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Abstract

The present paper is devoted to the impact of water diffusion within reinforced polymer
composites. The resulting aging may damage a structure made with these materials which
can no longer perform its function. In order to predict the Long-term behavior of such
materials in humid environment, numerical investigations can be done with the classical
finite element method. In this work, the FEM is used to solve uncoupled mechanical-
water diffusion boundary problems. Simulations are done at the microscopic Level in order

to take into account the heterogeneity of the composite materials. Both the matrix and
the reinforcements are assumed Linear elastic materials. Two historical models of water

diffusion are studied : Fick and Langmuir.
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1. Introduction

Nowadays, the use of Glass or Carbon
Fiber Reinforced Polymer (GFRP/CFRP)
is growing in many industrial sectors such
as transport and energy. This is especially
true in the marine environment with the en-
thusiasm for the renewable marine energies
[1, 2, 3]. This interest for composite mate-
rials is mainly due to better specific prop-
erties than the conventional metallic ma-
terials. Indeed, polymer matrix composite
materials allow a substantial mass saving
leading to a Lower fuel consumption [4] or
better performances for the energy convert-
ing systems [5]. Moreover, composites are
fatigue resistant [6, 7], they do not suffer
of corrosion and are easier to repair [4]. In
addition, the structure can be monitored in
real time using Bragg grating sensors in-
corporated in the core of the material dur-
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ing manufacture [8, 9]. The number of in-
terventions decreases causing an operating
cost reduction [4].

Although GFRP and CFRP present many
advantages over metallic materials for ma-
rine applications, one must be cautious. In-
deed, for such materials, it is well known
that the polymeric resins (polyester, epoxy,
etc.), used as matrix, absorb moisture. This
absorption leads to a premature aging of
the material. In fact, the absorbed water
can react with the polymer network [10]
and can decrease the mechanical proper-
ties (plasticization, hydrolysis). Further-
more, moisture absorption yields a hygro-
scopic swelling of the matrix, which, cou-
pled to the contrast between the mechan-
ical properties of the matrix and the re-
inforcements (assumed hydrophobic), in-
duces stresses within the composite [11].
Those stresses might deteriorate the ma-
trix/reinforcement interface [12, 13]. More-
over, the Llatter internal stresses added to
the ones induced by external forces lead



to reduce the sustainability of the material
[14, 15, 16], and thus disrupt the behav-
jor of the structure [17, 18]. It is thereby
essential to perform numerical analysis to
predict the Long-term behavior of the struc-
ture.

A Lot of recent experimental studies have
been devoted to the diffusion of water in
polymeric resins and composites [19, 20,
21, 22, 23]. Most of them point out be-
havior following the Fick model predic-
tions [24] but some exhibit deviations from
this reference model, that have as a con-
sequence been called "anomalies of diffu-
sion" [24, 25]. The modeling of these so-
called anomalies of diffusion can be done
using improved model such as the Lang-
muir one [26]. These models can be used to
study the water diffusion behavior of a com-
posite structure. The involved boundary
value problems can be numerically solved
with the classical Finite Element Metod
(FEM). In [27, 28, 29], the authors have
carried out such studies assuming the Fick
law. However, to the knowledge of the
authors, performing a full numerical study
with the Langmuir model has not been pro-
posed while it allows representing a more
complex physics.. Indeed, due to analo-
gies with the thermal Linear Fourier Law, one
can use industrial finite element software to
perform analyses with the Fick model. In
this work, the Langmuir model was imple-
mented in the Abaqus™ code under user-
element form [30]. Simulations at micro-
scopic scale, where the geometrical details
of the heterogeneities appear, were per-
formed. For the considered materials, the
distribution of the reinforcements is usually
not regular [27, 28, 31] and a random gener-
ator is thus used to create geometries of the
microstructure when one wants to consider
a high volume fraction of fibers. Two dif-
fusion models are considered: the classical
Fick's Law and the Langmuir’'s model which
assumes that absorbed moisture consists of
mobile and bound phases [26]. In this pa-
per, a numerical transient uncoupled hygro-
elastic analysis is carried out so as to quan-
tify the diffusion phenomenon. The result-
ing time-dependent hygroscopic strain field
is then used to evaluate the deformation of

the material considering a Linear elastic as-
sumption.

