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.&E3TRkCT 

Some strength characteristics of jute fibres, yarns, 

fibre bundles, yarn bundics, mats, and jute mat reinforced lc±s-

tics, have been determined. The hardness, fatiie life,f'le:airal 

modulus and percentage increase in weight due to immersion in 

water of jute mat reinforced plastics have also been investirated. 

The mean experimental value 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 gaoe lenth.There 

is a reduction of about 40 in strength when the rare lcmth chan-

res from 1 cm to 10 cm. The mean experimental values of stmerf'th 

of jute fibre for three different gage lengths (10 cm, cm,i cm) 

correlated well with that obtained theoretically on the basis of 

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

mat was found to be about 1 times greater than the mean e:perimen-

tel value of strength of jute yarn bundle. 

It was Observed that the mean exPerimental values o' strenrth 

and Young's modulus of jute mat reinforced plastics incresed with 

the increase of volume fraction of jute in the comDosite. But the 

experimental Young's modulus values of Jute reim'orcea PaSt1CS Were 

found to he about 1 times greater than the theoretically calculated 

values on the basis of Netting-type analysis. 

It was also observcd that the mean experimental values of 

f1eoira1 modulus, fatigue life, hardness, and Dercentare increase 
4 

in weight due to immersion in water, of jute mat reinforced lastics 

increased almost linearly with the increase of volume fraction of 

jute in the comoosite. - 
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Plastics ra r:c l" h:cc c inerr rrteries 

that can he formed and shared by man; mtbods. plastics msy '? 

Inan-mde synthetic resins, or t:ey ray he comrositions forrd 

from natural resins. The reani o:cez. lotics i naustry has grown 

enormously n size and gained imPortance. It has no:. )cone a 

ma.ior inaustry in almost evcr part of the world. 

The work presented. in this thesis deals with the mechanic - 

behaviour of jute reiniorced Plastics. he experimental resu ts 

been correlated vitn the theoretical values. 

The thesis is divided into se-cen charters, vhacb deal withthe 

arlerert 2)ects of the proDler Dri: rrtroauctor O tLE 

Problem i s given in chapter 1. .L short discussion Or, last±cs mate-

rial is given in chorter II. In cha ter III, sore of the retd 

studies and 1nvest1atons of composites are summarily descnied 

in order to facjitate comparison with the present stu12-7. Iathema-

tical models of fibre reinforced com'osites are described in 

chanter I V, in oier to correlate theoretical results with e::pc: :-

mental results. The rreDaration of specimens, and exerimental 

procedure are discussed in chapter V The results of the invest-

gation are presented in chapter VI. Comparisons are made v;ih 

other related works, v;nere these re reevent and n2cessary. 

The cOnclusions,di.scussion and ccrnents on rcsihle extension c: 

the work are presented in cnanter VII. 

Tables and Piires are placed at the end for eas: reference. 

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

number in the reference list. 
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INTRo]yj OI 

Co!nDOSjt e ma t eri1c have heei: ir existence for cerlttxrlee. 

Vell knov'n materials, such as gloss, 7, lvwood, concrete and metl 

los ere comnosites. hese bve been used in a wide variet -  00 
Inan-m1e structures. jr, the Tsst, the cesiner was forced to 

choose amonz available 1:terials to desir 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 overcome are those 

involving strength, weight, and stiffness. Thus comPosites have 

been used in the construction of shifls, submarines, and helicopter 

blades. Composite materials which can provide strength, and are at 

the same time corrosion resistant, dielectric and nonnagnetic are 

obviously desirable for many purposes. 

Fibre-reinforced composites ae usually anisotropic. 

a vell-own fact tnt materials are stronger in fibre form them 

in bulI f0'J. This Droperty cannot be use±u11 exploited unless 

the fDres are held, together h:i a uatri: material. In fibre 

forced composite, the fibres carry the bulk of the applied load, 

and the matrix serves to bind the fibres together, to space then, 

to distribute the load to individual fibres, and to protect them 

from mechanical or chemical damage. In selecting a matrix material 

for a fibre-reinforced composite, it is necessary to ensure that 

the fibres are proerly bonded and are in total contact with the 

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

the fibres and should have adequate shear strength and ductility. 



in the- last  cJ • n'mbe: 1Jt1CI end experirnent 

studies have been mace or the determin:tHon o± mechanical 

properties o±' fibre-reiniorced cor.potea, in continuin -r search 

for light weight matoricis 01 L':I strenTtn and stillness, 

considerable efort has been mace in tie ' - t yers in ti technolo-

gical development of fibre-rinl'orced materials. Such mteriali 

consist of a re1at1ve1y soft binder in vjicn much stifier fibres 

are embedded. Fibre-reinforced plastics consist of one or mo:-e 

types of fibres within a common matrix. Tue types 0±' fiDres ITT 

usec most olten are gJaSs, carDon, Doron, and. aramids such as 14e\'lel' 

49. MOst fabricated comiosites ccnsis -  of several isyers led 

at vsrious orientations to each otmer. lutilver iamirIate 

are cross-iy or angle-ly composites. 

Several mathematical models are formulated in order to 

obtain estimates of the properties of composite material. li of 

these models have one common feature, i.e., assumption of a 

specific idealized geometry and Packing arrangement. In many 

composite materials, this regularity in geometry does not exist, 

and the material cannot be identified as havin a hexagonal, rhombic, 

or a square packing arrangement. Thus the models do not truly 

represent a real composite. One way to avoid this idealization 

problem is through the use of the variational techniques. 

Most o' the composites are made by usin thermosetting 

Plastics as a binder material. The Common thermosets, which are 

used as binder material, are polyester resins and epoxy resins. 

°lyester resins can claim to be among the first of the many 

synthetic resins which are now the basis of the plastic industry. 



Jute is a naturally occuring fibre, The length and dieter 

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 is 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 ith the 

theoretical results. 

A.  
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2.1 I!TTRC'DTJCTION 

The general term Dolymer includes all natural ai-ii synthctic 

plastics, fibres, elastorners, paints, and adhesives. The fmerican 

Society for Testing Materials has defined plastics as materials 

that contain as an essential ingredient organic solid in the fini- 

shed state but are shaoed by flow at some stage of their nnufacture 

or during processing into finished articlest1. 

There are many different kinds of plastics. ithin each kind, 

there are hundreads of classification. Lany niastics are coounded 

to gain special properties by the addition of plasticizers, stabili-

zers or fillers, or by alloying two or more synthet: c resins. There 

are two basic tvnes of plastics, thermoDlastic and thermosettin. 

The plastic industry uses the word additive to describe 

the materials which are combined with the basic resins and polymers 

to modify their properties, or to facilitate their processing, or 

to achieve special colour and finish. 

Fillers pla' a very iniTorant part in the manufacture of 

plastics comound. They reduce cost, accelerate the cure or 

hardening, minimize shrinkage, improve thermal endurance, add 

strength, and provide special electrical and chemical rrcperties. 



A ln - ed strL.cure is i cr:e ::: Layers 01 mster -  E 

bonded together into a unit body. iastics industry manufact-::es 

Jare ausntities of lominated snce, tubes, rods, and -:Irod c---

using various materials such a ric-r, ciLo- b, &sbestos,:ood 

fabric, etc., bonded by the syntnefic resins. esine for ts 

purpose are generally used in a varnish iorm nigh midiri 

pressures are reQuired for the manufacture of laminated plastics. 

2.3 REI'ORCED PLASTICS 

The reinforced plastics are similar to the laminates in 

many applications, differing primarily by their use of resins 

that do not require molding presures. Pressure is ofte:. 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,siliccne, 

and diallylhthalate. 

2.4 FIBF GLASS 

Many types of reinforcement are available to meet the 

multiple product requirement. Glass is one of the most ccmsnly 

used reinforcement materials. Glass fibre-reinforcement gives 

hir tensile strength, high modulus of elasticity, ar±d excellent 

dimensional sta:bility. It is used with all principal resins for 

such products as aircraft Darts, ducts, electrical components, 

motor body Darts, and building panels. There ar two basic forms 4 - 

of glass fibre-continuous and staple fibres. 



I continous filrnent is an individual fibre of any 'es- r ii  

lcnh. But a stsle filpment is an individual fibre of 6 to 15 

inces lonR. Both continuous and staple fibres can be fabricated 

into yarns and COrdS through conventional tvisting. Reinforcinr 

rnsts are made of either chopred strands or continuous swirl strands 

lid. in nonwoven random pattern. 

2.5 Hand lay—ufl molding. technique of reinforcedjlastics: 

Hand lay—up, or wet lay—ufl is an open mold process. Since 

no pressure is applied3  other than rolling with a scueeze to remove 

entrapped air, very light ceiht and simple mclds can be erailo -ed 

""or the process. In this rocess, fabric or mat is sa i:.tc ith 

liquid. resin, and the thickness of the product is bui by 

applying successive layers of 'et fabric. Usually a special Eel 

coat is sprayed, against the mold. before the layers of fsric are 

arplied. this gel coat provides a high surface quality. Curing 

usually occurs at room temperature. 

The procedure begins by riacins mat or fabric over the mold. 

The mat are trimmed to suit the mold dimensions. Catalyzed. resin 

is applied to the reinforcement and rolled thoroughly to wet out 

the fibres. All air bubbles must be removed. 

2.6 Polyesters 

Unlike almost all other thermosets, the polyesters polymerize 

rapidly at room temperature without pressure. A large number of acids 
4 
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and alcoh1 y be selected for th€ co:oiyIDerizaton of 

to1vesters. A polyester is the result ofereaction between a 

dihydric alcoho and dibasic cid. Tol''esters are a larEe  fanily 

of condensation polymers made from saturated and unsaturated 

organic acids and alcohols and cross-linked by styrene, acrylics, 

or other monomers by means of a suitb1e catalyst. The polyesters 

are cured rapidly by the intervention of a small quantity of cata-

lyst, usually a peroxide such as methyl ethyl ketone peroxide. 

