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Prediction of Elastic Modulus of Unidirectional Short Fiber Composite Materials
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Abstract

Elastic modulus of unidirectional short fiber composite has been theoretically derived with the
consideration of Poisson’s ratios of matrix and fiber. Unidirectional short fiber composite is
modeled as an aggregate of grains developed by Kerner. Under the assumption of extra strain at
fiber ends, the strain distribution along the fiber’s length is determined, and the elastic modulus
is derived from this distribution. For the consideration of effects of Poisson’s ratio, Kerner’s
results for particulate composites are adapted as boundary conditions. The effect of differences
in Poisson’s ratio of fiber and matrix on elastic modulus is studied. Proposed equation shows a
good agreement with experimental data of Halpin and Tock, et al.
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fiber length
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Table 1 Mechanical properties for example cal-

culation

Fiber Matrix
Nylon Rubber
E=2.92X10*psi E =300psi
v=0.2 v=0.499
V,=0.35
E-glass Polycarbonate
E=12x%10°psi E=3.16%10°psi
v=0.22
V,=0.3 v=0.35
£/d=313
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Fig. 2 Young’s modulus of unidirectional short fiber
composite with various aspect ratio®
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Fig. 3 Effects of aspect ratio on Young’s modulus of
unidirectional short fiber composites with
varying volume fractions
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Table 2 Effects of Poisson’s ratio on the predic-
tion of Young’s modulus
E;=12X10°psi En=3.16Xx10%psi
vr=0.22 vm=0.35 X 10°psi

Vel 0.1]0.2]0.3]0.4
1/d

50 |11.96{21.19|30.99|41.58

Without

Consideration | 100 [13.19]23.5 134.16/45.29
313 [14.26]25.46|36.78|48.28
50 |10.47|18.45{26.92]|36.56

With
Consideration | 100 [12-13]21.61/31.45/42.04
313 |13.8 {24.68|35.7 147.01
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Fig. 5 Effects of Poisson’s ratio on Young’s modulus
with varying aspect ratio at given volume
fraction(E;=12%10°psi, E»,=3.16 x10 ° psi,
vm=0.35, y,=0.22

Table 3 Dependence of the longitudinal Young’s
modulus on the difference in Poisson’s
ratio of fiber and matrix

v,=0.22, various v, X 10°psi

1d Vo1 01]0.21] 03] 04

0.22 10.41|18.18126.64 | 35.77

50 0.35 10.4718.45|26.92 36.56

0.45 10.96119.40 | 28.54 | 38.32

0.22 12.1 [21.40}31.22|41.49

100 0.35 12.1321.61 | 31.45 | 42.04

0.45 12.5 122.3032.56 | 43.22

0.22 13.79121.59|35.59 | 46.87

313 0.35 13.8 |24.68]35.7047.01

0.45 13.97124.98 | 36.15 | 47.49
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Fig. 6 Effects of the aspect ratio on changes Young’
s modulus due to difference in Poisson’s ratio
of constituents of given volume fraction (E,=
12x10%psi, En=23.16 X 10%psi)
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