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Quasi-static axial compression properties
of circular tube with periodic holes

LI Delong, ZHANG Ke, CUI Shitang, TANG Zhiping

(CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics ,
University of Science and Technology of China, Hefei 230027, China)

Abstract: By combining the compressibility of the multi-cell material and the axisymmetry of the circular
tube, a new energy absorption structure of circular tube with periodic holes was proposed. The mechanical
properties of the structure under axial quasi-static loading were studied by numerical simulation. The
specimens of typical dimensions were processed and quasi-static experiments were carried out. The
experiment proved the reliability of the numerical simulation. The numerical simulation and the
experiment show that under the quasi-static axial compression, the main deformation mode of the
structure is the overall axial uniform compression, the load displacement curve is smooth, the load force is
stable and the amplitude is large, the specific energy absorption and stroke efficiency are moderate, and
the cushioning energy absorption performance is good. The influence of geometric parameters on the

energy absorption performance of the structure was discussed. It is found that the thickness of the circular
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tube decides the magnitude of the mean force, and the relationship between them is linear; with the

increase of the number of periodic openings or cell wall thickness, the mean force increases gradually, the

stroke efficiency decreases gradually, and the specific energy absorption changes little.

Key words: periodic opening; circular tube; axial loading; quasi-static;energy absorption
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Fig. 1 Geometric configuration of circular tube with periodic holes
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Fig. 2 Finite element geometric model
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Tab. 1 The parameters of bilinear elastic-plastic

constitutive model of materials
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Fig. 3 Deformation process of 304 stainless steel circular tube with periodic holes
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Fig. 4 Load displacement curve of A3 steel structure
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Fig. 5 Load displacement curve of 304 stainless steel structure Fig. 6 Deformation process of Specimen 1
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Tab. 2 Concrete energy absorption results of circular tube with periodic holes
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Tab. 3 Different computational models and numerical simulation results
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FFFLEL /mm /mm /mm /] /(Jeg ™ /kN BB /mm &

1 9 3.6 5 40.5 656. 9 6.3 40. 3 16.3 140. 2%

2 9 4 5 40.1 730. 2 6.4 47.7 15.3 38.1%

3 9 4.4 5 39.7 800 6.5 55. 6 14. 4 36.2%
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