Curing process is exothermic, 
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A number of eerimental investigations have been directed 

toward establishinc7 the mode of failure of unifibre and nultifibre, 

unilayer and multilayer specimens subjected to uniaxial tension 

in the direction of fibres only ( 1- 8). In 1962, Lou.e (9) establi-

shed the effect of the fibre to matrix volume ratio or the failure 

mode of fibre-reinforced composites. He found taat, for speciiilens with 

low fibre volume fraction, the failure commences by transverse resin 

cracking followed by fibre fracture and fibre pullout fron both 

sides of the resin crack. For the high fibre volume fraction specimens, 

random fibre failures occured below 50 percent of thl ulti::ate load. 

The failure of the comDosite occured by an accumulotion of random 

fractures. 

In 1964, Tsai (10) presented some experimental data to 

verify the analytical results for both cross-ply and angle-ply 

laminations. The test specimen layers were made up of unidirectional 

&lass fibres rreinrregnated with an epoxy resin. The laminated 

specimens consisted of two or three layers. The test results rere 

obtained by measuring the surface strains of the loaded specimens. 

The measured components of the (p),  (B'), and (D') matrices acreed 

resonably well with the theoretically predicted values 1'cr both 

cross-ply and angle ply laminations. In 1964, Schuster and Scla(11) 

utilized, Sapphire whiskers embedded in an epoxy matrix and apro-

ximately evaluated the three dimensional stress distribution from 

the averaae values of birefringence measured in a conventional 

polariscope. Leasured values of shear stresses showed fair agree-

ment with theoretical computations. 



In 1965, Iosen (12) conducted tests on L-Glas 

speclmens v;t aprox1mately 50 percent fibre volume fctaon. Lne 

specimen were observed nhotoelastically during the test. The cbserved 

mode of failure was similar to that of Boue (9). In  1965, Tyson and 

Davies (i) utilized a two dimensional model to study the shear-

stress distribution near a fibre end. They filed a slot in a sheet 

of photoelastic material, fitted an alumiurri stiffener to the slot 

and glued it in space. They found pea1 shear stresses greater than 

those predicted theoretically. 

In 1967, Priedman, Flom and Mazzio (14) had also rn tests 

on continuous glass fibre reinforced specimens. The rote of failure 

was of the same tyDe as that observed in oaen's enerimens(i2). 

In 196?, Bdelman and Dahilce (15) utilized three dimensional models 

and the stress freezing technique. The ratio of the elastic modulus 

of the stiffener to that of the matrix was selected to match the 

anticipated ratio in the prototype material. In 196E, PTh (16) 

analyzed photoelastically the effect of the fibre end-georcetry,fibre 

orientation, fibre to matrix percent volume r:tio. Lost of the vorks 

done are on two-dimensional models, although some three-dimensional 

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

a comprehensive study of the effect of fibre discontinuties in 

composite materials using two dimensional models. As ma:: be antici-

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

stress-concentration factors were observed. 
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I. 1968, Grinius (16) ccnducted an exnerimentual mv i ion 

on fibre-reinforced composites subjected to tension, she:r, rdin 

and repeated loadinc in order to establish the effect ci the mtrix 

and the fibre orientation. Only two specimens were tested for each 

case. The observed mode of failure for tension was sinilar to that 

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

In 1968, Tsai (19)  compared the uniexial strenrth prcdicted 

by maximum stress, maximum strain, and maximum worl' theories, with 

the test data obtained from uniaxial tensile and couressive tests 

on a unidirectional E-glass -eroxy ccmDosite. He found tht the 

maximum work theory offered better acreemen-L-1 with e::nerinianta data 

than did the other theories. 

In 19?2, Armenakas, Garg, Sciamrarella, and Svlkori (2() inves-

tiated the strenith characteristics of S-glass fibre bundles and 

composites subjected to quasi-static losding. The specimens were 

observed photographically durin deformation. Their experimental 

bund.le strenth compared well with that obtained on the bsia of 

Daniels' theory (21). The mean experimental comnosite strength comparEd 

well with that obtained on the basis of rule ci mixtures and Gucer-

Gurland models (22,23,24). 

In 1984, Fariborg, Yang and Harlot (25) investiated the tensile 

behaviour Of "Intraply Iybrid composites". They modified the basic 

chain of bundles probability model. They used the cnte carlo simuletion 

technique for their method of analysis. They considered the effect 

of the volume ratio of the constituents and the derree of dispersion 
4 
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of the types of fibres. The existence of the "Hybrid Effect 

for strain is siOWfl along with its sensivity of volurne ratio an dis-

persion. The Weibull distribution function was siowr to be a good 

renresentation for the hybrid breaking strain. 

From the nrevious v?orks, it can be concluded that based uDon 

certain assuption a mathematical modelling is possible for the 

determinRtion of mechanical properties of comosite. 

4 
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_LI1 c)1' flE 

In order to analyze tie rnechcnicJ herviour ol ccno::i 

TtrJalS, it is better to. have r ibor .ic1 rnce tc 

precict strenatn values theoreticL1:.3 i i D e no;: 

nodois re discussed beTLo. 

4.1 NET'FIYG TYPE ..kNALYSES 

I planar mat of fibres, subjected to tensile strains 

directions at right. anrles to each other and to a snear strar: 

between these direct:cr-S has been considered (26). 

Tnis model is bsed uon. tho iollo?:in: asumptOns 

a. Io efl ect of the binder phase 

- b. lon, strai. fi t, t:_n br es  

load applied only at the fibres ends, snd 

no bend.in stiliness for the fibres. 

Comnosite o- n's di uguatiom €tai1ed ir tho 
for this model is 

j (1/3)EfVf 

where, 

Youngs modulus of fibre 

Vf = Volume fraction of' fibre 

4.2 STRENGTH OH. FJ.O ITICE O A SINGLE FT} 

Most of the reinlorcing fibres are brittle with a wide sc.otter 

in their tensile strength values. Statistical theories of brittle 



1 

frcture a re mostl:; based on tb& Gr 1t:. rcture theor: (2 

is assumec tiyt tn e strenTt: oL' hrttle .teral is limited 
': T. 

presence of microcracicr, or Ls,C1itraDUteQ throu rhout thE Seciren. 

If it is further ssumed tht the fl?:;5 re trihted in s r•dc' 

maimer and are non±nteractinp 128 ), the:. - :le fibre my be divi(-ed 

into a Cfl3 in of 'J.' 1J..fls, eacn 0: unit ienRt.m. nen tne stress at 

the root of a microcrach in anT iinh reac:es ti€ tneoretic cohesive 

strength, fracture ensues. It is thus evident that the most severe 

crack, or flaw, determihe the failure of the entire fibre. In 

other words, st3tisticaJ theories are oased on the concet o the 

'vbea.Kest lim:' , CC::'OL.r tC rhlci te srit:1 chain ol 

1inJ:s e:als tie st:rth of the v.eai:est linh. 

Coleman (29), using the weakest link showed that the cumulative 

distribution function G1  ( 0  ) of classical fibres is of the eibull 

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

the Appendix - B) is given by 

f (x) = 01 CX x) .. . ... 

... (2) 

where x . 0, > 0 '- shape parameter, and or_ > 0 

characteristic osrameter. 

The Weibull distribution function may also be empJoed to 

characterize the fibre strength behaviour under guasistatic loading 

in an approximate manner, by postulating the distribution parameters 

and as functions of the strain rate'(31). The following rela-

tions were established for these parameters on the basis of tests 

on 2 in. gage length S-glass filaments (mean diameter af 
= 0.00 45 

in) at various strain rates 

Ln ( - Ln Co. - 0.029 Ln + 3.398 ...........(a) 

Ln P = - 0;028Ln ê + 0.863 ............. (b) 



1L 

vhere hos Le: no:- 1-.: ior:ied vi: resect tc e I r in. 

Prm the cmuTht:ive dsr to_- function (deail-:d the 

Arpendix-C),tbe following qua:ztities, maybe calculated in a straiyht 

forward manner 

= ()_1/ r (1+1/p) .................. (5) 
r(1+2/) i1/2 

i+'
f 
 /0 = - -1 1 ............•• 

f 
 

where Eq.(3) gives the average strength and Eq.(4), the coefficient 

of variation. Here r(x) denotes the gamma function of x. 

Equation (3) predicts a linear relationship between lo 

(Ok) and log (1) as shown in figue 6.1. The slop h e of te straight 

line log() log (l) yields the value of -1/u. Knowin the pirameter 

the narameter p may be obtained through use of Eq. (5). 

4. 5 TENSILE STPENTH D1STRIPTJT ION CF lARGE EUIDLES 

A bundle made up of a large number 'N' of parallel fibres, 

all of equal length '1' is c3nsidered. The fibres are assuied to 

be clamped at the ends, such taht all the unbroken elements have 

the same strain. The fibres remain elastic ur to the rcint of rufl- 

ture. It is evident that ±f there was no disrersion in the length 

of the fibres, the strength of the bundle would be equal to that 

of all its individual components. However, since there is a die- 

tribution of fibre strenhs, the problem is more cornple::. it ;as 

first considered by Daniels (32). 

