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The tensile strength and stiffness of Jute-Glass fibre reinforced com-
posite laminates have been determined experimentally at different voléme fraé—
tions of jute and glass fibre. The "effective" fibre volume fraction has been
defined to characterize.ﬂ particular composition of the laminate in tc%ms‘of a
single unique fibre volume fraction.. This "effective" fibre volume Traction
has been found meaningfu] to interprete the strength and stiffness properties
of the laminate. The strength and stiffness of Jute-Glass Reinforced Composite
Laminate (JGRCL) have been found to vary iinearly with the "effective" fibre
voluﬁe fracfion.'_The experimental data have been fed into the Bishop’s model
to determine the empirical strength_and stiffness parameters so that predict-
ions can be made using these parameters. The experimental Qalueslof gliffness
of JGRCL have not been found_tolagree well with those predicted by the Lamina—
tion theory and the Law of Mixtures. The Flexural modulus of the JGRCL has -
been determined experimentally ot different vélume fractions of jute and glass
fibre, The experimental valﬁes did not agree well with those calculgted using
the Lamination theory. |

The expériméntal data for Jute Reinforced'Plasticsl(JRP) which was per-
formed by Kazim have been used to fit the Bishop's model. The empirical stiff-

ness parameters have been determined so that they can be used for the predict-

ion of stiffness of cross-ply JRP of any fibre volume fraction.
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This work was iptended since no experimental data were available in
literature for Jute-Glass Reinforced Composites although they are in use in
gome form for.the manufacture of chairs, tables, cqntainers, baby cafs, ete.
in Bangladesh. This research was undertaken to find some experimental -data for
these composites in order to facilitate design.

Since the mechanical properties of fibre composites are dependent on the
fibre volume fraction, fibre orientation and stacking gsequence of the lamina,’
some method éf prediction of these properties is to be practised for design
purposes because it is impractical to defermine these " properties expefimén—.
tally for almost infinite number of combinati;ns of fibre volume fraction,
fibre oricntation and laye; stacking ~sequence. Several models have been

studied and one method has been suggested for this purpose.
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CHAPTER 1

INTRODUCTION

A composite.material is defined as a material containing two or more
distinct phases on a macroscopic scale. Composite materialé are comﬁonly
classified into three types, npamely 1. Fibrqus. composite, 2. Laminated
composite, and 3. Particulate composite. Fibrous composites consist of fibres
in a matrix. Laminated composites consist of layers of.various materials. And
particﬁlate composites are composed of particles in a matrix.

Composite materials have a long history of usage. Their beginnings are
unknown, but all recorded history contains references to some form of com-
posite _materiél like plywood, concrete, etc.. IFibre reinforced resin com—
posites are the most recent adﬂition to the composite'family. These composites‘
_have high sfrength—to-Weight‘ and stiffness—to-weight ratios. These facts
faciiitated their wuse in light weight structures such as aircraft and space
vehicles. The use of fibrous compesites is expanding rapidly in other en-
gineering applications because of superiof physical and électrical propepties
over metals. These applications include ﬁressure vessel, bearing, boat Hull,
electrical insulators, casings, etc..

In most  engineering appliéatiﬁns, fibrous composites are used in'the
form of laminates which consist of layers of various materials. These in-
dividual . layers are constructed of unidirectional continuous or discontinuocus
fibreé or woveﬁ cloths. In conventiohal aesign, engineers are suppogsed to
choose a material éccording to the design requirement. Contrafy to that they

- ¢can now prescribe a particular composition of a composite which will give the‘
desirgd strength and stiffness properties reéuired by design. This hes become

possible because stiffness and strength of a fibre composite‘can be tailored



by the use of multilayered laminates with appropriate fibre orientation of

each layer.

1.1 FIBRES AND RESINS
Fibres

It is a well-known fact that long fibres in various forms are inherently
much stronger and stiffer than the same material in bulk form. The paradox of
a fibre having superior properties to the bulk form is due to the more perfect
structure of a fibre. The crystals are aligned in the fibre along the fibre
axis, Moreover, there are fewer internalﬂdefecté in fibres than inr bulk
material.A fibre is characterized geometrically by its very high length-to-
diameter ratio and its near crystal-sized diameter.

Glass fibre is a non-organic fibre made out of specific type of glasses,
Three commercial type of glass fibres are used in practice. They are A-glass,
E-glass, and S-glass fibreé. A glass is made from soda-lime glass and i=
cheap. E-glass is made from calcium alumina borosilicate glass and has higher
strength a@nd better electrical insulating properties than A—glass.' S—-glass
consists of silica, magnésia, and alumina combined in certain proportions. S-—
glass is about 40 percent stronger and more temperature resistant than E-
glass.

Jute. fibre is a naturally grown organic fibre. Various gradeé of jute
fibres are produced iﬁ Bangladesh. Of them, Tosa Jjute has been found to show

good mechanical properties. Jute fibres are not very long and its diameter is

t

not constant.
‘Fibres are usually obtained in various forms such as woven cloth, non-
woven mat, rovings, etc.. Woven cloth may again be classified according to the

type of weave such as plain weave, satin weave, etc..



Resin

"Resin écts as a binding material for the fibres ip a fibre composite. A
thermosetting resin has been found to be a suitable material. But until thé
advent of polyester type resin which can be cured at atmoépheric pressure,
fibre reinforced cowmposites were not a reality. Presently two types of resin
are in use }l. Polyester, 2. Epoxide resin. Polyester resin is more widely used
than epoxide resin because it is cheap and has less curing problem than

epoxide resin.

1.2 FIBRE REINFORCED LAMINATES

Fibre reinforced comﬁosites have certain superior physical, mechanical
and electrical broperties over metals which enhances the use of fibre com-
posites in numerous engincering applications. Fibre reinforced laminates are
usually tested and analysed for prediction of composite properties for their
gimpler geometr&. The regults obtained from the analytical and experimental
study of laminates can then be used for the_design of any other structural
components. There are -different methods .of manufacturing fibre reinforced
laminates. Usually fibrés or woven fibre mats are weﬁted by liquid regin and
then cured for several hours with or without pressure. During the curing’
period, the resin undergoes copolymerization resulting in crosslinking of
polymer chaihs and thereby gets sqlidified. To make objects of any other
shape, fibres are cut according to the shape of the mould and placed in the

mould. Resin is applied. After curing.the cbject is taken out of the mould.

1.3 MOULDING TECHNIQUES
Currently four different methods of manufacturing fibre reinforced

laminates are in practice. A brief description of each method is given below.



a. HAND LAY-UP : The léminate is made by consolidating layers of brush or
| spray applied polyester resin ana fibre reinforcement by hand in an open
mould. The mould itself is made of the same composite. The process is par-
ticularly suitable for making large components and small number of mouldings.
b. COLD PRESS MOULDING : Laminates are made by consolidating resin and rein-
forcement in matching tools, usually made of concrete with a‘ polyester of .
epoxide resin facing . Simple clamping rigs, combined with the weight of the
moulds themselves, provide the required pressure. This is particularly
suitable for making large mouldings required in moderate quantities.

c. HOT PRESS MOULDING : Mouldings are made from resin and fibre "preforms" in
heated steel moulds mounted between the platens of a hydraulic press. The
preforms are made by depositing the fibre on a male mould and coating them
with a binder to retain their shape. The process is suitable for long run of
small components. Mouldings made by this process have a highér fibre to resin
content than mouldings made by hand lay up or by cold press moulding.

d. FIﬁAMENT WINDING :  This process con;ists of winding continuous filament or
roving on a mandrel after they have been passed through a resin bath. This"

method is generally used for making cylindrical pipes and tanks.

1.4 OBJECTIVES OF PRESENT INVESTIGATION

The objectives of the present investigation are mentioned below.
1. Experimental determination of tensile stfepgth and stiffness, and flexural
modulus of Jute-Glass fibre reinforced composite laminates at different volume
fractions of jute and glass fibre. |
2. Determination of the strength and stiffness of the composite laminate
using the Lomination theory and Law of Mixtures for different volume fractions

of jute and glass fibre.



3. To compare the experimeptél values of tensile strength and stiffness, and
flexural modulus with obtained from the aforementioned theorieg for different
volume fractions of jute and glass fibre.

4. To compare the values of strength and stiffness of jute fibre, glass fibre

and glass—jute fibre reinforced composite leminates.

5. To study of the effect of number of fibre layers on the strength of the.
composite laminate.

- B, Determination- of the empirical paraméters in the Bishop’s
analytical/empirical model using the experimental data so that they can be
used directly for the prediction of strength and stiffness properties for
design purposes.

7. Determination of the stiffness parameters af Bishop’s model using the ex-
perimental results [22] for jute reinforced composite so that they can be used

for design purposes.



CHAPTER 2
LITERATURE REVIEW

A number of theuretical-and analytical models have been suggested for
the analyéis of fibre composite materials. Experimental works are also
réported for different fibre and resin compositions. Attempts have been made’
to evolve a suitable matﬁematical model to predict the strength and stiffness
of the composite for almost any combination of fibre and matrix variables. The
ultim;te strength and-elastic moduli—of é fibre composite are basically depen-
dent upon the stress—strain relationship of its components. Other factors also
influence these propertiés such as fibre volume frgction. physical properties,

temperature, etc..

2.1.COMFOSITE STIFFNESS

Cox [B] first developed £he netting analysis for fibrous felts and
papers in 1952. He only coﬁsidéred the fibres and ignored the effect of
"matrix. Although this model has certain drawbacks such as it predicts zero
strength perpendicular to fibre direction for unidirectional composites, it
was found useful for the analysis and design of a large class of spun or
filament-wound pressure vessels [34].

The limitations of.the netting analysis were recognized b& Gordoﬁ [15]
and Arridge‘ [2} who proposed several modifications to-account for thé fibféﬂ
matrix interaction. They included the familiar Law of M;xtures in their
models. Few authors, after Cox and Arridge, considered composite with a random
array of fibres, and ‘most of the later work has been concerned with the
;nalysis of unidirectional fibre-reinforced composites. Shaffer [33] derived

the elastic constants for a unidirectional composite based upon the Law of



Mixtures, butlalso inéluding the effects of matrix vielding. In this analysis,
the matrix was assumed to be ideally elastic-plastic, The .r sg}ts were
strictly applicable only for- elastic strains. But this analysis Was‘inap—
propriate for brittle matrices.

Ekvall [10] suggested a mechanics of materials type model in 1961. This
analysis attempted to take into account the actual cross-sectional shape of
the reinforcing fibres. Specifically séuare, rectangular and round fibres Qere
considered. This model attempted to find the material properties necessary for
an elastic analysis of a two-dimensionally orthotropic composite structure.
One drawback of this model is the assumption.of regularity in geometry.

In 1965, Whitney and Riley [39) proposed an analysis based on the’ theory
.of elasticity. This analysis did not use minimum energy theorems to obtain the
property bounds. This 'is also a unidirectionally fibre reinforce@ composite
model. The theoretical predictions compared well both for the transverse and
longitudinal moduli with experimental values. However, the predicted shear
modulus was significantly different from experimental values.

In 1966, Tsai et al [35] presented a finite-difference model based on
the theory of elasticity. ‘The results were more acceptablg as compared to
Whitney—Hiley mwodel. But the complexity of this model was higher. This model
allowed the lqngitudinal modulus aﬁd major poisson’s ratio to be predicted
from the law of mixture formula and concentrated on better p;ediction for the
transverse and shear modulus.

Hashin, Dow and Rosen [9,17]) proposed another model based on the variaf
tional techniques. It was found that the longitudinal stiffness and the ﬁajor
poisson’s ratio were linear functions of fibre volume fractions, thus verify-
ing the Law of Mixtures for these moduli.

In 1966, Bishop [4] proposed an improved method for prediéting the

mechanical properties of fibre composite materials. This model was primarily



based on netting anal&sis, but éhe indirect contributions of the fibre had
been allowed- fop mathematically by intraducing two hypothetical "Lateral
Fibres". The model has been ;sed to analyse -glass—fibre/epoxide—resin
laminate, and to predict the behaviour of a glass-fibre pressure vessel under
simultaneous bending aﬁd internal pressure. Data predicted by the model did
not differ from observed data by more than 17 percent. The stress—strain Be—
haviotr of the pressure vessel was predicted gatisfactorily,

The classical lemination théory for mzltilayer lsminates was derived by

Ekvall {11] from the classical work by Pister and Dong [2B] and Reissner and
Stavsky [29]. This theory embodies.a collection of sgtress and deformation
hypothesis, Lami;ate stiffness predicted by this theory was found to correlate
well with those obtained from experiment by Tsai [36] and Azzi aﬁd Tsai {3].
A generalized thermoelastic analysis of multilayer composite laminates was
lpresented by Tsai [36,37]. It was assumed that each constituent layer was
homogeneous and anisotropic and is in a state of two-dimensional stress. Tsai
presented some experimental data to verif? the analytical results. The test
specimen layers were made uprof unidirectional glass fibres preimpregnated
with an epoxy resin. The laminated specimen cqnsisted of two or three layers.
The test results were obtained by measuring the surface strains of the loaded
specimens. The measured components of the [A], ([B] and [D] matrices agreed
reasonably well with the theoretically predicted values for both cross—ply and
angle-ply laminates.

Recently, finite-element techniques have been gaining popularity for the
determination of the elastic moduli. The first application of this technique
to composite problems was apparently made by Foye [13] to find .elastiec moduli
of unidirectional composites. The results obtained using this techniqﬁe was

found to agree well with experimental values.

For prediction of stiffnesses of composites reinforced with anisotropic



lfilaments, Whitney [40].proposed'to utilize the appropriate properties of the
fibre.when calculating the associated direcficnallproperties of the composite.
The results of this_"Whitney Correction Method" were compared with experimen-
tal data. It was found that fibre anisotropy characteristics have significant
effect on the composite elastié moduli: The Whitney correction was quite ap-
_proximate because it assumed that only transverse component.properties would
affect the t;ansverse properties of overall composite. fhis assumption was
eliminated by dhen and Cheng [(7]}. They utilized a procedure similar to the one
for isctropic fibres for the analysis of anisotropic fibres. It was seen that
the ﬁheory and experiment were in good agreement for both shear ‘and transverse

moduli.

