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A Numerical Investigation on the Rule of Mixtures for
the Mechanical Properties of Composites with
Homogeneously Distributed Particles

H. S. Kim

Abstract

The concept of the mixtures can be used not only in the composites but also in the materials with
precipitates and matrix. In this investigation, the finite element method of axisymmetric unit cell modeis
and the rule of mixtures of the Voigt and the Reuss models are used to analyze the overall mechanical
response of composites with homogeneously distributed particles. The calculations have been carried out
by taking the materials as i) hardening and ii) perfect plastic materials. The plastic properties are
predicted for various volume fractions of the soft and hard particles. The computational results are
compared with the results of the rule of mixtures. It is found that the plastic flow curves agree well
with the Voigt model when the volume fraction of the particles is high. On the other hand, the calculated
flow curves exist between the Voigt model and the Reuss model when the volume fraction of the

particles is low.
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Fig. 1 Schematic diagram showing (a) an array of
repeat unit cells and (b) a unmit cell used for
calculations

SR R v
IIEEENENSSNSSSSSN
7717777777
7117777777

177177177777
('\ INENN, A
9
g%

Pl g g 14
o ] LA M
sEcamsce: g5se

O—— i ////
B T A

! ] T

B /":/

5 L1 4

] I

} I 15 2 HHHH

1 HHrtH ]

Fig. 2 Initial mesh, boundary conditions and loading
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Fig. 3 Flow curves of 304SS and Al1100 from reference ™

Octy [0, + fOm (10)
1
Oy (11
AN
Oy Om
A71N 0,94 0,2 A% AR 714 KEH, f,

Q}fm% AR 1 }9} 7IX] 4| —’?‘—‘IE‘—%OIDP ¢ eSS

Fig. 4°] Voigt= 97} ReussZ@z A4 534
Bk Voigt 29 AA#S Reuss"d2 &
Vel 7 g 2o yoigtmale] Ay} ReussE o]



Bl AAH 443 B

%“j -50<7
- —25A
@ 600y -—--Vo;gt fo=10%
2 Voigt, ©, r—o%
2 - —Reuss,f =10t
[ hard
> - X -Reuss, f_ =90'
g - & -Reuss, f_ =75'
m“'—' - & - Reuss, f -50'
- A~ & - Reuss, f —25‘
= =§- & - Reuss, f =1
) . B - & - Reuss, fnar °=0‘3
00 01 02 03 04 05 06
Effective Strain
Fig. 4 Stress-strain curves obtained from the rule of

mixtures based on the Voigt model and the Reuss
model with various volume fractions of hard phase
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Fig. 5 Elastic modulus of the composites with soft
particle and hard particle as a function of the
volume fractions of the particles. The symbols are
results calculated by FEM and the lines are by
the rule of mixtures
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Fig. 6 Flow curves of the composites for volume
fractions 10, 25, 50, 75, and 90% of soft particle
and hard particle. (a) Hardening materials, and
(b) perfect plastic materials
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Fig. 7 Deformed meshes of the composites with 50%
volume fraction of (a) hard particle and soft particle
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Fig. 8 Contour plots of effective strain of the composites
with 50% volume fraction of (a) hard particle
and (b) soft particle at an advanced state of
deformation of 40% in height. A=0.2, B=(.289,
C=0.378, D=0.467, E=0.556, F=0.644, G=0.733,
H=0.822, 1=0.911, J=1.0
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Fig. 9 Effective stress of the composites with soft
particle and hard particle as a function of the
volume fraction of the particle at an advanced
state of deformation of 8 % in height
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