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Prediction of Thermoelastic Constants of Unidirectional Porous Composites Using an
Unmixing-Mixing Scheme

Eui Sup Shin™

ABSTRACT

A thermo-poro-elastic constitutive model of unidirectionally fiber-reinforced composite materials is suggested
by extending the unmixing-mixing scheme which is based upon composite micromechanics. The strain
components of thermal expansion due to a temperature change, gas pressure in pores, and chemical shrinkage
are included in the constitutive model. On purpose to verify the derived constitutive relations, the representative
volume element of two-dimensional lamina subject to various loading conditions is analyzed by the finite
element method. The overall stress and strain responses are obtained, and compared with the predicted values

by the unmixing-mixing scheme. The numerical results show the usefulness of the proposed model to predict
the thermoelastic behavior of porous composites.
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Fig. 2 Simple finite element mesh.

Table 1 Material properties of fiber and matrix

Fiber Homogenized matrix
Volume 0| [
fraction v 06 v 04
g 230 GPa gm 2.8 GPa
. LN 16.6 GPa
Elastic
modulus m
vill 0.2 yim 0.4
Gl 8.27 GPa
Poroelastic [m
parameter 4 05
[f1 -6 W -6
2 0.045x10” /K tm 45x10” /K
Thermal ! ¢
expansion
p ol 202x10° /K

Table 2 Estimate of material properties of overall composites(simple finite

element mesh)
Load case Unmixing-mixing FEA (RVE)
Stress E 139.12 GPa 139.12 GPa
% Vo 0.2800 0.2800
Stress
o E, 6.39 GPa 6.39 GPa
2
Stress
G, 2.12 GPa 2.12 GPa
T
Pore pressure | ™ 0.1403 0.1403
P T 0.1792 0.1792
Temperature | @ 0.41x10° /K 0.41x10° /K
o, a, 37.21x10° /K 37.21x10° /K
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Fig. 3 Stress oy of fiber and matrix vs. pore pressure.
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Fig. 4 Modified finite element mesh(only matrix part is shown).
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Table 3 Estimate of material properties of overall composites(modified
finite element mesh)

Load case Unmixing-mixing FEA (RVE)
Stress E, 138.92 GPa 138.92 GPa
% Vip 0.2687 0.2687
Stress
- E, 5.34 GPa 5.27 GPa
2
Stress
G, 1.81 GPa 1.76 GPa
T
Pore pressure | 0.1954 0.1944
p 7, 0.2557 0.2593
Temperature | % 0.34x10° /K 0.34x10° /K
o, @,  36.73x10° /K 36.73x10° /K
Table 32 HgARe] Wy AE viRstel 2% 24 @

o dat o2 Awolrh. Hel-Eg AWelAE 71X @l
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Fig. 6 Stress distribution in matrix-pore region.
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