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A Study on the Local Buckling Collapse Behavior of an Aluminum
Square Tube Beam under a Bending Load
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Abstract

To analyze the bending collapse behavior of an aluminum square tube beam under a bending load, a
finite element simulation for the four-point bending test has been performed. Using an aluminum tube
beam specimen partly inserted with two steel bars, the local buckling deformation near the center of the
tube beam was induced. The maximum bending load and the bending collapse behavior obtained from
the numerical simulation were in good agreement with experimental results. Using a combination of the
four-point bending test and its finite element simulation, analysis of the local buckling and the
accompanied bending collapse behavior of aluminum tube beam could be quantitative accomplished.
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Table 1 Mechanical properties of aluminum
6063TS
Density | Young’'s modulus| Yield stress | Ultimate stress
(kg/m') E(oh) o (k) a (M)
2700 69 1965 214.8
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Fig. 1 Stress-strain curve of aluminum 6063T5
() obtain from tensile test {b) for simulation
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Fig. 2 Four-point bending test
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(a) Before test

(b) Without steel bar (c) with steel bar

Fig. 3 Results of four-point bending test of Al
tubes
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Fig. 4 Steel bar
experimental load-displacement curves
of an Al tube beam
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Fig. 5 1st buckling mode shape near the center
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Fig. 7 Bending collapse behavior of a steel bar inserted Al tube at various stages of loading
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Fig. 9 Numerical and experimental curves of an
Al tube without steel bar
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Table 2 Comparison between numerical and
experimental results of Al tubes

Flexural { Maximum { Absorbed
Stiffness | Load energy
(N/mm) (kN) (kN -mm)
with |FEM| 2582 1.39 44.9
steel | Test | 222.147 | 1.381004 43.61;
bar |Emor| 15% 0.5% 3%
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steel | Test ] 184.747 | 1.341c05 42934,

bar |grror| 32% -4.9% -4%

Fig. 11 Kecman's hinge mechanism
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