1182 157.822
4 1.81 12,75 . " 0.118812 |160.316
5 1.796 12, 80 " i " 0.120 ! 160.95
€ 1,73 12,78 " 1l 0.125 173.35
7 1.67 12.82 " " 0.148 162.25¢
e 1.6367 1, 54 " " 0.155 164,325
S 1.667 12,78 " n 0.152 159.34
10 1.6934 12.85 " " 0.150 153.192




Table 5.11.3. Test data of flexural modulu

e8

n

Specimen |Thickness width Span Load,W Deflection|Flexural |
] No. mm mm length Mewton Hii modu%us
mm N/mm
i 1.8067 12.80 25.4 0.4 C.119029 182,425
2 1.834 12.78 i L C.117 177658
3 1.7334 12.82 " " 0.121 189,412
4 1.75 12,75 n " 0123 194,97
5 1.78 12.76 " " 0.12 189.762 |
6 1.8167 12.80 " 0.118 180.95
7 1.85 12.84 " i Celib 173.76
8 1.8167 12.85 " " C.118 180.24¢
=] 1.83 12,83 " I 017 178.12°
a0 1.7867 12.82 " n 0.120 186.757




M
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Table-5-11.4, Test data of flexural modulus of composites, Vf.—- C.108.
Specimen | Thickness width Span [ Load,W | Deflection | Flexural
No. mm mm length Newton mm modulys
mm N/mm
i 1.834 12.80 25.4 0.5 0.117 221.726
2 1.8734 12.83 L n 0.120 202.354
3 1.8534 12.84 " n C.116 216.013
& 1.79.34 12.82 L 1 0.12 230.84
5 1.83 12.82 i " 0,117 ‘ 221.887 :
€ 1.8234 12.78 " " 0.118 224,053
7 1.834 12.80 n " 0.117 221,726
g 1.8367 12.76 1 " O.d1 221,442
S 1.8467 12.86 L 1 0.116 218.03
i 1.86 12.84 i 1 gs1a5 215,58




Table-5.11.5. Test data of flwxural modulus of composites, V = 0.126.

spﬁzimen Thiczgess Wi::h fpan Load,W |Deflection I" Flexural
. ength Nuwton mm modulus
mon N/mm2
1 1.8367 12.80 25.4 0455 0.11709 242,638
2 1.86 12.76 n n 0.115 238,625
: 1.8 12.82 " " 00119 253.25
4 1.87 12,74 " " 0195 235.186
, 5 1.8634° 12.80 " " 0.115 236.58 |
¢ 1.86€7 12.72 " " 0.217 243,586 ;
7 1.467 12722 " " 0.116 242.476
e 1.83 12.78 " " 0e117 245,886
g 1.85 12.84 ¥ " C.116 238,927
15 1.82 12.82 " " 0.118 247.069
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Table-5-11.6. Test data of flexural modulus of composites, Vf = 0,208

Specimen | mhjickness Width Span | Load, W. | Deflection | Flexural
No. mm length Newton mm modulus
mm N/mm®
1 12,80 25,4 0. 70 0.124 342,97
2 12,75 " " 0.12503 353.53
3 12,75 " 1 0.127 353,61
G 12,76 " " 0.127 353,91
5 12,76 " " 0.124 344,048
£ 10,77 " " 0.124 349,77
¥ 12,78 " " 0.122 343,19
g 12,74 " " 0.123 341,4684
© 12,75 " 0121 341.7658
Fle 12.76 " " 0.127 353,913




Table-5.12. Water

|
AR

apsorption tes

reinforced conpesites,

Specimen | Volume frac-| Dry veight[ Vet weight [ Percentage 5
+ NO. tion of jute grams grams increase in

