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Abstract

Natural fibres have a very important role in improving the mechanical properties of com-
posite materials. Our objective in this study was to use alfa natural fibre in a composite
material based essentially on epoxy matrix and calculate the interface fibre-matrix damage
of carbon-epoxy, glass-epoxy and alfa-epoxy. Each sample was reinforced with the same
volume fraction before being subjected to various mechanical tests. The results found by
genetic simulation showed that the level of damage to the alfa-epoxy material was lower
compared to other composite materials studied. We can say that alfa natural fibre has a
high resistance to the mechanical stress applied; but the question remains whether the new
material has the same resistance to thermal stress.

Key words: damage, interface, alfa, fibre, matrix, genetic algorithm.

I Introduction

Technological development coupled with
consumer expectations continue to rise at
the expense of land resources, leading to
significant problems related to hardware
availability and environmental sustaina-
bility [1 - 3]. Recently general consensus
regarding the important contribution of
man in global warming has been reached.
This awareness has also led to express
interest in materials from sustainable re-
sources that require only low energy for
their production, as well as recyclable
materials, including those whose energy
can be recovered, as found for example
in composite reinforcements of natural
fibres. Wood was the first natural com-
posite material used. Later, the mud has
been used in building for its insulating
properties and low cost. Among the first
composites made by Man, there is also
the Mongol bows (2 000 years before
J-C), these more recent measures have
encouraged the extension of their use [1 -
6]. An important area under development
for the past decade is the use of thermo-
plastic panels, obtained by compression
moulding and reinforced natural fibres,
which have been widely adopted in the
European automotive industry for parts
such as door panels , car interiors, dash-
boards and car trunk coverings [1, 5 - 7].

Indeed considerable effort has focused on
improving the mechanical performance
of thermoplastic composites reinforced
with natural fibres to permit extension
of their application. Much of this atten-
tion has been aimed at improving the in-
terfacial resistance, for which a range of
treatments of fibres and coupling agents
has been evaluated. Indeed the choice of
a preferred orientation, increasing the fi-
bre length or the use of other matrix,
which are, inter alia, the current areas of
research, can affect mechanical proper-
ties of the composite [1]. A new applica-
tion that presents an alternative polymer
matrix is the use of biodegradable poly-
mers which exhibit a better mechanical
strength where biodegradability and high
performance are already among the pri-
orities of study [1, 2].

Another major area of investigation that
could extend the application of compos-
ite materials with natural fibres is im-
proving the long-term performance, in-
cluding improved resistance to moisture,
ultraviolet radiation and creep. As men-
tioned above, thermoplastic matrix com-
posites and natural fibre reinforcements
are developed for the automotive as well
as traditional wood industries, commonly
used as reinforcing thermosetting matri-
ces in furniture [1 - 4]. Generally com-
posites reinforced by natural fibres are
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Figure 1. Representation of alfa plant;
a) MEB image of cross section of alfa rod,
b) molecular structure of lignin.

considered to be potential materials for
many engineering applications [5 - 7].
However, there are still important is-
sues that limit their future use, including
long-term performance and the ability to
be able to predict the performance dur-
ing service. Fracture mechanics can give
many ideas about the physical effects that
occur in these materials; which will help
in the production of natural fibre com-
posites with improved properties.

The Alfa plant grows in the wild in
the Mediterranean region. Alfa rods are
composed of cellulosic filaments bound

by lignin, hemicellulose and pectins.
Short fibres are obtained by aggressive
extraction methods that eliminate bind-
ers. They are used for the production of
paper and composite reinforcements (see
Figure 1).

Our objective in this study was to use alfa
natural fibre in a composite material based
essentially on epoxy matrix, calculate the
interface fibre-matrix damage of car-
bon-epoxy, glass-epoxy and alfa-epoxy,
and then see the influence of the alfa
fibre on optimisation of the shear dam-
age of all composite materials studied.

Mechanical properties
of the reinforcement
and resin used

Composite material is usually understood
as the combination of two or more mate-
rials on a macroscopic scale used to form
a useful third material. In this section
we present the mechanical properties of
the two basic constituent fibres and ma-
trix of composite materials of alfa/epoxy,
glass/epoxy and carbon/epoxy that will
be used later in our numerical simulation.

