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Abstract
The objective of this work is to compare ligamsystem with the composite fibre-resin lamina whghot exactly

but matches nearer to the ligament structure. Kedetl ligaments are short bands of tough fibroosnective
tissue which are same as composite material. Thpemppresents 3D finite element analysis perforroeda
composite Fiber-Resin lamina and compare this tregth the orthotropic stress -strain relationsfipmulation for
validation of the result. Nonlinear static analygisrformed for composite material to evaluate ststgin
relationship for a composite material.
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1. Introduction

Ligaments are composed of closely packed collagee bundles oriented in a parallel fashion to jpev
for stability of joints in the musculoskeletal sst. ligaments can be compared with the compositerrabbecause
of the similar structural system. Composites arelenfiom two or more constituent materials with #igantly
different chemical and material properties that mikeembined, produce a material which charactesdifferent
from the individual components. The current pagmapt to combine the two approaches and the résudiiress-
strain relationship is compared.

Analytical solutions are developed based on prapastution by (P. Boresi and Richard J.Schmidt).The
fibre-resin lamina stress-strain relationship dass Advanced Mechanics of Materials. FEM analys&s carried
out by simulating the composite model using ANSYIS5lthe stress strain relation obtained by applgimgar force
on one face of model along the axis of fibre.
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2. ANALYTICAL SOLUTION

Advance Mechanics of Material (P. Bo@nd Richard J.Schmidt) proposed the solutiorufodirectional
model of a lamina of a section of an airplane wéngposed of fibres and resin. The volume fractsoconsider for
the determination of stress strain relations ofiéin@ina
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Fig.1 Fiber-Resin lamina, fiber: resin volume fraot= f, resin volume fraction=1-f

The modulus of elasticity and Poissaatio of Fibre and Resin be denoted aspEFand ER since the
lamina is thin, the effective state of stress imilza is approximately one of plane stress in theptane of the
laminate. stress strain relations for the fibred @sins are

€ExxR — E_R (0xxr — MROyyR)
€yyR = E—F(O'ny — UROxxr)

ExxF = E—F(O'xxF — UgOyyr)

1
EyyF = Er (O'ny — MpOxyr) 1)

Where  6.xr, 0yyr) » (Oxxr: Oyyr): (€xxr) €yyr ) ANA(€xep, €yyr ) denotes stress and strain components in
fiber(F) and resin(R) respectively.

Since the fibers and resin are bonded, the effe¢éimina straine,, is same as that in the fibers and in the resin; x
direction

€xx = €xxF = €ExxR (2

In y- direction, the effective lamina straip, is proportional to the amount of fiber per unitdéh in y direction,
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€yy = feyyr + (1 = l€yyp (3
Also, by equilibrium of the lamina in x directiotie effective lamina stress,, is
0yy = fOxxr + (1 — [)Oxxr 4)
In the y direction, the effective lamina stregs is same as in the fibers and in resin

Oyy = Oyyr = OyyR (5)

Solving equations.(a) through (e) far,, ande,, interms ofo,, and gy,
1
€xx = E (axx - I’la'yy)

€yy = %(Bo’yy — UOxy) (6)
Where,
E=fEy +(1—-/f)Eg

n=fue +(1—fpg

B=ra-pA-md) g+ 1)~ + 2meme + L+ L -

To determine the shear stress-strain relation,yaphear stress,, to a rectangular element of the lamina and
calculated angle changg,, of the rectangle. by figure the relative disptaeet b of the top of the element is

b=fyr +(1-yr ©)

Where yr and yy are the angle changes attributed to the fibenresi

Yr="15" .)’R—m ®)

F Gr
And Gr and Gy are the shear modules of elasticity for fiber eegin respectively.

hence ,the changg,, in angle of element(the shear strain is)

_ _b _ [fGr+(A-f)GF
ny - 2exy -1 W] axy (10)

by equation (j) shear stress relation is
Oxy =G Vyy = 2G€y, (11)