In Daniels' analysis, it was assumed that when a fibre breaks, 

the load it was carrying is instantaneously distributed equally among 

the surviving fibres. Fibre bundle strength and standard deviation 

equations, according to Daniels' theory, are 

0• (ol) 
-1/p e 

.................. (5) 

__) 

= (CC 1 P) -1 e 1/P(1_e N (6) 
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DSCRIFTIO OF ETL OCEDT'RE .AI) 

AP.ATIO'T Ci SFC'EN 

5.1 Tensile test of tossa jute (Corchorus Olitorius) fibre 

Tossa jute are ©lassified into six grades. TbEc are namely 

BTSF'L, BTJ, BTB, BTC, BTD and BTE grades, where E means 3anadesh 

and T stands for work "Tossa". For sampling, two bales of DT grade 

jute were spread out on the floor. Ten reeds were ta:en at random 

from them. Then 15" length were cut from the middle Portion of the 

reeds. From these reeds, two 'bundred filaments were taizen out. 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 

Testing rn/c model of TJM of 3JI at a cross-bead speed of 5 mm per 

mm. Load and elonatiofl at break were automaticail7 recorded on the 

chart from which strength and strain at break were calculated. 

Fifty specimens were tested for each of the three different 

gage lengths n (10 cm, 5 cm ad 1 cm). The rates of straining were C.05 

mm/mm/mi-n, 0.1 mm/mm/min,O.5/mm/a/ffhn, for gage len;ths 
10 cm,  

and 1 cm esrctiVelY. The data of different gae lengths are summarized 

in Tables 5.1, 5.2 and 5.3. 

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 out 

at 15 cm lengths. These bundles were the test specimen. 
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±xTer..Lran vs ccnduced oa these bundles usii. o: ::rcr 'es-

ting rn/c of model TM-L at a cross-head speed of 5 mn/mm. Lcd & 

elongation at break were automatically recorded on the chart from 

which strength and strain at break were calculated. Ten slecimens 

were tested each of gage length 10 cm. The eerimentJ data are 

summarized in Table 5.4. 

5.3 Tensile 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 at a cross-

head sneea of 50 mm/mm. Loads at break were autc'matically recorded 

on the chart. Elongation at break was also recorded. In this investi-

gation ten specimens were tested, each of gaae lenath Ic cm. The 

experimental data are summarized in Table 5.5. 

5.4 Tensile test of jute yarn-bundle 

Samples, each of 2C cm length and 2.75  cm width, were cut from 

carpet backing cloth of ETA grade jute. There were ten lonitudinal 

yarns in each samale. Samples of 5  x .75 cm each, were also cut from 

glass mat. The matrix was then repared •by midng thoroughlg in a 

container with a stick, while carefully avoiding the entrainment of 

excessive air, 500 grams of Epolac G-774TSY(unsaturated normal alyester 

resin) 15 grams of Cobalt i'Tepthanete, and 5 grams of mcthgl ethyl 

ketone peroxide. Glass mats were wetted with this liçuid resin, and 

placed on both sides of the ends of the samples. Sheets of rolytherie 

were nlaced on them and rolled thoroughly to wet out the mat and to 

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



Transverse ysrns ere the is :.ed fror the sam''les. iic test 

length was IC or,. The yarns were eqa1ly spaced in the s'ccimen. 

Experiment was conducted on these b'ndles usjnc-  on Thtron 

Testing machine, model 102, at a crcss-head seed of 50 nm/nin. 

Load at break weS automatically recorded on the chort,fron ..'hicb 

strength at break was calculoted. The exnerimental date arejren in 

Table 5.6. 

5.5 Tensile test of jute mats 

Same procedure as was discussed in section 5.4 .nere adorted 

except that the transverse Yarns were not isolated frcr: tn ssoies. 

The test data are summarized in Table 5.7. 

5.6 Tensile test o jute mat reinforced composites 

Samples 25 x -5 cm were cut from mat of BT grade jute, then 

weighed and recorded. The matrix Dolvester was then prerared by 

mixing ingredients thoroughly in a container v.itn a stick, an the 

r000rtions listed in Table 5.8., while carefully avcidir the 

entrainment of excessive air. 

tn11ayer and multilayer of jute mat reinforced plastics were 

made by hand lay-up method. These were cured slowly at room temrerature. 

These comcsite sheets were .eihed. Secinens each of le::Tti of 25 cm 

and wadth of *21.7-S cm were cut from these sheets. surfacen .ud 

edges of these snecimens were filed, and the filed surfac€ .nere finished 

with finer abrasive rapers. A ten layer of glass mat reinforced. 

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



IJter curi: at rc emrer' t:ro -b x 25.'4 5 

cut from this sheet and filed all t e ort surfaces. Tabs ':era then 

attached tc the ends of thr jut€ reinforced rlastic ecimers, :ith 

Aica adhesives. The dimensions of te test specimens werc accorin 

to the standard of ASTM D 3039 -76 as shown in fir-ure 5.1. 

Tensile tests have conducted on the above srecinens uir an 

matron Testin{ t machine at a cross-head steed of 50 mn/nm. Tes was 

performed at room temperature. Load at break was recorded on the 

chart. Th€. extension at or as near as possible to the point of rupture 

of,' the specimen was measured and recorded. Load and dcforntion at 

different intervals of time were also measured and recorded. Ten 

specimens were tested at each volume fraction of jute. lxoerimental 

data for jute reinforced composite specimens are given in Table 5.9. 

5.7 Tensile Test of ?ol:ester esins 

A sheet of 200 x 200 x 6 mm of pure resin, according to the 

prciortions listed in Table 5.8, was made. After curinm at room 

temnerature, snecimens were cut from this sheet b' a metallic die, 

acccrdinc tc the standard of D 638.- 77a as shorn in ficure 5.2. 

All,  surfaces of the specimens were filed. and the filed surfaces were 

finished with finer abrasive cloths. 

Tensile test was conducted on the above s'ecimens usin: an 

Instron Testing machine at a cross-head speed of 5C mn/mm. Test was 

performed at room temperature. Load at break was automatically 

recorded on the chart. The extension at or as near as possible to 

the moment of rupture of the speCimen was measured and reccrded. Load 

and deformation at different intervals of time were also measured and 

recorded. Ten specimens were tested. ExDerimental data for pure resin 

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

Sheets of varying thickness ranging 1.5 mm to 1.9 mm, 

4cr: long and 15 cm wide of different jute mat volume fraction of 

jute reinforced plastics and pure resins were made by hand las-up 

roThOd. The matrix had the same proportion of resins as listed in 

Table 5.8. These were cured at room temcrrture for two days. 

Specimens of length 40 mm, and width 12.9 mm were cut froLl tiTlese 

sheets. Then all surfaces of the specimen were filed, and the filed 

surfaces were finished with finer abrasive cloths. 

A Test was conducted on the above specimens utilizing a "Flexursi 

us  At fire p ncdu eu p     t  

neEn thickness (d) of each ecimen over its full width at the r1Ci 

sectaon v:s measured canu recorded. i'ror: The s;ecim€ns, tre one which 

had the rc3.r thickness 'nearest to the mean of the men thickness of the 

specimens v;ss selected. The deflection equivalent to an induced 

strain ol 0.2 for this specimen from the following equation was 

calculated C. 21505 
D = 

•••• ..... . •... 
d 

(1) 

where, 

= deflection of' the specimen rt its mid point, mm 

d = thickness of the specimen, mm 

The specimen was placed centraly on the supports and then 

tne load beam was tlaced on the specimen. The gauge a.dustinc' screw 

wis turned in a clockwise direction until the proximity switch 

rRs functioning 

The bezel loci:ing screw was loosened. and. the dial gau,e bezel v:cs 

trr:ed so that zero coincides with the position of the pointer. 
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Louse ,.eibts uere aprLuo. c ue eeiJre Di T rcres - 

sively. s e5cf. VeiLt was 2e 1,the -. 

 

clock ,ise until the red light came on.
OL 

sufficient v 

hd heer, added, to ceuse movements of 2D jnd1c&te on he gsUge the 

apPlied lod 'v;' recorded. The reo n in1ng nie S&CimeUS were tea-

d similarly, aDlyiur lood W' as quickly as lossible. Exactly one 

minute after the completion oi loadinr , the resultant d.eflection D 

to the nearest 0.002 mm was recorded.. 

The elastic modulus for each specimen was calculated from the 

iu±±Owing eauation. 

S S S • • S S • * • • . (c 
Li,d, Db 

where, 

= S'-ecmen width, mm 

L = ecimen spear length, mm. 

Load, Newton 

d - = Secmen thicLarese, m m. 

D Deflection of secer.,  

The experimentr.l cas of jute me,t reinlorced composite and 

pure resin sPecimens are summarized in Table 5.11. 

509 fatigue test of jute yarn comrosites 

. glass mat reinforced mold was Drepared, for  the  purose of 

maiiing test secjmens according to the stndrd of Terco Company as 

soown in figure 5.5.. Then a random,sample, 0 cm long, C.752 m m. mean 

diamete2'ofBTA grade jute yarns 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 bottom aná the two sections were clr'ed. 

?rior to placement of yarns, the mold had been cleaned thorouhl' 

and subsequently, its surface were evenly coated with a thin coat 

of old Release ax. 

The matrix Dolyester was then prepared by mixing thorouhly 

in a container with a wooden stick, while carefully avoiding the 

entrainment of excessive air, 25 grams of Epolac G. 774 TSY, 0.5 

grams of Cobalt Nepthanete and 0.25 grams of ethyl Lthyl hetone 

Peroxide. The resin was then injected into the 'iicic. The mold :a 

cured at room temperature for two hours. It was then opened an the 

specimen was removed carefully. After this, the compositE' seci;ien 

was placed in the open space for cost curing for two days. In this 

way five specimens, for each volume fraction of jute yarns, were mace. 

Five secimens of pure matrix v;ere alsD made. photograth o' the p  

specimen is shown in fig. 5.5. The effective sam length of the 

snecimen was 100.5 mm, the mean diameter of the cornosite was 7.5 mm. 

Experiments were donducted on both resins and commosite 

snecimens, utilizing the Fatigue testing machine Terco YT 2C5. 

