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Abstract

The objective of this work is to study ligamenttsys with the composite fibre-resin lamina whicma exactly
but matches nearer to the ligament structure. Keéetl ligaments are short bands of tough fibroosnective
tissue which are same as composite material. fdyieer presents analytical study of a compositereFResin

lamina and orthotropic stress -strain relationgbimulation for composite material.

Keywords: Anterior Cruciate Ligament, anistropic mater@thotropic material

1. Introduction

The knee is essentially made up of four bones.féimair, which is the large bone in your thigh, atesby
ligaments to your tibia. Just below and next totib& is the fibula, which runs parallel to thbiéi. The
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patella, (kneecap) slides on the knee joint askiee bends. There are also a number of ligaments,
cartilages and muscles which strengthen and supperknee. The knee can be thought of as basically
having four ligaments holding it in place, one atle side, to stop the bones sliding sideways, amd t

crossing over in the middle to stop the bonesrglidorwards and backwards [3].

¢ Medial collateral ligament (MCL) — runs along theer part of the knee and prevents bending inwards
e Lateral collateral ligament (LCL) — runs along theer part of the knee and prevents bending outsvar

* Anterior cruciate ligament (ACL) — lies in the mlddbf the knee. It prevents the tibia sliding fordsin

front of the femur. It also provides rotationallstity to the knee.

* Posterior cruciate ligament (PCL) - works in comjion with the ACL. It prevents the tibia sliding

backwards under the femur.

Femur

Articular cartilage

Anterior cruciate
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Medial collateral
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Fibula Tibia

Figure 1: anterior view of right knee

The ACL is the major intra-articular ligament oftknee and is critical to normal kinematics anditg. The ACL
controls motion by connecting the femur to theaibihd stabilizing the joint, preventing abnormalety of motion.
Its main functions are to support and strengtherkttee and prevent excessive anterior translafitmecfemur that
could cause a dislocation and fracture of boneaténknee joint. The ACL is a dense, highly orgadjzzable-like
tissue composed of collagens (types I, Ill, andéfstin, proteoglycans, water, and cells. The huA@L has an
average length of 27-32 mm and a cross-sectioeal @fr 44.4-57.5 mm2. Ligaments have a hierarcisicatture
with different levels of organization including tagen molecules, fibrils, fibril bundles, and fasesckthat run
parallel to the long axis of the tissue. The caladbrils in ligaments display a periodic changelirection called a
crimp pattern. In ACL, this crimp pattern repeatgery 45-60 mm . The fascicles contain collagen Ifibri
proteoglycans, and elastin. The ligament is sudledrby a sheath of vascularized epiligament . Aditiahal level
of structure exists in the ACL, the collagenouswuek is twisted by approximately 180° from the fealo
attachment site to the tibial attachment site. A& also contains antromedial and posterolateratibg2]
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2) Mechanical propertiesof ACL

Biological soft tissues sustain large deformatiagngations and displacements, have a highly nogalirbehaviour,
posses anisotropic mechanical properties and shdeaatime and strain rate dependency. Their gf@aisotropic
behaviour is caused by several collagen fiber fami{usually one or two fibers coincide at each pdht are
arranged in a matrix of soft material named grosmiostance, Typical examples of fibered soft bioklgissues are
blood vessels, tendons, ligaments, cornea andittage. Ligaments are composite, anisotropic stnes exhibiting
non-linear time and history dependent viscoelgstiperties|3].

a) Stress-strain relationship:

Ligaments display triphasic behavior when exposgesdttain. First there is a region where the ligatmehibits a

low amount of stress per unit strain, this is chlllee non-linear or toe region. This region isdaled by an area
noted for its increase in stress per unit stra@ied the linear region. The last region displaysight decrease in
stress per unit strain and marks the failure oflidment, this is the yield and failure region.eTjpresence of this
unique behaviour is due to the components of gntient and their arrangement in the tissue. Where fis first

applied to the tissue it is transferred to theag#h fibrils. This results in lateral contractiorfibfils, the release of
water, and the straightening of the crimp patterthie collagen fibrils. Once the crimp pattern raightened, the
force is applied directly to the collagen molecul€se collagen triple helix is stretched and inbeifiar slippage

occurs between cross links. This results in aneiase in stress per unit strain. Finally, the celtafibers in the
ligament fail by defibrillation causing a decreasstress per unit strain and tissue failure[2].

b) Anisotropic properties

Because of its fiber reinforced nature, it woulcbear that the ACL is anisotropic, or that the madubf the
material depends on the direction in which it idlgmi Conversely, isotropic materials have modhukt are
independent of the loading angle.

c) Viscodasticity

Ligament viscoelasticity controls viscous dissipatiof energy and thus the potential for injury atastrophic
failure. Viscoelasticity under different loadingnzhtions is likely related to the organization aamdsotropy of the
tissue.

