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Analysis of Micromechanical Behavior for Fiber-Reinforced Composites
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Alstract

The investigation, which includes the material homogenization and the calculation of local stress
concentration of long-fibrous composites in a microscopic level, has been performed to analyze the behavior
of fiber-reinforced composites by using finite element method. In order to carry out this study, the finite
element models of composites have been generated by the idealized arrays as square and hexagonal-packed
type. In the FE analysis, the boundary conditions of micromechanical finite element method(MFEM) have
been defined and verified by comparing with the resuits from multi-cells, and the effective material properties
of composites composed of graphite/epoxy have been also evaluated by rules of mixture. For acquiring the
relation between the global and local behaviors of composites, the magnifications of strain, stress, and
interfacial stress of composites subjected to a longitudinal and transverse loading respectively have been
calculated. And the magnifications have been proposed as the stress concentration in the microscopic level at
composite material.
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(b) Hexagonal-packed array
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Fig. 5 Geometric models of square and hexagonal unit cells for fiber-reinforced composites
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Table 1 Boundary conditions for calculating the components of effective stiffness matrix and strain magnification matrix

Displacement Location Displacement Location
u, =0 X=-a u, =0 x=-a,0
u, =0 y=1b/2 u, =0 z2=-c/2
Cli’Mli - C4i’M4i . =

u, =0 z=%c/2 u,=u, =0 y=2%b/2
Uy =a x=0 uy, =c¢ z=c/2
u, =0 x=-a,0 u, =0 z==c/2
u, =0 y=-b/2 u, =0 y=1b/2

Cy s My, - Ci» My, 2
! ! u, =0 z=%c/2 ' ! u,=u, =0 x=-a,0
u, =b y=b/2 uy=c z=c/2
u, =0 x=-a,0 u, =0 y=-b/2
U, = y=4b/2 u, =0 z=%*c/2

C,, M, z C,, M, d
! ! Uy = z=-c/2 ' u,=u, =0 x=-a,0
u; =c¢ z=c/2 u,=b y=5b/2

Table 2 Boundary conditions for calculating the components of thermal expansion coefficients and strain

magnification vector

Temperature Displacement Location
u, =0 X=-a
u, = same x=0
u,=0 =-b/2
. 4 T=1 ’ !
u, = same y=5b/2
u, =0 z=-c/2
u, = same z=c/2
= 1 = 1
E=—,E,=—
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Fig. 11 Comparison of Eyz in unit and multi cells to verify the boundary condition for calculating effective stiffness

matrix and strain magnification matrix (square-packed array)
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Table 3 Material properties of IM7/K3B

Material Property | Composites (I;}\l/)l%r) l(\;?;rB”)(
£,,(GPa) 183 303 331
Ey = E33(GPa) 8.53 15.2 3.31
G, (GPa) 3.44 9.65 1.23
Vi2 0.26 02 0.35
Va3 0.33 0.2 0.35
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Fig. 17 Components of stress magnification matrix at the selected points of matrix resulting from numerical
analysis and phase average theory (fiber volume ratio : 0.6)
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Table 4 Material properties of Glass/Epoxy

Material Property | Composites (};;Z:Sr) (I;i?:;()
E;1 (GPa) 52.8 85.8 3.31
E,; = E33(GPa) 52.8 85.8 3.31
Gy, (GPa) 473 357 1.23
Vio 0.26 0.2 0.35
Va3 0.26 0.2 0.35

Table 5 Maximum interfacial stresses of various

composites
Composites Normal | Tangential Shear
Graphite/Epoxy 2.46 1.31 2.66
Glass/Epoxy 2.83 1.39 2.82
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