The test snecimen was nassed through the locking nut and was 

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

with the griTping shaft. The test sr'ecimen was introduced into the 

shaft and the locking nut was tightened. The load was set at 5 

Theloading device has a microswitch which on fracture of the 

test wiece, dut off the power sunly to the motor. The micrositch 

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



counter was set at zero before the mechine was started in oach ease. 

fter the test ice bed frced, tbc- ert r ad n the :h2t '.as 

removed by iocing the wecce sncec anorel trouh te nT:lc ifl 

the r' shaft. Te test was reeae ith then test s"ecimens. Five 

s-'cmofls werE: tested for each vclume frect of jute. Th life 

of thE test secirnefl, was exrressed in number of losdin c'cles, 

recorded aut stically. 

5.10 V,ater absorrtion test of :ute mat comrcsites 

Jute mat reinforced composite she€:ts of difle:ei-t vluoie 

frac:inr- of jute mat arid a uu rolyaster resin in the :crtion, 

listed in Table 5.3, we:e rnsde according to the rocedrre 
scussed. 

in sectiOn 5.6. S.'ecimcns of 76.2 mm lonE and. 25.4 mm. 

cut from these sheets, according to ;sTL: D-570, and ucih€J. iter 

v;eirhinc, these seciinens were placed in S container of distilled 

water in such a v.ay that specimens entirely immersed and r-:sted
,  on 

ed.es. At the end of twenty four hours, the sPecimens were removed 

from water one at a tine, viied off water from all the surfecee with 

a dry cloth, and v;einbei imediateiy. rercentaO incrresez in weight 

inc to immersion were calculated and recorded. Ten s'ecinens were 

tested at each volume fraction of jute and ure resin. 

5.11 Bard.nesT test o± jute mat reinforced com"osjte 

Jute mat reinforced cc.mpc.site sheEts of differnt volume 

fractIon of jute and a rure pcl;eStCr resin were made according to 

the procedure discussed in section 5.6. Srecimens were cut 
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according to AS :-220". The sale had a diameter of cm ad 

a minimum thicness of 6 mm; thiner specimen were placed la -er 

upon layer until this minimum thicness had been achieved. The 

test was performed according to standard LTM L-224C-6a, using 

Zwick Hardness Tester on Shore D. 

Tests were performed on each sample at three different loca-

tions. When performing the tests, the hardness tester was arlied to 

the sample in a shock and vibration free manner and derressed until 

the contact surface of the tester touched the surface of the sample 

under test. The shore D hardness number was recorded. Ten samples 

were tested for each volume fraction of jute. A hotograra of Zv;ick 

Shore D Hardness Tester is shown in fiire 5.4. 

4 
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' IER=V I 

EX?I?AL RESULTS AD CCL?ARIS0N 

b.1 JUTE 'iBR: 

Fiftv specimns ;vere tested for each of the three different 

gage lengths. The values of ,eibull parameter were calculated, 

using the mean experimental fibre strength values for three 

different gage lengths, and equation(2) of charter lV.Loerimenta1 

and theoretical results in comparisOn with 0.004 in mean diameter 

—g1ass fibre of mm gage length are summarised in Table 6.' 

(20). Average tensile strength of jute fibre versus fibre lenth 

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

U 
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Table 6.1 Experimentil rsult:s of tensile strength and Young's modulus of 
jute fibre, in comparison with S-glass fibre (20). 

Rate of  

trai- 
ning 

Elastic modu- 
lus of jute 
fibre 
ku/mm 

Elasti(-- nr.)du_  
lus of glass 
fibre 2 

kg/mm 

Tnsile 
5jrpflqth of 

te fibre 
krj/mm2  

Tensile 
stronqtli of 
g]a; f- ibrc? 

krj/inri 2  

values of !eibull 
parameters 

Theore1cii '.'ihi. - 

for strenit:h ;ind 
stnd1rd devit:r.n. 

C1/Tlfl 

nun/mm/mi! Mean S. D Mean Mean S. D Mean cc Mean S.D 

0.05 365.59 370.22 16671.72 6.75 6.215 16.7 5.561x10 0  4.581529 3.711 

0.1 4177.16 379.5 41.554 6.365 42.75 

0.5 41139.20 131.34 60.747 1.322 60.748 4.02 

• Straining rate of glass fibre was 0.0265 mm/mm/mm. 



co 

6.2 JUTE FIBRE FJNDLE 

As the specimens were loaded individu;l fibres fractured it 

random level of loading, well below the failure load of bundles. 

The t'neoretica 1 bundle strength an sti -d deviation were calcr-

latedusin the equations (4) and (5) of cbapter IV, and the \ndueE 

of v;eibull parameters from Table 6.1. 

Experiinenta1lUes of bundle strength and standard deviticn, 

in comparison with theoretically calculated values, and also in 

comnarison with 0.001185 in meantharrieter S-glass fibre bundle of 

E.. 5 mm gage  length,re sun:mri€d II TlE 6.2 2O• 

Table 6.2 E:crimental and teC etioliy calculated va'e 
d on, inor jute bundle strength an ti 

comparisn 
 

 with 8-glass fibre bundle. 

Rate of Pensile strengthcf Thecretio:.l values Tensile strergth 
strain- ut 1ibre,h/rr, for rLT and. of glass f -a, 
ning, 

- - 

S.D.,h/n 

J

Mean S.D. can S.D - 

0.05 9.26 a2C i.? 85.2 

• Rate of Straining of 5—glass fibre bundle ws 0.0265 

6.3 JUTE YARNS 

Ten sDeciWflS were tested at a stroinin rate of 0.5 mm/nm/nm. 

Experimental results are summarized in Table 6.3 
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• • ExEri::!ent]. res';lts of tensile strenth a nd 
Young's modulus of 3u-be 7crns. 

Rate of Tensile strength 
Youn's strainin. modulus 

kglmm2 kp/nm2  

Lean S.D Mean 

0.5 14.411 1.255 10.95 11.52 

JUTE YARN BTJI'DLES 

Ten sDecimens \7ere testeä at e straining rate of 0.5 rnr/mrn/iiin. 

Exrerirrentj. me:n tensile strer:c-cb snã. standard devit±on vs?ue 

are su- srized in Table C.4. 

ab J-ê- 6.1- Exneriental results of tensile strength and 
standard deviation of jute yarn bundles. 

ftte of 
- 2 

atrainin Tensile strength, kg/mm 

m/mrri/min Mean j S. D 

10.52 r 1.5519 

) 

7Tr 
LL_ -s 

Ten specimens were tested at a straining rate of 0.5 rm/miin. 

Lxperiment&l mean tensile strength and standard! deviation values 

are suarized in Table 6.5. 

Table- 5ExT-'erimental results of tensile strength and 
stridard deviation of cute mats. 

-4 
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Table - 6.6 Experimental and theoretical results of Young's modulus and tensile 
strenqth of jute mat reinforced composite in comparison with S-glass 
fibre reinforced composite. 

Rate of straining 

mm/mm/mm 

Vf 
young' s moduiu of jute '(rio' S moclu- 
reinforced cnmposi€ey  

-- uoon NotLina 
kg/m.m 

- 
Lyjo r"Iic- 
ion , 

Tensile strength 
jute reinforced 
composite, kg/mm2  

Mean S.D. uinj. Mean S.D. 

0.3937 0.142 43.03'19 1.7005 102.97 211. 0 2 1.9907 0.128 

0.168 52.3336 2.0552 216.17 34.21 2.349 0.104 

0.170 54.300 1.3122 229.35 36.25 7.5-117 0.090 

0.202 6 1. 5 LI  GO 1.2122 260.20 41.137 2.9017 0.066 

0.208 63.257 0.701 268.01 112.36 2.9'29 0.078 

Tensile strength of 
S-glass reinforced 

composite, f '0.OS9SJ k1/ flu) 

Mean  

1°6.26 
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Table- 6.7 e 2 ress oT tensile strength 
and Your's modulus of pure polyester resin 
specimens. 

Rate of Tensile strangth Young's modulus straining kgJrn.m2 kg/mm mm/mm/mm 
 Mean S.D Mean S.D 

1.0 1.104 0.04 15.276 0.511 

68 FLEXEJPLAL L0DtJLTjs 

Ten specimens were tested at each volume fraction of iutc. 

ExDerimentl meen flexural modulus an standard deviation o 

jute mat reinforced. ccm'osite are suamri2ed in Taie  

rl modulus versus volume fracti= o: are s.own in 6. 

Table-6.8 xrerimental 'esults of mean fiexural modulus and 
striciard. deviacn o ue mt renrforce 
corposte and re resin. 

Volume frac- 
zion o 1 ue 

Flexural modulus, N/mm2  
-1 

Mean S. D 

0.929 

0.0602 160.95 

0.0802 183.407 6.602 

0.108 219.365 7.39 

0.128 242.'--22 5.3 

C.208 347.817 5.58 

t 

AL 
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6.9 TER kTSCT'TT0F 

Ten specirens :.E& tested at each volume frcton cf  

mat and a rure resin. ExDerimentil res'.lts on .ute  

corosite nã nure r€sin, are su rie Table 6.9. t.gvt 

incrse due to inersio in wster, ¶', veus volume frcct:cn 

of jute re showr in fi.6.6. 

Table- 6.9 Exneri!aentaiValUeS of we increase 
due to immersion in water and standard 
deviation of jute mat reinforced composite 
and pure resin. 