Reinforcement

Table 1 shows mechanical properties of
the reinforcement (alfa fibre, carbon and

glass)[8].

Epoxy resin

The resin used was a high-performance
organic resin of the epoxy type, the char-
acteristics of which is presented in Ta-
ble 2 [9]:

B Reminder of analytical models
Modelling of the interface

The fibre matrix interface is formed at
the time of preparation of the material,
its behaviour is not reducible to that of

Table 1. Mechanical properties of the reinforcement.

Fibre

Alfa
E Glass
S Glass
Carbon

Density,
kg/dm3
14
2.6
2.6
1.7

Strain at break, | Specific stress at break,

Specific Young modulus,

% MPa GPa
15-24 134 - 220 13.0-17.8

2.5 770 - 1345 27

2.8 1750 33
1.4-1.8 2350 140

Table 2. Mechanical properties of the epoxy resin.

Density, kg/dm3

1.3 £0.05

Compressive strength, MPa

>70
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Tensile strength in bending,

MPa
25

the constituent phases, ensuring physical
continuity of the component to another
throughout the material. The compos-
ite fibres work together, and a matrix is
used to distribute and transmit the force
between fibres; but these efforts must go
through the interface. From the damage
to the fibre-matrix interface it is difficult
to characterise the overall composite
since the answer is diluted (masked by
that of the two main constituents). In fact,
different damage affecting the various
components (fibre, matrix and interface)
can be distinguished:

damage to the matrix by transverse

micro cracking,

damage to the fibre-matrix debonding

interface [10].

At the microscopic scale of damage, two
variables are defined:

D,, - Damage to the matrix

Dy - Damage to the fibre.

Model based on the statistical ap-
proach

Damage to the matrix, when the stress is
uniform, is given by formula (1) Weibull

[11]:

T 7"
+
D, =1-exp —leiu} (1)
Oom

With:
D,, - damage to matrix
o- stress applied;
O, - heat stress;
Vy - volume of matrix;
m,, and oy, - Weibull parameters.

After the creation of a crack, a frag-
ment of length L will give rise to two
fragments of size L = L; and L, = X X
L x (1 - X) (X being a random number
between 0 and 1). At each crack up a fi-
bre, a fibre-matrix debonding length 2/
will occur with a corollary decrease in
creating a new crack in part because the
matrix unloaded. At each increment of all
stress, the break is calculated. All blocks
which break reaching 0.5 give rise to new
cracks under different stress [12, 13].

A broken fibre is discharged along its en-
tire length Lissart [12 - 14, 15]. That is
to say, it cannot break once. The rupture
follows a law similar to that described for
the matrix [16, 17].

s/ 1"
Dy =1-expi—A; * Loy, *| —
O-Of
2
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with:
Dy- damage to fibre.
o/ . maximum stress applied

Legui - length of fibres would have
the same break in a consistent manner.

Model of Cox

For a single fibre surrounded by matrix,
many analytical solutions have been pro-
posed. One of the first, that of Cox, pro-
vides the shape of the shear stress along
the fibre length in the form [18]:

2G
ﬁ ’= 7’"1? (3)
2
E,r,”In(—)

I"/»

E,as /
e=—L=Bth(p 1) &)

with:

p - Simplifying parameter used by Cox

Er - Young’s modulus of fibre;
G, - shear modulus of matrix;
& - deformation ;

a -radius of fibre;

R - half the distance;

7 - shear stress of interface;
Numerical simulation by
genetic algoritm (GA)

Development

The objective desired is to show the ef-
fect of alfa natural fibre on the resistance
of the fibre-matrix interface of compos-
ite materials. Our approach is to change
the structure of our material by the re-
placement of glass fibre and carbon fibre
with the new alfa fibre in every step of
calculating damage to the interface. Our
genetic simulation is to use the values of
each reinforcement to calculate the level
of damage to the interface using Weibull
equations (1, 2) and Cox equations (3).
The damage to the interface is deter-
mined by the intersection of the epoxy
matrix damage and damage of each fibre
selected. The evaluation of each gen-
eration is made by an objective function
based on the Cox model, which includes
all the variables defined at the beginning
of the algorithm (mechanical properties
of each component of the composite,
Young’s modulus of the fibre selected, ...)
[13, 19]. Finally we determine the shear
damage to the interface fibre length for
all three fibres used.