2.2 COMPOSITE STRENGTH

Boue [B] established the effect of fibre to matrix volume ratioc on the
failure mode ;f fibre-reinforced composite in 1962. He found tha?, 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 tﬁe high fibre volume fraction épecimens, random fibre
failure cpcured below 50 percent of ultimate load. The failure of the com
posite occured by an accumulation of random fractures. |

Jech, et al (20} considered a Law of Mixtures type model to predict the
strength of fibre composite in which during loading, a uniform state of strain
exists up to the moment of fracture. Wﬁen this uniform strain reaches the
failure strain of the fibres, failure-of the composite occurs. But-this model
predicted too large a composite tensile strength as compared to experimental
déta. |

Kelly and Davies {23] proposed the.maximum stress theory of failure f;r

unidirectionally reinforced fibre composites under biaxial loading. According
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to this theory, failure occurs if one of the three ultimate strengths «&ﬂ3,6ﬁJ
is reached. Tsai [38] proposed the maximum strain theory of failure. Here it
was assumed that associated with three strain components Gh,g,éﬁg, there exist
~ultimate strains. Hill (18] proposed the maximum work theory based upon a
yield criterion for anisotropic materisls. This theory assumes that the yield
stress and ultimate strength are identical. Tsai [38] compared _the uniaxial
strength predicted by maximum stress, maximum strain and maximum work theories
with test data obtained from uniaxial tensile and compressive test on a
unidirectional E-glass composite. It was found that the maximum work theory
offers better agreement with experimental data than do the other theories.
| Zwebeh [42] proposed a noncumulative fracture model for.the tensile
strength of fibre composites. According to this model, failune-of composite
occurs af%er the first fibre fails or at most a few isolated fibre fail. This
model fiﬁds a coréelation between theoretical strength of the weakest fibre
and the observed composite failure loads. Fore some fibre composites, this
model gives reasonable ag?eement between theory and experiment.

-Gucer and Gurland [16] first proposed the so-called "Cumulative Weaken—
ing Model" to account for the failure modelof brittle compdéites; In this
model, the composite is divided into a series of layers of unit thickness.
Thus the composite becomes a chain of bundles. ?his model did not agree ﬁell
with experimental results.

Fariborg, et al [12] investigated the tensile behaviour of intraply
hybrid composites. They modified the basic chain of bundles probability model,
The existence of the hybrid effect for strain was shown along with its sen-
sitivity of volume ratio and dispersion of the type of fibres.

Kezim [22] performed experiments for the determination of different
mechanical properties of Jute fibre reinfbrcedrcdmbosite laminafes at_varying

fibre volume fractions in 1986. He used the netting analysis for prediction of
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laminate properties. But this analysis was not found effective for cross-ply
for Jute reinforced plastics.

Present work has been undertaken by the‘author to study the strength
characteristics of Jute and Glass fibre reinforced composite and to suggest a
suitable model for the prediction of strength and stiffness of of both Jute
and Glass-Jute composite for ahy combinétion of fibre -voluﬁe fracfion and

fibre orientation.



"TCHAPTER 3
MATHEMATICAL MODEL ON THE
P’EIIZI)']:(J'ITJI()IQ OF sSTI FFNESS AND
STRENGTH FPROPERTIES OF F IBRE

COMPOSITES

There are numerous mathematical models. for the prediction of strength
and . elagtic properties of fibre ¢omposite materials. Some of them have bgen
analysed from microﬁechanics point of view and others have been enalysed from
macromechanics point of view.

The micromechanics approach begins with a study of individual con-
stituent haterials. The aim here is to find h&w the behaviour of the composite
depends on the composition, size, volume fraction, distribution and o;ienta—
fion of the constituents. General relationships of this sort will tben provide
prediction of the behaviour of a composite resulting from an arbitrary com—
bination of these constituents.

In macromechanics approach, the composite is viewed as if it were a
single material. if the composite is approximately isotropic, then its average
properties ﬁay be substituted into the usual design fofmulas. A more sophisti-
cated \approach is required for anisotropic materials. Ewpirical descriptions
are necessary whenever there is insufficient data to sustain an analytical
model. |

Both these apprqaches aim at predicting "effective" material'properties
that may be utilized in conventional design fﬁrmulas. In practice the two ap-
proaches complement each other.

A few existing models, which are to be studied, are discussed in the

following sections,
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3.1 LAW OF MIXTURES [15,2]

A composite made up of a cylind;ical fibre with Young’s modulus Ef sur—
rounded by a tubular matrix with Young'é modulus Em méy be congsidered. Assum-
ing equal strain in the components under a uniform axial load, it may be writ-
-ten'that
€4 =£5¢, GYVr+6u(l-Vr)= 6 3.1.1
Combining this equation with Hooke’s law, the following expression can be
cbtained.

Ec=V¢Es+(1-Vs¢ )En 3.1.2
This is the well known Law of Mixtures formula.'This'formuia has been found to
be useful for the estimation qf properties in the direction of fibre of

unidirectional fibre composites.

© 3.2 LAMINATION THEORY [11]

The general formulae given in this séctién apply to flat plates built up
from a number of thin layers having arbitrary thickness and orientatiop of
their axes of orthotropy. The propefties of a plate are referred to a set of
reference axes, o{x,y,z), and the properties of an individualllayer k, to the
principal axes of orthotropy of the layer, o{,f7). The angle between x and«
is termed asq% (Fig. 3.1). In plates which behave orthotropically, the axes
o{x,y) are chosen as the principal axes of orthotropy. It is convenient to
take the central plane as the'plgﬁejof reference because this minimizes the
coupling terms between in-plane loading and bending. This is entirely ép—
_propriate fdr Balanced grrangements where layers k and n-(k-1) are identical.
Stress—strain relationshiﬁ for a single layer

_The elastic propérties of an orthotropic layer k, can be defined using
matrix notations as showﬁ beiow (AppendixlB).

6x= Ci€k - 3.z2.1
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where Cx= iCi1 Ci12 O |
iC21 Cz22 0 |
0 0 Cesik
in which, Ci1i=(Ey/f )k, Cz2=(Ep/plk, Cee=Gpk
sz=CQ“,E*/P)?=szE(QMkEb/P)k

The stresses and strains are referred to the layer co-ordinate axes
o(od, (*) and can be related to those for the plate reference axes o(x,y) by the
stanﬂard formulation for the transformation 6f stréss and strain components.
Thus,.Zk=Tk€k and Gk = TLE; 3.2.2
where  Tw= !Cos2@,_ Sin?b. 1/28in2 P\ !

1Sin2 by, Cos2@, -1/28in2¢. |
:—SinZCP,,_ Sin2¢k, Cosn,Qu. :

For thé reference axes the stress-strain relationship of layer k may be
deduced from equation 3.2.1 and 3.2.2 as follows:

G =Th Gk =Tk Cx&s =Ti Cie T 3.2.3

Thus Gk=bkék where bk=TkCxTx
Stiffnesses of an assembly of layers:

In a single plate consisting of an assembly of n layers, the in-plane
and flexural load deformation relationship for the plate can be written as
follows {29] -

NI = {A B! le ! ' 3.2.4

M B D otk

The plate stiffnesses A,B anﬁ'D are‘given by~

k=n k=n
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k=n - o |

and D =z (txzx? + Ix)bx S 3.2.5

kel . :

The thicknesses ofl the individual layers of practical laminates ére
usually such that Ix is negligibly small in relation to txzx? and D therefore
uéually reduces to -

k=n

D =Ztkzu2bk ' 3 3.2.6

k=1 - : ‘

From equation 3.2.5 , it can be seen that for balanced 1&minétes B is
zero and equation 3.2.4 reduces to two uncoupled equations -

N = Ae and M = Dk ' 3.2.7
Estimation of layer elastic properties :

| To estimate elastic properties of a lamina , the foliowing bagic assump-
tions are made. |
1 The lamina is assumed to be macroqcoplcally Lomogeneous, linearly elastic,
generally orthotropxc, or transversely orthotroplc and 1n1t1a11y stress—-free,
2. The fibres are assumed to be linearly glastic, homogeneous, regularly
spaced and perfectly aligned.
3. The matrix is assumed to be isotropic, linearly elastic and homogeneous.
4. The fibre and matrix are assumed to‘be free of voids and the bonding be-
tween the fibres and matrix is assumed to be perfect.

fhe fibre volume f}ﬁction Ve, and the matrix voluﬁe fr;ction_Vm. in a
llamina without voids, satisfy the relationship Vr + Vo =1.

The layer modulus of elasticity in the ©&direction is given by~

' Ek = ErVr + EnVnm
where Ef and En aré the corresponding fibre and matrix elastic moduli

respectively.



16

The layer Poisson’s ratio resulting from ‘a load applied in the
O-direction is given by -

o = VgV +D, Vo
whereil+and -Dw.are the corresponding fibre and matrix Poisson’s ratios
resPectivgly. -

The Poisson’s ratio for a lamina resulting from a 1oad "in the

(b—direction is.given by - |
P = Van (Ep /Eod)
3.3 NETTING ANALYSIS {8]

Tﬁe mathematical analysis for this model is based upon the following as—
sumptions :

1. The effect of the binder phase (matrix) on the stiffnesé of the laminate is
neglected..
2. Fibres are long, thin and straight:
3. Load applied only at the fibre ends (no interfacial forees),_and.
4, No bending stiffness for the fibres.

| A planér mat of fibres is considered which is subjécted to tensile
strains £ x and €y in two directions at right angles to each other and to a
shear strain iuy between-these directiéns. The strain of a fibre inclined at
an arbitrary angle 8 to the direction x (Fig. 3.2) is given by [25] -

£x CoazB + €y Sin20 + £ +4S1in8CosH 3.3.1 '

The stress in the fibre is aésumed to be proportional to this strain. If
the load in the fibre is L, then the contribution of the fibre to the loads in
the directions x and y will be LCos8 and LSin8, respeétively..‘

Let f(8) be the distribution function, i.e. fhe fraction of fibres in-
clined at engle 8 to the direction x in the unit width of transverse to their

direction such that

Sf(e) a0 =1 ' : . 3.3.2
A )
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The fractions of the fibres intefsecting lines Qf unit width perpen-
dicular to the dire;tions x and y are then f(B)Cosé and f{8)SinB,
respectively. | Therefore, the loads per unit width of edge, i.e. G {along x,
on the edge perpendicular to x), 63;(a1;ng-y, on_the edge perpendicular- to
v}, and (fky{along ¥, on the‘édge perpendicular to y or vice versa) are- o

0= = Er Ve G&Coszﬁ + £y Sin2@ + tny Cos85in0®)Cos?8f(0)do

Gy= Beve S’i £.C0528 + £ 5in?8 + fuy CosBSind)Sin20f(8)d8  3.3.3
6;'-7= Ee Vs f? ¢xCos28 + @Sin?ﬁe + 5-7 Cos635inB)5inBCosBf(6)do
where Erf is theo fibre modulus and Vr is the fibre volume fraction.

Alternately, the above equations can be rewritten as -

Gz = C1€x + C128y + Cie & ns
SV = C1p fe + Ca2 € + (26 Ens . ' e 334 ‘
€17: Cis € + Cus 4—7 + Coo Emy

K
where, Ci1= ErVr LCOS“G‘f{O)dﬂ

Cie= ErVe So'f:os?esinaf(e)ds
Ca2= ErVr CSin“Blt.‘(B)de. o _ 3.3.5
Cas= Efvfj:smaec(;sef(e)de
Cr2=Cos= ErVs j:(:oszesinzef(e)de
For the isotropic, two-dimensional case with a random distribution of
fibres, the distribution function £(0) used is -
f(8) = /¢ , 0 8 LT
Thus the elastic constants are found to be -
C11=Cz22= 3/8BErVr, Ciz= 1/BEs V¢ and Ci1s=Cz28=0
‘These yield for the composite, -
Young's Modulus, Ec = Ci11-(C12/C22)2
or Ec = 1/3 Eer- .
Shear Hodulus, Ge = Ciz = 1/BEsVr 7 . 3.3.6

and Poisson’s ratio, ’D¢: (Ec /2G-)}-1 = 1/3.
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3.4 BiSHOP‘S MODEL FOR THE PREDICTION OF MECHANICAL PROPERTIES OF FIBRE COM—
POSITE MATERIALS

The structural behaviour of fibre reinforced materials is analysed
either by the netting analysis [8] which assumes that only fibres bear the
load, or by the Continuum analysis {30,36] which bases prediction on the
measured properties of a single unidirectional ply or reinforcement. The con-
tinuum aﬁalysis is more complicated. A modified form of Netting analysis is
nmore convenient‘for the straight-forward correlgtion of properties. The fol-
lowing modifications are made to standard netting analysis. '
1. Associated with each real fibre, there are two hypothetical fibres lying in
the plane of the laminate at angles (K/2 +¥) and ©/2-¥) to the real fibre.
These hypothetical fibres have modulus E; and are called "lateral fibres".
2. For a laminate of unit thickness.and area, volume of the lateral fibres is
2vr (1 + Ave), where//#is a constant.
3. If the strain in one lateral fibre is il, and strain in~the other is £4,,
the modulus Ei of both fibres is a function of the strain €4 where £¢= Eqor
sWhichever is gfeater.

The lateral fibre concept :

The concept of lateral fibre takes into account the indirect but sub--

stantial contributions of the real fibres to transverse and shear stiffnesses.
These contributions are ignored by thc_nctting analysis and whilst there are
more sophisticated methods of allowing for them, the lateral fibre concept is
simple ﬁnd convenient for computetion.