i Vf weight
1 0.0 12.85 13,05 1,55642

2 K 12.80 13,00 1.5625

3 n 12.90 13,10 1,55038

4 " 12.60 13,80 1.5873

5 " 12.85 13.05 1.55642

6 " 12.80 13.00 1.5625

) 7 " 12.77 13.96 1.4g8786

& n 12,84 13.05 1,63551 |

e " 1384 13.00 f 1.48322

10 " 12,75 12,95 156862
1 0. 142 15,85 16.30 2.83911

2 " 15,75 16.18 2.73015

3 " 15,90 16.36 2.89308
a o 15 .02 16, 24 2.78481

" 5 " 15,80 16, 38 3, Benad
6 " 15,92 I 16.27 2.84450

7 " 15.82 16.29 2.84090
'8 " 15.84 16,31 2.83732

9 & 15.86 16,21 2.72496
10 " 15,78 16,34 2.,89672

oA



Tzble-5-12. Water zbsorption test

aats of j»_jt:e C

sinforcea corresi

[ Specimen b Volume frac- | Dry weight i vet weight Percentage
Nc. ticn of jute grams grams increase in
9 ‘{f weight
1 0.168 13,85 14,2¢ 3.1768¢
2 " 13,80 14,23 3,1159%
3 " 13.90 14,35 3.23741
4 " 13,85 14,17 3.05454
5 " 13,82 14,25 3.11143
6 " 13,88 14.33 3.24207
7 " 13.78 14,21 3.12046
| 8 " 13.95 14.41 3.2974%
o) " 13,70 14,12 3.06569
10 1 13,72 | 14.14 3.06122
1 0.202 4,60 4,77 3.69565
2 " 4,65 4.82 3.65591
3 " 4,85 5.00 3.71138
4 " 4,65 4.82 3.44086 {
i 5 " 4.86 4,98 3.54156 f
6 " 4,70 4.87 3.61702
7 v 4,55 4,71 3.51648
8 " 4,75, 4,92 3.57894
9 i 4.68 4,85 3.63247
10 " 4.70 4.88 3.61702
| By
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Table-5.12. wWater absorption test data of jute reinforced composites,

Specimen | Volume frac— | Dry weight | Wiet weicht | bercentage

NC. ticn of jute grams Qrams increase in
v, weight
1 0.208 8.21 8.51 3.65408
2 " 8.15 8.45 3.68098
3 " 8.20 8.5 3.65853
4 " 8.24 8.545 3.70145
5 " 8.25 8.555 3.69696
6 " 8.30 8.61 3,73493
7 " 8.35 £.66 3,71257
8 " 8.28 | 8.59 3.7439
9 ” 8.24 £.545 © 3.70145
10 " 8.18 8.475 3.60635

= LY A =

B
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L = Overall length, 254 m.m.
D

~ Distance between grips, 177.8 m.m

©
|

T = Thickness, vary from 0.1 mm to 6.5 mm

Gage length, 127 m.m
W = Width, 25.4 m.m

Fig. 5.1

Jute reinforced composite specimen for tensile test.



iy

|

[I
|
;I-'d— G
e

L —
D B/
Lo

W - Width, overall 19 mm

We—- Width of narrow section
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- Gage length
L - Length of narrow section
D

) — Distance bet™ grips

tﬂ
7

Length, Overall

T — Thickness

13 + 0.5 mam
150 mm

57 + 0.5 mm
102 + 0.5 mm
152 mm

€ + 0.5 mm

Fig. 5.2. Polyester resin specimen for tensile test.
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Fig, 5.3 A Sketch of Flexurul modulus measuring
apparatus.
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Fig. 5.4 A photograph of Zwick Shore-D Harndess Tester!
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AVERAGE TENSILE STRENGTH, KSI
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Fig. 6.1 Average tensile strength versus fibre length,

logarithmic axes.
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Fig. 6.3. Young's modulus of composite VS gross fibre volume fraction.
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MEAN BREAKING STRAIN OF COMFOSITE, %
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1
Fig. 6.4. Mean breaking strain of composite, in
percentage VS gross fibre volume fraction.
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WEIGHT INCREASE DUE TO IMMERSION IN WATER,%
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SHORE=D HARDNESS NUMBER
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Fige 6.7. Shore-p hardness number versus gross fibre
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FATIGUE LIFE, IN NUMBER CF CYCLES oF LOAD

86

8000

7000+

6000 s

5000 {

4000 -

3000 ]

2000

1000 [

L

i 1 1 1 1

0.0

0.1 0.2

GRCSS FIBRE VCLUME FRACTICN, V
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F:Lg. 7.2 .Photograph of tensile tes
. position.

ting machine with the

Specimen

in
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|
Fig. 7.3 photograph of Fatigue testing machine with the
i specimen in position. ' &
-



‘Fig. 7.4 photograph of tensile test specimen of jute yarn
grap p

bundle.
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Photograph

of tensile test specimen of jute mat.



FPig. 7.6 Photograph of fractursd tensile test specimen
of pure resin.
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Fig. 7.7 Photograph
plastics.

of fractured tensile test specimen of reinforced



Fig. 7.8 photograph of fractured fatigue test specimen of

jute reinforced plastics.




