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9. Composite materials 4! il 3 sall

A composite material is composed o5t of at least two materials, which
combine S)5 to give properties superior &siie to those of the individual
components. Materials that have specific 332>« and unusual 4:2'= & properties are
needed 4~ U for a host 4= s«a<! of high-technology applications such as those
found in the aerospace <L=dll, underwater <Ll a3 bioengineering 4 sl daigl),
and transportation industries Jall cilelia,

A composite S isll is considered L= to be any multiphase L skl 2225 material
that exhibits o=~ a significant 4xa! 53 proportion 4. of the properties of both
constituent 4 5<all phases ! kY1 such that a better combination J=él z » of
properties is realized 4&as3 a3,

Many composite materials are composed of just two phases; one is termed the
matrix o<LY! 33l which is continuous and surrounds =3 the other phase, often
called the dispersed <is phase. The properties of composites are a function 4l
of the properties of the constituent phases, their relative amounts 4l bl
and the geometry il JS of the dispersed phase. Dispersed phase geometry
in this context means =2 3l the shape of the particles <Lwsll and the particle
size sl aas distribution &~ 53, and orientation sls3Y),
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Figure 9.1 Schematic representations of the various geometrical and spatial
characteristics of particles of the dispersed phase that may influence the
properties of composites: (a) concentration, (b) size, (c) shape, (d) distribution,
and (e) orientation.
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9.1Particle-Reinforced Composites clasally das sl cils) jial)

For dispersion-strengthened composites <l &) s2ell LS o1l | particles are
normally much smaller, with diameters =3 between 0.01 and 0.1 p m (10 and
100 nm). Particle-matrix interactions _sls¥) s Slawsall S3lelds that lead to
strengthening occur on the atomic or molecular level.

Two mathematical expressions 4x=b ) ¢ u25 have been formulated for the
dependence -lic! of the elastic modulus 4yl Jalas on the volume

fraction .«>~1l ,.Sll of the constituent phases 4 sS<ll ) sk for a two-phase ¢z sk
composite.

Elu) = E,Vy, + E;V,

E.E,
VmEp ™ VpEm

E(l) =

In these expressions =3l E and V denote ! L+ the elastic modulus and
volume fraction, and the subscripts ¢, m, and p represent Jisi composite, matrix,
and particulate phases, respectively.

9.2 Fiber-Reinforced Composites «ikad¥l des dall bS] yial)

Fiber-reinforced composites with exceptionally high specific strengths & 58 L& s
L) Sy 4dle sass and moduli have been produced that use low-density
fiber 28l J&8 ,ué and matrix materials. Fiber-reinforced composites are
subclassified = »# —ias by fiber length Lulél J sk, For short fiber, the fibers are
too short to produce a significant improvement in strength. The mechanical
characteristics of a fiber-reinforced composite depend <=3 not only ks (-l on the
properties of the fiber, but also on the degree 4~ > to which an applied load J»~1!
Ll js transmitted to the fibers <Y ) Jiiw by the matrix phase. Influence of
fiber length, orientation and concentration. The main fibres used as
reinforcements are: Glass fibres, Carbon fibres, Boron fibres, Ceramic fibres,
Metal fibres, Aramid fibres, Natural fibres: sisal, hemp, flax, etc.
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Elastic Behavior— longitudinal Loading (Askll g jsil ¢l & sld)
An expression for the modulus of elasticity of a continuous and aligned fibrous
composite in the direction of alignment (or longitudinal direction), Eg, as

Ed = Eme i Efo

It can also be shown, for longitudinal loading, that the ratio of the load carried
by the fibers to that carried by the matrix is

Fp  EVy
Fn E.Vn

The total load sustained by the composite Fc is equal to the sum of the loads
carried by the matrix phase Fm and the fiber phase Ff,

Fc = Rn + Ff
From the definition of stress, Equation 6.1, F = cA

The expressions for Fc, Fm, and Ff in terms of their respective stresses (sc, sm,
and sf) and cross-sectional areas (Ac, Am, and Af)

U'{-AE - D-mAm + G'fAf

A A
Omo Uf_f
A, A,

JC:ﬂ-m

where Am/Ac and Af/Ac are the area fractions of the matrix and fiber phases
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If the composite, matrix, and fiber phase lengths are all equal, Am/Ac is
equivalent to the volume fraction of the matrix, Vm, and likewise for the fibers,
Vf = Af /Ac.