The two latéral fibres, with an included angle of 2Y/, take account of
cindirect fibre contributions to both transverse and shear stiffnesses wherecas
to assume only one lateral fibre at right angles to the real fibre would allow

no mathematical contribution to shear stiffness.

€Ly
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The volume and therefore, the cross—sectional area of the lateral fibres
are assumed to contain the factor (1 +4Vr) to allow for "Contiguity effects",
that is extra indirect contributionﬁég étiffness due to the extra fibres com-
iﬁg into sideways contact as fibre content increaées; the factor 2 in the ex-

pression giving the volume of the lateral fibres arises from consideration of

the two lateral fibres for each real fibre.

The Medel :
The final form of the model can be stated as-folloﬁs. Derivation of the‘
model is provided in Appendix B.
Oz (1€t (Pr Sy + (B Ery
67 = (r £xt (B)1 €5 + (Y7 €nv | 3.4.1
Cry= (Apr Ext ()1 & + (Y1 Eny

where- |
(o) = 1/8Vs{3Co + 4C2 + Ca) + (1~vf5vv)Em/(1~‘5‘/)
(C)r = () = 1/8Ve{€Co-Ca} +% (1=Ve—Vy JEn/ (1=
(Py)r = 1/BVs{3C0-4C24Ca} + (1-Vr~V4 )En/(1-3 ) 3.4.2
(ﬁ)ﬁ‘" = (fa)r = 1/8Ve {252 + Sai
(Ypr = (fy)r = 1/8Vr {28284}
(Y7 = '1/8vf{co—'cq} +7~r/2(1—vf—vv)Em/(1+§)
and s=n
Co :S ps {Ers + 2E15 (1 +4Vs))
s=1
5N
Cz = ) {psCos2&}{Er= — 2E1s (1+ AVr)C0s2 ¥)
s=1
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8=n ]

Ca =§: {PsCOS4¢S]{Efs + 2E1s (14 MVr )Cos4aY ) 3.4.3
s=1 .
s=n

Sz =§ {peSin2 B} {Ers - 21s (1+ MVs)Sin2 ¥)
s=1 .
s5=n )

Sa =z{pssm4¢>s}{gfs + 2E1s (1+ Vs )SindV)

s=1



CHAPTER 4
PREPARATION OF SPECTITMEN AND

TESTING PROCEDURE

. 4.1 TENSILE TEST SPECIMENS
Woven cross-ply Jute and Glass fjbre mats were cut into sizes 254x508
. Thé Jute fibre mat was made from BTA grade jute. The woven glass fibre maf
was made from E~g1gés fibres. Weighf of each fibre mat was recorded before
hsing. Polyester resin was mixed with catal;st and accelerator in certain
proportions so that the copolymerization reaction occurs at the desired rate.
Using Hand Lay—up‘method, several Composite laminates were made. fwo

‘hon-reacting polythene sheet was used to cover the layup area. One was placed

on a plain surface on which the| glass fibre or jute fibre mats were kept for

resin laying. The prepared polyester resin was then poured on them uniformly
30 that no ‘air gap remained within the laminate. ‘For multilayer laminatés,
more fibre mats were added one after another to the first layer of fibres and
then again resin was poured on iL consecutivelf. Finaily the other polythene
sheet was placed on the laminate énd pressure was given using a flat plate of
smooth surface so thaf any remaining air entrapped inlthe laminate goes out.

Using the above procedure, |different composite laminates were_made with
variocus combination of jute and giass fibre mats. The orientation of fibres of
each layer was kept same that mearnis fibres of all the layers of a laminate
were aligned in 0 and 90 direct%ons along the length of'theﬁspecimens.

The leminates were cured slowly at room temperature and under little
pressure, After solidification of the resin, each laminate was weighed. The
weight of the‘resin can be obtaineg by subtracting the weight of fibre mats
from total weight of the lamiﬁate. The fibre volume fractions of jute and

\ . .
glass fibre were found using the procedure described in Appendix A.
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Ten specimensleach of dimension 254 mm in length and 25.4 mm in- width
were cut from each type of 1ahinate. They were numbered simultaneously for
identificat;on. Eech specimen was then polished using a fine grinding wheel in

order to.avoid ahy stress concentration effect at the edges. Tabs of size
38.1xé5.4 mt  were also made using the above proceduee. Tabs were made ap-
proximately 1.5 times thicker than the specimen. Tabs were then attached to
the ends on both sides of each specimen using very sirong adhesive tAraldite).
The diﬁensions of the test specimen were according to the standard specified
by ASTM D 3039-76 ana are shown in Fiéure 4.1.

After all the specimens were prepared, different dimensions of each
specimen (gage length, width, minimum thickness, etc.) were measured. Tensile
test of each specimen was then conducted using a universal test1ng machlne at
BEEB., Although the qtrninlng 1utr was not poq51b1e to kerp constant in this
machine it was kept approx1mdte1y constant during tast Test wag performed at
room temperature ' and withoutl any initial stress. Load was applied in the
direction of fibre alignment. The breaking load was recorded from the display
and the load-elongation curve was recofded on a chart. The elongation qt
failure was measured and recorded from the chart. The load and elongations at
d1fferent points upto the elastic limit on the load~e10ngat10n curve were also
measured to find ‘the Young's Modulus of Elasticity for each specimen. Ten
specimens were tested for.each iype of ]aminate.lExperimehtal data of the ten-

sile test for jute-glass reinforced composite laminate specimens are given in

Tables 4.2 to 4.6.

4{2 FLEXURE TEST SPECIMENS
Flexure test specimens were prepared in the same way as described in
section 4.1. Here woven cross-ply glass and jute fibre mats were sized 15 cm

in length and 4 cm in width. Multilayered laminates were made by hand .layup -
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method using various combination jute and glass fibfe layers with - thicknesses’
ranging from 1.3 mm to 2.2 mm. The laminates were cured at room temperature
and under little pressure for two days so that the laminate dévelops‘ full
strength upon the completion of copolymerization reaction of thé resin. Ten
. specimens each of dimension 40 mm in length and i4 mm in width were cut from
each type of 1aminatg ha&ing a particular combination of jute ﬁnd glass volume
fr;ctions. These specimens were then polished using a Tine grinding wheel to
avoid stress concentration effects.

The prepared specimens were then tested in a "Flexural Modulus Measuring
Apﬁaratus"‘at BITAC. Before starting the experiment, the‘mean thibkness {d)} of
eachrspecimenlover its fuli width at the mid section was measured and
recorded. In ;rder to ensure that the deflection of each specimen uponblqadiné
does nol exceed the elastic limit of the material, the deflection should not
cause a strain more than 0.2 percent. Therefore, the desired deflection
{maximum} for each specimen was calculated from the following equation-

D = 0.21505/d

where D deflection of the specimen at its midpoint,mm

d = thickness of the specimen,mm

The‘speciﬁens were tested on the apparatus using three-point test method
(Fig.. 4.2). . Bach specimen was blaced centrally on the supports and then the
load beam was placed on the middle of the specimen. The dial gauge' adjusting
screw was turned so that the proximity switch functions. The bezel locking
screw was loosened and the dial gauge bezel was turped so that "zero" coinr.
cides with. the position of the peinter. .Loose weights were applied at the.
centre of the beam successively until the dial gauge reading becomes ap-
proximately 2D. At this position, the red light should be balanced with green
light by turning the gauge adjusting screw to the ;ight position. The applied

load "W" was recorded. The applied load W should be placed on the beam as
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quickly as possible. Exaptly cne minute after the completion of loading, the
resultant deflection D is mecasured to the nearest 0.002 mm and recorded. The
remaining specimens were tested in the same way one after another.

The flexural modulus of each specimen was calculated wusing the beam .

deflection theory from the following equation. »
E = I3W/4d3Db
where .
b = specimen width, mm
L = specimen span length, mm
W = Load, Newton -
d = specimen thickness,mm
B = deflection of the specimen.at midpoint, mm

The experimental data for {lexural modulus of Jute-glass fibre rein—

forced composite laminates are summarized in Tebles 4.7 to 4.11.



CHAPTER 5

RESULTS AND DISCUSSIONS

5.1 EFFECTIVE FIBRE VOLUME FRACTION

It has been observed by Boue [6] that the mechanical properties of a
fibre composite are a functioﬁ'of the fibre volume fractioh of the composite.
Thus knowledge of fibfe volume fraction of a fibre composite is very important
to predict its properties. In the present study, two types of fibre have been
used for reinforcement of the composite. As a result, there are two fibre
volume fractions, one for jute and the other for glass. .Since the strength
properties of the composité will depend on each of the fibre,vﬁlume frqc£ions,
some hypothetical . effective fibre volume fraction has to be developed which
should interprete the properties in a right way. simple sumiation of the two
fibre volume fractions has no significance on the elastic and plastic
properties of'thevcompmsité, because this total fibre volume fraction can be-
kept same by increasing the volume fraction of one fibre by an amount and by
decréasing the volume fraction of the other fibre by the same amount. This
would result in a significant change in the elastic and strength properties
although the volume fraction remained same as before. That means different
mechanical properties can be obtained at same total fibre volume fraction. To
find a unique efféctive fibre volume fraction to characterize. a particular
composition of tﬁe composite, the following rélation has been defined by the
author.

erffzz(ijEJ+VfHEH)/(EJ+BE)

The above_expression for fibre volume fraﬁtion has been found effective
in interpreting the composite properties because of the following features:
1. It tekes the weighted average of the two fibre volume fractions based on

their elastic modulirmultiplied by 2 which means that a small increase in a
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fibre volume fraction having higher modulus will increase the Vrerr sig-
nificantly and vice versa, %hysically it is expected that the strength and
stiffness of the composite will incrguse significantly if the volume fraction
of the fibre having higher modulus is increased. On the other hand, if the
volume fraction of the fibre having lower modulus is increased in the same:
amount which wﬁuld result in a small increase in Vrerr, the mechaqical
properties of the composite are not expected to increase in the same way as in
the previous case. Thus the ébove expression of effectivg fibre volume frac—
tion shows a unique relationship between fibre volume fraction and mechanicél
properties of a composite consisting of twe or more types of fibre.

2. 1If the two types of fibre have the same elastic moduli, then .the above ex-
pression for Vrerr becomes simple summation of the two individual fibre volume
fractions which alsco valididates the applicability of the effectﬁve fibre
.volume fraction.

However, the expression for the effective fibre.volume fraction should
not be considered something absolute. It may not be effective in iﬁterpreting
other mechanical properties such és fatigue strenglh, etc..‘ Also Vsierrs ma§
not be a'usefui expression if the volume fraétion of either of the fibres be-
comes extremely small. The expression fqr Vrerr must be justified beforetusing
in any other work.

5.2 TENSILE AND FLEXURE TESf OF JUTE~GLASS F1BRE REINFORCED'.COMPOSITE
LAMINATES |

Tensile test of Jute-Glass Reinforced Coemposite Laminate ({JGRCL) has
'been-performed for five different fibre volume fractions. Throughout this and
the following sections, volume fraction Qill be‘used'to mean the effective
fihre ﬁolume fraction of JGRCL as .described in the previous section. Test

resulls are summarized in Table 5.1 along with predicted properties.
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The experimental and predicted Young's Modulus of the JGRCL for dif-
ferent volume fractions have been plotted in Fig. 5.1. The experimental
modulus increwsses linearly with volume fraction. The maximum devialion between
experimental values of stiffness and those predicted by Bishop’s Model was
about 5 percent. This deviation may be due to the scatter of experimental
values and some unavoidable experimental ipnaccuracies. The maximum "deviation
of the rpredicted stiffness of Lamination theory and Law of Mixture from ex-
perimental stiffness within the rangg of fibre volume fractions covered in the
experiment is about 51 percent,

The breaking strength of the JGRCL is found to increase limearly with
volume fraction as shown in Fig. 5.2. The maximum deviation between the bréak-
ing strength predicted by Bishop’s model and the experimental values was about
7 percent within the range covered. The fitted curves both for experimental
and predicted strength are plotted in Fig. 5.2. A higher Aegree of scatter in
experimental Eésulfs has caused a little more deviation'in the predicted
strength in this case. The divergence of the stiffnesses and strengths pre-
dicted by Bishop's model from experimental values at higher volume fractions
may be decreased using more experimental data in fitting the model and thereby
redu;ing the scatter., Voids in the laminate have been assumed to be absent
while fitting the Bishop’s model. This assumption might have caused some dis-
crepancies in the predicted properties, because voids are invariébly present
in every laminate made by hand lay-up method. Usually number of voids in tﬁe
co%posite increases wfth volumé fraction.

The experimental stiffness and strength of JGRCL in comparison those of
only Jute fibre RP [22]} and only Glass fibre RP (42] at different volume frac
tion is shown in Table 5‘2f

In Fig. 5.3, a better picture of the variation of stiffneés with volume

fraction of these three composites is shown. Fig. 5.4 shows the variation of
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breaking strength with volume fraction for JGRCL and JRP. It is seen that ad-
dition of glass fibres to JRP although boosted the stiffness of it, but the
strength did not increase in that way. This may be due to the factlthat as

glass fibre was added to the laminate, the elongation of the specimen within

elastic ' limit became very small. As a result the elastic modulus increased a

lot. But as ultimate strength of the laminate is a plastic property, it has no
relation with elastic strain. .The strength increased proportionately with the
increase in glass fibre volume in éhe léminate.

In Fig. 5.5, breaking strain has been plotted against fibre volume
fraction for JGRCL. It is found that strain at failure decreases loéarithmi—
cally with increase in the cffective fibre volume fraction of the laminate.
This means that the laminate becomes more and more Erittle with the increase
‘in  effective volume fraction, i.e. incrense-;n glass fibre.volume fraction.
This is because glass fibre contributes more to the effective volume fraction
and thus raises the brittlenecss.

