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Optimization and precise knowledge of the effective properties of
heterogeneous materials requires the use of predictive homogenization
techniques. The aim of this work is to test numerical models of

Published: March 2020 homogenization with a view to predicting the elastic properties of the

clay-rice straw composite. Experimental values from the literature have

g%{,ﬁ’rdsﬂomogemzaﬂon’ Young's been compared to that from the digital models Digimat MF and
Modulus, Volume Fraction, Digimat FE. Note that the Digimat MF semi-analytical model gives

Heterogeneous Materials values closer to the experimental ones. This is confirmed by the
reliability study of the two models which was carried out. Indeed, up to
a volume fraction value of 25%, the ratio of the values predicted by the
MF model to the experimental ones are closer to unity than those
obtained by the FE model. We then deduce that the MF model is more
reliable in predicting the elastic moduli of the rice straw clay
composite. It was also highlighted the decrease in Young's modulus as
a function of the increase in the volume fraction of rice straws. This

remark is made on all models.
Copy Right, 1JAR, 2020,. All rights reserved.

Introduction:-

Predicting the mechanical properties of composites with plant inclusions constitutes a new field of research.
Previous work on the mechanical behaviour of the composite associating rice straw with clay soil has mainly
focused on the study of its formulation, density, time and ripening conditions. The majority of these studies relate to
experimental aspects, which have proven to be tedious and expensive and do not allow a clear idea of the optimal
performance of the material. Few studies have focused on predicting the behaviour of the clay-rice straw composite.
Theoretical approaches are therefore rarer. This study focuses on the use of digital homogenization methods used to
best estimate the properties of this type of material.

Indeed, homogenization is a modelling technique which assimilates a heterogeneous material to an equivalent
fictitious homogeneous material, whose characteristics must be determined [1], [2]-{4]. Since the clay-rice straw
composite is a heterogeneous material, its mechanical behaviour depends on its constituents, on the mechanisms at
the interfaces, but also on the adhesion of its constituents.

To predict its behaviour or optimize these mechanical characteristics, scaling models that take into account the
characteristics of the microstructure are the most suitable.
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It is now more and more illusory to wish to model a composite material using an exclusively macroscopic approach
and this for two essential reasons. The first is that this type of approach masks physical phenomena and does not
know how to discern the true causes of phenomena observed on a macroscopic scale. The second reason is that the
power of computers now makes it possible to solve problems of homogenization and to digitally process multiscale
processes [4]. Thus taking into account fine and complex phenomena turns out to be entirely feasible and
homogenization becomes an effective tool for analysing the behaviour of composite materials [5].

The main objective is to use a fast, reliable and efficient tool as a material performance simulator. The prediction
from the numerical models will be compared with experimental measurements from the literature for volume
fractions of rice straw up to 40%. The proposed multi-scale modelling has been limited only to the estimation in
linear elasticity for variable formulations.

Numerical Homogenization Method:

Predicting the properties of composite materials taking into account the macroscopic and microscopic scale requires
the preparation of a clean code in most cases. But with the evolution of work in this area certain programs are also
able to carry out this operation [6]. Numerical methods of homogenization are numerous and we can cite the one
based on a direct analysis by finite elements or the one based on the mean field.

This study is carried out in this work using the Digimat software which offers the opportunity to test these two
techniques.

Multiscale modelling assumptions:

The calculation of the effective properties of the materials is made according to certain assumptions which are:
1. the microstructural parameters are known

2. the mechanical characteristics of the two phases of the composite are known

3. both phases have ideal grip

The elastic properties of the two phases are presented in the following table:

Table 1:- Characteristics of the different phases of the composite.

Phases Young’s modulus, E (MPa) Poisson’s ratio, v
Clay Matrix 175 [7] 0.3[8]
Fibers 17 [9] 0.3[10]

Multiscale modelling of the elasticity module of the composite using the Digimat MF model:

Digimat MF is a tool for estimating the elastic properties of a composite material. It simulates the behaviour of the
elastoplastic behaviour of composite materials using the Huber-Mises-Hencky criterion (HMH). This medium field
homogenization technique uses the Mori-Tanaka method. The boundary conditions and the applied deformation are
equal to 0.3 (the deformation factor is equal to 0.3) [165]. The loading is of uniaxial deformation type in direction 1
(Figure 1)
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Figure 1:- Loading considered in Digimat MF.
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After loading, Figure 2 shows an example of stress-strain curve obtained. From this curve, we determine the
modulus of elasticity.
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Figure 2:- Strain stress curve obtained by the Digimat MF model.

Multiscale modelling of the elasticity module of the composite using the Digimat FE model:

Digimat FE is a digital homogenization tool that uses the finite element method (MEF). It allows to generate a mesh
on a Representative Elementary Volume. This mesh will then be requested with well-defined boundary conditions to
calculate the homogenized properties.