Volume rrac- 
o ?ieight 

sion in 

. 

i 
-- - 

lncrease due to mmer- 
water, 4 

Mean S. D 
- 

0.142 2.828 

0.165 3.1148 0.056 

0.202 3.&0 0.083 

0.205 3.689 I C..041 

6.10 FJLRDTSS 

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 deviation are sumarized in 

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

are shwn in Fig.67' 
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?able — 6.10 Experimental results of shore-D 
hardiness number and standard deviation 
of jute mat reinforced composite and pure resin. 

ooume frac- 
ion of jute 
It 

Shore-D hardness number 
D 

0.0 45 1.76 

0.142 55 2.55 

0.168 60 1.45 

0.178 61 1.e2 

0.208 62 1.75 

6.11 FJTIGLTE 

Five specimens v;ere ;smd at each voime ction c 

rat reinforced composite and ure resin. Lxerimental values of fatine 

life, in cycles of loading and standard deviation are summarized 

in Table 6.11. The load was 5 Newtons. Fatigue lii' e,in cycles of 

loading versus gross fibre volume fraction are shown in figure 6.8. 

rn ... t-. - - -'.. - - ,.. _. .a. -. . ... r- _ .... - . .. -' 

_1_ Je • - -- s o. ... 1e 1.i e 
standard deviation,Of ute varz reinforced composite 
and pure resin, ac baa, of' 

Volume roc- Fatiue life, in cycic ci' loading 
tion of jute 

Mean 
( 

2. D 

356 56 

0.033 946 55 

0.079 2474 96 

0.1245 3878 220 

0.1495 4672 363 

0.224 7524 513 

-I 
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DISCUSSTO AND CCNCLLTSICNS 

7.1 Introduction : 

Some mechanical properties of jute, polyester resin, aid 

jute reini'orced plastics have been determined exnerimemtally. And 

the exDerimental results are correlated with theoretical valuos. 

The imnortant 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 experimentalvlue of jute fibre 

strength decreases while increasing the test gage length. This is due 

to the value of strength of the weakest link in the fibre. Is the 

gage length decreases, the total number of links in the fibre also 

decrease, and the strength value of the weakest link ma be more. 

There is also a reduction in the mean experimental value of Young1  s 

modulus of jute fibre, while increasing the test gage lcncth from 1 cm 

to 10 cm. But it is observed from figure 6.1 that the mean strength 

of jute fibre increases almost ?Thearly with decreasin gae 1emcth. 

The theoretically calculated strength comDares well with the e:ererimental 

strength, but the theoretically calculated standard deviation is nearly 

one and half times greater than the sample standard deviation. The 

S—glass strength is nearly four and half times greater than the strength 

of jute fibre. The 3—glass Young's modulus value is about 4-times 

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

fibre. 



The mean exneriment&l fibre bundle strenth coaare - 11 

with tht calculated from Daniels' theory (2). But the burle 

strength is much smaller than the fibre strength of both jute 

and glass fibres. This is due to the d±srersion in the stre - th 

of the fibres. 

The mean values of exoerimental jute yarn stren:tb and young' a 

modulus are much smaller than those of jute fibres. Thi; i due to 

the discontinuities of the fibres in yarn. The mean exnerinerital 

jute yarn strength is greater than the mean exoerimental jute yarn 

bundle strength. 

The mean experimental value of jute mat strength jE about 

one and h51f times greater than the mean experimental jute :arn bunie 

strength. This is due to the transverse yarns in the mst b:'  ::1ich the 

strength increases. 

It is observed that the eyieriInenta1va1ues of Younr's cduus 

of jute mat reinforced plastics are greater than the theoretically 

calculated values on the basis of etting-tye analysis. But if a 

-kl constant F 1.5 is taken into acco':nt for discontiniti5 of the 

fibres and multiplied by the results obtained on the hsis of Petting 

type analysis, the results obtained compare ell with the aeon 

exerimental results. The mean experimental strength of jute mat 

reinforced, plastics increases with increasing volume fraction of jute 

in the composites. But the value of strength of composite is less 

than the strength of jute fibre. 

It is observed that the experimental values of f1eoral 

modulus, fatigue life, hardness, and percentage increase in v:eight 

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 G.S. 
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7.3 Conclusions 

A. The followin conclusions can be drawn as a consecuence 

of the present research work 

Js jute absorbs much resin, there is a limitation of 
increasing the viume fraction of jute in composite. TIRe 
maximum volume fraction of jute is incoiflDosite3.20. The 

composite has some voids when the volume fraction of jute 

is more than 0.208. 

The experimental values of mean tensile strength,Young's 

modulus, fatigue life, hardness number, flexural modnlus,and 
water absorption of jute mat reinforced plastics incr.?ase 

almost linearly with increasing volume fraction of jute in 

the composite. 

The experimentalVatUe of mean breaking strain of nure polyester 
resin is decreased aroximately by 96% when C.20E'• volume 
fraction of jute mat is used as a reinforcing material. 

The eerimentai values of mean tensile strength and Youn' s 
modulus of ute inst reinforced miastics containinE C.205 volume 

fraction of jute mat are aroximately 2.75 tines ire..ten than 

Dune molester resin. So jute in' be used as a reinforcin 

material. 

The experinentalvlue of mean fieairal modulus of jute mt 

reinforced plastics containing 0.208 volume fraction of jute 
is anroximately 4.82 times greater than pure nol:,.ester resin. 

Experimental values of mean sbore-D hardness nu,ber and 

percentage weight increase due to immersion in water of jute 

mat reinforced plastics containing 0.208 volume fraction of 

jute are approximately 1.37 and 2.37 times greater than o1yester 

resin respectively. 



Experimental a1ue of mean fati?ie life of jute yarn 
A reinforced plastics containing 0.2214 volume fraction of 

jute is anroximately 21 times greater than olesier resin. 

Experimental value of mean tensile strength of jute fibre 

is aroximately 2.L-5  times greater than jute mat.So it is 

better to use jute fibre as a reinforcinr material. 

7.14 Extension of the present work : 

The study of the mechanical behaviour of jute reinforced 

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

amount of measurements perfoned for mecLnical behaviour of .ute 

reinforced 010stics, several questions regarding the mecical 

roporties are yet to be solved. It is not possible to reochdofnte 

concluslon reoardn the effect of strain rate on mechanical rcrer-

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

cond.uctinR a large number of tests at various strain rates. Js a 

direct extension of the present work, the following suggestions may 

be made for' continuatIon of the research. 

Experimental study of the elastic beheviour of unidirecti:n-
ally contInuOus jute fire reinforced plastics. 

Experimental study of strength characteristics of jute fibres 

under dynamic loading. I  

Exmerimental stud:' of the mechanical behaviour of hybrid 
composites, consisting, of two or more tyes of reinforcing 
fibres, one of them being a .iute fibre within a common matrix. 
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4 
A planar mat of fibres subjected to tensile strains 

e11  and e 22  in two directions at right angles to each otter 

(Fig. 1) and to a shear strain Y 12  between these directions 

has been considered. 
x I 

FIBERES 

x2  

Fig. 1. Flanar mat of fibres. 

The srai: of a fibre inclined at an,  crbitrar ' tc 

the direction x1  is 

le Cos2S + e22  Sin6 + Sin € Cos e ... ... (1) 

Let f(e) be the distribution function, that is, the friction 

of fibres inclined at anle 'e'tc the direction x in ti€ unit vidth 

transverse to their direction, such that 

(e) d e = • • • • • • • • • • , • . . . . . ... . . . (2) 

The frac4 ±:ns of fibres intersecting lines of unit idth 

perpendicular to the directions x and X2 are  then f(e) cos e and 

f(e) si (e) respectively. 



is the fibre modulus, and ±s fre 

density, i.e., the ratio of fibre volume to the OluTe c the 
4 

comDosite. The stresses are 
Tr 

EfVf f(e11  Cos25 + e22  sin4e + Co Sin 6) 0os6 f(e)de 

22 EfVff(e11Cos2O+e22  Sin26~ 12  Cos 0 Sin ) Sin2O f(E de ..(2) 

'T =EfYf5(ellCos26+e22Sin2O+Y12 CosO Sin 
e) Sin0 Cose f(s) de 

Alternately equations(2) can be recoritten as 

= 

C2 = 012e11+ C22e22+C26Y12 
(3) 

where 

'n12  = C1e1+ 026  e22+ C6612  

rr 
L 

C11  = J Cos e f(S) de o_17 _ 

C16 = EfVf f Cos"êsinS f(S) dO 
rr 

C22  = EV jsin.e f(e) dO 

026 fsin3o Cos ê 
° TY 2 

012 _fVI  oose SirO f(S) do 
Jc 

. ... .. (4) 

The e' 5sTC constants Cj  for the corosite ma: be c::lculatc. 

in a S1DDIC ianner. For the isotropic, two dimensional case ;ith a 

random distribution of fiber, the distribution function r(e) used is 

= 4 
o err .... ......... (5) 

Then using the VALLIS' integration formulas, which are 

a) Ss in S dO £005 dS = 

TT/2 
or  

where W =Tr/2  if n' even and yi 1, jf is odd. It 



b) JCose si'ne d6 = T 
(m+n) (m+n-2) . • • (2) or (1) 

where T = n/2, if both 'm' and 'n' are even; otLE::vis 

T =1 

We can easily find out the elastic constants, which re as 

follows. 

c1 = C22  = (3/8)EfVf  ; 012 (1/8) EfVf  

C16  - C26  = 0 

From theory of elasticity ( Hooke's law) 

v= 

71 - 
_____ = 

C11e11± 12e22 e- e1M 
e11 = + 12 

And Ec = 2j 
= 

012 e11+ 22  e22 
= 022 + 012 : 

,22 

or e111e22 = (L - 022)/012 .• " ••••• ..... (ii) 

From eauations (1) and (ii) v:e have 

= 12 /022) 

= (3/8) Ef IT
f 
 - (8/6L) (1/3) EfVf  

(1/3)EfVf ............ (6) 



=1 

DC 

SIl:ETRic.L AE'PROX 
f(x) 
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f(x) 

x 

A 

71,  

"r 1• -i--  

The Veibull probability ansity function f(x) chn'es is 
4 

shape with the distribution pararneters. It can adopt any::here frorn 

exponential to highly skewed shapes. The probability density func-

tion f(x) is given by 

f(x) exp (-ax ) ... ... ... ... (ii) 

where x >0, > 0 - shape parameter, and o> 0 ' eh.i'acteristic 

parameter. 