O = 0V + vaf
If the strains are equalled
€ — €m — €f

And when each term in Equation is divided by its respective strain,

Elastic Behavior—Transverse Loading ¢ gajsil &uall & slad)

A continuous and oriented fiber composite may be loaded in the transverse
direction; that is, the load is applied at a 90° angle to the direction of fiber
alignment. For this situation the stress o to which the composite and both phases
are exposed is the same,

O =0y — 0= 0O

This is termed an isostress s>V (s sluis state. The strain or deformation of the
entire composite e, is

€ — EmVa'n _ E_.'“Vf

but. because € = o/E.

ar o
— =—V,+ =V
Ec‘{ Eﬁra " Ej’ /

where E is the modulus of elasticity in the transverse direction. Now, dividing
through by ¢
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which reduces to

EnE; EnE;

 VuE;+ ViE, (1 — V)E;+ V/E,

E
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Figure 9.2 Schematic representations of (a) continuous and aligned, (b)
discontinuous and aligned, and (c) discontinuous and randomly oriented fiber—
reinforced composites.

Example 9.1 home work

A continuous and aligned glass fiber—reinforced composite consists of 40 vol%
glass fibers having a modulus of elasticity of 69 GPa and 60 vol% polyester
resin that, when hardened, displays a modulus of 3.4 GPa.

(a) Compute the modulus of elasticity of this composite in the longitudinal
direction.

(b) If the cross-sectional area is 250 mm? and a stress of 50 MPa is applied in
this longitudinal direction, compute the magnitude of the load carried by each
of the fiber and matrix phases.

(c) Determine the strain that is sustained by each phase when the stress in part (b)

is applied.
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Solution
(a) The modulus of elasticity of the composite is calculated using Equation.

Emr — Eme + Efvf

E« = (3.4 GPa)(0.6) + (69 GPa)(0.4)
=30 GPa
(b) To solve this portion of the problem, first find the ratio of fiber load to
matrix load, using Equation

F; EV;
F, E,V,

Fr  (69GPa)(0.4) _
F, (3.4GPa)(0.6)

13.5

Fi=13.5 Fp.
In addition, the total force sustained by the composite F. may be computed from

the applied stress s and total composite cross-sectional area A; according to
Fe = Ac 0 = (250 mm?)(50 MPa) = 12,500 N

this total load is just the sum of the loads carried by fiber and matrix phases;
that is,

Fc=F+Fn=12,500 N

Substitution for F; from the preceding equation yields
135 Fn+Fn=12,500 N

or
Fm=860N

whereas
Fi=F:.-Fn=12500 N -860 N =11,640 N

(c) The stress for both fiber and matrix phases must first be calculated. Then,
by using the elastic modulus for each [from part (a)], the strain values
may be determined. For stress calculations, phase cross-sectional areas
are necessary:

A, =V, A, = (0.6)(250 mm?) = 150 mm?

And

6
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Ap = VA, = (0.4)(250 mm?*) = 100 mm?
Thus

F 1
oy = — = B6ON _ _ 573 Mmpa
A, 150mm?

Fr 11640N
Jf = = =

= —=———=1164MPa
Ay 100 mm?

Finally, strains are computed as

5.73 MP:
¢ = Im_ 713 N;Pr' — 1.69 X 1073
E, 34 X 10°MPa
_or_ _1164MPa _ o

€= - 108
E; 69 X 10° MPa
Therefore, strains for both matrix and fiber phases are identical.