The flowchart

The genetic algorithm directs research
through the creation of new individuals
(damage to the interface) from old ones
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A 4

Random generation of initial population
Number of individuals Npop

Initial value:
Npop : 100
Genemax : 50 Assessment of individuals: Objective function
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I

Selection of lindividuals

(ro

ulette)

v

Crossing Dm and Df

Mutation (P)

A
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Figure 2. Flowchart of genetic algorithm.

(damage to the fibre D¢ and the matrix
Dpn). More specifically, the genetic algo-
rithm identifies the performance patterns
of individuals already travelled and builds
new individuals by combining these pat-
terns between them (cross between Dy,
and Dy). An efficient scheme is defined
as a group of genes that when present in
an individual, allows one to obtain a high
level of performance in relation to other
individuals in the population [19].

Finally it is by a pseudo-random process
that the genetic algorithm succeeds in
finding and combining together the per-
formance patterns, and hence damage to
the interface. This is done by promoting
reproduction of the most powerful indi-
viduals who can then pass on their good
patterns to their offspring (Dy, and Dy).
When playing, it is possible that children
combine performance and distinct pat-
terns of both parents to form a new, more
efficient scheme, which will then tend to
be more present in the population, given
its performance, and to increase the qual-
ity of individuals [18, 19]. This algorithm
is defined by the flowchart in Figure 2.

Genemax : maximum generation
in the genetic algorithm

@ Simulation results

A calculation was performed for three
(3) types of composite materials: carbon/
epoxy, glass/epoxy and alfa/epoxy. We
calculated the shear damage to the inter-
face for all composite materials. Figures
3,4, 5, 6, 7 and 8 show, respectively, each
value ¢ for the level of damage to the in-
terface of carbon/epoxy, glass/epoxy and
alfa/epoxy :

Alfa-epoxy

Figures 3 and 4 show that the damage
“D” to the interface starts at 0.18 for
o = 100, and then increases to a maxi-
mum value of 0.22 for ¢ = 120 N; we
note the presence of a symmetry of
the damage to the interface.

Glass/epoxy

Figures 5 and 6 show that the damage
“D” to the interface starts this time at
0.25 for ¢ = 100, and then increases to
a maximum value of 0.4 for ¢ = 120 N;
we note the presence of a symmetry of
the damage to the interface.
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Figure 3. Level of shear damage to the interface of alfa/epoxy  Figure 4. Level of shear damage to the interface of alfa/epoxy
(o =100 N). (o0 =120 N).
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Figure 5. Level of shear damage to the interface of glass/epoxy — Figure 6. Level of shear damage to the interface of glass/epoxy
(@ = 100 N). (o= 120 N).
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Fibre length Fibre length

Figure 7. Level of shear damage to the interface of carbon/epoxy  Figure 8. Level of shear damage to the interface of carbon/epoxy
(@ = 100 N). (6 = 120 N).

Carbon/epoxy 0.26 for ¢ = 100, and then increases to ~ We can say that the stress concentra-
a maximum value of 0.52 for 6 = 120 N;  tion along the length of the fibre creates
we note the presence of a symmetry of a strong degradation of the interface.
“D” to the interface starts this time at  the damage to the interface. most importantly at the ends relative to

Figures 7 and 8 show that the damage
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the middle; values of composite material
alfa/epoxy are lower compared to those
found for glass/epoxy and carbon/epoxy.

M Conclusion

The results found after genetic calculation
show that the level of damage to the in-
terface is related to the nature of the ma-
terials used. The interface of alfa/epoxy
has a greater resistance to mechanical
stress compared with the interface of
glass/epoxy and carbon/ epoxy. The nu-
merical simulation has good agreement
with the result obtained from our genetic
algorithm calculation, which shows that
the alfa/epoxy is stronger than the car-
bon/epoxy and glass/epoxy; the figures
show that the values of interface damage
found for alfa/epoxy are far inferior to
those for carbon/epoxy and glass/epoxy.
The alfa/epoxy composite material has
good mechanical resistance and can be
used in applications requiring such mate-
rials (textiles, industrial, acronautical ...).
Therefore our findings revealed that
the model worked well with the phenom-
enon of damage to unidirectional com-
posite materials.
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