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chapter 2- Micromecanical Behavior of a Lamina

2. I - Introduction

The basic question is : how can the Stiffness es and strength

of a composite material be Varied by changing the

proportion of fibers to motrin ?



Cij = Cij ( Ef , If , Vf , Em , Um , Um )

Ef = Young 's modulus for fiber

Of = Poisson 's ration a -

of = Volumeoffibe#Total Volume of Composite material

An additional objective of micromecanics approach
is to determine the Strengths of the

Composite .
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Xif = Xf ,Yf , Sf =
Fiber Strengths

Some basic approaches to the micromecanics of

Composites :

T
-

Mechanics of  Materials

2- caper ,

' mental approach
3- Elasticity ( enact solution )

4- Semi - enperi mental approach



Basic restrictions on the composite material that

can be treated here are :

- The Lamina is

. initially Stress -
free . macroscopically homogonueg

• linearly elastic .Macroscopically orthotropic
- the fibers are

• homogeneous a regularlyspaced
linearly elastic a perfectly aligned

. isotropic a perfectly bonded



- The matrin is

. homogeneous e . isotropic
. linearly elastic avoid - free



RVE ( Representative Volume Element )

RUE is the smallest region or piece of material

over which the stresses and strains can be regarded

as macroscopically uniform and yet the Volume still

has the correct proportions of fiber and matrix .
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2.2 - mechanics of materials approach to stiffness

2.2 - I - Determination of E
,

:
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T = Tm t Tf

Dc = Df = Dm → EE Em = Ef I = Um -14
load sharing is as simple spring - in - parole,

Fc -

- Fmt Ff → Gc . A = 5mA mt Of Af

Detinatinn

Vf =t¥ fiber - Volume fraction
U me I - Uf



% = Of Uf t Om ( I - Vf I

Ec ,
= E

,
= Eq = 9¥

)
= Ef .Uf t Fz ( I - Vf )

E
,

= Gf Ufft Em ( I
- Uf )

which is known as the rule of mixture .





2.2-2 Determination of Ez
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It's an underestimate approach and it's not

precise .





2.2-3 - Determination of 422

So - Called major Poisson 's ration is defined as :
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,

# → Eze =EzfVf + Ezmll - Uf )

Efik- Eff14-140mV - Uf )



% = If oft Uml I - Uf ) rule of mixture

C Good prediction )

2.2-4 Determination of  Giz

in - plane shear modulus of a lamina
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After a bit at math
,

the following equation results

Tiff 't + Em " - H '



2.3 the Halpin - Tsai Equations

Halpin and Tsai developed an interpolation procedure
that the result is simple used and quite

accurate :

E ,c±EfVf -1 Em Um

Yz = Uf Uf t Um Um

M = mm
It 57 Uf

-

I - 7 Of

2- Mflmm - I

-

MHM S

M = Campsite material modulus €2,42 or if
,



Mf = Corresponding fiber modulus e Ef , Gf or If
Mm = a Motrin a Em , Gm or Dm

J is a measure of fiber reinforcement to the composite
material that depends on the fiber geometry , packing

geometry ,
and loading condition .



2.4 - Elasticity Solution