Fig, 5.8 shows the effect of increasing numbér of Jjute lamina c¢n thg
strength of JGRCL while keeping the number of glass ;amina constant, It shows
* that increase in the npumber of jute 1amina decreaées the strength of the
laminate and the change in strength occurs nonlinearly. This is because with
increase Ein the number of jute lamina keeping the number of glass lamina
constant, "the effective volume fraction of the laminate decreases and as a
result the strength also decreascs as illustrated in Fig. 5.4.

The test results from flexure testing of the JGRCL are summarized in
Table 5.3 along with the predicted results. The table shows the expefimentai
and p}edicted flexural modulﬁs of the 1aminate at different fibre volume
fractions.r

The experimental and theoretical results are plotted in Fig. 5.7. It can

be seen from the figure that both theoretical and experimental flexural.
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modu]usAincreése with increase in volume'fractjop'in a nonlinear'way and the
rate of increase in flexural modulus with volume fraction is lesg at “higher
values' of fibre volume fructians; Also the deviution‘of theoretically calcu-
lated modulus from experimentally determined modulus increases rapidly with
iﬁcrease in volume fraction. Ap.a volume fraction of 0.38B6, the predigted
modulus becomes ;bout-twice‘mﬁre‘than the experimental value.

The Bishop’s model ﬁas been fitted using the.experimental stiffness data
of JRP {22] to find the stiffness parameters so that they can be used for fur{
ther prediction of stiffness of JRP. The fitting was almost perfect and the
the differencé between predicted stiffness and experimental values was very
small. The .maximum deviation of predicted stiffness from experimental value
within the range of fibre volume fraction of 0.208 is found to be only .25
percent which is negligible. The experimental and predicted stiffness nf dif- -~
ferent volume fractions are summarized in Table 5.4 aﬁd plotted in Fig. 5.8.

The stiffness and strength parameters obtained. from fitted fBishop’s

model for JGRCL for cross-ply reinforcement are given below :

For Stiffness Ecr Strength
Er= 9.5E+06 1. 1E+07
B1= 1.1E+04 : ' 9. 3E+03
Em = -9, 7E+02 " -B.7E+02
M= 899.223 : 898. 23
Y= 0.30 | | 0.000001
Y- 35 ° . 35°

The above  values can now be used for the prediction of stiffness and
strength of cross—ply jute—glass fibre reinforced composite laminates with any

other fibre volume fractions of jute and glass fibre,
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The stiffness parameters obtained from fitted Bishop’s model for JRP for

croass—ply leminates are given below :.

Efr= B.T7E+05

Ei= -Z.8E+02 -

Em= -6.0
M= 53.742
V= 0.30

Y= 35°

The above- valués are now ready for the prediction of stiffness of
crossply Jute reinforced plastics using the BiShop's-model.

Table 5.5 shows the breaking strains of JGRCL and. JRP at different
volume fractions. It is seen that thé breaking straiﬁ is drastically reduced

in case of JGHRCL as compared to JRP due to the addition of glass fibres.
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CONCI.US IONS AND IIIIECOMMENDA..'.].‘ION'S

61 CONCLUSIONS

The present research work was orignted towardg the experimental study of
some sfréngth properties of Jute-Glass fibre reinforced composite laminates as
well as comparison of the saﬁe with different analyticland empirical model to
-p;edict the strength properties. The following conclusions can be made aﬁ a
fgsult of the present research work :
1. As the composite undep‘study consisted of two fypes of fibres, namelf Jufe
and Gléss fibres, the "effective" fibre volume fraction is found to be mean—
'ingful and effective in iﬁterpreting the strength properties of the laminate.
2. Jute fibre mat was found to be 3 to 4 times thicker than glass fibre mat.
As a result as the number of jute mat iﬁcrgaseq by decreasing.the nuﬁber'of
glass mat in a particular laminate, thickness of the leminate increased.
3. As tﬁe number of jute léyer increased in the laminate keeping the number of
glass layer constant, the "effective" volume fraction decreased. And as a
result the magnitude of strength and stiffness decreased linearly.
4, The brittieness of the laminate increases with.the increase in "effective"
fibre velume fractiocn.
5. Bishop's analytical/empiricai model has been found to be most effective‘in
predicting the strength and stiffness of the present laminate. The maximum
deviation between predicted and experimental values within the rénge of fibre
volume fraction covered in the present work was 7 percent for gtrength and 5
percent for stiffness which is quite acceptable from- epgineering point of
view. | | f
6. The experimental values of stiffness of the léﬁinate did not ﬁatch weil‘

with those predicted by both the lamination theory and the law of mixtures.
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7. . The increase in flexural modulus of the laminate with "effective" fibre
volume fraction was smaller for experimental values than for values obtained
from lamination theory. .

B. Bishop’s Mﬁdel has been found to predict the Young’s Modulus of cross-ply
JRP {22] at different physical fibre volume fractioh wifh very high accuracy.

9. Bishop’s model is suggested for the prediction of strength and elastic

properties of fibre composite laminates where some -experimental data are

available so that the paraméters can be determined in order to predict tﬁe
stiffness and strength of the same fibre composite wifh desired combination of
fibre volume fraction and fibre orientation. |

'10. The stiffness and strength pérameters established here can be used for

prediction of stiffness and strength of only cross-ply Jute-Glass laminates.i

6.2 RECOMMENDATIONS

The following suggestions may be fecommended as an extension of present
research work: |
1. Esxperimental study of shear and compressive strength and transverse and
shear moduius of oriented Jute-glass composites and fitting the data to dif-
ferent models for prediction.
2. Experimental study of angle-ply laminates at vafious orientations of fibre
in tension; compression, shear and impact. and fitting the data into the
Bishop’s model in order tq'predict these properties at various fibre vélume
fractions and fibre orientations. |
3. Experimental study of creep-and viscoelastic Behaviour of the jute-glass
lamihate at various fibre volume fractions.
4.- Experimental study of longitudinal, transverse and shear modulus‘ and
strength and Poisson’s ratio of unidirectional‘Jute—glass composite and com-

pariscn wilth theoretical models.

]
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APPENDIX A
DETERMINATION OF.

VOLUME FRACTIONS

In the prediction of mechanical propertieélﬁf fibre composites, volume
fractions:ére uséd. These quantifies can not usually be measured directly and
are estimated from weight fractions.

The -fibre volume fraction Vs, and the mafrix volﬁme fraction,Vo in a
laminate without voids, satisfy the relationship ,-
Ve + Va = 1 Al
In the present study, two types of fibre have been used for reinforce—
ment which have to be 6onsigered separately. So the following relation should
be-written instead of equation A.1l.
Vrj + Veg + Vo = 1 N : A.2
The composition of each leminate is known in terms of weight of fibres
and matrix Wr;, Wrg, and Wz respectively. Therefore the volume of eéch‘type of .

fibre and matrix in a laminate can be written as

It

Volrs = Wrs/f;

Volrg sz/P%

it

Voln = Wn/ P

The total volume of these threc constituents sﬁould be equal to the
volume of the laminate if no voids inside are assumcd.

Volr = W;j/ej+ ng/Pa + Wn /€ -A.4

Therefore, volume fractions of fibres and matrix are given by,

Ves = Wes /Py /(Wes fos + Wea /ot Wnfow)

'Vfg = ng/Eb /(ij/6-+ Wfs/ej+ We /) A.5

Vo = Wa/fm / (Wes/6p+ Wre/Pyt Wa/ P



APPENDIX B

B.1 LAMINATION THEORY : Derivation of € Matrix from General Matrix for

Homogeneous Solids

The'complete three-dimensional system of relationships for a homogeneous

Solid is as follows.

iEx 1 . 1811 Si12 813 814 S1s S1s 1 Q% )
gy : Sz2 S22 S2a  Sos See | Wy
€2 1 o= Ssa Sasa Sas Sge | !0z | B.1.1
Exz ! Saa  Sas Sas } Gxz!
{€ys! |(Symetric) Sss Sse | 1Gya!

eyl ) . Sss 1 16y
where Si; are the'material'compliances. .

In the standard theory pf plates, it is assumed that therstress -z in
the z-direction (through the plate’s thiéknéss) are zero. Thus the terms of
the third column of the matrix éf compliances make no contribution to the
gtrains. . ﬁdditionally, there will be no cbupling between the in~plape strains

€x, €y and £xy and out-of-Plane direct straiﬁs £, énd: ocout-of plane éhear

stresses O xz and 0yz. Also €z is not coupled to 0xy. Consequently equation

'B.l.l reduqu'to—

1€y 811 S12 812 0 0 Si1s |} 0x !
1€y ' S22 Sz2a- 0 0 Sze | 10y ! ~ B.1l.2
1€z = ~ Saz 0 -0 0 10
ezt ‘ ' Sqa Sas 0 1 1%z
1E&y2 ) ' (Sym.) | Sss o ! 1Gyz!

:£XYI ] SBB |' : x)f:
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Equation B.l1.2 is most ﬁ:onveni.ently written as the following two

smaller matrices-

. 1811 Slz Si3 ¢ 0% -:
& o= S22 Saa | 10y | B.1.3
Exy ! : Ses 1 1 fxy.
“and
€xzi = 1Ssaa Sas ! (0xz!
Lyz! : Sss ! 19yz!

together with an équation for 2 which is not required. In the principal axes
of orthotropy, o(A (») of a single layer, the compliances Sis (=Ss1) and Szs
(=862) become zero. since , in the directions of the axes of orthotropy, cou-

pling between in-plane shear and direct stresses is eliminated. Thus,-

P&y S11 Si2 0! ! Gl
rent = | Se2 0! ! 6~ B.1.4
! ! Ses! ! Gap

This gives the ident{ficatiﬁns—

Ex= 1/811, Ep= 1/S22, up= -812/811 = -S12B.

and Goz = 1/Sss

In order to calculate layer stresses from layer strains the compliance -

matrix of equation B.1.4 must be inverted to become the C matrix giving-

10, i1 Gz 0 : &1
16 = €21 G2z O | :Cn; ' B.1.5
1 Oan! 10 0 Ces! !Eun

1l

~in which Ci: 822/(811822 — S122)

Ex/ (i - 1).,¢ (\-pf‘.()

Caz Ep/( v -k n‘-)ha?)

n
“H

$11 /(811822 ~ 8122}

' A
Ciz = C21 = -812/(811822 - 5122) ‘—"%enEp /(1-‘9,‘(,95-6/‘—'-’.")”45-‘(' ~ ﬁ'b

H

and Cee 1/Ses = Gap
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B.2 MATHEMATICAL DERIVATION OF BISHOP'S MODEL TO CORRELATE STIFFNESS AND

STRENGTH WITH ORIENTATION

The theory of this appendix is based on the analysis by H.L. Cox‘[B]. A
mat of straight fibreé consolidated to'a volume fraction V¢, of unit thickness
- and aréa, and arbitrary orientation is considered. 1t ig assumed that Qhe
orientation can be defined by a fibre distribution function f{8) such that the
volume of fibre that lies between angles 8 and 8 +dB@ to the ox axis is propor—
tional to f(6)d8. f(8) will obviously be a pericdic function of period . Let
the factor of proportionality be K; sincé the total volume of fibre is Vr,
then-
: _ 2y 7 :
K Sf(&)dﬂ = Vs - B.2.1
If the fibres lying between 8 and {8 +d9)lare intercepted by a line at
right angles to‘ them, ‘the cross—-sectional area of the fibres cut by unit
length of this line will be Kf(B)dO. fhe cross—se&tional area of fibre, viewed
lenghtwise, lying between ® and (€ +d8) andAintercepted by a line ‘of unit
length perpendicular toVOX, is Kf(8)Cos8 d9; Cross-sectional area for fibres
iﬁtercepted'by a line of unit length parallei te OX is Kf(BDSianB.
| If the mat of fibre is subjected to tensile strain € parallel to 'ox,i,
parallel to OY-and shear strain fxy between 0X andIOY. the strain € in a fibre

inclined at an angle 8 to OX can be shown to be [B]

$4 = £aL0s28 + € Sin?8 + €+ SinBCosB - B.2.2

If the load is proportjonﬂl'tp strain, contributions of the f{bre in the
directions OX -and OY respectively are the product of leoad in the fibre with
Cos® and SinB respectively. Combining these data and noting that modulus of

‘the fibre is Er, the following relations are obtained :
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- n BN .
0 = KEr jo'(ﬁcCOSZB + % Sin%8 + £»y SinBCos8)Cos28 f(B) A8
07 = KEr S:(‘,—Cosze + 44 8in?0 + Ly Sin Cos8)5in28f(8)d6 B.2.3

§ny= KEr S'“(z,Lc:osze ¥ £,5in20 + £y $inBC0s8)SindCosOf (6)do.
where ¢3¢, 6‘7ar:a tensile stre;seé and 6},13 the shear stress. Because f(0) is
periodic, it may be taken as -

£(8) = a0 + 8100820 + 2200846 + ——-— + b)5in26- + b2Sin4® +——— B.2.4

The double angles énsure that f{8) is periodic <.3ver an angular interval
of 7v . Integrals are evaluiatéd from 0 to,AX so that a fibre contributes only
‘once to an integral aﬁd does not make a further contribution when viewed
_lengthwise in the opposite direction. Therefore,

r *x ;
S f(8)de = g(m + aiCos 28 +——————- + b1Sin® + —---—- )d8 = so®™ B.2.5
9 [\

and from equation B.2.1
K= V¢ /a0 B.2.6
Equations for Oxépand (uymay be written as
6“_=d.£,‘,+g,(7+}’,£rur _
£y =zt + 0%+ RLEY B.2.7
oy = Ay 3;”“,‘7 + fi €nr
where the coefficients A,p ,etc. are evaluated from the definite integrals of

which the following is typical-

0(}'

" ‘
KEr S Cos1@(ap + a1Cos28 + ————— +b1 8inZ26 +—————)do
L] K -
= aoKEfgCos“B(l + a1 /a0 Cos20 +  ———- }de ~B.2.8

Terms higher than suffix 2 vanish during integration, and the following

' expression is obtaibed.