The cumul•tive distribition function P(x), correson to 

f(x) of  

F(x) = I - exo (-ocx) ... ... ... ... ... (2) 

The wide range of possible shapes for the Weibull rohability 

density function is shown in Fig. , 

L(X) E:'?cNTIAL f(x) 
t  

SHED RIGHT 
HB<zl 

Fig. 1. Weibull probability density curves. 
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RGiH CCiL1GS  

A 
athematicaily, if and G 1  ( C-  ) denote the ;i ty 

that the strength of the fibers oI' length unity and.1ç rosctive1, 

does not exceed tO.,  the weakest link h'po the eis yields 

I - G1  ( C-  ) = [i - G1( CT )]l 
•.. •.. ... ... •.. (a) 

Equation (a) implies that the rrobability of the survival of a fiber 

of 1ength t 1 subjected to a stressC-' equals the probability tht all 

of the l' links of unit length survive under the au-lied stress. 

ADart from the weakest link hyothesis, the follo';in-  tc 

'self-evident. statements ma be made reard.inr the c u.lcti- e divri- 

bution function (7 ) 

The fiber strenh in greater than zero regardless of 

the fiber length 1. 

c ( CT  ) is a monotonically increasing functicrL ol' CT 

Whenever ljn Ecj.(a) is larce, and. G1  ( CT ) differs a;;reciably from 

zero, the right band side of" the ecuation v:ill vanish. AcccrdinT to 

the second 'self-evident stoteien above, small G1( 0 ) ccm:.escids 

to small CT . Thus, the form of 0-1 ( C-  ) for large'l', is go-emned by 

the behavior of G1  ( C-  ) as 'CT ' aDmroaches zero. One must further 

assume thpt C- ) is well behaved. near the origin, such that 

Lim G1 C- ) = cx C- . . * . . . . . . . . . . . . . . . . . (b) 

where U and p are positive constants. he Veibu1l dstributian is 

derived from a slightly more general hypothesis than Sc.(b).  One 

assumes that for all x>O, 

Lirn 1G1(T)J = ,•. ••. ... ... ... 
... (c) 

G(r )j - 
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?here  r is any Positive variable. 

The quantity ri 1  is determirid such thEt 

G1 (n = I / 1 . . . . . . . . . . . . . . . . . . . . . (a) 

and a new random variable IZ., I  is defined such that 

Z1= mm ( x1, ...., xi,...., x1) ... ... •.. () 

where x1, x2, .. ... , x1  denote the strengths of the '1' linis 

of unit length comrising the fiber. Also note that as  

G1  (11) -_0, and hence The rrobability that Z1  is rreater 

than some fixed quantity 'X' is 

P  

subst itut -Jnrr one obtains from Eqs(c) and (f ), for lrgel, 

Lim r Z1> 4 Lin {1- G1  ( lh) x () 
1—b 

Substitution of Eq.(d) in Eq.(g) results in 

Lim P x Lim Ii - (1/1) x1 = expl - x} ... (h) 

?eversinr te scale, CF x, and noting, that 

P{Z1 >x P min (x1  ........ 

and 
P {min (x1,.....x1) > = I - G1  ( 

we see that Eq.(h) yields 

G1  ( ) = I - exp ( ••• ... 

hen Eq.b) is applicable, ii- (oiY
Vp 

 and Eq. (i) becomes 

O ) = I - exP.(- io} ... ... ... ... ... (j) 



The above relation is the 7.eibull cumulative distribution 

4 function. Here, Crand p are independent of the length 1, and 

are referred to as the distribution parameters. 

From the cuinuletive distribution function, Eq.(j), the 

following quantities, may be calculated in a straight forv'ard 

manner : 

c71 (1)'1/'P r(i+i/p) ..... .... .... ... (k) 

C 1) 
••, ... ... ... 

-4 

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

of variation. 
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E-. oi to et of ;f oboe booth 1 

eCimCfl 

No. 
1, D1  El )eterS 
of fibre 

mm2  

I'  

Ultimate 
boad,grams 

Strain at ! TCOFile strenoth 
failure oi fibre 

kg/rrm2  

Elastic :.odulo 
of fibre 

kg/mm2  

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 54.756 4148.22 

6 Q.046 47 0.68 28.280 4158.95 

7 0.044 57 0.83 37.487 4516.49 

B 0.046 151D 0.86 35.501 4128.08 

g 0.050 tA 1.23 42.780 3478.11 

1C 0.046 0.71 29.484 4152.71 

11 0.046 6 0.92 34.851 3784.25 

12 0.049 65 0.95 37.465 3943.30 

13 0.048 65 0.94 35.920 3821.31 

14 0.049 68 0.99 36.060 3642.43 

15 0.046 67 0.97 40.315 415.21 

-16 0.048 64 0.93 35.367 3802.98 

17 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 3955.96 

20 0.050 70 1.02 1 35.650 3495.16 

21. 0.045 71. 1.03 44.641 4334.17 

22 0.046 72 1.04 45.270 4352.5 

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 0.78 28.636 3671.27 



Tahle-5-1. Tensile test riata o jut(_ fi:e of i-nct ICX rr.m. 

Seciren 
No. 

Liet.er 
of fibre 

mm 
(_) 

Ultimate 
load,grams 

(T) 

Strain t 
failure 

Tensile 3trenth tic 
of f.bres 

2 
(T ), kg/mm kg/rn m. 

28 0.048 49 0.70 26.525 3789.40 

29 0.046 59 0.85 35.501 4176.64 

30 0.051 74 1.07 36.229 3385.46 

3-1 0.047 67 0.97 38.618 3981.23 

32 0.045 58 0.64 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 1.22 42.780 3506.62 

36 0.052 1.28 41.431 3237.25 

37 0.050 86 1.25 43.799 3503.95 

39 0.045 58 0.85 36.468 4290.36 

39 0.046 67 0.98 40.315 4113.80 

40 0.050 63 0.92 32.085 3487.57 

41 0.040 59 0.86 35.501 4128.06 

42 0.049 61 0.88 32.348 3679.91 

43 0.052 79 1.15 37.1989 3234.67 

44 0.048 82 119 45.315 3807.98 

45 q.048 59 0.86 32.604 3791.24 

46 0.044 61 0.88 4C.117 4558.81 

47 0.045 47 0.68 29.551 43 5.84 

0.050 77 1.12 36.257 3237.25 
48 

49 0.049 91 1.32 46.346 3511.05 

50 0.049 89 1.30 47.196 3630.48 
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71 

Tensile t•st date  c± te "f l'rth 50 

3tec1men 
No. rn.ter of 

fibre,d 
mm 

iean dia-U1t.triate 
1oc, 
grams 

trir-. at 
fil'ire, 

Tensil strergth 

k/ 

Younc'S moOuc 

2 
kg/mn 

I 48 72 0.98 39.788 4144.6 

2 .047 73 0.99 42.076 4250.1 

3 .046 63 0.86 37.988 4407.9 

4 .049 64 0.83 33.939 4089.02 

5 .047 75 0.97 43.229 4456.6 

6 .046 62 0.90 37.306 4145.1 

7 .049 76 0.98 40.302 4112.4 

8 .045 79 1.06 49.672 4686.0 

9 .047 69 0.90 39.770 4418.8 

44 .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 71 0.92 42.722 4643.70 

14 .047 88 1.14 650.72 4449.3 

15 .046 91 1.16 54.75 4719.82 

16 1 .047 89 1.10 51.29 4663.4 

17 .047 93 1.14 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 35.159 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 29.0 3819.71 

24 .049 73 0.96 30.71 4032.45 

25 .047 76 0.98 43.805 4469.9 
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Tcioie-5.2. Tensile test c1t. of ut :nres 0± :erh SC 

Socimen 
o. 

- 

iean dia- 
mneter of 
fibredf  

Ultimate 
lod, W 
grains 

±Ttr&ir at 
failure, 

Tonsile streriqth 
/ 2 

k /rr g 

Younç 

26 0.044 86 1.25 56.559 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 56.456 4785.2 

32 0.053 88 1.13 39.887 3529.90 

33 1.17 41.762 3569.401 

34 0.050 82 1.17 41.762 3569.401 

35 0.051 82 1.16 40.14 3460.344 

36 0.052 79 1.12 37.199 3321.339 

37 0.05 67 0.87 34.122 3922.16 

3R 0.049 65 0.82 34.469 4203.56 

39 0.048 62 0.80 34.262 4282.81 

40 0.047 85 1.29 L5_72 3914.333 

41 0.046 70 1.20 42.120 4297.959 

42 0.045 69 1.02 43.384 4253.333 

43 0.045 67 1.03 44.053 4277.961 

44 0.045 60 0.88 37.725 4286.931 

45 0.044 58 0.96 38.144 3973.33 

46 0.047 72 0.96 41.499 4322.81 

47 0.048 76 0.94 41.999 4467.9 

48 0.045 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 4074;90 



.bi-•-5.3. Tansi1e t-st data;  

L1tiit 
To. :Lter of 1o'd, 

are-mr.  

