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Prediction of Effective Stiffness on Short Fiber Reinforced Composite Materials
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Abstract

Effective stiffness of short fiber composite with a three-dimensional random orientation of
fibers is derived theoretically and compared with available experimental data. The laminate
analogy and transformed laminate analogy are used for modulus prediction of 2-D and 3-D
random composites, respectively. The effective stiffness of random oriented fiber composite can
be expressed in terms of longitudinal and transverse stiffnesses of unidirectional composites. The
result of transformed laminate analogy is more accurate than other approaches such as,
Christensen-Waals equation] and Lavengood-Goettler equation, etc. Also the effective properties
of random oriented fiber composite can be expressed in terms of fiber and matrix properties such
as elastic modulus, shear modulus and Poisson’s ratio.
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Fig. 1 Laminate analogy model
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Fig. 2 Transformed laminate analogy model
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Table 1 Materials properties
Polycar- 1/8 in. E-glass Aluminum Sic
bonate fiber
E=2GPa E=82GPa E=69GPa |E=700GPa
v=0.35 v=0.22 v=0.33 v=0.2
Aspect Aspect
ratio : 313 ratio : 13.5

Table 2 Experimental data and theoretical values of
2-D random fiber composites with various
volume fractions. System is 1/8 inch E-glass

in polycarbonate matrix“® (GPa)

E VA o {01 |02]03]04
Exp. data 20 | 52 | 9.0 | 100 | 137
E (Tsai-Pagano) 22 | 54 | 85 | 124} 163
E (Christensen-Waals) 22 | 52 (81 111141
E (Present analysis Eq. 11)| 2.1 | 52 | 83 | 11.5 | 149

Table 3 Experimental data and theoretical values of
3-D random fiber composites with various

is Al/SiC
(GPa)

volume fractions. System
composite'®

E Vfl o |o151 02 | 023028

Exp. data 69 | 90.1 |102.5]107.3| 120
E (Lavengood-Goettler) 69 |89.3 | 95.5| 99.1(105

E (Christensen-Waals) 69 |100.31110.7|116.9]127.4

E (Present anaiysis Eq. 13)| 69 | 91.9| 97.1{101.9(109.8

Table 4 Experimental data and theoretical values of
2.D and 3-D random fiber composites with
various aspect ratio. System is a boron/
epoxy composite and volume fraction is 0.405»

(GPa)
E Aspect ratiol 14 | 50 | 100 | 150 | 250
Exp. data® 217 | 329 | 440 | 56.7 | 663
E*(Tsai-Pagano) 216 | 436 | 53.0 | 57.3 | 61.4

E* (Present analysis Eq. 11) [ 20.1 [ 39.8 | 48.1 | 52.0 | 555

E**(Lavengood-Goettler) | 16.4 | 28.2 | 33.8 | 355 | 37.6

E**(Present analysis Eq. 13) | 18.3 [ 36.6 | 45.3 | 48.0 | 51.4

*; 2-D case ** . 3-D case



WS FPARY) BAAS S

w  Experimental data {13}

15 4 1 Tsai- Pagano
2 Christensen - Waals
3 Present analysis (Eq. 11)

Young's Modulus (GPa)

0.0 0.1 0.2 03 a4 0.5

Volume Fraction

Fig. 3 Comparison between experimental data and
theoretical values of 2.-D random fiber
composite System is 1/8 inch E-glass in
polycarbonate matrix®®
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Fig. 4 Comparison between experimental data and
theoretical values of 3-D random fibrer
composite. System is Al/SiC composite?
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Fig. 5 Dependence of Young’s modulus on fiber as-
pect ratio in 2-D random fiber composite.
System is boron/epoxy composite®®
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Fig. 6 Dependence of Young’s modulus on fiber as-
pect ratio in 3-D random fiber composite.
System is boron/epoxy composite!'®
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& el 4] A 4 (longitudinal and transverse
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