A\ = a0 KB« (B + dai/ao + az/a0)/16

(=% =Y = a0 KEr(2 -ez/a0)/16

(= a0 KEr(6 - 4a1 /a0 + az/a0)/16 -  B.2.9
By = 3= a0 KEr(2bi/av. + ba/an)/16

B/)-j P}: ao KEr (2by /a0 — bz/ac}/16
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To repregsent a syatem of parn]lle] fibres parallel to the direction ?,,
Cox takes for the distribution function f{(8) a Dirac Delta function {24] -
£(8)= {142C032(8-$;)+2Cos4 (8- ¢)+-——)/ 7 B.2.10
which is a step function having values
=P, f(8) =20
8¢, f(8) = O
Although the function of the above equation coﬁtains a discontinuity at
9=q%,it is 1egftimafe to use it as a factor in an integrand .
Equation above may be wri.tten as -
f(8)= {1+ZCos2¢10032(H20054 <25,Cos"lB+-———-—+ZSinZ(i'lSir126-i-2$.‘-_in4‘5P‘Sin‘fi(}+—r----}/ 7C
By comparison with equation ,
ao=1/M
a1=2/#Cos2 §
a2=2/%Cosd G, ' B.2.11
b =2/rSin2 &)
b2=2/ﬂSin4<;!>,
Substituting these values and K from equation , 1into equation , the
. coefficients become
A = VeEr /8(3+4Cos2Ch +Cosd @)
(7= &z (3= VrEc/8(1-Cos4 @)
() vaf/s(3—400s2¢,+0054¢,) , B.2.12
€ = dy= VrEr/8(25in®4$ +5ina &)
Yf.Df VfEf/B(ZSinZC#"‘-—Sinik?,)
If there are n'siinilar bands of parallel Ifibres lying at n different
angles to OX, the contribution to stiffness of the sth band of fibre, modulus

Ers, fraction ps, angle ¢5, is given by coefficients (o?')fs to (\(s)fs where
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©ly)5s=1/8ps VrEss (3+40052¢$+Cos4 &)

(Ora=(g)re=( X Pra=1/Bps VrErs (1-Cosd Gy) 7

(Oprs=1/8ps vaf5(3—400323$;Cos4¢a ' B.2.13

AT\ rs=(d) rs=1/8ps VrErs (ZSinZCP:Sinél ¢y

(¥rs=()rs=1/8pa Ve Era (25in2¢h,-Sind &9

The contribution of the lateral fibres are‘given by coefficients (o(‘)ls
to (]5&)15 where
{ A\ )1551/Bps Vs (14405 )E1s [{3+4C<)52(¢S+T/2 - \}’)}+Cos4(¢s+f/2~‘(’)'+3+4Co§2(¢Js+7‘72+)"
)+Cos4(¢g+172+W0}] B.2.14
Similarly for |
( G)la=(o\?_)1s=( 1})is= etc.

Stiffness contributioné.of the resin matrix are given by classical elas—
ticity théory for isotropic materials. Noting that the matrix volume fraction
is (1-Vr—W ), the contributiqns are
| (d\)m:((",_)ﬁ(l-vf_—v;)Em/(l—x\ﬁ; _

(% e () = P LH= Vi = X0) B Jo-) B.2.15
(M 2 (2D > 2D = ("D 20

(¥~ »G-vi-v) E‘“/:_cw‘b)

The coefficients for the complete laminate, comprising real fibres,
lateral fibres and resin matrix are cbteined by summing the individual coeffi-

cients i.e.
s=n s=n '

(OZQT=E(°(\)fs +§-(°le + (A Pm ' B.2.16
=1 | s=1 | ‘ '

etc.

where the subscript T signifies total coefficient summing up the coefficients
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and applying trigonometrical simpliftcations, the final model thch describes

the relation between stress-and strain is obtained as stated in chapter 3.



. APPENDIX C

SIMPLIFICATION OF B ]ISSZEI()IF’ *'s MODEL

' AND PROGRAMMING FEATURES
C.1 SIMPLIFICATION OF THE MODEL

ﬁost theories of fibre composite materials attempt to predict laminate

properties from known propertiés of the separate fibre and resin. It is not
possible, however, to take accoun@ of all the factors that affect laminate
properties and propertiés finally predicted by the theories are no more than a
guide to what may be obtained in practice. A reverse procedure is used in this
model. It is proposed to adjust certain parameters (e.g. fibre modulus) so
that the theoretical model is tailored Lo fit the obsérved data. The fitted
function may then bg used to smooth experimental data and to make predictions
7 of an interpolative type. 1If the basic observed datarare low, because of for
exampie inferior resin , the predicted properties will be appropriately
reduced . The designer should be able to place almost as much reliance on the
values predicted by the fitted model as on directly observed data.
Simplification of the model

.In cur present study, we had the following conditions

n=2
¢, .70 ps1=0.5 c.1
d’.,,,_zgﬂ psz':O. 5

Substituting these values in the final model, {(equation }, the following final
expressions are obtained |

Co = Er + 2E1 (1 +mVr)

Ca=0) °

Ca = Er +2E1 (1 +MVr)CosdY : c.2
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In the present study, 1load was applied parallel to fibres in one direc-

tion which means that the sbear stress and stress in the direction perpen-

dicular to load are zero.
c);:‘o and §y = 0.
Therefore,the equation of stress are further simplifies as
G = (AT €t ()7 &y o " ¢.3
0 = (Aytfa+ (02_)1"-7 |
Assuming Vv tc; be zero, the coefficients come out to be,
(ot)7=( 0)7=Vr /B[4 +2E1 (L4pVs (3+Cosd¥) + (1-Vr)En/(1->)
{ h’)r=(a(2)T=Vf/8{2E1 {1+ mVs )(1~Cos4‘F)}+’$(1~Vz;)Em/(l* '\)‘j ¢.4
(0’\})1'=((’3)1':(75)1':(‘&)T‘:(YL)T:U
Thus the simplified model becomes
Ca= @ )rhnt (P)r &
or, Gx = {Vr/8B[4Es+2E (1+ﬁVf)(3+Cos4"”)]+(1—Vr)Em/(1-‘§/)} 2+ {Vf/B{?El (1+

Ve ) (1-Cosa¥) 1+¥(1-Ve )En/ (1= )) %y c.5

- and 0= {Ve/BI2E: (14 mVs) (1-Cosa¥) J+7(1-Vs En/ (1= 3} fut (Ve /B[4Er+2Es (14
Ve ) (34CosaY 1+(1-Vr ) Ea/ (1-) ) &y

‘Method of Fitting the Model with Observed Data using least Square Method
We can write | |
G- f(Ef,El,Em,Y’,,u,‘b,Vf, fus (7) | C.6 ‘
The empirical constants Er,Ei,Em,p,") and)”gré to be found by fitting the
observed data to the :;iodel using le_ast square method.

Let Gxbe the predicted strength and e~ be the .experimental strength.

Then the standard error 7 can be written as

T =2 (6 /Ge— 1)? c.7
Vr A

Now should be minimized in order to cbtain the best fit. Therefore, the

following equations are to be satisfied.
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2Y =0
2Ey
2T =0
D EL
Y . c.B
b;"
- T
D AN e |
?Y_ = &
2V
?_"_T = O
>~
ors BG‘
=® .
= O
Em(nm Sex
2 36“-
‘%& 6“‘('@"' ) Sege  ©
2 e _1) 2%% -
% Qen 6‘{»- )3Ew~ =t : ‘ c.9
S e (551 26 _,
Vi e -
2 M
LR
:Z. C- ) B8x _
vi . ) BY)
S = 26
— D
“ Geex d_'ﬁa— __315- |

Solution of the above equations will give the values for Er,Ei,En,n,¥ ;b

Once these empirical constants are known for a particular type of fibre

composite, then the designer can predict the strength and stiffness of that

particular  fibre composite with different combination of fibre volume

fraction, orientation, etc. using these constants.
Substitution the expression for S;jn thé_equations C.9 will make very
lengthy equations. So only the final form which has been obtained after a

great deal of mathematical manipulations, is given below.
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{Er /2)C+{E: R/2} (C+/D)-A=0

{Ef/Z}(C+ﬂﬂ)+{Em(1“55)/(lf“§3}(F4¢G)+{E1R/4}(C+2rD+/:E)—(A+/B)=

(E¢ /2) P+{ELR/4} (F+#G) + {En (1-§9) /(1= ) }H-T=0

(Es /2}D+{(E1 R/A(D47E)+ {En (1-8%) / (1~ D)) G-B=0

0

-C.10

(Ee /2) (CH#D)+{E1 R/4) (CH#D+4"E)+ (B (1-8D) /(1= )} (F+£G) - (A+#B) =0

{Ef/2}F+{E1R/4](Ft”G)+{Em(1—§§)/(1"'SS)H—Izo
whefe R= (3+Cos4?)~§(1—005440 and $= &/ g

The expressions for A;B,C,D,E,F,G,H,and I will depend on the

stiffness

or strength which property is to predicted. For the prediction of stiffness of

the composite laminate—

A= ié; Ve /Eex

B= == Vr?/Eex

€= S V?Z/Eex?

zg:_st/Eexz

S V9 /Bex? < c.11
fE;_(l—Vf)Vf/Eex2

S (1-Ve)Ve2/Eex?

D

E

n

F

G

Al

He S (1-Vs)?/Eex?
I= é_ {(1-V¢)/Eex

For the prediction of strength of the laminate-

A= TRk
_ Gevr
Y = é\;&‘bia:.

§ex

= T V4ATE.
Gen™

- vid gl ,

- 2. V4 £z . - C.12
G e '

-5 VY Y

c

D

1%
Gen ¥ ~
. d‘-an""

G

=t

]

_ 2(}_—_1&)_!&‘:-‘3’1“
- =
:.{ (_'-Vd'z £ »

g™

=z g (1-vp) £ -
o
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Vi EBex, Gex and iatare_experimental data. A computer program is reqﬁired

to solve the equations mentioned above.

C.2 PROGRAMMING FEATURES
Determination of Stiffness parameters.

The experimental data for Vs, Eex, Ja., and $zx for all laminates are ap- :
pended to the computer program. The program fifst calculates . the values of
A,B,C,D,E,F,G,H, and I for sfiffness correlation. Then the equations are
solved using the method of iteration. The initial value of the parameters a;e
assumed on the basis of actual properties. If the program dees not conﬁerge,
these values have to be changed so that'the iteration process converges. After
having the solution, these stiffness parameters are fed back into the model
using a subroutine in.orﬂer to calculate the predicted stiffness properties of
the laﬁinate with different volume fractions.
Determination pf Strength Parametérs

Strength paramefers are also found in the same way as for stiffness
‘paraméters with a slight change in the program. Here, the values A through I
are calculated for strength correlation. Strength parameters are then fed into
a subrouline to predict the étrength of the laminate having different volume

fractions.



APPENDIX D

PROGRAM LISTING

D.1 Listing of the Program for the Prediction of Stiffness Properties of Fibre

Composites using Lamination Theory

This program has been developed by ESDU International Ltd, 251-259

Regent Street, London WiR 7AD, UK. It is written in BASIC. The program listed

below.

Listing of Program in BASIC

100 REM PROGRAM A83035
110 REM =m===s=z=aa==aaa=o
" 120 INIT '
130 SET DEGREES
140 Pl=4l1
150 PRINT "INPUT NUMBER OF LAYERS IN PLATE AND SYMMETRY CODE"
160" INPUT N1,Cl :
170 DIM Q(N1,8)
180 Q=0
190 IF Cl=3 THEN 340
200 IF Cl=2 THEN 240
210 A$=" - SYMMETRIC LAMINATE"
220 Kl1=1
1230 CO TO 260 '
240 AS="ANTI-SYMMETRIC LAMINATE"
250 Kl=-1
260 "K3I=INT(N1/2)
270 IF N1/2-K3>0 THEN 310
280 K2=1
290 I1=K3
100 Go TO 370
310 K2=2
320 Ii=K3+1
330 GO0 TO 370
340 AS=" ASYMMETRIC lAMINATE"
350 Il=Nl
360 K2=0
370 PRINT @Pl: USING 380:4%,Nl
380 IMAGE / 4X,23A,4D," LAYERS",/,/
3190 PRINT "ARE ANY LAYER PROPERTIES TO BE ESTIMATED 17"
400 -PRINT "ANSWER YES OR NO”
410 INPUT Y$
420 IF Y$="YES" THEN 440
430 GO TO 450