The paper is organized as follows. Sec-
tion 2 deals with the diffusion and mechan-
ical constitutive equations. The diferences
between the two diffusion models are pre-
sented. Section 3 gives details concernig
the discretized problem within the FEM
framework and its resolution. In the same
section, the numerical technique involving
an unregular fibers distribution in the mi-
crostructure is exposed. Sections 4 and
5 are dedicated to the numerical investi-
gations. Two distinct studies are carried
out. The first application involves an epoxy
based system characterized by a strongly
non-fickean diffusion behavior. The resin
serves as a matrix in an unidirectional com-
posite reinforced by Long carbon fibers. The
impact of the random geometries is dis-
cussed through comparisons based on Local
and global quantities of interest. The sec-
ond application deals with an epoxy system
reinforced with Long glass fibers. Unlike the
first example the diffusion within the ma-
trix can be well represented with both mod-
els. The impact of each model on diffusion
and mechanical quantities is then analyzed.
Some concluding remarks are finally drawn
in Section 6.

2. Problem formulation

2.1. Diffusion problem

We consider a heterogeneous material,
schematically depicted on figure 1, which
occupies a spatial domain Q2 = Q,, U Q2 €
R? with d € {1,2,3}. Qm and Q, respec-
tively represent the matrix and the rein-
forcements. The variable c(x,t) denotes
the moisture content of a material point,
characterized by its position through vector
T, at time t. This moisture content c(x, t)
is defined by

my (T, t)

cl@.t) = mo(x)

(1)
where my, (&, t) is the Local increase in mass
of water whereas mo() is the Local mass at
the initial time. The spatial average mois-
ture content ¢c(t) can be obtained with the
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Figure 1: Model problem.

following relation
_ 1
c(t) = — / o(x) c(x, t) dL2, (2)
Mo /o

where p(x) is the Local density and Mg is
the mass of the sample at initial time. In
the following, c(t) will also be referred as
the macroscopic or global moisture con-
tent. From an experimental point of view,
using the knowledge on My and the mass
M(t) at time t of the sample, the overall
volume of which is €2, ¢c(t) is evaluated us-
ing the following relationship

) = M(ti/, Mo _ M;\ﬂ/,(t)v (3)

0 0

where My, (t) represents the global increase
in mass of water within the sample with
respect to Mp. From now on, all equa-
tions will be written according to the Local
moisture content c(x,t). In this work, we
assume that the diffusion process is gov-
erned by a unique diffusion coefficient D
in each spatial direction. Moreover, since
the fibers are considered hydrophobic, the
problem may be solely formulated on the
domain ,,. This remark is true for both
models which are exposed in the following.

2.1.1. Fick diffusion model [24]

The Fick Law is a common model to rep-
resent a diffusion process where each water
molecule is free to move in the polymer
network associated with domain €2,,. Since
the diffusivity is assumed constant (i.e. in-
dependent of moisture content or mechani-
cal states), the Fick Local diffusion problem
writes: find the solution field c(x, t) such
that it verifies

% — DAc on Qm,

ot (4)
C = Cimp ONIyg,

where ¢c;myp iS @ given moisture content ap-
plied on a part ' of boundary 90 2.

2.1.2. Langmuir diffusion model

In [26], the authors divided the water
molecules in two populations. The first
n(x,t) is free to move while the molecules
of the second phase N(z,t) are bonded
to the polymer network due to reversible
chemical reactions such as those occuring
when moisture induced plasticization takes
place. A free water molecule could become
a bonded one with a frequency o and recip-
rocally a bonded molecule could be freed
with a frequency 8. The total moisture con-
tent c(x, t) naturally verifies

c(x,t) =n(x,t) + N(x, t). (5)

The Langmuir Local diffusion problem
writes: find the solution fields n(x,t) and
N(x,t) such that they verify

an N _
5 g = DAnN on Qm,
= = an — BN on Q,,
ot B m (6)
n = MNimp on I,
N = Nimp on I,

where nymp and Nymp are respectively the
imposed free and bounded moisture content
on .. Considering those two different pop-
ulations, the Langmuir model is able to rep-
resent a wider class of diffusion phenomena
than the Fick model. In particular, delay
or, in contrary, fast absorption, at early in-
stants of diffusion can be simulated with
this model.

