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Abstract

This paper predicted the equivalent stiffness of spatially reinforced composites (SRC) using the volume

average of a fiber rod and matrix stiffness, and the strength of SRC using the stiffness reduction and the

modified Tsai-Wu composite failure theory. Those equivalent engineering constants are used to analyze the

mechanical behavior and the failure of SRC structures. Because the distribution of equivalent engineering

constants is varying with the change in SRC shape, we made a program that predicts engineering constants of
SRC. Both 3-D and 4-D SRC show the smallest tensile modulus and the largest shear modulus at the
maximum rotated direction from each rod. Also the strength properties show the same tendency.
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Fig. 2.1. Local and global

coordinate system for a rod.
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Fig. 2.2. Unit cell of the 3-D SRC.
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Fig. 2.4. Arbitrary direction of the
SRC.

Table 2.1 Material properties of the

rod.
Symbol Rod
d(mm) i
E;(GPa) 166
Ezr, E3,(GPa) 683
Giar, G13:(GPa) 2.99
Ga3(GPa) 2.39
Vizr, Vi3t 0.304

Table 2.2 Material properties of the carbon

matrix.
Symbol Carbon matrix
En(GPa) 3
Vim 0.35

Level Exx(MPa)
15 358E404
W 14 3.39E+04
=1 13 3196404
12 2.99E+04
11 2.79E+04
10 259E+04
9 2.39E404
8 219E+04
7 1.99E+04
6 1.79E404
B 5 1.60E+04
4 1.40E+04
3 1.20E+04
2 1.00E+D4
1 8.01E+03

Fig. 2.5. Tensile modulus distribution of
the 3-D SRC.
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Fig. 2.6. Tensile modulus distribution of the 4-D
SRC.
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Fig. 3.1. Strength distribution of the 3-D SRC.
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