440 GOSUB 1180 ,
450 H1=0 B ' 62 -, “
460 FOR I=1 TO I1 :
470 PRINT "LAYER ";T;"  INPUT CODE,PSI(degrees)”
480 INPUT X,Q(L,1)
490 IF X<0 THEN 540
500 IF X>0 THEN 620
510 PRINT "INPUT THE 5 LAYER PROPERTIES”
520 INPUT Q(I,2),Q(I,3},Q(1,4),Q(I,5),Q(I,6)
530 GO TO 600
540 PRINT "INPUT LAYER THICKNESS,LAMINA NUMBER"
550 INPUT Q(I,2),N3
560 Q(I,3)=Q2(N3,1)
570 Q(T,4)=Q2(N3,2)
580 0Q(I,5)=Q2(N3,3)
590 Q(I,6)=02(N3,4)
600 Q(I,8)=1-Q(I,6)*Q{I,6)*Q(I, A)IQ(I 3)
610 GO TO 650
620 FOR J=2 TO 8
630 Q(I,J)=Q(%,J)
640 NEXT J
650 H1=Hl4Q(I,2)
660 IF Cl=3 THEN 730
670 IF I=T1 AND K2=2 THEN 730
680 Q(NL-I+1,1)=Q(I,1)*Kl
690 FOR J=2 TO B
700 Q(N1-TI+1,J)=Q(L,J)
710 NEXT J
720 H1=H1+Q(I,2)
730 NEXT I
740 X=0 '
750 FOR I=1 TO Nl
760 Q(I,7)=H1/2-(X+Q(1,2)/2)
770 X=XH)(I1,2)
780 NEXT I
790 PRINT @pi:" PLATE CONSTRUCTION"
800 PRINT @Pl: USING 810:
810 IMAGE /,4X,"LAYER LAYER LAYER",6X,"DISTANCE FROM E(ALPHA)",5K,S
820 PRINT 8Pl: USING 830:
830 TMAGE "E(BETA)}",6X,"G(ALPHA- POISSONS RATIO"
840 PRINT @Pl: USING 850:
850 IMAGE 4X,"NO. ANGLE THICKNESS RFF. PLANE",S
860 PRINT @P1l: USING 870:
870 IMAGE 34X,"BETA) (ALPHA-BETA)T./
880 FOR I=1 TO N1
890 PRI @P1l: USI-910:1,Q(I,L}, Q(I 2),(1,7),0(1,3),0(1, 4) Q(1,5),0(1,6)
900 NEXT I
910 IMAGE 6D,7D.1D,5{2X, 33) 4D.3D
920 GOSUB 1550
. 930 GOSUB 2250
940 PRINT @PLl: USING 950:
950 TMAGE /,/,4X,"IN-PLANE STIFFNESS SUB-MATRIX A",/
960 V=A
970 GOSUB.2170
980 PRINT @Pl: USING 990:
990 IMAGE /,/,4X,"COUPLED IN-PLANE AND FLEXURAL STIFFNESS",S
1000 PRINT @P1: USING 1010:
1010 IMAGE " SUB-MATIRIX B",/
1020 V=B
1030 GosuUs 2170 )
1040 PRINT @PLl: USING 1050:
1050 IMAGE /,/,4X,"FLEXURAL STIFFNESS SUB-MATRIX D",/
1060 V=D
1070 GOSUB 2170
1080 B$="THE PLATE STIFFNESS MATRICES™

e -



Z/204

1090
1100
1110
1120
1130
1140
1150
1160
1170

1180

1190

1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350

1360

1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540

1550

- 1560

1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690

C$=" SATISFY THE CONDITIONS FOR speﬁlaz ORTHOTROPY"
IF X9>0 THEN 1140

PRINT @P1: USINGC 1120:BS,C$

IMAGE /,/,4X%,28A,46A,7,/

G0 TO 1160

PRINT @Pl: USING 1150:B$,C$

IMAGE /,/,4%,28A," DO NOT",46A,/,/

GOSUB 2640 :

END

REM SUBROUTINE B83035

REM =saoozcmsass=ma=on

REM CALGCULATE LAMINA ELASTIC PROPERTIES

PRINT "INPUT NUMBER OF LAMINA FOR'WHICH ELASTIC"

PRINT "PROPERTIES ARE TQ BE CALCULATED"

INPUT N2

DIM Q1(2,5),Q2(N2,4)

FOR I=1.TO N2

PRINT "LAMINA “;I;"  INPUT THE S5 FIBRE PROPERTIES"

INPUT Q1(1,1),Q1(1,2),Q1(1,3),Q1(1,4),Q1(1,5)

PRINT "LAMINA ";I:;"  INPUT THE 4 MATRIX PROPERTIES"

INPUT Q1(2,1),Q1(2,2),0Q1(2,3),Q1(2,4) '
Q1(2,5)=1-Q1(1,5) ' |
Q2(1,1)=Q1(1,1)*Q1(1,5)+Q1(2,1)*qQl(2,5) '
X1=Q1(1,2)/Q1(2,2) S |
X2=(X1-1)/(X1+2) i
X3=X2*Q1(1,5) :
Q2(1,2)=Q1(2,2)*(14+2*X3)/(1-X3)

X1=91(1,3)/Q1(2,3)

X2=X1*(14H1(1,5))+01(2,5)

X3=X1%Q1(2,5)+14Q1(1,5)
Q2(I,3)-Ql(2.3)*x2/x3
Q2(1,4)=Q1(1.4)*Q1(1,5)+Q1(2,4)*Ql(2.5)
PRINT @P1: USING 1420:1

IMAGE " LAMINA"™,2D," PROPERTIES",/
PRINT @Pl: USING 1440:

IMAGE 13X,"E(ALFHA) E(BETA) G(ALPHA- POISSONS RATIO",S

PRINT @P1: USING 1460:

IMAGE " VOLUME",/,42X,"BETA)  (ALPRA-BETA)  FRACTION",/
PRINT @P1: USING 1480:Q1(1,1),Q1(1,2),Q1(1,3),Q1(1,4),Q1(1,5)
IMAGE 4X,“FIBRE “,3(2X,3E),4D.3D,10D.3D

PRINT @P1: USING 1500:Q1(2,1),Q1(2,2),Q1(2,3),Q1(2,4),Q1(2,5)
IMAGE &X, MATRIX",3(2X,3E),4D.3D,10D.3D

PRINT @P1: USING 1520:Q2(I,1),Q2(I,2),Q2(1,3),Q2(1,4)

IMAGE 4X,"LAMINA",3(2X,3E),4D.3D,11X,"=",/,/

NEXT 1 :

RETURN

REM SUBROUTINE €83035

REM T T o W SR NE R TR

REM CALCULATE STIFFNESS MATRICES
DIM A(3,3),B(3,3),C(3,3),D(3,3),T(3,3)
pIM T1¢3,3),U(3,3),v(3,3),4(3,3)
A=0

B=0

C=0

D=0

FOR I~1 TO N}
c(1,1)=q(1,3)/Q(1,8)
€(1,2)=Q(1,6)*Q(1,4)/Q(1,8)
€(2,1)=C(1,2)
C(2,2)=Q(1,4)/Q(1,8)
€(3,3)=0(1,5)



1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040

2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160

2170
2180
2190
2200
2210
2220
2230
2240

2250
2260
2270
2280

X1=8IN(Q(1,1)) : 64
X2=C0S(Q(1,1))
X3=SIN(2*Q(1,1))
X&=COS(2*Q(1,1))
T(1,1)=X2*X2
T(1,2)=X1*X1
T(1,3)=0.5%X3
T(2,1)=T(1,2)
T(2,2)=T(1,1)
T(2,3)=-T(1,3)
T(3,1)=-%3
T(3,2)=X3
T(3,3)=X4

FOR J=1 TO 3
FOR J1=1 TO 3

T1(J,J1)=T(31,d)

NEXT J1
NEXT .J

V=Tl

W=C

GOSUB 2050 .
V=0 :
W=T

GOSUB 2050
X=Q(1,2)
V=XAY

A=A+V
X=X*Q(1,7)
V=X*U

B=B+V
X=X*Q(I,7)+Q(L,2) 3/12
V=X*y

D=D+V

NEXT 1
RETURN

REM SUBROQUTINE D83035

REM anmRsmazsassaommE

REM MATRIX MULTIPLY,V*W
FOR JI=1 TO 3

FOR J2=1 TO 3

U(J1,J2)=0

FOR J3=1 TO 3
U(J1,32)=U{J1,J2)4V(J1,I3)*W(J3,32)
NEXT J3 *
NEXT J2

NEXT J1

RETURN

REM SUBROUTINE EB83035

REM soSsa=acsssoasoon

REM MATRIX OUTPUT

FOR J1=1 TO 3 ‘ -

PRINT @Pl: USING 2230:V(J1,1),V(J1,2),V(J1,3)
NEXT Jl -
IMAGE 2X,3(2X,4F)

RETURN '

REM SUBROUTINE F83035

REM somocossRRAAcImoosa
REM CHECK FOR SPECIAL ORTHOTROPY
Al=0 :



2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
26130

2640
2650
2660
12670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830

o |

kb

D1=0 .

FOR Jl=1 TO 3

FOR J2=1 TO 3

IF ABS(A(J1,J2))>Al THEN 2350
IF ABS(D(J1,J2))>Dl THEN 2370
GO TO 2380
Al=ABS(A(J1,J2))

GO TO 2330
D1=ABS(D(J1,J2))

NEXT J2

NEXT J1
B1aSQR{A1*D1)

A2=0

B2=0

D2=0 Voot
FOR Ji=1 TO 3

FOR J2=1 TO 3

IF ABS(B(J1,J2))/B1>1.0E-6 THEN 2550
B(J1,J2)=0 '

IF J1=J2 THEN 2600

IF J1+J2=3 THEN 2600

IF ABS(A(J1,J2))/A1>1.0E-6 THEN 2570
A(J1,12)=0

IF ABS(D(J1,J2))/D1>1.0E~6 THEN 2590
D(J1,J2)=0

GO TO 2600

82=B2+ABS(B(J1,J2))

GO TO 2480

A2=A2+ABS(A(JL,J2))

GO TO 2520

D2=D2+ARS{D(J1,J2))

NEXT J2

NEXT J1

X9=A2+B24D2

RETURN

REM SUBROUTINE G83035

REM s==saa=za=zaazsxaacnz

REM CALCULATE PLATE APPARENT ELASTIC PROPERTIES

A=ASHL ’

Q(1,6)=A(2,1)/A(2,2}

Q(1,8)=1-Q(1,6)*Q(1,7)

(1,3)=A(1,1}*Q(1,8)

Q(l,4)=A(2,2)*Q(1,8)

Q(1,5)=A(3,3) - :

PRINT @pL:" APPARENT ELASTIC PROPERTLES”

PRINT @Pl: USING 2760:Q(1,3),Q(1,4),Q(1,5) :
IMAGE /,4X,"E(ALPHA)=",3E,” E(BETA)=",3E,” G(ALPHA-BETA)=",3E
PRINT @P1l: USING 2780:Q(1,6) . : :
~IMAGE 4X,"POLSSONS RATIO{ALPHA-BETA)=",1D.4D

PRINT @PLl: USING 2800:Q(1,7) _

IMAGE 4X,"POISSONS RATIO(BETA-ALPHA)=",1D.4D

PRINT @Pl: USING 2820:H1

IMAGE 4X,”PLATE THICKNESS=",3E

RETURN :
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D.2 Listing of the Program for the Prediction of Strength and Stiffness

Properties of Fibre Composites using Bishop’s Model

This . program has been written in FORTRAN language by the author. The

program is listed bolow

1 DiM=NSTIN Fl%JQI6)vVF(5)vLL\S( JaSX(H)eEX(5)
2 IPSN(UNIT=8 ILE="IN",STATUS="2LD")
3 IPINIUNIT=F S LLE=DUT W STATIS="NEAT)

ARITEL9,1001) ° .
1001 FIXAAT('EXPEAIMENTAL 2FSJLTS FIR JITE-GLASS COMPISITE' 4/ /s
t5XpTVF? 310Xy *SLAS s 10Xs *STRENGTH 4 LOX, *STRAIN//)
i D1 201 i=1+5 : . R
5 REAILBy1D) VILI) 9ELAS{I}SX(I)EXLI)

10 FIRA4TI(FS . 3, B.L’L'R ?'FT ))
ARITE(9+3) VFUIDSELASEI) ¢SXUT)EX(LY
g TOAAATILX s FhabsBX9TBe2yBXyFBa29BXy~T45)
201 CONTIHUE P
 TALL BISHIPUVEELAS s SXyEXyArRyCyDsZyFyGyHyAl) P
 ARITE(9e101) AsBeCyDeEsFeGydyal -
101 ZOXMAT{//7 %A= " 3T8a2,/95%, 707 *373.2,/e5Xs"0= ,Es.z,/,sx.

0 Yy E B a2yl 99X "Es "y TRy eyt F = 'yEB-ZJ/!%L,!S* yFSJZL
+/ 95Xy TH= '9Z3.24/95Xe AL "4 EBe24//) P
b

i‘i"

i

ARTTZ(947251) EFyFELeEMyaM,yat,R )
951 EOAMATUYINITIAL VALUESY o/ /+1Xy"EF="4E9,3,5X% JEL—'.F9

11 $3:3,76+06 o Capl L
12 21 =3.,2E+03 : /% s 55 ! wm"“
13 EM=5.7E+02 j !f ; LT
14 AM=%4.86 [ o I
15 aN=1a00 1 y |
16 . =1.65 , R mﬁ: d
)

_— :
i ' l
e395X e EVM=z il
FITe30 /01Xyt ANy FBL2a5N AN FBL2, SX;'R"'FB ?.// !:"{; | ﬂt“
18 ZLL=EL o ‘4?; P $ *d"
19 RO / ol
20 A= A /
21 ANN=AN ’ . 5
22 13=2 /
A2TTEL 0 ) ETgfLeEM At AN, 2 .
39 SRz {he  A-EL AL AR /U200 ) ey g : P
3] fL=lha” (a+AM%3)-2,."EF (C+A%=ﬂ]-4.=EM?AN=ﬁLLdMiE)II(R’(C+2-UA“%ﬂ+ :
2047020}
32 a:(q.,(a+aw B2 vEF T LCHR D) -6 "EM-ANT(F+AMEG) )/ (ELE(Ce 2.7 AM=D*
o '2)) ‘
33 fw~(q. Al-2e " EF. T-EL 2 (Fea . 5))/{ %e " AN-H)
3% ANZ (4 aT-2452F F=EL R (T+aM 311/ 14.%EMH)
35 A= (%a"3-2 ¢ SF D-EL R D=4, £ AN "3)/IZL*R%E)
40 ZTR3IR(1}=ABS{ECF-EC)
41 SRIIJR(2)I=ABS(CLL-CL)
&2 ERIAA(3 ) =4BSL{EMM=EM)
43 ZAADUA4} =435 AMH-4Y)
44  ER2IR(5)=ABS(ANN-AM}
45 TRIIA{H}=ABS{RR-1)

456 T=23A0{ 1}



51
52
53
60

324
61

65

205

105

108 .