2.2. Mechanical problem

Concerning the deformation of the ma-
terial submitted to Local moisture content
c(x,t) that occupies the domain € under
small perturbations theory, plane strain as-
sumption is retained. We denote by w(x,t)
the displacement field, by e(w(x,t)) the
strain tensor, and by o(x,t) the Cauchy
stress tensor. Both the reinforcements and
the matrix are assumed to be Linear isotropic
elastic materials represented by the fourth
order stiffness tensor C verifying

[ Cm fTEQm
‘C(“’)—{CT freeq, @ ()



where C,, and C, are constant tensors.
Moreover, Br is the hygroscopic expansion
coefficient which is considered, in this work,
identical in each direction. The hygro-
scopic expansion is represented by the di-
agonal tensor B, whose diagonal compo-
nents are equal to By. Br is taken equal to
0 for the hydrophobic reinforcements. Fi-
nally, the quasi-static Linear elastic problem
writes: find the displacement field w(x,t)
such that

V.o =0 on <2,
o = C:[e—PBpc] onQ, (8)
U = Uimp on I_u,

where U;myp is the imposed displacement on
the part I, of 82 and c(x, t) is the solution
field of either problem (4) or problem (6).

3. Numerical aspects

3.1. Space and time discretizations and res-
olution

Diffusion problems (4) and (6) and Lin-
ear elastic problem (8) are solved using the
classical Finite ELement Method (FEM). At
the spatial level, for each model the dis-
cretization is done using a finite element
mesh composed of, about 240000 3-nodes
elements associated with Llinear interpola-
tion functions. At the time Level, the back-
ward Euler integration scheme is used and
the increment of time at each step is com-
puted by the Abaqus™ solver. AlLL compu-
tations in this work were performed in Less
than 4 hours on a standard laptop com-
puter. In practice, User ELement (UEL)
dedicated to problems (4) and (6) were
implemented in the industrial FEM code
Abaqus™ [30] allowing the use of its spa-
tial and time solvers. Verification and con-
vergence analyses, based on analytic solu-
tions found in [24, 26], were carried out to
ensure the validity of the implementation.

3.2. Generator of random geometries

Industrial applications requires stiff mate-
rials, thus Leads to consider a high volume
fraction v, of the non penetrating reinforce-
ments. Besides, a regular distribution of
the fibers seems unlikely [27, 28, 29] and a

random generator is then needed to create
realistic geometries of the microstructure.
Generators based on a rejection process of
the fibers are hard to use since the tar-
geted volume fraction is high [32]. There-
fore, a specific procedure is used to cir-
cumvent this issue. The starting point is
a regular (i.e. periodic) disposition of the
fibers within the microstructure. The ra-
dius of the cylindrical fibers is deterministic
and only their positions are disturbed with
a procedure based on elastic shocks where
the radial and tangential velocities, associ-
ated with each fiber, are independent ran-
dom variables. Such a technique allows ob-
taining the desired random geometries with
small computational times.

4. Studies definition

4.1. Material properties

The first matrix studied in this work is
a Ciba Geigy LY 556 polyepoxy system,
hardened by a HY 917 anhydride hardener
and a DY 30 accelerator [33]. In the fol-
Lowing paper, this resin will be referred as
Epoxy A. The second one, which is also an
epoxy based resin, hardened by an aliphatic
polyamine [34], will be called Epozxy B.
The diffusion parameters, presented in Ta-
ble 1 for both Fick and Langmuir mod-
els, come from a minimization problem aim-
ing at finding the optimal diffusion param-
eters. The Lleast-square discrepancy be-
tween the experimental data, available in
[33, 34], and the analytic solutions, given
in [24] for the Fick model and in [26] for
the Langmuir model, is minimized. In or-
der to use those solutions, the diffusion
within the matrix, considered as an homo-
geneous material at this scale, is assumed
unidirectional. Figure 2 presents the sorp-
tion curve for the Epoxy A resin with the
results for the Fick and the Langmuir mod-
els. It is obvious that Epozy A presents an
anomalous diffusion behavior. The agree-
ment between simulations and experimen-
tal data is not good for the Fick model
but is convincing for the Langmuir one. For
these reasons, in the laminates A analysis,
only the Langmuir model will be consid-
ered. Figures 3(a) and 3(b) illustrate the
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Figure 2: Average water content ¢ according to V't in
a pure resin sample of Epoxy A: experimental data
(squares), Fick identification (circles) and Langmuir
identification (crosses)
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Figure 3: (a) Average water content ¢ with respect to
\/t in a pure resin sample of Epoxy B: experimental
data (squares), Fick identification (circles) and Lang-
muir identification (crosses). A (dotted Lline) is the
relative deviation between Fick and Langmuir models.
(b) Focus on the first instants.

