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Abstract

An aluminum or CFRP (Carbon Fiber Reinforced Plastics)is representative one of light-weight
materials but its axial collapse mechanism is different from each other. The aluminum member absorbs
energy by stable plastic deformation, while the CFRP member absorbs energy by unstable brittle failure
with higher specific strength and stiffness than those in the aluminum member. In an attempt to achieve
a synergy effect by combining the two members, aluminum CFRP compound square members were
manufactured, which are composed of aluminum members wrapped with CFRP outside aluminum square
members with different fiber orientation angle and thickness of CFRP, and axial collapse tests were
performed for the members. The axial collapse characteristics of the compound members were analyzed
and compared with those of the respective aluminum members and CFRP members. Test results showed
that the collapse of the aluminum CFRP compound member complemented unstable brittle failure of the
CFRP member due to ductile characteristics of the inner aluminum member. The collapse modes were
categorized into four modes under the influence of the fiber orientation angle and thickness of CFRP.
The absorbed energy per unit mass, which is in the light-weight aspect, was higher in the aluminum
CFRP compound member than that in the aluminum member and the CFRP member alone.
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Fig. 1 Configuration of the test specimens

Table 1 Material properties of the aluminum

. Poisson's | Young's Yield Tensile
Density ratio modulus stress stress
2.68x10° | 031 67.2 165 192
[kg/m’] [GPa] [MPa] [MPa]

Table 2 Material properties of the CFRP prepreg

sheet

Types | Fiber Resin Prepreg sheet

Properties (Carbon) {(Epoxy #2500)| (Fiber direction)
. 1.83x10° | 1.24x10°

Density [kg/m3] [k g/ma] -
Poisson's _ i 03
ratio
Young's 240 3.60 | 132.7
modulus [GPa] [GPa] [GPa]
Tensile 4.89 0.08 1.85
Strength [GPa] [GPa} [GPa]
Breaking 2.1 3.0 13
elongation [%] [%] [%]
Resin content - - [%? 3Wt]
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Fig. 2 Load-displacement curves of specimens
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Fig. 3 Typical collapse modes and section of compound members: (a) compound split mode (b) compound

fragmentation mode (c) compound folding mode (d) fragmentation and split mode
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