B LN e B

90

-

-+

+*

o 6T
FUZRRIA(TI #1112, TISOTY 53
zzA0A01+1)

uJuTIqJC

ARITE(" ) T

1- (T.SE-loS] 517D 17
ARITEL?+324)

FIRMAT(S3Xy *FINAL VALUZS'.//)

AXITz (F965) EF, ELN'_"”\'1y"\\’y)~!T

SIIMATUOX e "2== " 4ERL 2y XL '9E%$_v5X"EM= *1EBL2y /45X A= 0
¢ T.393Xe AN "o FBa545X "= ", EBLS4/ 9 "MAXM ERIDIR="4FBL.34//)
aNJ=0.30

COSF=(R-2061) /1433

ARITEL74205)

SIRAAT(PREJICTION OF STLFFIZSS ANT STRENGTH OF JJTE-GLASS' ./,
*ZIBIE AEINFIRCED COMPIASITE LAMINATES USING 3LSHIPS MODEL*y//)
“ALL PREDII (CEFeCLaEMeAM AN COSFyVFyEXELAS ¢ 5X)

ARITZ{7,501) :

FUTAATISXy *WILUME “RACTIIN' 313X Y IUNGS MODJLUS 410Xy

I
T

[ [\. I
TINSILS STRIZNUSTA 310X STOATN',//} L b y
33 108 I=15 R o : :
ARITE (34105) VFUID9ELASII)SX(L) 45X () A SERREEES
FIRMATILOXy 6,49 15X, E202,20X9E242,15X,F806) o 0 it ||| 1]
CINTINUE o 1 a ‘(l |w
_STJP /'f i N !ff :gi I
s AUTINE BIS#]P{VF,LLA 'sx,»x,a,a CoDyEy L3@4,51[1,!= oL
. et e e F e M b ey B PR By
B ﬂ‘_.! Ay - - - ' -
PRI3RAM T3 CALLJLATE THE CMPIRICS. _nufraursiA,BE: a.q.r.g.4.§1l
'-Iq jIS%]D'$ ?]?CL B T T PR Ealpipﬁﬁr,w A Kb !:?
: SRR TP e B R b ol
JLMENSIIY VF(6)5ELASI6) 15X (5] 4 EX(5) AT '![
Sl
6T=2.0 . * ) '{ ; ! ,t ' [ !
SO At a‘i-flii |
9T=2.0 / AN RRE S
IT=3.0 /
=1 =040 s ! |
5T=2.0
1T=2.0
AlT=040 - : T I o
23 30 I=145 (][\u]ii'f % i

AT=aT+V=(1)1/2LA5(])
BT=3T+{VF(I)":2) /ELAS(T)

:T-‘T+(Vr(IJ“‘2)/(FLA3(I} "2)
OT=IT+VE(T) "3V /LELAS(IY . ¥2)

_”Tﬁ_T+(V-(I}"+J/(—LA°([) " 2)

TT==T+(L.-VFILNITVFLIY/tzLa501)2%2)
ST=3T+(le=VFIIY) Y {VFLI) = 21 /(=ZLASITIN®"2)
AT=AT+ (L Le=VT(I) )" 2V /IELASIT) v2)
AIT=AIT+(1o-VF(I})/ELAS(T)

TONTINJE

A=aT



e

8

~—1200

— —— =

és

z=zT " rsen—
F=FT

53=5T

A=4T . e,
AT =AIT

TETUIIN

=NDJ e,
SuU3R DUTIVE R EDIC(EFyEL, EW,AW,&NJp-DSF,UF,ExgELASpSX) ,

LI TR A rﬁ—f,fvvn'~7~? T f;'hbt'»»ﬁhwi«n;i-;;k a»f»iv&=&¥

SUSAIUTINE T3 FIND PRE)ICTED STIFFVESS AND STREINGTH 3F JUTE-GLASS-

—IazE 3z INFDICED composer LAWINATES JSING BISiDPS MIDEL
,g..,.,\:":,.",g A 'T 2 : ’(":',:::l‘: J—i‘-’-.%;,—.h,,‘ ‘-'t ’k“}.a‘-’*!{-ﬁ!&""él‘

DIWEQSIJN VF(S),CD(S). FtS),ALDT(:).ALTf(S).BDrtsa,Brr(SJ,GTH15),~

ZLAS(5)¢4SXI5)4EX(5)

33 1300 [=1,5

CIML)=EF*243EL T Lo+ AMIVFLL))

CFixl-tF+2.aEL’(1 +AMSEVELTI) )T CISF :

ALJT(I]-VF(I) (3452001} +CF(I))}/Bot{la~ v#(:))*ewitl.—ANUa 2. -

30T{T}=v :1)'1CJ(1)—CF11))/3.+ANU (1.-VF(1))«EH/(l.igﬁykﬁZl \wfjhj

BTT(I)*ALOT(II

ALTT(I)=30T{I) NS
STACLI=0= 0T IO ZCFIT) )/ e (1o -vF L)) FEN/ (205t usanl] ¥
LAS(I)=ALIT(I)- (33T (1) +ALTT(1))/BTT(I) - ISiEnn

SX{I)=ELAS{I}-EX(I)
CINTINJE '
=T JRN

N3

B R L e ST e



T oab L. AT [N LN R R g P [ Y B Il LN INT e LITIAR N M L AN

! 69
F: , - ' BN B T S ey B RS H ‘::f-: EER
. L PROGRAIT TO FIND VALULS ®70 #F,51,89,11,0 & COSF FOR PRLDICTIDN OF.-..
o STLFHFNESS ANP STRENGTH USIHG 31SHOPTS MODEL RY ITERATION{ _
1 DIMENITON ERRDR(élvalb)vﬁLﬂ (ﬁlrgX( )-rX(6)
2 DPENLUNIT=EyFILE="T o 0TaTS="0LN")
—~ 3 DPEY{UNIT=FyFILE="0UT" 3 5TATHS="NILW" )
WRITE(9,1001) '
1001  FURMAT{*EXPERIMENTAL PRESILTS FIR JUTE-GLASS COMPOASITE® +//,
- - +oXe "WE' s 10X "ELAS Yy 1Y "STRENGTHY , 10X, *STRAINYy //)
D3 201 1=1+5
5 PeaUl2y10) VE{I)ELATLTI)»SX{I)yEX{I)
e 30 - FORMATIFS «3¢EBe29EB421FT7e5) T e
) WRITE(D999) VFEI)LELAS(I) oSX(T)EX{T}
9 FORMAT (LXsFOe4 18X 84243 %,108.0248XFT.5)

-~ 201 CONTINUE
CALL BISHUP(VFyELASSX3EXsAsR, f'n-_cprvHrﬁr)
WRITE(9,101) A; s LoD fF G,H.AI

—.101 FORMAT(//¢"A= *pE8e2+/ 340X,y "H= F_S.z./ ‘5!1'(:— t,ER. 2,/’5)(. \ /‘] s
+10= Y, EB.2¢/95Xs"E= '!FS-:?!/'SX?'F: v[got.?/!sxf"ﬂ_? vEBe2y

t/eBX tHE 145802,/ tAIS 14F3.2,//) i

11 EF=8.7E+06 S~ ‘ilJ }’r‘ P'

12 . EL=8.2E+03 . o 1‘!!* ERERN!
13 EM=5.TE+02 | SN RN

—- 1% AM=4 486 ', S ti"- ll ‘ '
15 &N=1400 B I* R
16 R=1.65 f ; SR

- WRITE{D9951) EF yEL G A1, AN, 2 P i

951  FORMAT{'INITIAL VALUFS® 4//¢1X s EF=" 4 E9u3,5Xs *ELE T yFOa3 45Xt EM=?, - -

H+EG ey S L X YA Y G 8. 2,0y Al JFB,2 ,SX 'Rt 4FB, 2'//' ii -'.‘ i'
ol Tee . EFF=EF. : : - RO ,ff --}~
18 ELL=EL ' ' IR t
19 Er4M= 8 / i i o ‘-E' 1 ’
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22 Ri=R /
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Y ERRJR(I)-ABS(EFF—EF) e
L 41 ERROR(2)=ABS{ELL-EL)}
42 ERROR{3)=ABS (EMM-E4)
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44 ERROR(5)=ABS ( ANN=-AN)
45 ERRIR{6)=ABS(RR-R)
- 46 T=ERROURLL)

50 DO 53 I=1y6
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TABLE

Mechanical Properties of the Constituents of the Laminate

1Jute Fibre (BTA) ¥

1

-

iGlass Fibre (E) *

lDensity:Young’s:Poisson’s:Density:Young’s:Poisson's:Density:Young’slPoiséon’.

lgm/ce #i1Moduli iRatio rgm/cc 'Moduli !Ratio

:pSi 1 i :psi

'Resin Matrix+(Polyester) |

igm/cc(s)Moduli ‘Ratio

‘psi

1.

12245:8.67E+5: 0.35 12.65 '1.E+7 |

0.3

Taken from literature
Experimentally found by the author

Obtained from Manufacturer’s Catalog
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TABILE 2

Specifications of Unsaturated Polyester Resin !

! . Used in Present Work : Used by Kazim

Strength

! Specification (Stiffness :Strength iSpecification | Stiffness
' | psi L psi - : psi psi
'EPOLAC G~153ALX! 3.0E+05 ! 5000 ! EPOLAC G-774 | 2.5E+04 2000

i ' : . TSY ‘
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TENSITLE TEST DATA

¢

TABLE 4.2

LAMINATE 1
No. of Jute Layers = 1 Né. of Glsss Layers = 1
Voluﬁe Fraction of Jute = 0.189 Volumé Fraction of Glass = 0.0626
Fibre Orientation = 0 and 90 Fibre-Orientation =0 and 90

Effective Fibre Volume Fraction = 0.1454

Stacking Sequence : Jute + Glass

:Spécimen:Plate iWidth ofiGage length!Load at !Strain at!Tensile ! Young’s !

iNo. i Thick~ !Plate ‘of SpecimeniFailure !Failure [Strength: Modulus '
: | eSS, mm | mm 7 ! mm | ¥4 ' : Ian/mm VEg/mmkk2 | Kg/mmk%2 |
| 1.1 '27.7 1178.0 'B6.0 10.00421 }2.825 '6356.5 |
v 2 1.2 127.2 ' 175.0 181.0 | 10.0052 12.4816 !525.6 !
3 1.2 126.9 1176.5 '84.0 10.0056  12.6022 . 1527.0 :
I '1.15  126.8 - 1177.0 176.0 :0.0054 12.4659 1524.9 :
) 1.1 126.9 1178.0 'B8.0  10.0051 12.974 '537.5 :
6 11,16 127.6 1179.0 +190.0 10.0042 12.824 1531.9 :
V7 1.1 126.85 '176.5 193.5 | 10.0041 13.16 1543.9 :
o 8 1.1 126.8 - 1175.5 187.25 :0.0046  12.96 1537.5 '
¢ 9 1.1 127.55 1174.5 192.5 10.0046 :3.65‘ +539.7 o

16 11.15 | 127.26 1 177.5 190.5 10,0043 :2.886 1536.9 p
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- TABLE 4.3
LAMINATE 2
No. of Jute Layers = 2 | No. of Glass Layers = 1
Volume Fraction of Jute = 0.257 Volume Fraction of Glass = 0.0397

Fibre Orientation = 0 and 90 Fibre Orientation = 0 end 90
Effective Fibre Volume Fraction = 0.1141

Stacking Sequence : Jute + Glass + Jute

‘Specimen.Plate iWidth qf!Gage Length:lLoad at !Strain at!Tensile !Young’s

1 No. !Thick— i{Plate rof Specimen:Failure !Failure 'Strength lModulué
: ness.mimm .t on {Kg ‘mm/mm | Rg/mmkk2 | Kg/mmkk2
111 11.8  i28.15 177.0 1118.0  10.0042 ;2.3288  1428.4
12 11.9  :28.1  1178.0  !131.0 _ :0.0048 !2.4536 1434.0
13 2.0 !27.9  1179.5 1139.0 .:0.6046 12,4885  1431.9
114 12,05 !27.6  1180.0  :143.0 10.0054 !2.5269 1444.6
15 izl 127.65 180.5 {146.0  :0.0055 (2.5144  1436.1°
116 i2.2  127.4  !181.5 1155.0  !0.0061 !2.576  1438.2.
117 12.15 127.55  1180.0 1155.0  10.0062 :2.612  !453.0
118 2.1 127.65 1182.5 1150.5  10.0058 12.59 . 1448.8
119 ~:2.65 127.75  1182.0  !142,0 :0.0049 i2.496  1442.4

1 20 +1.95 127.9 ' 184.0 1140.0 :0.0054 12.568 1446.0
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TABLE 4.4

LAMINATE 3

No. of Jute Layers = 3 No. of Glass Layers = 1

Volume Fraction of Jute = 0.257 . Volume Fraction of Glass = 0.03
Fibre Orientation = 0 and 90 Fibre Orientation = 0 and 90

Effective Fibre Volume Fraction = (.09622

Stacking Sequence = Jute + Jute + Glass +'Jute

'Specimen!Plate |Width of:!Gage Length!Load at !Strain at!Tensile !Young’'s !

1No. - 'Thick—- iPlate iof Specimen|Failure :Failure 1StrengthiModulus |
: ‘Ness , I 0m L 1m ‘Keg :mm/mm- (R /mm* k2 | Kt /mmk k2 |
521 2.45 127.9 :i80.0 1168.0 10.0048 :2:3115 :395.9 '
122 '2.45 127.65 1179.5 - 1147.0 :0.00496'_:2.17 386,10
123 2.5 127.4 +181.0 1147.0 10,0063 !2;146 ©1384.0 :
124 2.6 127.55 1179.5 1162.0  10.00615 12.2616 1392.4 R
125 12.65 127.35 '180.5 1166,0 10,0054 12.2904 1393.5
1 26 11.95 126.95  1181.0 1122.0 '0.0059  12.324 | 1397.7 '
127 2.6 128.05 :178;5 1177.0  :0.00576 12.432 :386,9 :
128 12,65 128.1 1178.0 1163.0 10.00578 12.278 1388.2 |
129 2.5 127.45 1178.0 1167.0 10,00624 :2.386 :396.7 !