Epoxy A Epoxy B

F L F L

D(um2.s1) | 0.082 | 2.04 | 1.47 | 4.14
C*® (%) 1.71 1.71 | 228 | 2.28
a (1076 s 1) X 0.0717 X 87.6
B (1070 s71) X 0.0745 X 53.4
o (Kg/m?) 1310 [27] 1220 [35, 36]

E (MPa) 4000 [35, 36] 2700 [37]

v 0.36 [27] 0.35 [37]

By = By 0.00324 [27] 0.001 [37]

Table 1: Diffusion parameters, for Fick and Langmuir
models, and mechanical properties for Epoxy A and
Epoxy B.

Carbon Glass
o (Kg/m?3) 1780 [27] 2540 [25, 35, 36]
E (MPa) 20000 [27] | 72500 [25, 35, 36]
v 0.33 [27] 0.22 [35, 36]
Bz = By 0 0

Table 2: Mechanical properties for Carbon and Glass
reinforcements.

absorption curves obtained with the iden-
tified parameters of each diffusion model
for Epoxy B. It can be seen on Figure
3(a) that the two models give very close
results. Differences can however be ob-
served on Figure 3(b) at the very first in-
stants of the diffusion process. According
to the experimental data, the Fick model
overestimates the water content unlike the
Langmuir model which better reproduces
the diffusion in the beginning of the pro-
cess (small delay). The Epozy A resin is
associated with hydrophobic reinforcements
made of carbon while Epoxy B is associ-
ated with glass fibers. The Laminates based
on Epoxy A are named Laminates A and,
in the same manner, the Laminates based
on Epoxy B are called Laminates B. Ta-
ble 1 presents matrix mechanical proper-
ties while Table 2 presents the mechanical
properties for the reinforcements. E is the
Young modulus and v is the Poisson’s ratio.

4.2. Geometries of microstructure

The computations realized in this work,
are representative of typical water ab-
sorption specimens. The samples are
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Figure 4: Geometries of microstructures (periodic and random), with boundary conditions for the diffusion and the
mechanical problem, for both (a) the taminates A and (b) the taminates B analyses.

Laminates A | Laminates B
w (um) 100 210
h (um) 600 1000
vr (%) 61.0 53.3
dr (um) 7 18

Table 3: Dimensional properties of the geometries of
microstructures.

square and the side is equal to 75mm.
The thickness e, different in Laminates A
and Laminates B analyses, is sufficiently
small to neglect the water absorption by
the edges. This assumption Lleads to a

symmetrical diffusion problem. Therefore
for computational resources considerations,
only a slice of the superior half of the sam-
ple is numerically represented. We denote
by h the height and by w the width of
the numerical models. Geometries of mi-
crostructures are also described by the di-
ameter of the fibers d, assumed identical
and perfectly cylindrical, and by the volume
fraction of reinforcements v,-. The high vol-
ume fraction of reinforcements are retained
in order to be representative of industrial
applications. ALL parameters are presented
in Table 3. For the first analysis, five differ-



ent geometries are considered: one periodic
and four others obtained with the random
generator described in section 3.2. Con-
cerning the second analysis, two geometries
are reviewed, a periodic and a random. Fig-
ures 4(a) and 4(b) show the geometries of
microstructures used in the numerical sim-
ulations.

4.3. Initial and boundary conditions

Samples are initially considered dry, in-
volving a zero moisture content within the
matrix. The imposed moisture content cimp
applied on [ is taken equal to the maxi-
mum moisture content C*® (cf. Table 1).
Symmetry conditions are used for the me-
chanical problem leading to dissociate Iy,
into My, (symmetry along X-axis) and Iy,
(symmetry along Y-axis).

5. Results and Discussion

5.1. Laminates A

5.1.1. Local behavior

Figures 5(a) and 5(b) show the Llocal
stress fields oyy, in the right-hand corner
of each geometry, after 1 hour and when
the steady state is reached. It is worth
noting that the extreme stresses are Local-
ized in the matrix. The materials points
surrounded by fibers are in traction while
the other points placed in a zone with a
Lack of reinforcements are under compres-
sion. Moreover, those two figures highlight
the geometrical impact on stress intensity.
The maximum stress is reached at steady
state where the hygroscopic strain is max-
imal. If the range of stress is similar in
all Random cases, compared to the ones
from the Periodic geometry they are about
3 times higher. In addition to emphasize the
geometrical impact, Figure 6 presents the
density distribution of the stress component
in the matrix a;’{/ for each geometry. It high-
Lights that Random instances give close
results and they have wide stress distribu-
tion, =70 MPa < o7y < 110 MPa, while
the Periodic one is tighter, —40 MPa <
Oyy < 40 MPa. This is particularly impor-
tant to emphasize that in this work, due to
the use of an uncoupled model, the Local
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Figure 6: Density distribution of the stress in the ma-
trix o7y for each geometry at steady state.