Where,
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_ GrGp
T fGr+(1-f)GF (12)

By equation (6),(7),(11),(12) we obtained the s+&fsain relations of lamina
Oxx = C11€xx T C12€y,

O'yy = ClZExx + szfyy

axy = CBBny (13)
Where,

BE E UE
Ci1 = B—p?’ Cyp = ﬁ , Cp = ﬁ ) Cz= G (14)

3. FINITE ELEMENT ANALYSIS

Basically finite element methoansiders a structure is constructed from simpéenehts which are
connected at their nodes and fulfills equilibriumdaompatibility conditions. Based on this defimitithe composite
fiber-resin model of size 20mmx50mmx20mm is dravith iiber of size 3mm diameter and 20mm in lengtside
the resin. The finite element analysis was caroiedusing ANSYS 14.5 software. There are two optigrich can
be used: ANSYS Parametric Design Language (APDU) @raphics User Interface (GUI).in this paper (GIdl)
used.

Properties of composite materials:-

Glass fiber:-

EF=72.4GPa, GF=27.8GPa, poissons ratio=0.30
Epoxy resin:-

EF=3.50GPa, GF=1.35GPa, poissons ratio=0.30
The volume fraction of fiber is f=0.70

FEM analysis is done with 77475 reode describe 20mmx50mmx20mm block and meshingefg k
automatic to generate the result. Static nonlirseelysis is done on the model. a shear force bfevaON is
applied on the upper face of the block keeping lofaee fixed to get shear effect.
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(a) Composite Fiber-resin model. inside tubes shgvibers and outside block showing resin.
(b)FEM mesh generated model.

The mesh configuration for the compositadel is shown in Fig.(b).the stress strain refafor the fiber and
Resin is found by solving the problem with aboveitmary conditions and the following results areveing the
shear elastic strain and shear stress for the model

4. RESULTS AND DISCUSSION

— 9.1803e-7
—{ -2.4567e-5

30.000 {(mm)
1

Shear elastic strain of composite model at y-zelan
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3483
0.019277
-0.02493
- -0.069136
a -0.11334

30.000 {mm)
1

Shear stress of composite model at y-z plane

For the stress-strain relation thgufts are presented in Fig.4 and 5 for y-z pl@rethis plane the shear
stress and shear strain are calculated on thedibidie model. the above model shows the circutetign at which
both results are taken. the green zone of fibewstwthe shear strain value and same portion isrvis in yellow
zone for shear stress. Evaluated value is usedlitdate the analytical solution, the values forlginzal solution are
calculated by putting the above table data in theagon (13).results are as

E=0.7x72.4 + 0.3%x3.50 =51.73 GPa
pu=0.7x0.3 + 0.3x0.3=0.3

=(0.7x0.3)|(1 0009)72'4+(1 0009)3'50+(2><03><03)+0'3+0'7
= = ' 3.50 ' 72.4 ' ' 0.7 0.3

= 4.9325

27.8x1.35

G =
(0.7 x 1.35) + (0.3 x 27.8)

=4.0420

C11=52.6914
C1,=3.2047
C,,=10.6824
C33=4.0420

The stress-strain relation for shear stress isngfk@m equation(13) is given below. this equatisrused to validate
the FEA result by putting the value of FEA straitoithe given equation.
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Oxy = C33Vxy

Oxy = 4.0420€3 X yy,

Oyy = 4.0420e3 X 2.6403e75
=0.108Mpa

Comparison will be made with the analytical solnt@btained in the equation (13). It shows that gagetement is
achieved between FEA and analytical results. Tfferénce is less than 5%.

5. CONCLUSION

From this analysis it can be coneltidat a good agreement is found between the @algblution and
FEA results for shear stress of the fiber-resinif@mand the remaining results for stresses wibh amtch with the
FEA results. Finite element analysis can predistlite for the composite lamina and in future it i used to find
out the Ligament analysis by referring this reshié. lamina is independent from both dimension el as force.
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