130 2.3 128.2 1 180.5 - 1150.0 :0.00682 12.312 1393.8 |
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TABLE 4.5
LAMINATE 4
No. of Jute Lajers =1 No. of Glass iayers = 2
Volume Fraction of Jute,=.0.l73 Volume Fraction of Glass = 0.121

Fibre Orienfationr= 0 and 90 " Fibre Orientation = 0 and 90
Effective Fibre Volume Fraction = 0.25

Stacking Sequence.= Glass + Jute + Glass

:Specimen:Plate ‘Width of iGage Length)Load at !Strain atiTensile !Young’s !

" iNo, !Thick- !Plate iof Specimen:Failufe ‘Failure |Strength +Modulus !
.' {ness, mntmn | mm {Kg /e R /w2 K /mmkx2
131 1.2 :28.2' - 1178.5 ;154;0 :0;00388 4.56] '1013.1
132 1.2 127.95 1179.0 1148.0 1.00432 - '4.4126 11011.7

133 - 11.25  127.75 1179.0 143.5  10.00413 :4.136I 11004.0 |
134 : :1;3 127.8 +178.5 1153.0  !10.00532 14.24 11004,7
135 1.3 127.15  1179.0 1146.0  10.00419 4,142 11003.3 |
1 36 11,25 127.55  1181.0 ':152.0 10.0041  :14.4138° '1012.4 '
:37. '1.3. -i128.0 '}178.5 | '165.0  10.00371 :4.532 11013.8 !
138 1.25  127.15  :179.¢0 1157.0 . :0.00454_ 14.628 11015.2
139 1.2 :27.35 1178.0 +151.0  10.00326 14.589 1011.7

140 1.15 128.2 1178.0 1 147.5 :0.00379 14.546 . :1008.9 '
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TARLE 4.6

LAMINATE 5
.Na. of Jﬁte Layers = 4 No. of Glass Layers = 1 |
Volume Fraction of Jute = o.2687 Volume Fraction of Glass = 0.0235
Fibre Orientation = 0 and 90 : ‘ FibrelOrientation =0 and 90

Effective Fibre Volume Fraction = 0.0861

Stacking Sequence = Jute + Jute + Glass + Jute + Jute

1Specimen:Plate |Width of |Gage Length!load at !Strain atiTensile !Young’s |

'No. i Thick- (Plate tof Specimen!Failure |Failure !Strength Modulus |
' ‘ness, mmimm lmm ‘Kg ! mm/mm VK /mmk k2 Kg /mm%k2 |
141 /2.8 128.25 l:l77;0 172.0 10.0069  :2:.1745 1290.3 '
142 2.9 127.75 1178.5 1174.5l 10.0065 12.168 1283.9 :
143 3.0 127.85 :180.0 1182.0 - 10.0071 !2.1783 1287.4. !
144 13.15 127.65 :179.5- - 1190.5 10.0067 .12.187 1286.8 :
145 13.15 127.45 1177.0 1191.0 10.0074  :2.208 1279.0 H
146 13.15 127.45 1179.0 :188.0 10.0061 | 12.176 1277.86 '
147 1 3.25 128.0 . 1178.0 +196.5 10.0069 12.159 1299.7 '
148 13:0 127.55 E179.5 1180.0 10.0066 12,182 1274.1 i
149 13.15 }27.é 1179.0 1189.0 10.0071- :2.153 1278.3 i

1560 3.1 1 27.7 :180.0 :186.0 10.0068  i2.164 1288.2 I
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FLEXURE TEST DATA

TABLE 4.7

LAMINATE 1
No. of Jute Layers = 2 : No. of Glass lLayers = 1
Volume Fraction of Jute = 0.254 - Volume Fraction of Glass = (.038
Fibre Orientation = 0 and QO Fibre Orientation = § and 90

Effective Fibre Volume Fraction = 0.1104

Stacking Sequence = Jute + Glass + Jute

iSpecimen (Plate ‘Width of !Span i Load fDeflectioni iFlexural :
'No. ' Thickness :Pléte 'Length | ' iModulus !
: ' m imm . .+ Jum ‘Newton _!mm :Néwton/mm**z :
HE 2.1 114.7 '25.4  14.55 10.104 11316.57 '
|2 (2.1 114.5 125.4 i2.55  !0.0845 . 1920.67 :
' 3 12.15 114.5 125.4  11.55 10.061 1722.37 '
P 4 12,125 114.75 1 25.4 12.55 10,086 1 858.25 :
v 5 12.125 7 114.25 125.4 /3.5 10.11. 3953.3. ' '
' 6 12.15 +14.25 . i125.4 3.5 10.127 1797.2 |
c7 L a2 114.2 125.4  :5.0 - !0.154 - 11011.45 !
' 8 12.125 114.3 125.4  i3.0 10,10 1895.67 | ;
(9 12.125 .:14.05 i25.4 13.0 10.09 11012.9 :

110 12,15 114.45 i25.4 ' 3.0 0,11 1778.0-
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TABLE 4.8
. LAMINATE;Z
No. of Jute Layers = 1 _ No. of Glass Layers = 1
Volume Fraction of Jute = 0.205 Volume Fraction of Glass = 0.0568B
Fibre Orientation = 0 and 90 Fibre Orientation = 0 and 90

’ Effective Fibre Volume Fraction = 0.1394

Stacking Sequence = Jute + Glass

iSpecimen {Plate 'Width of |Span : Load 'Deflection I[Flexural
i No. iThickness!Plate - |Length | H iModulus
i « mm « mm L mm Newton L mm i Newton/mm¥*2
(11 11.375 114,65 25.4 5.0 10.1302 . +4137.35
112 11.375 114,75 :é5.4 5.0 | 10,137 13885.16
.}13 1.4 114.625 :25.4 6.0 10,145 14224.2 |
114 11.425 114.75 25.4 6.0 10.136 14234.6
115 .}1;425 114.08 125.4 :5L0”" 10.125 +14006.1
116 11.45 1 14.625 125.4 5.0 10,115 13995.0
117 11,426  114.25  125.4 6.0 0.16 - 13725.74
18 _:1.40 _ '14.5 ~ 125.4 5.0 10.1145 14496.28
119 11.425  114.95  !25.4 5.0 10.111 14265. 82

1 20 11.40 114.575 25.4 5.0 10.128 14001.37




No. of Jute Layers

1

Volume Fraction of Jute = 0.

195

Fibre Orientation = 0 and a¢
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TABLE 4.9

LAMINATE 3

No. of Glass Layers = 2

Volume Fraction of Glass

0.11

Fibre Orientation = 0 and 90

Effective Fibre Volume Fraction =0.234

Stacking Sequence :

Glass + Jute + Glass

Specimen (Plate iWidth of :Span :Logd. ‘Deflection iFlexural :
:No; | i Thickness :Piate 1Length ! H +Modulus ;
: ! i ! mm ‘mm_ - ‘Newton  !mm :Newtqn/ﬁmt*z :
121 11,275 114.45 125.4 5.0 10.1065 16421.9 H
122 11.30 14,2 125.4 '5.0 10,0945 16948.0 !
123 '1.35 114.45 125.4 5.0 10.0795 17247.3 :
124 11.325 “:14.325 125.4 '5.0 10.098 16272.5 ;
125 1.3 . 114.4 125.4 '5.0 10.100 16474.7 :
126 '1.425 114.3 125.4 17,0 10.107 16477.0 !
127 '1.35 114.55 125.4 '5.0 :0.0795 17197.4 !
128 11.40 114.475  :25.4 '5.0 '0.083 16213.4 !
129 '1.45 114.5 125.4 6.0 10.076 17316.5 ;
130 11.40 i14.525 _ :125.4 _ :7.0 10,106 :

:16787.8



- No. of Jute layers

1

Volume Fraction‘df Jute
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TABLE 4.10

LAMINATE 4

No.

of Glass lLayers =

0.156 Volume Fraction of Glass = 0.1357

VFibre-Orientation = 0 and 90 Fibre Orientation = 0 and 90
Effective Fibre Volume Fraction = 0,274

Stacking Sequence : Glass + Glass + Jute + Glass

| Specimen {Plate 'Width of !Span ' Load iDeflection :Flexural
+No. | iThickness (Plate i Length - ! : | iModulus
: | Im ) M \ | i Newton { IRIN : Newton/mm¥X2
131 11.78 112.0 125.4 7.0 10.0682 17272.1
132 +1.67 11.175 125.4 7.0 10.0837 165682.0
133 11.67 111.425  :125.4 6.0 10.0639 7230.4
134 1 1.87 112,175 125.4 5.0 10.0565 :6391.5
135 11.62 113.025  125.4 5.0 10.055 16708.3
136 11.725 :li 55 125.4 :4.0l 10.0385 17177.1

' 37 11.625 '11.85 125.4 4.0 10.0435 17423.1
138 '1.70 111.60 25.4 4.0 10.043 1 6662.4
139 1.7 111.075  125.4 4.0 10.0465 16456.2
140 11.65 111,775 4.0 ‘4.0 10.0465 :6659.3




No. of Jute Layers

1

Volume Fraction of Jute = 0.1424

Fibre Orientation + 0 and 90

Effective Fibre Volume Fraction

Stacking Sequence

-1 ]

TABLE 4.11

LAMINATE 5
No. of Glass Layers = 4
‘Volume Fraction of Glass = 0.1976
Fibre Orientation = 0‘ and 90

0.386

Glass + Glass + Jute +'Glass + Glass

ate

Width of !Span ' Load

'Specimen |P1 Deflection !Flexural '
I No, | i Thickness |Plate  |lLength ! ' :Modﬁlus '
i :mh ! mm ‘Newton ~ !mm iNewton/mm¥*2 !
141 11.475 11201 125.4 7.0 10.0805 :9176.3' '
142 11.475 '11.575  125.4 7.0 10.0925 | 18324.4- )
43 1.5 112.1 125.4 +7.0 10.083 _ ~18430.5 '
144 11.525 111.125 125.4 7.0 10.082 ' :8845;5 | :
145 1.5 111.425 125.4 i7.0 10,088 18445.1 :
146 11.5625 11,725 125.4 7.0 - 10.0805 - 185655.9 '
147 11,5 111,925 i25.4 7.0 10.085 18398.0 :
148 1.5 112.25 125.4 i7.0 10.0B 18681.2 :
149 11.525 ‘11,975 125.4 :7.0 -":0.0785 18615, 2 '
50 11.476 112.8 25.4 7.0 :0.078 18922.9 H
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TABLE 5.1

: No. of Lamina!Young’s Modulus

'Ultimate Strength!Strain

Veers !, ipsi | 'psi tat ;
! i Jute iGlass :Experi—:ﬁishoplLaminqﬂlLaw of:Expéri— i Bishop !Failure !
: : ' imental | ‘tion ThiMix. imental | ' :
10.086! 4 | '4.01E+5:4.5E+5 6. T8R+5 6, 8E+513086.81 !3400.C :0.0068 |
10.096! 3 A | 5.56E+515,.0E+517.33E+517.4E+5!3250.88 23200.0. :0.00571 !
10.114} 2 t 1 16.25E+516.1E+5:8.37E+5!8. 3E+5!3568.82 13600.0 :0.00527 !
10.1451 1 N | 1 7.56E+517,9E+5!1.02E+6!1.0E+6,4005.98 :14300.0 :0.0048 !
:0.25 1 1 P 2 :1;43E+B:1.5E+611.56E+6:1.8E+6:6263.6 16700.0 !

'0.0041
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TABLE 5.2

' Young’s Modulus . 1Ultimate Strength
Vrerr N psi ' o psi

, __JRP I _JGRCL - i GRP { ___JRP___ !  JGRCL
.00 ! v { 4.5E+05 | !
.0861 ! t401190.43 ! : ! 3086.81
.00962 ! ! 555779.3 | ! T 3250.88
.10 : ! ! 1.46B+06 ! i
141 |t 624971.54 ! : :  3568.82
.142 ! 6.108B+04 : ! ! 2836.86 !
1454 ! L 757712.0 ¢ - | 4005.98
L1681 7.428BB+04 ! : { 3385.01 ! .
278 7.72B408 : | 3614.66
.20 ! : ! | . 2.46E+06 ! !
.202  : B.74E+04 y ! i 4118.53 !
208 ! B.978E+04 ! : ! 4247.98 |
2501 ! ! 1429665.91 ! . ; ! 6263.6
.30 : 3 ! 3.46E+06 | !

.40 : ; i 4.385E+06 | :
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TABLE 5.3
» No. of Lamina! o Fleﬁural-Modulus
Veerrs I ; | psi
 _Jute | Glassg | Exberimental + _Lamination Theory
0.083 : 4 i 1 I ' ! 7.45E+05
0.6902 3 r 1 : : | ] - 8.16E+05
0.1108 ! 2 1 :  1,34E405 1 7.6E+05
C0.1394 11 ] : + 5.9F+05 S 1.7E+06
-0.23¢ ¢+ 1 2 9. 74E+05 ' 2.8E+06
0.274 : 1. 1 3  9.92E+05 : . 2.87E+06

0.386  : 1 : 4 :  1.25E+06 : 3.68BE+06
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TABLE 5.4

Ve o

Young’'s Modulus

psi

Experimental :

Bishop

0.142
0.168
0.178
0.202

0.208

6. 10BE+04 '
7.42BE+04 T
7.72E+04 L
5.74E+04 ' '

._8.97BE+04 !

6.2E+04
7.3E+04
T.7E+04
B.TE+04

9.0E+04
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TABLE 5.5

JRP L JGRCI, :

Vei ¢ Breaking Strain g, . | Breaking Strain |
0.142 ! 0.05295 00861 ! 0.0068 o
0.168 i  0,0417 ; 0.0962 : 0.00571 !
0.178 ! 0.0344 ! 0.114 I 0.00527 v
0.202 . ! .026 b 0.1458 0.0048 :

0.208 .__ 0.0246 i 0.2501 ! 0.0041 d
N .
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