moisture content fields are equal at steady
state. Nevertheless, this will be no Longer
true when a coupling between mechanical
and diffusion phenomena is added. Further-
more, the maximum stress reached in the
matrix indicates that damage might occurs
without adding any external loads. This
phenomenon is described in the Literature
[17, 33, 37] and might be disastrous for the
structure.

5.1.2. Global behavior

Figure 7 presents the sorption curve for
the Laminates A geometries. ALL geome-
tries give closed sorption curve even for the
Periodic microstructure, despite small de-
viation may be seen at the first instants
where the diffusion is faster in the Periodic
case. Indeed, as related in Lliterature [29]
fibers cluster acts as barrier. Moreover, it
may be noticed that the curves are typical
of an anomalous diffusion behavior and fur-
thermore the shape is identical to the pure
resin sample (Figure 2). The fact that resin
and composite samples behaved in the same
manner is noticeable in the Literature for
polyester [16] and for epoxy system [33].
Figure 8 presents_the spatial mean stress
into the matrix oy; and within the rein-

forcements oy,. Firstly, it shows that the
matrix is globally under compression while
the reinforcements are in tension. However,
compared to observations made on Figure
6, it highlights the Loss of information re-
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Figure 5: Local stress fields oyy (@) at t = 1 hour and (b) when the steady state is reached.
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Figure 7: Average water content c(t) according to Vvt
in the Laminates A.

sulting from considering the mean values.
Indeed, the matrix could Locally be in ten-
sion or in compression while the mean stress
is negative. The converses is also true for
the reinforcements. Secondly, it is worth
noting that mean stress intensity are very
closed except at steady state where small
discrepancies appear. In fact, a deviation of
0.5 MPa exists between the two extremes
instances.

This first analysis points out the use of the
improved Langmuir diffusion model in or-
der to perform a numerical analysis of the

humid aging of composite materials. In ad-
dition, the geometrical effect on Local field,
particularly for the stresses induced by the
swelling of the matrix, between Periodic
and Random geometries is highlighted.

5.2. Laminates B

5.2.1. Local behavior

We now focus on the second applica-
tion Lamninates B where the resin can be
well represented with both diffusion mod-
els. Figure 9 illustrates the stress fields
Oyy in the top right-hand corner of the
two considered geometries at ¢t = 1 hour
which is representative of the transient part
of the diffusion process, where a devia-
tion occurs in the pure resin sample. The
Fick model leads to higher predicted Lo-
cal stress. Those differences are explained
by the mismatch of the moisture content
fields obtained with the two models. The
Local moisture content is indeed higher with
the Fick model for two combined reasons.
Firstly, all the water molecules participate
to the diffusion process with this model.
Secondly, the sorption curve identified with
the Fick model Leads to a faster diffusion
in the matrix during the first instants as
shown in Figure 3(b). In addition to this
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Figure 8: Mean stress (a) inside the matrix oy and

(b) inside the reinforcements o7, with respect to Vi
for the Laminates A.

observation, Figure 10(a) and Figure 10(b)
show the moisture absorption and the evo-
lution of oyy according to V/t at a spe-
cific material point. It emphasizes the Lo-
cal mismatch between the moisture con-
tent and its impact on Llocal stresses. It
may be noted that at this particular mate-
rial point, the matrix is in tension due to
the fact that it is confined between close
fibers. It is worth noting that the shape
of those curves is similar and the maximum
deviation for the stress field, between the
two models, is about 10 MPa, which is a
high value compared to the ultimate ten-
sile strength of this kind of material o, =
55 MPa [25, 33, 35]. Besides, as shown
in the first analysis, we also notice a geo-
metrical influence on the stress fields. For
instance, the difference between the maxi-
mum Local stress obtained with each model

