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Thermo-Micromechanical Behavior of Unidirectional

Composites Under Uniform Temperature Change

Heung Soap Choi* and Kyujong Ahn*

ABSTRACT

The effects of interphase between the fiber and the matrix materials and other parameters
like the fiber packing type and the fiber volume ratio on the micro- and macro-thermomechanical
behaviors of unidirectionally fiber-reinforced composites subjected to uniform temperature
change have been studied. The interphases have been modeled by the spring layer which
accounts for continuity of tractions, but allows radial and circumferential displacement jumps
across the interphase that are linearly related to the normal and tangential tractions. For given
material properties and for a™>¢af, the results indicate that uniform temperature cooling
yields a tensile stress at the matrix-side of the interphase and a compressive radial stress at
the interface. The former may induce earlier failure of the composite when the composite is
subjected to additional mechanical loading or thermat cycling. The latter may increase the effective
stiffness of composite in tension with low stiffness interphase properties or partially debonded
fibér-matrix interface. In case of uniform temperature cooling, the effective thermal expansion
coefficient appears to be almost independent of the interphase stiffness due to the existence
of high radial compressive stresses around the fibers. In that case the circumferential stiffness
rather than radial stiffness of interphase has much influence on the distribution of stresses at
the interphase. Also it is shown that the fiber volume ratio plays a more important role in
the magnitude of the effective thermal expansion coefficient of a unidirectional composite than
the fiber packing type does. Numerical calculations in basic cells have been carried out using
the boundary element method.
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Table 1. Comparison of the numbers of unknowns and equations in the basic cells

Boundaries No. of No. of Unknowns No. of Equations
Elements Hexagonal Array Square Array Hexagonal Array | Square Array
Matrix(T™) ;
EF Ngp (u, v, ty, ty) 4Ngr |(u, v, ty ty) 4Ngr |Eq. (5a), 2Ngr |Eq. (5a), 2Ngp
FB Npp (u, ty, Cg) 2Npp+1 |(u, t) 2Nrp |Eq. (5a), 2Npp |Eq. (52), 2Npp
BC Npe (u, v, ty ty) 4ANge (v, te, Cp) 2Npc+1 |{Eq. (5a), 2Nge, |Eq. (5a), 2Npc
Eq. (13), 2NBC
TD Ncp (u, tys Ca)  2Ngp |(u, tys Cy) 2Ngp+1 Eq. (5a), 2N¢p [Eq. (5a), 2Ncp
DE Npg (v, tx Cl) 2Npe+1 (v, tx) 2Npe |Eq. (5a), 2Npe |Eq. (5a), 2Npg
Fiber(T') ;
FE Nrg (U, Vit ty) 4Npe [(u. v, tyty) 4Npg  [Eq. (6), 2Npg, |Eq. (6), 2Ngg,
Eq. (4), 4NFE Eq. (4), 4NFE
EA Nga (tp C) Npa (v, t) 2Nga |Eq. (6), 2Nga, |Eq. (6), 2Nga
AF Nap (uty G MWap  |(u, ty) 2Npar {Eq. (6), 2Nar  |Eq. (6), 2Nap
Egs. (2e, 20), 2 |Eq. (3), 2
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a uniform temperature change, © <0,
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Fig.6. () &,, Grg,» (b) Gy, (c) U at the matrix
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0.5 and 0,6 under a uniform temperature
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Fig.7. (a) &,, 8,9, (b) Gy, (c) U at the matrix
side of the interphase of a hexagonal array
composite of k=0,1 for various V; under a
uniform temperature cooling, © <0,
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