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JIist KOMROSUMHBIX MAMEPUANIOS, APMUPOBAHHBIX BOJOKHAMU, AKMYAIbHOU ABIACMCA ONMUMUSAYUL
pazmeujeruss NOCIeOHUX, Ymo obecneuugaem MUHUMAILHOE NOBPEICOeHUe HA CIMbIKe 80I0KOH U MAM-
puybl. Hccne0osana Kunemuka paseumusi NOBPeXCcOeHull 6 Hanpasienuu Oeticmeus MaKCUMAnbHbIX
COBUL0BIX HANPANCEHUL C NOMOUWBIO 2EHEMUYECKO20 Al2OPUmMd, panee paspabomdaHHO20 asmo-
pamu. Jna 0eyx xomnosumos muna T300 u PEEK ¢ ucnonvzosanuem npeoioxdcenHo2o eenemu-
Yeckoeo nooxooa NOJYYeHbl pacuemuvlie OaHHble Ol PA3IUYHBIX CKOpOCmell cO8U208blx Oeghop-
Mayuil Ha CMulKe B0JOKOH U MAMPUYbl, KOMOPble XOPOULO CONACYIOMCA € NOTYYEHHbIMU HA OCHO-
sanuu mamemamudeckux mooeneii Koxca u Beiioynna. B danvHetiuux uccie0o8anuax niaHupyemecs
u3yueHue BGIUAHUSA MEPMOMEXAHULECKO20 HASPYICEHUS HA COBUL0B0€ NOBPEeNHCOeHUe 30Hbl CMbIKA
B0JIOKOH U MAMPUYbL.

Knioueswie cnoea: CTbIK, CABUTOBOE IOBPEXKIECHUE, BOJIOKHO, MAaTpula, KOMIIO3UT, I'€HE-
TUYECKHUI aJrOpUTM.

Introduction. Nowadays the enormous use of polymer materials is attributed to their
extraordinary combination of properties, low weight and ease of processing. However for
improvement of some properties such as thermal and mechanical stability, large numbers of
additives were added to polymeric matrix and formed polymer matrix composite [1, 2].

A composite is defined as a combination of two or more materials with different
physical and chemical properties and distinguishable interface. Composite materials have
a wonderful and different range of applications. Important advantages of composites over
many metal compounds are high specific stiffness and specific strength, high toughness,
corrosion resistance, low density and thermal insulation [1-3].

In most composite materials, one phase is usually continuous and called the matrix,
while the other phase called the dispersed phase. On the basis of the nature of the matrices,
composites can be classified into four major categories [3, 4]:
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1. Polymer matrix composite.

2. Metal matrix composite.

3. Ceramic matrix composite.

4. Carbon matrix composite [4, 5].

Polymer matrix composite can be processed at a much lower temperature, compared
to other composite. Depending on the types of polymer matrices, polymer matrix composite
are classified as thermosetting composites and thermoplastic composites [6, 7].

Lemaitre and Chaboche [8] consider a damaged solid in which an element of finite
volume a notch large enough relative to heterogeneities is defined as follows: S is area
representative volume element identified by its norm »n, S, is effective resistance area (if
S,<S),and S, is damaged area, S, =S—5,.

The mechanical measurement of local damage in relation to » is then characterized
by D=5,/S.

If D=0, the material is in a pristine or not damaged.

If D=1, the volume element is broken into two parts along the plane normal n.

If 0<D<1, D characterizes the state of damage defined, the macroscopic elastic
behavior of the damaged material can be calculated using D through the stiffness.

In this study, we present a genetic approach of shear damage to the interface of two
composites materials T300/914 and PEEK/APC2, using the Weibull probability model.
This model accounts for the damage of the two main constituent fibers and matrix, the
results are compared with those obtained by the Cox model.

Reminder on Analytical Models.

Modeling of the Interface. D\, and D,, internal variables of damage [9-11], D,

is the shear and D,, for transverse traction.
Once the elastic deformation energy of damage is established, the dual variables
and Yp . variables of damage D, and D,,, and evolution variables are

qu = [YD12 +bYD22.

0= fi(¥s,),
0y =h(¥s,, ). M)

Yp

12

Laws of damage are

The interface has the following behavior:

(1) linear elastic, brittle, tensile, transverse;

(i) elastic, damageable, shear.

Two new damage variables are introduced: 8, and J,,. The same way as the

matrix, the elastic strain energy and damage variables associated Y Dy and Y p,, Aare

defined and, finally, the laws of evolution [9-11]. For a single fiber surrounded by matrix,
many analytical solutions have been proposed. One of the first [12] provides the shape of
the shear stress along the fiber length as the form [13, 14]

Efag
T= Tﬁfh(ﬂl/2)~ (@)

To simplify calculation, we put:
2 _ 2Gm
E ;17 In(Rjr;)
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where G, is shear modulus of the matrix, £, is the Young modulus of the fiber, & is
deformation, « is radius of the fiber, R is distance between fibers, and 7 is shear stress of
the interface.

These variables related to the components of a composite material (fiber and matrix)
are all taken into account through formula (2). These variables allow us therefore to
appreciate the resulting sets of genetic algorithm.

Model Based on the Statistical Approach. Damage to the matrix, when the stress is

uniform, is given by [15]:
o+ 051 }mm

D, = l—exp —Vm{ 3)

O om

where o is applied stress, G,T,, is heat stress, V,, is the ratio volume of the matrix, and

0, and m, are the Weibull parameters.
After creation of a crack, a fragment of length L will give rise to two fragments of
size L=1L; and L, = XL(1— X ) (X being a random number between 0 and 1) [16, 17].
At each crack up a fiber, a fiber—matrix debonding length 2/ will occur with a corollary
decrease of creating a new crack in part because the matrix unloaded. At each increment of
stress, the break is calculated. All blocks which break reaches 0.5 give rise to new cracks.
[16, 17].

