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Axial-crushing performance of aluminum foam-filled 6082 — T6
aluminum alloy circular tube
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Abstract: The composite components composed of thin-walled metal tubes and foam materials have advantageous
energy dissipation capability. In this study, aluminum foam-filled 6082 — T6 aluminum alloy circular tubes were
proposed as energy absorption composite components in building structures. Twenty groups of empty aluminum
tubes and aluminum foam-filled composite tubes with different dimensions were tested under axial static compressive
load to investigate the deformation behavior, failure mechanism, and energy absorption capacity of aluminum foam-
filled 6082 — T6 aluminum alloy circular tubes. Experiment results show that the specimens exhibited three failure
modes under axial compression, including splitting failure, symmetry folding and splitting failure, folding and
splitting and irregular deformation failure. Filling aluminum foam could effectively improve the deformation capacity
of the components, prevent irregular deformation failure, and enhance their energy absorption capacity. Finite
element (FE) model was established based on LS — DYNA , and parametric study was carried out. It shows that the
peak crush load and energy absorption capacity of the tubes increased with the increase in the thickness and
diameter of the tubes. Moreover, instability of the tubes was observed from the numerical results when the ratio of
height to diameter exceeded a certain value, while filling aluminum foam could increase the critical height to
diameter ratio of the components.
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Fig. 1 Fabrication process of specimens
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Tab.1 Mechanical properties of 6082 —T6 aluminum alloy

D/mm t/mm E/GPa o,/MPa o,/ MPa e
60 2 70.4 307.7 321.8 0.072
76 3 71.2 320.8 332.8 0.101
76 4 70.2 320.7 331.9 0.111
89 4 69.4 338.9 357.5 0.161
89 5 68.3 304.4 329.8 0. 140
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Fig.2 Stress-strain curves of aluminum foam under axial compression
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Tab.2 Parameters of specimens and experiment results

[N A D/ mm Lo/ MM H,/mm E./] Frer/kN Fycr/kN TCLE NS
E-60-2-100 59.80 2.03 100.3 3432.7 119. 88 50.43 0.42 F
E-60-2-120 59.82 2.08 120.7 3285.7 119.67 48.27 0.40 F
E-76 -3 -100 75.84 2.97 99.0 8333.8 231.04 116.00 0.50 R+F
E-76 -3 -120 75.63 2.96 119.8 7 806.5 231.24 108. 66 0.47 R+F
E-76 -4 -100 75.85 3.90 99.5 13 528.9 313.62 175.67 0.56 R+F+1
E-76 -4 -120 75.82 3.94 119.6 15085.1 313.51 165.89 0.53 R+F+1
E-89-4-120 89.15 4.09 120.3 19 810.1 376.86 214.32 0.57 R+F+I1
E-89-4-150 89.12 4.20 150.6 17 920.7 392.52 191.95 0.49 R+F+I1
E-89-5-120 89.14 5.06 120.0 20 803.0 459.76 253.70 0.55 R+F+I1
E-89-5-150 89.00 5.11 150.3 21 181.2 461.22 257.12 0.56 R+F+I1
F-60-2-100 59.83 2.06 100.7 5519.6 122.12 55.69 0.46 F
F-60-2-120 59.87 1.95 120.2 7 359.9 120.38 57.51 0.48 F
F-76 -3 -100 75.78 2.90 100.3 10 809.2 240.80 124.88 0.52 R+F
F-76 -3 -120 75.80 2.99 120.3 12 753.6 234.20 117.82 0.50 R+F
F-76 -4 -100 75.83 3.90 100. 4 13 482.9 325.90 186.26 0.57 R+F
F-76 -4 -120 75.81 3.78 119.5 18 837.5 327.61 197. 84 0.60 R+F
F-89-4-120 89.17 4.22 120.2 22 186.1 397.01 240.79 0.61 R+F
F -89 -4-150 89.13 4.14 149.5 27 186.1 396.56 227.04 0.57 R+F
F-89-5-120 89.00 5.01 118.8 24 988.9 470.56 281.77 0.60 R+F
F-89-5-150 88.99 5.08 150.5 34 003.5 474.28 282.66 0.60 R+F+1
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Fig.3 Axial compression experiment setup
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Fig.4 Deformation process of different failure modes
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Fig.5 Load-displacement curves of different failure modes
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Fig.6  Comparison of load-displacement curves of foam-filled
tube and empty tube
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Tab.3 Parameters of constitutive model for aluminum alloy

() MLIRE IR

D x t/mm A/MPa B/MPa n W,./MPa
60 x2 307.7 309.2 0.59 31.2
76 x3 320.8 200.9 0.65 81.5
76 x4 320.7 256.7 0.73 100.8
89 x4 338.9 301.4 0.71 160.3
89 x5 304.4 334.5 0.72 125.4
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Tab.4 Parameters of constitutive model for aluminum foam
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Fig.8 Load-displacement curves of experiment and simulation
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Fig.9 Failure modes of experiment and simulation
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Tab.5 Comparison of experiment and simulation results of Fy; and Fy,

K5 Fper_pxp/kN Fper_s/kN RE/ % Fyer-gxp/kN Fyer-sm/kN W/ %
E-60-2-100 119.88 126.50 5.52 50.43 49.84 -1.17
E-60-2-120 119.67 119.22 -0.38 48.27 46.22 -4.24
E-76 -3 -100 231.04 237.66 2.86 116.00 107.17 -7.62
E-76-3-120 231.24 248.12 7.30 108. 66 113.94 4.86
E-76 -4 -100 313.62 323.35 3.10 175.67 178.50 1.61
E-76 -4-120 313.51 317.71 1.34 195.89 177.89 9.19
E -89 -4-120 376.86 402. 65 6.84 214.32 202.07 -5.72
E -89 -4 -150 392.52 401.99 2.41 191.95 203.28 5.90
E-89-5-120 459.76 454.62 -1.12 253.70 234.44 -7.60
E -89 -5-150 461.22 467.73 1.41 257.12 244.58 -4.88
F-60-2-100 122.12 126.08 3.24 55.69 60. 15 8.01
F-60-2-120 120.38 118.89 -1.24 57.51 61.84 7.53
F-76 -3 -100 240. 80 240.93 0.06 124.88 116.57 -6.65
F-76 -3 -120 234.20 250. 64 7.02 117.82 114.70 -2.65
F-76 -4 -100 325.90 326.64 0.23 166.26 170.31 2.44
F-76 -4 -120 327.61 319.17 -2.58 147.84 157.36 6.44
F-89-4-120 397.01 404.90 1.99 240.79 229.00 5.15
F-89-4-150 396. 56 400. 14 0.90 227.04 217.44 -4.23
F-89-5-120 470.56 455.26 -3.25 261.77 263.37 0.61
F-89-5-150 474.28 461.90 -2.61 282. 66 288.87 2.20
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absorbing characteristics
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