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Abstract

Fleet of clastic modulus ratio between Hiber and et on the beluviour of

neidirectional Taminate wis studying by micromechanical finite clement technigues, This

study was earried out Tor two valnes of T tatios (1 is the fiber spacing and bis the lengih of

the medeln Low value when TR 0.2 and Nieh value when 1B 100 A constant stroin {inite

clement was tormulated. The results that abtained from this foute element tor three vitlies of

ciostie maodulins watio Between tiher and matris (U A 1 00100) show that whenever iy
o mercased the lhermateiy shear stress decreased and this reduction s depended on fiber
size (b
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I. Introduction

Modern technology has lound  extensive use for unidirectionaty - fiter-roin e

composite materials, To make effective use of these materials, Knowledize of tir nse s
ad perlormances when sulyjected o Toads 7s essential, Moy aspects of thers bol
drreetly associated with the microscopic structure of these materials, | he do i Lo
these materials deives the rescareh i this field foto the micromech s o o
materiais, (R3] Hovever, when the miceomechanical beluniour of sucl o o RS A
ol mterest, Tor example, the inniation and development ol a danuiee procoe el o o
macroscopic fatfure, one has o ke account of the heteronenciiy hetw een 1ihers el e
The behaviowr of cormposites depends on variety parameters sucl; us fo Preseities of the
componetts, honding between the components, aligment of fibers w0 o | s, the
raicromechanical finite clement analysis, which has been cnloved mercisiale for fiber-
relntorced composites in the past decade. has become an npurtant menns of rnderstanding
this heluviour of composites. The thearetical and expernental niethods wsetly applicd i
micromechanical analvsis i order o tackie the problemes that cased by the aboye
proanetors,

Sa the present paper stdies the ettect of clastic modiles ratio {1:7,1 or the behaviou s

el mnidirectional Tominate or fiber - reinforeed materins when 1o e mechisiod] Lodin

based upon two dunenstonal plane clasticity theory acd two dimensional Soite clenent
method vsing displacement fornulation by using the camputer progrns (SAOLUDIY o
el 2]
2. Unudirectional laminate,

I this approach the unidivectional Taminale car he exanined prvroscoptiala Iy

Bevors (hersd ot divection) as

conidering a unidirectional composite with seinforcine:
showa i Fig t D The representadive volume clement of ihis camposiie s cliosen To e fae
trvers embedded o mateix plate, The fhers e aviwned bonsoseneon, ol Jus e o
reckinglaar cross section with the saue thickness as e matris plate. Therctore, the width
rtto ho 0 Ty s chasen o he the saone as the Ther volinne fraceion of (lae RIHERITSIN
el e FE s the diber spacing wnd the Uy represent displacements withu the Bihers and
these displicements are independent of displacement. u, ©which deline the delonuion of
chussical continuunt. Both displacement are related G Cortestan casordinsgles v,
AY:
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The strain energy {4.6] of n discrete reinforeing Jayers (fiber) can be supposed by a weighted

mntearal over the entire regior, Therelore -
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where Ve o hpdH indicates the fiber volume fraction or density of the fibers and UJ s
the stratn energy density perunit length of the k,y fiber.
by assuming that fongitudinal stress in the fiher varies Iimearly across its width and o
that transverse normal stress s mniform across the fiber. So the strain energy density of the —

flher may be written as - -
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Where A fty Lame’s materials constant for fibers Lver and
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Woethin the matrix the normal stens i the N direehions e assumed ddenses’ o ose
tthe tibers the tansverse normal and shear strains within the nuieis. however, are not
dependent solely on the overall displacement field w, . It are alse infucneed buvothe strains i
withi, and twe thickness of the 11her the <train Cery per it velume ot the matis may he .
shown o he -
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Where, Ly and 11, are Lame’s material constants for the matrix, Thus the ‘ot strain —

vierey per unit volume of the composite may be written as -

l=—L U, +{1-VU 3
U, Up+{1=Ve U, ()
by substituted Egn. (2) and (4) in Egn, {5y and compared with the strain cnergy ol an
=etropic material with microstructure and then assuming plane stress instead of plane strain
|21 the relation between strees and strain of unidirectional laminate can be written as:
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3. Fimite Elentent Formulation