+30.0
+20.0 Fick
Oyy
(M Pa) +10.0
10. o
Periodic  Random

Figure 9: Stress fields oyy in the top right-hand corner
of the two geometries obtained with Fick and Langmuir
models at ¢ = 1 hour.
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Figure 10: (a) lLocal water content ¢ and (b) local
stress oyy With respect to v/Z according to either Fick
and Langmuir diffusion models and for the same ma-
terial point of the Random geometry.
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Figure 11: Stress fields oyy in the top right-hand cor-
ner of the two configurations and the two models at
steady state.

are enhanced when the fibers are randomly
distributed 3 MPa for the Periodic case
and 18 MPa for the Random case. These
higher stresses are due to closer fibers. Fig-
ure 11 presents the stress fields oyy when
the steady state is reached for each geom-
etry. As in the first analysis, the geome-
try clearly impacts the Local stress field for
which significant discrepancies can be ob-
served. In addition, since we only use an
uncoupled hygro-elastic model, both diffu-
sion models Lead to the same moisture con-
tents and stationary stress fields. However,
adding a coupling between the diffusion and
the mechanical state [25, 38] and/or a Lo-
cal mechanical model, such as a damage
model [17, 25], could affect this observa-
tion. Further works will be devoted to the
investigation of such Local couplings.

5.2.2. Global behavior

Henceforth, we focus on spatial average
quantities. Figure 12(a) shows the evolu-
tion of the average content c(t) obtained
with both models and for the two geome-
tries. We can observe that both mod-
els conduct to very close results. Only
small differences as the ones observed for
the matrix diffusion behavior appear at the
first instants of the diffusion (Figure 12(b)).
Moreover, changes in the geometry have
small effects on the evolution of the av-
erage moisture content. We then analyze
the spatial average stress within the ma-
trix and the reinforcements respectively de-
noted by oy and oy,. Figure 13 presents
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Figure 12: (a) Average water content c(t) with respect
to V1 according to either Fick and Langmuir diffusion
models and for Periodic and Random configurations.
(b) Focus on the first instants.
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Figure 13: Mean stress (a) inside the reinforcements
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to /% for the two geometries.
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the evolution of o7y and oy, according to

\/t for each geometry. Firstly, as for c(t),
the two models give close results except
at the beginning of the diffusion process.
Secondly, it is worth noting that the ma-
trix phase is in a global compression state
when the fibers are in a global traction
state. Thirdly, it is important to high-
Light the deviation between the different ge-
ometries: this actually confirms the find-
ings of the first analysis. In particular, the
Periodic case presents a maximum relative
deviation of 30 % corresponding to a gap of
~ 1.5 MPa. The higher deviation on global
stress values occurring in this analysis may
be explained by the Lower volume fraction
of reinforcements which Lead to less stress
in the Periodic instance. This indicates
that a more precise analysis of the effect of
the volume fraction of reinforcements and
the distribution of the fibers is needed.

To sum up, the choice between the model
of diffusion studied in this work, considering
uncoupled behavior, can have a noticeable
impact on Local fields erased when spatial
average quantities are considered. This in-
dicates that Local investigations at micro-
scopic level are disturbed by the choice
on the water diffusion model unlike stud-
ies about scale transition process.

6. Conclusion

In this work, we have proposed a transient
uncoupled hygro-elastic analysis of two
polymer resins reinforced with hydrophobic
glass and carbon fibers. Firstly, we analyze
an epoxy system presenting a non-Fickian
diffusion behavior and therefore, solely the
Langmuir model was used. Using a dedi-
cated random generator, effects of the ge-
ometrical distribution of the fibers have
also been discussed. Secondly, we study
a resin which has a diffusive behavior al-
most Fickean. Both the Fick and the Lang-
muir diffusion models, identified on exper-
imental data of this polymer, have been
compared through numerical simulations.
Those analyses were possible through the
implementation of the Langmuir diffusion
model inside the commercial Finite Ele-



ment Code Abaqus™. The geometrical ef-
fect on Local stress field is emphasized in
the first part. Concerning the second part,
analyses on both Local and global quanti-
ties have shown discrepancies between the
two models during the transient part of
the moisture diffusion process whereas only
the geometry affects the steady state re-
sults. The higher stresses are mainly Local-
ized where the matrix is trapped in fibers
clusters. Without achieving scale transition
modeling, spatial average quantities have
been studied. The Loss of information using
those procedure was emphasized and fur-
ther works will be devoted to (%) analyze
diffusion-mechanical couplings and (i%) use
scale transition methods to take into ac-
count microscopic details at a higher scale.
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