2) Analytical study

Due to the stress-strain properties, the analytiohltion is developed baesd on proposed soluBomBéresi)[1]. to
study ACL response due to composite nature of lgggmAdvance Mechanics of Material(P. Boresi andhRid
J.Schmidt) proposed the solution for unidirectiomaldel of a lamina of a section of an airplane wéogiposed of

fibres and resin. The volume fraction is consiaerthe determination of stress strain relationtheflamina.
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Fig.2 Fiber-Resin lamina, fiber: resin volume frawot= f, resin volume fraction=1-f

The modulus of elasticity and Poisson's raifoFibre and Resin be denoted as EF,ué BR
since the lamina is thin, the effective sttstress in lamina is approximately one of plaimess in
the x-y plane of the laminate. stress strain refatifor the fibres and resins are

1
ExxF = E_F (Jx.x:F - VFJWF]
1
EyyF = P (Tyyr — VFOxr) (@
1
ExxRk = R (Jx.x:ﬂ - Vﬁ“yyﬂ]'
1
EyyR = E(Jny — VROyxg)

Where (U XXFs o wir ( o R, o wR)s (Exxr, &yyr), and €xr €y, ) denote stress and strain components in the
fiber (F) and resin (R), respectively.Since theffband resin are bonded, the effective laminanstgais the same
as that in the fibers and in the resin; that ighimx direction,

Exx = CxxF = CxxR (b)

In the y direction, the effective lamina straiyy is proportional to the amount of fiber per ulghgth in the y
direction and the amount of resin per unit lengtthie y direction. Hence,

Ew:fgwﬁ""(i_f)swﬂ (c)

Also, by equilibrium of the lamina in the x diremti, the effective lamina stresd IS

Opxx = fa-wF +(1— f) OxxR (d)

In the y direction, the effective lamina stre€d y is the same as in the fibers and in the resat,ish
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Oy = Oyyr = Oyyg (e)

Solving Egs. (a) through (e) fax, ande,y, in terms of o x and o w, We obtain the effective stress-strain
relations for the lamina as

Exx = % (Jxx - 1-’0'”}

Eyy = %(ﬁaw — V)
where
E = fEp +(1— f)Eg

v=frp+(1—flvg ©
B=r1-1l1 —vﬁ?—l;+ (1- V;)iﬂ_};Jr

1-F i
EVFVR'i‘ 7 + l—f]

To determine the shear stress-strain relation, pgyaa shear stress o0, to a rectangular elemetheflamina
(Figure.1b), and we calculate the angle changé theorectangle. By Figure.1b, the relative disptaent b of the
top of the element is

b=fyr+{(1-flyr (h)
Whereyg andyr are the angle changes attributed to the fiberglamdesin, respectively; that is,

Fy _ 2y 0]

TF=GF rYR—Gﬂ

And G: and G are the shear moduli of elasticity of the fibed aesin, respectively. Hence, the chapgein angle
of the element (the shear strain) is, with Egsafid (i),

FeR+(1-FIGF -
Vey = 284y = b = [W]ny ()

By Eq.(]), the shear stress-strain relation is
Oy = OVuy = 2G5, (K)

where

Co_ CEeR
Fer+(1—FlGF
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Thus, by Egs. (f), (9), (k), and (I), we obtain 8teess-strain relations of the lamina, in the fafrkqgs.as

O = Cllg.x:xr + E'1Z'IE'-;:|.r::|.l

Oyy = C1oEme T Cangyy (m)
Oxy = Caz¥ax
BE vE E

C11=ﬁ ,Cz1=ﬁ : sz=ﬁ , C3=0G (n)

3. Analytical calculation:

Material property is given as , Glass fiber:- EFA@Pa,GF=27.8GPa,poissons ratio=0.30 Epoxy resin:-
EF=3.50GPa,GF=1.35GPa,poissons ratio=0.30 The \@fteation of fiber is f=0.70

[1=[0.7%x72.4+0.3 x 3.50] = 51.73 GPa;

1=[07x0.3 + 0.3x0.3]=0.3

B = 0.70 x (1-0.70){(( 1-0.302) (72.4/3.50)) + ((013G) (3.50/72.4)) + (2 X 0.3 X 0.3) + ((1-0.70)/(0.yO)
((0.70)/ (1-0.70))}

B =4.9325

G = (27.8x1.35)/(( 0.70x1.35)+((1-0.70)(27.8))

G= 4.042003231

C11=52.6914

C12=3.2047

C22=10.6824

C33=4.0420
4. Conclusion:

From the above derivation this is proved, the lamimindependent from both dimension as well asefoit’s better
to consider anisotropic property rather than coritpasture of ligament.
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