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Extended Abstract: particLrlate composite are
generally used as model systerns ( l) for siudying the
mechanical behavior of cornposites in which the
filler has a more cornplex geometry. The
developments of rnicro mechanical rnodels based on
spherical composite inclusions, are now extensively
used in predict ions the mechanical response of such
as heterogeneous materials. In order to study the
elastic behavior of two phases matrix-inclusion
composites, Christensen-Lo, Herve-Zaoui and
Slraterzadeh have proposed Generalized Srtf-
Consistent Scheme,s (G.tC,t front the nricro to
macro scale (2- 6).

Analysis and modeling of the plastic behaviour of
the composites: Going from the viscoelasticity to
plasticity (Incrementol law): The self-consistent
rnodels have presented are valuable for predict ion of
the cornposite dynarnic rnoduli  in the viscoelastic
legion (linear deformation) (2-6), bLrt they are not
suff icient for describing the plastic strain behaviour.
In this work, we try to develop a method to model
the plastic behaviour of the parliculate composites
based on a polynter matrix by using the self-
consistent rnodel. The incremental method for
calculation al lows Lrs to describe the way to go frorn
viscoelastic to plastic behaviour.

Methodology for calculation: This rnethod consists
l n :

i )  Dividing the compression curve of the
rnatrix by "r " increment (Figure I), tltat in each
increment,  we suppose the part  of  the compression
curve is linear and the tangent glves an apparent
modulus of mater ial  (E),
i i )  In calculat ing the composite rnodulus by
using the sel f-consistent model (3) in each
increment by equat ion 1:

where A, B, and C are constants and E', is the
Young t lodulus of rnatrix.
i i i )  In calculating the composite strain in
each increment:

oc i  =E , i (e , -e ,_ r ) (EqTuarion 2)

EOA

Fiqure I z Increntental lcru,

iv) Making the theoret ical  stress-strairr  curve of
the cornposite by using the sunr of th,e stress in

J
each point 

Io..', 
(Figure 2).

=  O . l *  O . r *  O .3 * . . . .  *  O " . , (Equationo";
3)

eYo

Figure 2 : Contposite curve scheme

Using the self-consistent model by considering



r)  Spherical  inclusion,
i r)  Matr ix,
i i i )  EqLr iva len thomogeneousrned ia .
As it can be noticed in Figure J, the calculated
results do not agree with the experirnental data.
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Existence of highly stressed zones of matrix: For
understanding the reasons of the disagreement
between experimental and calculated data, we
observed by optical transrnission microscoov
runder polarized light, that the plastic deformation
of tlre composites is more homogeneous than the
ntatrix alone. So we considered tlie zones where
the stress concentration (or higher deformation)
can be very irnportant parameter to describe plastic
strain behavioLrr. As consequence, we considered
an addit ional phas'e i .e. zone with a hisher stress
ntore t lran t lre average value. The composite
behaviour was calculated by using a self-consistent
rrodel with four phases (instead of three phases;:
- First phase: spherical inclusion,
- Second phase: high stress zone of matrix,
- Tlrird phase: norntal matrix,
- Forth phase: equivalent hontogeneous media.
Here we need to know two parameters in the
second phase:
i) what is the stress concentration ratio, k, i.e. the
ratio between the average stress and the real stress
in confined zones?
ii) what is the volume of this addit ional ohase?
The response of the f irst question concerns the
stress concentration around an inclusion in a
heterogeneous material (Figure l).
The local stress around the spherical inclusion was
calcLrlated by Lrsing the Eshetby's method (7). The
stress concentration ratio (k) depends on the
distance between the inclLrsions (or volume

Figure 4: Local stress
around the inclusion

By using the Eshelby's equatiorr, the values of'k" (stress concentration ratio) for differenl
volume fraction of particles are:

The results of the calculation for each type of
composite were in a very good agreement with
experimental stress-strain curve (Figure 5).
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Figure 5z Four phase.y model comparison

References:
( l )  Nielsen, L.E. and Landel R.F. New york: Marcel
Decker,  Inc.,  1994, 557p.
(2) Christensen, R. M. "Theory oJ'viscoelasticity: An
introduction", New York: Academic press, Inc., 1982.
(3) Hervd, E. and Zaoui, A., Int J Eng. Sci t993,
V o l .  3  l ,  N "  l ,  p .  l -  1 0 .
(4) Shaterzadeh, M.,  Gerard, J.F ,  Mai,  C. and Perez,
J,  subrrr i t ,  J Polym composites, i t996,36p
(5) Shaterzadeh, M.,  Gerard, J.F..  Mai,  C.,  and Perez,
J. ,  lSth Risoe Internat ional Symposium on Mater ials
Science; Polymeric Composites, Derunark, l-5 Sept.,
1997 , p.477-483.
(6) Shaterzadeh, M., Gerard, J.F., Mai, C, and Perez,
J. , International Conference on Filled Polymers and
Fi l lers:  Euro-Fi l lers '  97, Manchester,  tJ.K.,  8- l  I
Sept. ,  I  997, p.349-352.

fi'action of particles) :
( \,t4

. , l 7 r l
t - u l - l

| 6 d  )
\  '  t ' . /

wi th :

(Equation 4)

Volume.fraction (%) k

r0% 1.8

20% 2.1

30% 2.6

s0% .3.J
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