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Abstract

Effects of fiber-matrix interphases on the micro- and macro-mechanical behaviors of unidir-
ectionally fiber-reinforced composites subjected to transverse shear loading at remote distance
have been studied. The interphases between fibers and matrix have been modeled by the spring
-layer which accounts for continuity of tractions, but allows radial and circumferential displace-
ment jumps across the interphase that are linearly related to the normal and tangential tractions.
Numerical calculations for basic cells of the composites have been carried out using the boundary
element method. For an undamaged composite the micro-level stresses at the matrix side of the
interphase and effective shear stiffness have been computed as functions of fiber volume ratio V;
and interphase stiffness k. Results are presented for various interphase stiffnesses from the
perfect bonding to the case of total debonding. For a square array composite the results show that
for a high interphase stiffness k >10, an increase of V increases the effective transverse shear
modulus G of the composite. For a relatively low interphase stiffness k<1, it is shown that an
increase of V; slightly decreases the effective transverse shear modulus. For the perfect bonding
case, GG for a hexagonal array composite is slightly larger than that for a square array composite.
Also for a damaged composite partially debonded at the interphase, local stress fields and
effective shear modulus are calculated and a decrease in G has been observed.
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Table 1 The number of unknown parameters and equations for the basic cell of Fig. 1(c)

Boundaries No. of elements No. of unknowns No. of equations
Matrix (/™);
HG Nig 4N, (UV tyoty) 2Ny, (Eq. (8a))
GB Nes 2Nea+1, (U,ty,Co) 2Ner, (Eq. (8a))
BC Nie 4Nye, (UV,txty) 2Nie, (Eq. (8a))
2Ngc, (Eq. (4b))
CH New 2Ne+1, (VitxCo) 2Ney, (Eq. (8a))
Fiber (I'");
GH Nin (=Nic) 4N, (UV tty) 2Nau, (Ea. (9))
4Ngu, (Eq. (1))
HA Nia 2N, (Vitx,Co) 2Nua, (Eq. (9))
AG Nac 2Nae, (Uty,Co) 2N, (Eq. (9))
2,Equilibrium Eqgs. (5a, 5b)
Table 2 The number of unknown parameters and equations for the basic cell of Fig. 2(b)
Boundaries No. of elements No. of unknowns No. of equations
Matrix (I™);
HG I\ 4Ny, (v, toty) 2Nue, (Eq. (8a))
GB Ns 2Ngs+ 1, (V.tCo) 2Ngs, (Eq. (8a))
BC Nic 4Nge, (1,v,tty) 9Nge, (Eq. (8a))
2Nee, (Eq. (6b))
CD N 2Nen, (v,tCo) 2Nen, (Eq. (8a))
bH Ny 2Npy+1(u,ty,Cy) | 2Now (Eq. (82))
Fiber (I'");
GH Non (=Nue) 4Nen, (UV,taty) 2Nai (Eq. (9))
4Ney, (Eq. (1))
HA | Nua 2Nua, (uty.C) | 2Nua (Eq. (9))
AG N 2Npe, (v,1,Cs) 2Nag, (Eq. (9))
2, Equilibrium Eqs. (7a, 7b)
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