.047 104 

.048 1.08 

.048 98 

.045 98 

.049 11.9 

.048 110 

.047 107 

.046 1.04 

.049 1.17 

0 .047 105 

1 .046 101 

2 .049 112 

.045 95 

.047 106 

5 048 

6 P 349 115 

7 .C48 1.13 

8 L046 

9 .047 1.05 

C .046 97 

1 .047 1104 

2 .047 106 

.048 11.4 

.046 103 

5 .047 ,107 

tri ot t n i- .trr -jt- YS,un * 

/ 

1.42 59.944 4221.40 

1.42 59.683 4203.02 

1.40 58.968 4191.64 

1.44 61.618 4279.01 

1.48 63.105 4262.85 

1.43 60.788 4250.90 

1.46 61.673 4224.178 

1.50 52.5788 4171.92 

1.5 62.044 4108.80 

1.48 60.52 4089.189 

1.45 60.773 4191.24 

1.44 59.393 41.24.51 

1.38 59.732 4326.40 

1.55 61.097 3941.74 

1.51 51.893 4098.27 

60.9839 3959.99 

1.53 62.445 4081.43 

1.43 59.570 4165.73 

1.41 50.52 4292.198 

1.42 58.366 4110.28 

1.40 59.944 4281.71 

1.51 61.097 4046.15 

1.60 52.998 . 3937.275 

1.52 61.977 4077.43 

.43 61.673 4312.797 

I 

4 

6 

7 
A. 

B 

r 

'l 

I 

1 
! 

1 

2 

2 

'4 

2 

2 



AL 

IC m.. 

flc.. mCter 0± 

± 

- - - _- - 

ct 

1c±, fEsi1 r., 

- 

- 

c-rt- 1:2rct- 

K;/r IT. 

- 
- 

cun - mc'Cuju 

2 

26 .045 1.45 60/52 4173.79 

27 .045 100 11 .49 60.172 4038.38 

2e .05C 121 1.53 61.6246 4027.76 

29 .049 121 1.51 63.635 4213.56 

30 .047 120 1.52 61.097 4019.5 

31 .044 106 1,48 57.874 3910,41 

32 .049 88 1.46 62.574 4285.89 

.050 118 1.42 62.543  441-1.47 

3-1  .052 123 1.36 58.386 4231.01 

35 .051 124 1.46 61.1899 491.08 

36 .044 125 1.45 59.189 4082.0 

37 .052 90 1.42 59.80 4211.267 

38 .052 127 1.38 60.271 4367.45 

39 .050 128 1.46 61.1155 4185.99 

40 .049 120. 1.4-4 59.721 4147.29 

41 .046 126 1.35 55.329 1 4394.74 

42 .047 116 1.36 60.097 4418.89 

43 .046 116 1.47 61.514 4184.62 

44 .045 107 _.34 59.130 4412.68 

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 

48 .044 90 1.41 59.189 4197.80 

49 .045 95 1.36 59.732 4328.40 

50 .044 93 1.50 61.162 4077.46 



Table- 5-4. Tersile tst data 014 jute fibre bundles. 

''Soecimen 
No. 

i1ean cross- 
sectional 
area of 
bundles 

mm  

ultimate 
Load, 
crams 

Tensile 
strencth 
( () 

Kg/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 IE.779 

7 .056745 1060 18.680 

8 0.059446 1080 18.1677 

9 0.06503882 1120 17.220 

10 .06939778 1620 23.34368 



Tc1b1e-  5.5. Tensiie test data of jute yarns. 

5jecjen 
No. 

Eean Cross- 
sectional 
area, A 

rn m 

Ultimate 
load, w, 
kg. 

txain atl ThnSjle 
failure, strength 

i(g/rn.rn 

t G ) 

- Youns 
modulus 
E, 

2 Kg/rn rn. 

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 2.3 13.949 606.51 

4 0.2083 3.25 2.5 
I 

15.602 624.09 

5 0.18085 2.75 2.5 15.197 607.88 

6 0.1772 2.50 2.4 14.108 587.841 

7 C.16982 2.25 2.2 13.249 602.24 

8 0.1590 2.00 2.0 12,579 628.93 

9 0.21237 2.50 2.7 16.48 610.395 

10 0.19244 2.50 2.1 i 12.99 618.57 
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Table- 5-6. Tensi:e test data of jute yarn bur1es. 

Specimen 
No. 

Near cross- 
sectional 
area, 

2 
A 

mm 

Tensile 
strength 

kg/mm2  

Wtimate 
load, 

(W) 
kg. 

 

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 8.48726 17 

7 1.84745 10.2844 19 

6 1.9244 11.432 22 

9 1.772 9.0293 16 

10 1.69822 11.777 20 
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Tar4e 5-7. Tensile test data of jute yarn rnts. 

Spec imer 
No. 

Mean cross- 
sectional 
area,Ay : 

Thfl 

Ultimate 
load, , 

ka 
j 
I 

Tensile 
strength 

) yrn 
 

kg/rn m2  

1 1.963495 27 13.750 

2 2.083 34 16.322 

3 1.8095 30 16.579 

4 2.1237 31 14.597 

5 1.6982 30 17.665 

6 1.772 31 17.494 

7 1.62597 24 14.760 

8 1.9635 26 13.2416 

9 2.003 24 11.1982 

10 2.083 29 13.922 
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Table_5.8. I-atrix polyester molding Compound fprmula. 

Name 
;eight, grains deight, 

rnolac G-240 FX (unsaturated flexible polyester resin)6,000 72.82 
Epolac G-774 TS (unsaturated nornaj polyester resin) 2,000 24.27 
Cobalt Nepthanete 

J 160 4 94 

NelhyJ. elthyl Ketone peroxide 
80 0.97 

Total 
8240 100 



abie- 5.9.1. Tensile test data of jute reirfrcd co:nrositcs of v=0.142 
r 

SDecimen 
No. 

Nean cross- 
Sectional 
area, Ac, 
itt rn2  

Ultimate 
load, W, 
kg. 

Tensile if 

strength 
( C )c, 
kg/itu2  

Young's 
modulus 

c 2 

Strdin at 
failure 

1 139.384 297 2.1308041 45.557 0.05315 

2 146.358 291 1.9882753 43.386 0.05118 

3 166.242 300 1.804598 43.927 0.055118 

4 140.0934 315 2.2485 43.066 0.05118 

5 153.81449 300 1.95040 43.3476 0.055118 

6 156.989167 300 1.911096 44493 0.055118 

7 154.68599 315 2.036383 41.050 0.05118 

8 158.72499 305 1.9215624 40.006 0.05315 

9 153.064667 310 2.0252877 41.485 0.5118 

10 149.961167 295 1.9671759 44.038 0.05315 
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TLL?lc- 5.9.2. Tensile test data of jute reinorce composites of 
Vf= .168. 

rcin 
flc. ::ri1 

aire, Ac, 
n n Pull  

lo&3, 
ten crJ-  

2 

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 5.914 .0413356 

6 159.68934 387.50 2.426585 53.662 .0413755 

7 169.004 375 2.2188824 52.602 .0433 

8 162.3999 380 2.339901 50.8312 .0412756 

9 163.849 390 2.38044034 54.2572 .0413755 

10 160.955333 385 2.3919679 51.2875 .0410756 



WA 

T-lc- 5.9.3 Tensile test data of jute rcinforc ccrosites of f_O•17S 

- MCi-fl crC.4- 

areZ, 9C 

1.1,112  

zipc'l  
Uitit 

Ic9. 

J 
c;a 

t 0 
2. 

' oj,''- 

2 
IT. 

1 24.3936 62 2,54165 54.6659 0.03543 

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 0.0313 7 

6 25.8561 66 2.55258 54.0298 C.0374 

GC 
7 24.062 2.493558 52.780 Q.03543 

6 24.892 2.5711 56.1224 ..0374 

64 
24.6927 - 2.591849 56.575 0.03543 

68 
10 26.7806 2.5391514 54.535 0.03137 
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Th1- 5.9.4 Tersi1e test of jute irrce coroites of 0.202 

specixxen 
No. 

Mean cross- 
sectional 
area, AC, 

Ultimate 
load, w, 

kg. 

Tensile 
strength 
( (7)c, 
kg/mm2  

Young's 
modulus 
E 

kg/mi 

Strain of 
failure 

1 51.4346 149 2.89688 61.728 .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 

5 52.177 154 2.95148 63.284 402756 

48.62142 144 1 2.96165 62.686 .02559 

7 48.0996 1.42 2.9522 50.6171 .02559 

49.9317 1 147 1 2.944 61.043 .02559 

9 52.593 150 2.85209 6.0369 .02559 

10 50.486592 146 2.891856 60.372 .02559 

-+ 
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T-i- 5.9.5. Tensile test date of juc. reir.forced cor;csites of V.208 

Specimen 
No. 

Mean cross-I 
sectjol 
area, c, 

Ultimate Tensile 
load, W, strength 

I kg 
k 

IYoung's 
modulus 

kg/mm2  

Strain of 
failure 

1 75.67 230 3.0395 62.937 0.0256 

73.3212 220 3.000496 64.087 0.0256 

3 72.712 225 3.0943998 62.878 0.0256 

73.24178 227 3.0993239 64.157 0.0256 

71.90 212 2.948539 63.588 .023622 

72.64144 21U 2.29091 62.939 .023622 

72.0618 215 2.98355 63.445 .023622 

71.624 1 205 2.862169 6 3.833 .023622 

74.45136 222 2.981812 63.115 0.0256 

ic 72.23538 210 3.02829 61.535 .023622 



hte- 5-10. Tensile test dita of ncivester resir. secjr'ens. 

Specimen Mean cross- 
No* sectional 

area,AC, 

Strain of 
failure 

E 

Ultimate Tensile 
load,W, strength 

kg. 
g/ 
0 2 

- 
kmm 

Young's 
modulus 
kgmm2  

-- 

1 67.992 0.59 47 1.099 14.70 

69.551 0.62 49 1.141 15.09 

3 67.883 0.56 46.5 1.068 14.73 

70.71 0.61 49 1.1157 15.55 

75.75 0.64 54.5 1.1798 15.84 

I 62.616 10.5 43 1.09188 14.37 

70.328 0.58 48 1.0783 15.64 

73.421 0.58 48 1.07694 15.62 

9 70.5276 0.60 48.50 1.00278 15.59 

IC. 70.356 0.615 47.50 1.09034 15.63 



Table-5.11.1. Test data of flexural u1u '1\'ester resin. 

