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ABSTRACT

DOI: https://doi.org/10.37375/susj.v16i1.4137

This paper presents a finite element—based homogenization study to

ARTICLE INFO: evaluate the effective elastic properties of an aluminum-silicon
Received 6 February 2026. carbide (AI-SiC) particulate composite. A three-dimensional
Accepted 29 April 2026. representative volume element (RVE) containing randomly distributed
Available online 24 June 2026. spherical SiC particles is analyzed using the SimScale platform. Under

uniaxial loading conditions, the composite exhibits an effective

) ) Young’s modulus of 74 GPa, with an average axial stress of 73.16
Keywords: Representative volume element (RVE), . . _n .
Finite element method (FEM), SimScale, Young’s MPa corresponding to an average strain of 9.88 x 10°*. The resulting
modulus. elastic properties, stress, strain, and displacement fields are extracted
and discussed in detail. Furthermore, the numerical results are
compared with predictions obtained from the Tanaka micromechanical
model, showing good agreement and confirming the validity of the
proposed FEM-based RVE approach.
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1 Introduction reinforcing phase. The materials are assumed to be

linear elastic and isotropic.
Particle-reinforced aluminum matrix composites have Aluminum 6061: Young’s modulus = 70GPa,
attracted significant attention due to their high stiffness- Poisson’s ratio = 0.3.
to-weight ratio and enhanced mechanical performance. Silicon Carbide (SiC): Young’s modulus = 410 GPa,
Finite element homogenization based on representative Poisson’s ratio = 0.17.
volume elements (RVEs) is a powerful tool for
predicting effective elastic properties while explicitly 2 RVE Geometry And Material
accounting for microstructural features such as particle Description

size, distribution, and volume fraction[1,2].

11  Material P ti The composite material consists of an aluminum matrix
) ) a er'_a ro_periles ) ] reinforced with spherical silicon carbide (SiC) particles.
The matrix material used in this study is Aluminum The RVE is modeled as a cubic domain with a total
6061, while silicon carbide (SiC) is employed as the volume of 1 mm3. A total of 191 spherical particles
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with a diameter of 100 um are randomly distributed
within the matrix, resulting in an approximate
reinforcement volume fraction of 10%.

The particle diameter was determined by equating the
total volume of the spherical particles to 10% of the
RVE volume according to:

N.4—T[I'3
- 3
V= VRVE (1)

Where Vs is the reinforcement volume fraction, N is the
number of particles, r is the particle radius, and VRVE
is the RVE volume. Figure 1 shows the random spatial
distribution of SiC particles within the aluminum
matrix.

Fig.1: as with the
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3 Numerical Model And Boundary
Conditions

A linear static structural analysis is carried out using
the SimScale cloud-based finite element platform.
Perfect bonding between the matrix and reinforcement
particles is assumed. One face of the RVE is fully
constrained, while a prescribed displacement is applied
to the opposite face in the Z-direction to simulate
uniaxial tensile loading. All materials were assumed to
behave as linear elastic.Figure 2: Presents the
displacement field in the loading direction, confirming
a smooth and uniform deformation consistent with
linear elastic behavior.
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Fig.2: Displacement field

4 Results And Discussion

The averaged stress—strain response of the RVE is used
to evaluate the effective elastic properties of the
composite. Figure 3 illustrates the effective Young’s
modulus obtained from the slope of the stress—strain
curve is 74 GPa. The average Cauchy stress in the Z-
direction is 73.16 MPa, corresponding to an average
axial strain of 9.88 x 1074,

Figure 4 illustrates the stress distribution within the
RVE, showing stress concentration around the SiC
particles due to the stiffness mismatch between the
matrix and reinforcement.

Figures 5 and 6 illustrate the transverse strains of
—3.008 x 10* in the X-direction and —2.991 x 10 in
the Y-direction, resulting in an effective Poisson’s ratio
of approximately 0.304.

Figure 7 illustrates the total strain distribution in the Z-
direction, showing a nearly uniform axial strain within
the aluminum matrix with localized variations around
the SiC particles due to stiffness mismatch.

Figure 8 illustrates the displacement field in the Z-
direction. The results indicate a maximum displacement
of 1.36 um, an average displacement of 0.476 pum, and
a minimum value of zero at the constrained surface, as
expected.

Table 1: Effective elastic properties of the Al—
SiC composite obtained from FEM.

Parameter Value
Effective Young’s modulus (GPa) 74
Average stress in Z (MPa) 73.16
Average axial strain (2) 9.88 x 10~
Poisson’s ratio 0.304
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Fig.3: Young’s modulus with A16061+sic
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Fig.4 : Stress distribution
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Fig.6 : Total strain EPYY with Al6061+sic
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Fig.8 : Displacement Z with Al6061+sic

5 Theoretical Comparison Using The
Tanaka Model

The effective Young’s modulus of the composite is also
estimated using the Tanaka micromechanical model for
particle-reinforced materials[3].The model is expressed
as:

Eet =Emx[(1+A-Vp)/(1-B-Vy] (@)
where Eeft is the effective Young’s modulus of the
composite, En is the Young’s modulus of the matrix
material, Vs is the particle volume fraction, and A and
B are constants that depend on the elastic properties of
the matrix and reinforcement. For a reinforcement
volume fraction of approximately 10%, the Tanaka
model predicts an effective modulus close to the FEM
result of 74 GPa, demonstrating good agreement
between numerical and analytical approaches. While
the Tanaka model provides an analytical estimate based
on average field assumptions, the FEM-based RVE
approach captures local stress—strain heterogeneity
arising from particle—matrix interactions [4,5].

6 Conclusions

A finite element-based RVE approach has been
successfully applied to predict the effective elastic
properties of an AI-SiC particulate composite. The
results obtained using SimScale show strong agreement
with the Tanaka theoretical model and handbook values
validating the numerical methodology. The presented
framework can be extended to study the influence of
particle size, volume fraction, and distribution on
composite behavior.
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