Tl element that depending on the presest paper s o tonwenla clement which bas
strang N sides and three nodes, ene at cacl comer as sbowi e Fieg 20 BRe sises vl tee

R . , . . | .

degree of Treedomn per nodes - The tocal shear detarmation o i denoted by
L‘ii)'ii‘{-:}*i‘“”d(i’}] ) aUeaeh node socqual o W a0 se by ustg an expansion ol the
displacenents (:)l - Land ti}; the stratneatrix JB] can be derived as-

O] =C| FCyX| = CyXn

ba=C) FegX |70 Xa Al

Where € to Gy are constants. So the element strain-displacement relitions can be written
ds-

j(c' . ‘l c'{ .
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Fig.( 2): Numbering of finite element node andddegree of frecdom,

N
The suftoess neriy [K] s then formed by the following expression .
[T B DB A (1
Where [D] s the closticity matriy Tor umdmumn Haminate given in @ A The eron o B
A Aare the thickness of compostte aned area of the element respectivelys And (B njvey
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3. Distributed Load and Unidirectional laminate

This example represent a plate has rigid supporls at hoth ends s the local shear
delormation {f)_«j are zeto 1 these ends, This plate composed from unidirectional laminate
wihieh ean be studied the effect of clastic modules ratio L1, by assuming constant fiber
volume fraction V= 025, and constant {ther and malrix poissn’s (V= VE=0.2) and also

assuming three values of ( Eeln=1. 10,100y as shown ia 12 (3-a) fmd Frec (3-hY shows the
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finite element arrangement which apply wd the tinite element program (SAUDOLT in Rel
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Fied(3): Plate under distributed Joamd
(z1) unidirectional laminate (I Finite clemoent
4.Results,
By sty two values of fiber size tiest Tow (IFD - 0.2) and second hich (1.

Fig () shows that the (-~ inereased witdvimereasing the elastic modulus ratio (1T and this
merement micreased when fiber size has hioh vadue (1D L as showo in FuniRy ALl the
Houres of (:}7__ start from verod deercased until it has @ min. value ol the posalion of nus.
load and then besing w ierease unil reachine zero vilie avatn at the end ol ploe hecise

. . . . . . - |
the rtaid supports in botly end aiven o zoro value ol (.!)" and 6y

Frovt Froaay and (93 which show the elleet of B on oy s clear thu (:"); fats

ttle chunge wlhen BB inereases 2t Jow 11D (see Fieian, While at hich sl ot 70y,
s anensitive chanee or sensitive reduction when Py o inereises {soo Fietog

Thas e elastic modules mtio LA, has o liroe oflect ol 6. heense the clumsine on

L [T ! £

e canws clameing 1 BC for the probivm,

P (0) sod (1) show the eflect o TAE,, on o which bas a Lupe clewin s wlion 171,
Hicreases sod also this chimying ercased ot high Gber size as shown in Fro (1

Finacdy Frod(7y and (1713 show the eftect of 17415, o0 FAMSS which s tiereased awien
Yoy |

Eor A mnercased and Jus oomas, value at the ead of plate also this increment depeaded on

Sber size thus s Ingher at Tow fiber size thae linh fiber size.
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Fig.(4):I ffeet of elastic modulus ratio
between fiber and matrix on vertical dislacement
at low fiber size (H/ h=0.2)
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Fig(3)-Effect of clastic modulus ratio
between fiber and matrix on local shear deformation
af low fiber size (I1/ b=0.2) .
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Fig.(0): L ffect of elastic modulus rutio
between {ther and mafrix on couple stress
at low {iber size (17 1 -0.2y .
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Fig (Ty:Effect of elastic modulus ratio
between fiber and matrix on fiber-matrix shear stress
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Fig.(9)-Effect of elastic modulus ratio
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