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Calculation of Poroelastic Parameters of Porous Composites by Using
Micromechanical Finite Element Models
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Sung Jun Kim’, Su Yeon Han’, Eui Sup Shin

ABSTRACT

In order to predict the thermoelastic behavior of porous composites, poroelastic parameters are measured by
using micromechanics-based finite element models. The expanding deformation caused by pore pressure, and the
degradation of homogenized elastic moduli with pores are calculated for the assessment of the poroelastic
parameters. Various representative volume elements considering the shape, size, and array pattern of pores are
modeled and analyzed by a finite element method. The effects of porosity and material anisotropy, and the
distribution of stain energy density are investigated carefully. In addition, the measured poroelastic parameters
are verified by predicting the thermo-pore-elastic behavior of carbon/phenolic composites.
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Fig. 2 Representative volume elements for poroelastic analysis.
Table 1 Estimate of homogenized elastic moduli for poroelastic assessment
Model Homogenized Elastic Moduli Model Homogenized Elastic Moduli
ode ode
? E, (GPa) E, (GPa) v, ? E (GPa) E, (GPa) v,
0.01  29.042 14.602 0.299 001  29.041 14.614 0.304
0.05 25714 13.153 0.290 005 25771 13.235 0312
RVE-R1 0.10 22507 11.637 0272 RVE-C1 010 22578 11.784 0311
0.15 19.948 10.343 0.250 0.15  20.000 10.540 0.303
020 17.821 9222 0.228 020 17.899 9.482 0.291
0.01 29.111 14.628 0.300 001  29.059 14.619 0.303
0.05 25826 13.199 0.293 005 25793 13.241 0311
RVE-R2 0.10 22610 11.685 0.275 RVE-C2 010 22597 11.791 0311
0.15  20.005 10.372 0.254 0.15  20.053 10.565 0.303
020 17.867 9.246 0.231 020 17.937 9.499 0.291
0.01 29387 14.714 0.299 001 29.142 14.652 0.303
0.05 26.030 13.314 0.296 005 25.748 13.243 0315
RVE-R3 0.10 22.079 11.542 0.293 RVE-C3 0.10 22.143 11.673 0.326
0.15 18.144 9.796 0.287 0.15 19.038 10.259 0.337
020 15931 8.647 0.283 020 16277 8.953 0.346
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Fig. 3 Effective strains subjected to pore pressure.
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Fig. 4 Poroelastic parameters vs. porosity.
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Table 2 Elastic moduli of carbon/phenolic composites

Model Elastic Moduli Model Elastic Moduli
0ae < 5 B (Wil : B .
¥ Ecpa  EGP) v Y E(Gpa  FGP) %
0.02 18.677 21.105 0.299 0.02 18.994 21.474 0.296
0.05 7.262 3.379 0.01 0.05 7417 3.416 0.01
RVE-R3 0.10 8.993 2,471 0.01 RVE-C3 0.10 9.182 2451 0.01
0.15 11.814 2.114 0.01 0.15 11.525 2.017 0.01
0.20 14.419 2.382 0.01 0.20 14.052 2296 0.01
0.6 0.6
(@) P (b)
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g €
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Fig. 10 Poroelastic parameters vs. porosity (carbon/phenolic).
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Fig. 11 Thermoelastic behavior for carbon/phenolic composites: (a) restraining stress, (b) lateral strain (RVE-R3).
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