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Stiffness Prediction of Spatially Reinforced Composites

Jae-Seok Yoo, Young-Soon Jang*, Sang-Eui Lee”, Chun-Gon Kim'

ABSTRACT

In this study, the stiffness of spatially reinforced composites (SRC) are predicted by using superposition of a
rod and matrix stiffnesses in an arbitrary direction. To confirm the predicted values, the material properties of
SRC are measured. The predicted values from the volume average of stiffness matrix are consistent with the
tested values in a rod direction, but are inconsistent in an off-rod direction while reverse is true for the
volume average of compliance matrix. Therefore, the harmony function from superposition of stiffness and
compliance matrix is introduced. The predicted values from the harmony function are consistent with the tested
values in both the rod and the off-rod directions.
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Table 1 Material properties of the carbon fiber

Property T300 T310
220.6

204.5

Elastic modulus in fiber direction (GPa)

Elastic moduli in transverse directions (GPa) 13.79
Shear moduli in 1-2 and -3 planes (GPa) 8.96
Shear modulus in 2-3 plane (GPa) 4.82
Poisson's ratios 0.2
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Property CST rod
Elastic modulus in fiber direction (GPa) 136.0
Elastic moduli in transverse directions (GPa) 7.97
Shear moduli in 1-2 and 1-3 planes (GPa) 3.86
Shear modulus in 2-3 plane (GPa) 2.92
Poisson's ratios 0.234
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Fig. 3 Local and global coordinate system for the rod.
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Fig. 6 Arbitrary direction of the SRC.
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Fig. 7 Young's modulus distribution of the 3D SRC.
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Fig. 8 Shear modulus distribution of the 3D SRC.

Fig. 9 Shear test fixture for the 3D SRC.
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Fig. 11 Young's modulus distribution of the 4D SRC.
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Fig. 15 Rod tension test.
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5
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