A broken fiber is discharged along its entire length. That is to say, it can not break at
once. The rupture follows a law similar to that described for the matrix

m

P
— max
Df =l—exp —AfLeq oos R )
where o/ is the maximum stress applied and L, is the length of the fibers would have

the same break in a consistent manner.
Numerical Simulation by the Genetic Algorithm (GA).
Development. Our work involves modeling the damage in shear D, interface fiber

matrix of a composite material. To do so, we chose to use a genetic optimization which
allows us to see the evolution of the damage along the fiber.

This approach is based on the probabilistic model of Weibull. The principle begins
with a random generation of an initial population and the choice of D,, and D, as two
random variables, then it is necessary to change this population (numbering 100 with a
maximum generation equal to 50 as a stop criterion) by a set of genetic operators (selection,
crossover and mutation) and each time is varied the shear rate of the interface to determine
the damage D;,. The population is composed of the genes on chromosome represent the
following variables: the shear rate 7 which is between 80 and 120 N as defined by the
maximum value of stress tests, the D,, and D ,. These three variables allow us to locate
the shear damage D;, interface, this one compare to damage transverse D,,, and find the
optimum value of the damage [18].

The evaluation of each generation is made by an objective function after the Cox and
Weibull model reflecting all the variables set at the beginning of the algorithm (the
mechanical properties of each constituent of the composite) by a shear damage interface.

Figure 1 presents the flowchart of genetic algorithm.

Simulation Results. A calculation was performed on two types of composite materials
T300/914 and PEEK/APC2. We examined the variation of shear rate for different load
values (r = 80, 100, and 120 N), which allowed us to calculate the shear damage of the
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Fig. 2. Influence of shear stress on the damage to the interface by GA for T300/914 composite:
(@) T=80 N; (b) =100 N; (¢) T =120 N.
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Fig. 3. Influence of shear stress on the damage to the interface by GA for PEEK/APC2 composite:
(@) =80 N; (b) =100 N; (¢c) 7 =120 N.

interface. Figures 2 and 3 show each value of 7 for the level of shear damage to the
interface of two materials.
T300/914. Figure 2 shows that the damage D interface starts at 0.3 for 7= 80 N,

then increases to a maximum value of 0.7 for =120 N, we note the presence of a
symmetry of the damage to the interface. This damage is zero in the middle of the fiber and
dense at the ends. One can say that the stress concentration along the length of the fiber
creates a strong degradation of the interface and which is greater at the ends relative to the
center.

PEEK/APC2. Figure 3 shows that the damage D interface starts this time at 0.1 for

7= 80 N, then increases to a maximum value of 0.5 for 7= 120 N, we note the presence of
a symmetry of the damage to the interface, zero in the middle of the fiber and dense at the
ends. We can say that the stress concentration along the length of the fiber creates a strong
degradation of the interface most important at the ends relative with the middle; values are
lower compared to those found for the T300.

Conclusions. The results obtained in this study via the genetic algorithm coincide
perfectly with the results at the meso level of Ladeveze, which showed that the shear rate
leads to a significant reduction in the degradation of the interface. These results show that
the level of damage in shear of interface is more important than the level of the transverse
damage for both materials studied T300 and PEEK, which provides a good agreement
between the numerical simulation and the actual behavior of the two materials. Numerical
simulation shows that the PEEK is stronger than the T300. We can therefore say that the
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model is applicable to the phenomenon of damage of a unidirectional composite as a
function of applied stress. Finally, we can conclude that the shear loading of interface is
dominant compared to transverse loading. In future studies we’ll analyze the thermo-
mechanical effect on shear damage of interface.

Pe3ome

Jlnst KOMIIO3UTHUX MaTepiajiB, apMOBAaHUX BOJOKHAMH, aKTYaJILHOIO € ONTHUMI3allis po3Mi-
LIEHHs OCTaHHIX, 1110 3a0e31neyye MiHIMaJIbHE MOIIKOKEHHS! Ha CTUKY BOJIOKOH 1 MaTpHIII.
JlocnijpkeHo KIHETHKY PO3BUTKY IOIIKOJDKEHb Yy HANPSIMKY Aii MakCHMalbHHX 3CYBHHX
HaIpy’KeHb 3a JJOIIOMOT'0I0 paHille po3po0IeHOro aBTOpaMu TeHETHYHOT 0 ainroputmy. s
neox kommnosutiB Tty 1300 i PEEK 3 BHKOpHCTaHHSIM 3aIpOIIOHOBAHOTO T€HETHYHOTO
HiIX0/ly OTPHMAaHO PO3PaxyHKOBI JaHi Juls pi3HOT IIBMAKOCTI 3CyBHUX Aedopmariiii Ha
CTHKY BOJIOKOH 1 Marpui, siKi 100pe y3ro/pKyIOThCS 3 OTPUMAaHMMM Ha OCHOBI Mare-
MatnyHuXx Mozneineil Kokca i1 BeitOymma. Y mopanpmmx 10CiiDKEHHSAX TUIAHY€ThCSI BUBUCH-
HS BIUIMBY TEPMOMEXAHIYHOIO HABAHTA)XEHHS HA 3CYBHE MOIIKO/DKCHHS 30HH CTHKY
BOJIOKOH 1 MaTpHIIi.
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