We generate Representative Elementary Volume (VER) for several volume fractions by the Poisson random process
used by Digimat FE. TheFigure 3shows the VER generated.

(@) 10% inclusions (b) 20% inclusions (c) 40% inclusions
Figure 3:- Example of VER generated by Digimat FE.

After the generation of the VER, Digimat FE imports this model of VER into Abaqus CAE to carry out the meshing
as shown in the Figure 4. The methodology for creating and meshing a volume of heterogeneous material revolves
mainly around three stages as we recalled above: the surface representation of material, the surface mesh and the
volume mesh. The mesh used here is that multiphasic which has the advantage of a fast convergence, requires little
memory for the machines [13], [14].
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Figure 4:- VER mesh for EF analysis with Abaqus CAE.

Convergence of the finite element mesh:

During the construction of the microstructure, each size of these volumes contains a specific number of inclusions
N. Consequently, increasing the size of the volume amounts to increasing the number of inclusions N, while keeping
the same volume fraction of the inclusions. For each size N, different realizations n are considered. We have
introduced a limit number N of 100 inclusions. This choice was made because of the results obtained in other studies
which state that with 100 inclusions already one obtains good results for the simulations[15].The study of
convergence has shown that it is reached with 350,000 finite elements for a microstructure of 100 inclusions. In the

rest of our simulations, we consider this mesh density.

Figure 5:- Study of the convergence of the mesh.
Loading the mesh microstructure:

The loading here is uniaxial (along the axis 1-1). After generation of the mesh, we request our microstructure in
axial compression. We post-process the results of the Post processing tasks (FE) analysis using probabilistic
distribution functions which give a detailed overview of the requested VER. The homogenized mean values are
calculated and can be used in a subsequent FE analysis on the structural level part. Then the FE module after

calculations, (based on the characteristics of each phase) gives the stress and the deformation along each axis of the
VER and consequently it also gives the stress-deformation curve after loading as shown in the Figure 6.
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Figure 6:- Stress-strain curve given by Digimat FE.

The ratio between the stress along axis 1-1 and the deformation of the axis gives us the value of Young's modulus.
As for the value of the fish coefficient, it is the opposite of the ratio between the deformation along the axis 2-2 and
the deformation according to 1-1.

Figure 7:- Microstructureobtained after loading.

Results and Discussion:-
In order to validate the results obtained by a reliability study, we made a connection between the experimental
values from the literature and the values predicted by the models. The figure... .. shows this report.

Figure 8:- Variation in the ratio of Young's modulus values predicted numerically and experimentally.
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We note that the ratios obtained using the predicted values from the semi-analytical model of Digimat MF are closer
to unity than those obtained by the finite element model Digimat FE for earth-straw composites with volume
fractions not exceeding not 25%. Beyond this value, the Digimat MF model deviates but is still more reliable than
the finite element model. This is explained by the fact that the semi-analytical model takes into account the
characteristics of the microstructure.

Analysis of the variation of Young's modulus:
An analysis of the variation of the Young's modulus is made, through the curves of the Figure 9which present the
values predicted by the two numerical models used, compared with the experimental values.

Figure 9:- variation of Young's modulus.

A cross analysis of the results shows us that the elastic properties decrease with increasing volume fractions. The
Digimat MF model, which is a semi-analytical model derived from the Mori-Tanaka analytical model, gives results
that are fairly consistent with the experimental. These results are consistent with Benveniste's analysis[16]. It must
be said that numerical models have the merit of giving the actual effective properties of the material by taking into
account the characteristics of its different phases.

Using the Digimat MF model we highlight through the Figure 10the variation of Young’s modulus of the composite.
This tells us better that the decrease in Young's modulus is observed with the increase in the volume fraction of
inclusions.

Engineering constants Engineering constants
Value Value
Younag's modulus 124.42 Youna's modulus 104.66
L L] 0.28559 Poisson’s ratio 0.28086
a) Values obtained for 20% of straws b) Values obtained for 30% of straws

Engineering constants

Value
Younag's modulus 95.782
Poisson's ratio 0.27901
c) Values obtained for 35% straw
Figure 10:- Variation of elastic properties using Digimat MF.

This reduction is due to the fact that the rigidity of the straws is much lower (about 10 times less) than that of the
clay matrix. This same remark was made by Pham [17] on the lime-hemp composite with volumetric concentrations
of hemp between 0 and 33%, and also by Nguyen [18] with resin mortars.
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Conclusion:-
In this study, we have estimated the elastic modulus of the clay-rice straw composite using multi-scale approaches.
Two digital models Digimat MF and Digimat FE were used.

Overall, the predicted characteristics are close to the experimental values from the literature. But it has been noticed
that the Digimat MF model is closer to experimental reality. Numerical models have the merit of taking into account
the characteristics of all the components for more precise estimates.

At the end of this study, the results obtained confirm our ambition to popularize the use of this material for modern
constructions. This prediction alternative will facilitate engineering calculations for the structural design of
buildings.
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