Specimen 
No. 

Thickness 
mm 

Width 
m m. 

Span 
lenath 

m. 

Load, . 
Newton 

Deflection 
mm 

Flexural 
modulus 

N/mm2  

1 1.70 12.74 25.4 0.15 0.123 79.819 

2 1.69 12.76 25.4 11 0.124 80.463 

3 1.64 12.72 it to 0.134 81.729 

4 1.65 12.75 it 0.132 81.28 

5 1.67 12.76 " " 0.1287 80.299 - 

6 1.71 12.72 0.121 79.85 

7 1.62 12.78  H  0.138 81.955 

8 1.66 12.80 H if 0.130 80.73 

9 1.72 12.72  it 0.120 79.118 

10 1.70 12.76  H  0.123 79.695 
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Table-5.11.2. Test data of fleuraI modulus Of cornDoste$, V 0.0602. 

Specimen 
NO. 

1 Thickness 
mm Width 

mm 
Span 
length 
mm  

Load, 4
o 

Newton 
Defj.e7r

. 

1 1.81 12.80 .25.4 0.35 0.119 

2 1.8034 12,85 it It  0.1195 159.20 

3 1.82 12.75 is it 0.1182 157.822 

4 1.81 12.75 H 0.118812 160.316 

1.796 12. 80 - 0.120 16D.95 

6 1.73 12.78 H  0.125 1173.35 

7 1.67 12.82 0.148 162.259 

2 1.6367 12.84  H 0.155 1-64.225 

9 1.667 12.78 0.152 1.59.34 

10 1.5934 12.85 0.150 153.192 
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Table 5.11.3. Test data of flexural rnoduiuE of cmoites, V.= C.0B02. 

Specimen 
NO. 

Thickness 
uuii 

Width 
mm 

Span 
length 

Mm 

Load,W 
Neiiton 

Deflection'Flexural i  
modulus 
N/mm2  

1.8067 12.80 25.4 0.4 0.119029 182.425 

2 1.834 12.78 It it 0.117 177658 

3 1.7334 12.82 it It 0.121 189.412 

A 1.75 12.75 it 0.123 194.97 

1.78 12.76 91 0.12 189.762 

1.8167 12.80 H 0,110 180.95 

7 1.85 12.84 0.116 173.76 

8 1.8167 12.85 0.118 180.246 

9 1.83 12.83 H  0.117 178.129 

10 1.7867 12.82 0.120 166.757 



s.1 , 

Table-5-11.4. Test data of flexural modu1u composites, Vf= 0.L08. 

SCiJnen 
No. 

Thjk5S 
mm 

Width 
mm 

Span  
length 
mm 

Load,w 
Newton 

Deflection 
mm 

Flexural 
m0du1t2s 

N/mm' 

2 1.834 12.80 25.4 0.5 0.117 221.726 

2 1.8734 12.83 it 0.120 202.354 

3 1.8534 12.84 t o 0.116 216.013 

4 1.79.34 12.82 0.12 230.84 

1.83 12.82 O.117f 21.887 

E 1.8234 12.78 0.118 224.053 

7 1.834 12.80 U 0.117 221.726 

8 1.8367 12.76 to c.11. 221.442 

1.8467 12.86 " 0.115 218.03 

IC 1.86 12.84 U  0.115 215.58 
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Table-5.11.5. Test data of flwxural modulus of c'Jrnpcsites, V= 0.126. 

Specimen 
No. 

1 

Thickness 
mm 

Width 
mm length 

mm 

Load,w 
Nuwton 

________ 

Deflection 
mm 

' 

I modulus 
N/mm2  

1 242.638 1 1.8367 12.80 25.4 0.55 

-- 

0.11709 

1.86 12.76 0.115 238.625 

1.8 12.82 it 0.119 253.25 

1.87 12.74 of 
H  0.115 235.186 

1.8634 12.80  236.5E 

1.8067 12.72 0.117 243.586 

7 1.467 12.72 H 0.116 242.476 

1 1.83 12.78 0.117 245.886 

c 1.85 12.84 v 0.115 238.927 

1.82 12.82 H  0.118 247.069 



71 

Tab1e-5-.1.6. Test data of flexural modulus of conposites, V 
= 0.206 r 

specimen I
No. 

Thickress 
Ma  

width 
mm 

Span 
length 

mm 

Load, W. 
Newton 

Deflection 
mm 

I F].exural 
modulus 

N/mm2  

1 1.74 12.80 25.4 0.70 0.124 342.97 

2 1.72 12.75 to 'I 0.12503 353.53 

1.72 12.75 " 0.127 353.61 

1.71 12.76 0.127 353.91 

1.74 12.76 
ft  0.124 344.048 

1.73 12.77 
ft  0.124 349.77 

7 1.75 12.78 U 
ft  0.122 343.19 

2 1.75 12.74 
ft  0.123 341.4684 

1.76 12.72 0.121 341.7658 

1.71 12.76 U  

-- 

0.127 353.913 
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( 

Tabie-5. 12. rter a)ZDr jfl t- F ute eiriforced c ::,etes. 

soc- men 
No. 

Volume fr 
tion of jute 

Vf  

Dry Weight 
yarns 

et weight 
yarns 

F'ercentage 
increase in 
Weight 

1 0.0 12.85 13.,5 1 1.55642 

2 ff 
12.60 13.00 1.5625 

3 
H  12.90 13.10 1.55038 

12.60 13.80 1.5873 

5 12.85 13.05 I 1.55642 
6 12.80 13.00 1.5625 
7 12.77 13.96 1.46786 

B 12.84 13.05 1•53551 

9 
H  12.61 13.00 1 1.48321 

10 12.75 12.95 1,56662 
1 0.142 15.85 16.90 2.83911 

2 
H  15.75 16.18 2.73015 

15.90 16.36 2.89308 

1.92 16.24 2.78481 

5 
H  15.3E 2.88944 

6 15.2 4  16.27 2.4450 

7 15.82 16.29 2.84090 

8 
" 15.4 16.31 2.83732 

9 
H  15.66 1  16.21 2.72496 

10 15.78 16.34 2.89672 

. 
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Tb1e-5-12. :ater bsor:tior test :.tc f jute :•i rcc c; - cjte. 

£ciren 
No. 

Volume frac- 
tion of jute 

Vf  

Dry ireight 
grams 

ct 'eight 
grams 

Fercentge 
irrease in 

 W1gnt 

0.168 13.85 14.2 3.17689 

2 it 13.80 14.23 3.11594 

3 it 13.90 14.35 3.23741 

4 U  13,95 14,17 3.05454 

5 I'  13.82 14,25 3.11143 

6 13.88 14.33 3.24207 

7 H  13.78 14.21 3.12046 

S II 13.95 14.41 3.29749 

H  13. 70 14.12 3 06569 

10 13. 72 14.14 3.061 22 

1 C.202 4.60 4 •77 369565 

2 4.65 4.82 3.65591 

3 H  4.85 5.00 3.71138 

4 4.65 4.81 3.44086 

II  4,80 4 .98 3.54166 

6 4.70 4.87 3.61702 

7 4.55 4.71 3.51648 

8 - U  4.75 4.92 3.57894 

9 4.68 4.85 3.63247 

10 4.70 4.88 3.61702 

4 
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Table-5.12. water absorption test data of -jute reinforced composites. 
4. 

t e%:tg J Vo1uiie £r 'eT eTç  

:

--~C 
C. tion of ute grams in  

___ 

Vf   Wight 

1 0.208 8.21 8.51 3.65408 

2 it 8.15 8.45 3.68098 

3 it 8.20 8.5 3.65853 

4 it 8.24 8.545 3.70145 

5 H  8.25 8.555 3.69696 

6 it 8.30 8.61 3.73493 

7 U  8.35 8.66 3.71257 

8 8.28 6.59 3.74396 

9 H 8.24 8.545 3.70145 

10 8.18 8.475 3.60635 

U 
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Pdad G 

L - Overall length, 254 m.m. 

D - Distance between grips, 177.E m.m 

G - Gage length, 127 m.m 

W - ;idth, 25.4 m.m 
T - Thickness, vary from 0.1 mr to 6.5 mm 

Fig. 5.1 Jute reinforced composite Specimen for tensile test. 
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Wc 

Lo 

W - width, overall 

Jc- Width of narrow section 

G - Gage length 

L - Length of narrow section 
- j1stance bet orips 

Lo- Length, Overall 

T - Thickness 

19 mm 

13 0.5 m.m 

150 mm 

57 
• 

0.5 mm 

IN + 0.5 mm 

152 mm 

6 + 0.5 mm 

Fig. 5.2. Polyester resin specimen for tensile test. 
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Fig. 5.5 Fatigue test specimen. 
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logarithmic axes. 
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Fig. 6.2. Mean tensile strength of composite versus gross 
fibre volume fraction. 
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Fig. 6.3. Young's modulus of composite VS gross fibre volume fraction. 
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Fig. 6.4. flean breaking strain of composite, in 
percentage VS gross fibre volume fraction. 
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Fig. 6.7. Shore-D hardness number versus gross fibre 
volume fraction. 
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Fig. 7.1. Photograph of Gripping Set up for tensile test. 



FLg. 7.2 Photograph of tensile testing machine with the specimen in position. 
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Fig. .4 Ptograph of tensile test specimen of jute yarn 
bundle. - 
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Fig. 7.5 Photogrh of tensil€ test specimen of jute mat. 
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Fiq. 7.5 Photograph of fractured tensile test søecjmen 
of pure resin. 
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Fiq. 77 Fhotogrph of fractured tensile test specimen of reinfczced plastics. 
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Fic. 7.2 Photoap'n of fractured fatigue test specimen of 
jute reinforced p1astic. 


