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Bending Performances and Collapse Mechanisms of Light-weight Aluminum-GFRP
Hybrid Square Tube Beams

oky

Sung-Hyuk Lee’, Hyung-Jin Kim', Young-Wook Chang~, Nak-Sam Choi~

ABSTRACT

Bending collapse of light-weight square tubes used for vehicle structure components is a dominant failure
mode in oblique collision and rollover of wvehicles. In this paper bending performances of aluminum-GFRP
hybrid tube beams were evaluated in relation with bending deformation behavior and energy absorption
characteristics. Aluminum/GFRP hybrid tube beams fabricated by inserting adhesive film between prepreg and
metal layer were used in the bending test. Failure mechanisms of hybrid tubes under a bending load were
experimentally investigated to analyze the bending performance as a function of ply orientation and composite
layer thickness. Ultimate bending moments and energy absorption capacity of hybrid tube beams were obtained
from the measured load-displacement curves. It was found that aluminum/GFRP hybrid tubes could be
converted to rather stable collapse mode showing excellent energy absorption capacity in comparison to the
pure aluminum tube beams. In particular, the hybrid tube beam with [0°/90°]s composite layer showed a large
improvement by about 78% in energy absorption capacity and by 29% in specific energy absorption.
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Fig. 1 Bending collapse behavior of aluminum tube beams obtained from
three-point bending test.
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Fig. 2 Experimental load-displacement curves of aluminum tube beams.
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Fig. 3 Manufacturing process for the hybrid tube beams.
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Fig. 4 Curing cycle for manufacturing hybrid tube beams.

Table 1 Designations of various aluminum-glass fabric/epoxy hybrid tube

beam specimens (a: outer width, b: outer height, t: thickness).

Specimen Cross-sectional dimension

axb Xt (mm)

Al - fabric 2 ply (with co-curing) 20.5x20.5 x1.25

Al - fabric 2 ply (with adhesive) 20.5%20.5 x1.25
Al - fabric 4 ply (with co-curing) 21%21 x1.5

Al - fabric 4 ply (with adhesive) 21x21 x1.5
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Table 2 Designations of various aluminum-UD GFRP hybrid tube beam
specimens (a: outer width, b: outer height, t: thickness)

Specimen Dimension Specimen Dimension
axb Xt (mm) axb Xt (mm)
Al-[07], 20.5%205 x1.25 Al -[0°/90°]; 21x21 x15
Al-[07], 21%21 X1.5 Al -[90°/07] 20.5%205 x1.25
Al -[90°], 20.5%205 x1.25 Al -[90°/0°] 21x21 x15
Al -[90°], 21x21 x15 Al -[45°/-457] 20.5%20.5 x1.25
Al -[07/90°] 20.5%205 x1.25 Al -[45°/-45"); 21x21 x15

Test speed : 10mm/min .
I:I Hybrid tube beam

/

I~ 400mm g

500mm
Fig. 5 Schematic diagram of three-point bending test.
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controller
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Fig. 6 Experimental set-up for three point bending test.
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Fig. 7 Experimental load-displacement curve and bending collapse photos

of fabric 4ply(with co-curing) hybrid tube beam.
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Table 3 Bending performance enhancement of aluminum-glass fabric/epoxy
hybrid tube beams: Each value in the table is average one

. Maximum moment Absorbed energy
Specimen type % %
(Nm) (9)

Allmm 10451 +16 100 33.76 105 100
Febric-2ply 151.21 428 145 3915 105 116
Fabric. 2y 16263 208 156 2404 112 130
Fabric - 4pl

with wﬂ?m); 21455 +108 205 48.07 +08 142
Febric. 4ply 22556 191 216 5431 415 161

Table 4 Bending performances per unit weight of the various aluminum-
glass fabric/epoxy hybrid tube beams: Each value in the table

IS average one
. Maximum moment/weight Absorbed energy/weight
Specimen type % %
(N-m/Kg) (J/Kg)

Allmm 1.02 100 0.33 100
Fabric - 2ply 125 123 032 o7
Fabric - 2pl

(with adnesiee)y 134 131 0.36 110
Fabric - 4ply

(withcocuring 154 151 034 103
Fabric- 4ply 161 158 039 118
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Fig. 10 Experimental load-displacement curve and bending collapse photos
of aluminum-UD GFRP [0°]4 hybrid tube beam.
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Fig. 11 Experimental load-displacement curve and bending collapse photos
of aluminum-UD GFRP [90°]4 hybrid tube beam.
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Fig. 12 Experimental load-displacement curve and bending collapse
photos of aluminum-UD GFRP [0°/90°]S hybrid tube beam.
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Fig. 13 Experimental load-displacement curve and bending collapse photos

of aluminum-UD GFRP [45°/-45°]S hybrid tube beam.
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Table 5 Bending performance enhancement of aluminum-UD GFRP hybrid
tube beams: Each value in the table is average one

Specimen type Maxlrzu;\ rrr‘n)oment % Absorb(ejd)energy %
Al 1mm 10451 +16 100 33.76 +05 100
[0, 182.77 155 175 45.40 +13 135
[0, 223.04 +34 213 48.87 +07 145
[90°], 127.37 67 122 36.70 +6.4 109
[907], 145.42 128 139 25.87 +59 77
[0°/907] 157.08 66 150 42.13 136 125
[0°/90°]¢ 240.23 +123 230 59.90 +4.1 178
[90°/07] 148.95 39 143 40.90 +05 121
[90°/0°]s 220.82 49 211 55.08 3.4 163
[45°/-457] 140.50 18 134 46.31 +12 137
[45°/-45']¢ 157.86 60 151 51.93 +29 154

Table 6 Bending Performance per unit weight of various aluminumUD GFRP
hybrid tube bearrs: Each value in the table is average one

Specimen type Maximu(mNr.v:‘Jr/n:;)t/weight % Absorhe:i Jezz}g)ylweight %
Al 1mm 1.0162 100 0.3283 100
[0, 1.4934 147 0.3710 113
[0, 1.5662 154 0.3001 105
901, 1.0407 102 0.1817 91
[90°], 1.0211 100 0.3451 55
[0°/90°] 1.2867 127 0.4224 105
[0°/907]s 1.6942 167 0.3350 129
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