9.3Polymer-Matrix Composites

Polymer—matrix composites (PMCs) consist of a polymer resin as the matrix
and fibers as the reinforcement medium ac 24l L 11,

9.3.1 Glass Fiber—Reinforced Polymer (GFRP) Composites:

Fiberglass is simply a composite consisting of glass fibers, either continuous or
discontinuous, contained within a polymer matrix;

9.3.2 Carbon Fiber-Reinforced Polymer (CFRP) Composites:

Carbon is a high-performance fiber material that is the most commonly used
reinforcement in advanced polymer-matrix composites.

9.3.3 Aramid Fiber—Reinforced Polymer Composites

Aramid fibers are high-strength, high-modulus materials. They are especially
desirable for their outstanding strength-to-weight ratios. The aramid fibers are
most often used in composites having polymer matrices.
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Table 1 comparation between Glass, Carbon, and Aramid fibers.

Glass Carbon Aramid

Property (E-Glass) (High Strength) (Kevlar 49)
Specific gravity 2.1 1.6 1.4
Tensile modulus

Longitudinal [GPa (10° psi)] 45 (6.5) 145 (21) 76 (11)

Transverse [GPa (10° psi)] 12 (1.8) 10 (1.5) 5.5 (0.8)
Tensile strength

Longitudinal [MPa (ksi)] 1020 (150) 1240 (180) 1380 (200)

Transverse [MPa (ksi)] 40 (5.8) 41 (6) 30 (4.3)
Ultimate tensile strain

Longitudinal 2.3 0.9 1.8

Transverse 0.4 0.4 0.5

9.4 Hybrid Composites diagll < yal)

A relatively new fiber-reinforced composite is the hybrid .2, which is obtained
by using two or more different kinds of fibers _ull = (e 55 in a single matrix;
hybrids have a better all-around combination of properties than composites
containing only a single fiber type. The most common system, both carbon and
glass fibers are incorporated into a polymeric resin.

9.5 Structural Composites A<l cils) siall

A structural composite is a multi-layered <lakll 2225 and normally low-
density composite used in applications requiring structural integrity,
ordinarily high tensile, compressive, and torsional strengths and
stiffnesses. The properties of these composites depend not only on the
properties of the constituent materials, but also on the geometrical
design ¢!l aeaill of the structural elements. Laminar composites
daileall @l yall and sandwich panels z s2idl ~1 5 are two of the most
common structural composites.

9.5.1 Laminar Composites 4miliuall cils yal)

A laminar composite is composed of two-dimensional sheets 435 ~ 5l
sy bonded =2 5 to one another. Each ply 42k JS has a preferred
high-strength direction, such as is found in continuous and aligned
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fiber—reinforced polymers. A multi-layered structure <uledall sasia uS i3
such as
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Figure 9. 3 schematics for laminar composites. (a) Undirectional; (b) cross-ply;
(c) angle-ply; and (d) multidirectional.
9.5.2 Sandwich Panels zsxid! z) )

Sandwich panels, a class of structural composites, are designed ~~<: to be
panels having relatively high stiffnesses and strengths. A sandwich panel
consists of two outer sheets, faces that are separated by and adhesively
bonded (3=>k L i to a thicker core clw (B,

Transverse
direction
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Faces ~— Core
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Figure 9.4 Schematic diagram showing the cross section of a sandwich
panel.

Figure 9.5 Schematic diagram showing the construction of a
honeycomb J~: 4.2 core sandwich panel.

9.6 Nanocomposites

The material’s world 2 sl e is experiencing a revolution s, 58 2% with
the development _:s=% of a new class x> ¢ 55 composite materials—the
nanocomposites. Nanocomposites are composed ¢S5 of nanosized s>~
b particles ©lersa (Or nanoparticles 4 51U <ilansa) that are embedded <
in a matrix material (LY 32kl & They can be designed s~=3 o) (S« to
have mechanical, electrical, magnetic, optical, thermal, biological, and
transport properties that are superior to conventional filler materials
el g3a 0 ge e (3 685 furthermore, these properties can be tailored ~e<:
for use in specific applications. For these reasons L) sigl
nanocomposites are becoming important “ss< in a number of modern
technologies.
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