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Fig.1 The engineering tensile stress-strain curves of profile materials. (a) AA6063 T6, (b) Stainless steel.
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Tab.1 The types of square tubes

Out tube Inner tube
Section (mm) Thickness (mm) Section (mm) Thickness (mm)
1 38X38 0.9
2 25X 25 0.9
AL”
3 25X 25 1.2
4 25X 25 2.0
SS* 5 24 X 24 0.6

* AL; AA6063 T6 SS.: Stainless Steel
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2
Tab.2 The parameters of specimens
Out tube-Inner tube Foam - E
Specimen Thickness Mass Mass Density Mode” St.
(g) dJ/
(mm) (g) (g) (g/cm?)

El0a 0.9-0 36. 8-0 36. 8 A 0. 64 10. 84
E10b 0.9-0 36. 8-0 36. 8 A 0. 69 11.28
El0c 0.9-0 36. 8-0 36. 8 A 0.70 10.92
S10a 0. 9-0 36. 8-0 65.9 0. 44 102.7 B 0.58 10. 24
S10b 0. 9-0 36. 8-0 65.7 0. 44 102.5 B 0. 66 11.32
S10c 0.9-0 36. 8-0 65.6 0. 44 102. 4 B 0.62 10.13
D12a 0.9-0.9 36.8-24.5 31.0 0. 40 92.3 B 0.69 13.68
D12b 0.9-0.9 36.8-24.5 29.6 0. 38 90.9 C 0.61 12.15
D12c 0.9-0.9 36.8-24.5 29.5 0. 38 90. 8 B 0.75 12.79
Dl13a 0.9-1.2 36.8-38. 8 32.6 0.42 108. 2 B 0.69 13.95
D13b 0.9-1.2 36.8-38.8 35.4 0.45 111.0 B 0.69 14. 10
D13c 0.9-1.2 36.8-38.8 36.7 0. 47 112.3 B 0. 69 14. 48
Dl4a 0.9-2.0 36.8-55.3 36.1 0. 46 128.2 B 0.68 19. 39
D14b 0.9-2.0 36.8-55.3 35.95 0. 45 127.6 B 0.69 20. 27
Dl4c 0.9-2.0 36.8-55.3 33.2 0.42 125.3 B 0. 66 19.55
Dl15a 0.9-0.6 36.8-50. 8 34.3 0.41 121.9 B 0.73 12. 68

D15b 0.9-0. 6 36.8-50. 8 35.7 0.43 123.3 B - -
D15¢ 0.9-0. 6 36.8-50. 8 31.3 0.37 118.9 C 0. 64 12.00
D12a-Corner 0.9-0.9 36.8-24.5 17.1 0.37 78.4 C 0.63 13.18
D12b-Corner 0.9-0.9 36.8-24.5 18.3 0. 40 79.6 C 0.63 13.98

% A Buckling, B: Out-tube tearing, C: Out-tube buckling.

Fig. 3

@

(a) Empty tube, (b) foam-filled single tube, (¢) foam-filled double tube., (d) foam filled in corners
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Fig. 4 The dimensions of the structure

with foam filled in corners
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Fig. 5 The deformation mode observed in the experiments
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Fig. 7 Comparison of the energy absorption abilities of different structures.
(a) total energy absorption, (b) specific energy absorption.
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Fig. 9 Comparison of the energy absorption abilities of different deformation modes of foam-filled double tube structure.

(a) total energy absorption, (b) specific energy absorption.
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Fig. 10 The effect of the inner tube thickness on the force-displacement curves of foam-filled double tube structure
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Fig. 11 The effect of the inner tube thickness on the energy absorption of the foam-filled double tube structure.

(a) total energy absorption, (b) specific energy absorption.
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Fig. 12 The effect of the inner tube material on the force-displacement curves of foam-filled double tube structure
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Fig. 13 The effect of the inner tube material on the energy absorption ability of foam-filled double tube structure.

(a) total energy absorption, (b) specific energy absorption.
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Experimental investigations on the quasi-static axial crushing
of foam-filled double square columns

GUO Liu-wei, YU Ji-lin
(CAS Key Laboratory of Mechanical Behavior and Design of Materials, University of Science and Technology of China, Hefei 230027)

Abstract. Experimental studies on the quasi-static axial crushing of foam-filled double square columns
were carried out. It was revealed that the load carrying capacity and the energy absorption efficiency of
the foam-filled double tube structure are higher than those of the corresponding empty and foam-filled
single square columns. For the foam-filled double tube structure, the stroke efficiency and the energy
absorption efficiency under the outer tube tear failure mode is higher than that under the progressive
buckling mode. And a new filling method, i. e. foam filled in corners of the double square column, is
tested and it is found that its deformation mode is much stable and the energy absorption efficiency is
higher. The effect of the inner tube thickness and material on the response was also investigated. It
shows that, thickening the inner tube will increase the energy absorption ability. But enhancing the
inner tube material affects the structural response little.

Keywords: foam-filled double square columns; quasi-static axial crushing behavior; mass efficiency of

energy absorption



