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A Study on Buckling Behavior of Aluminum Circular Tubes
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{Received October 1, 2008)

Abstract The circular tubes made of aluminum are generally known for excellent specific elasticity and high
energy absorption capabilities. Automobiles employ energy absorbing applications to protect us in case of an
accident. In order to enhance the engineering design element of structure parameters, such as tube length, £
thickness, f and mean radius, R, the buckling examinations of circular tubes are conducted at quasi-static rate. For
comparison, the hexagonal thin-walled tubes are also tested. The buckling examinations are observed in sequence,
and then the buckling behaviors are classified under three deformation modes. Cracks are detected in the top of
wrinkles at non-axisymmetric buckling. The influence caused by crack initiation has been discussed. It is found
that the absorbed energy per umit weight, e,, both circular and hexagonal tubes considerably depends on tube
length. Approximate equation is as follow. e,, = 1773¢%°%2 1t is confirmed that the primary peak stress, o7 and

the mean stress, d,, obtained from experimental testing can be extremely predicted using equafions proposed

Ushijima et al..
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Fig.1 Tube geometry and loading condition

Table 1 Values of the parameters in material used

ABOG3-TS R{mm} | t(mm) pra—
2 1
Circular tube 100 30 500 0G0
250 500

Hexagenal thin
walled tube

a0

3 =EBER

3.1 EEFABRER

Fig.2 %, @R /=20mm THE t=3mm B LT 5mm
OAEFEEERR BT OWE-EMNHRATH D,
AR L ERO L EE LR Lk, HE 3mm D
MEFEIZEPATHRR L%, RELIICRAMET
Uiz, —% . AE Smm OFG. ()R THRIRER LK
#®. RAODWmE R Lz,

1000

Circular tube S (d)
800 _ L
Z 2=20mm 1= Smm
— e
& 600 © e
%400 ‘,__[,,-«-"
— S () (b)
200 _" t=3mm d
N

0 2 4 6 8 10 12 14 16
Displacement, 6/ mm

Fig.2 Typical load-displacement curves of the circular

tubes with #=20mm height

Fig.3  Sequential observation of the circular tube during

buckling deformation. (a)~(d) agree with symbols in Fig.2
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Fig4  Typical load-displacement curves of the circular
tube with £=100mm height
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Fig.5 Sequential observation of the circular tube during

buckling deformation. (a)~(f) agree with symbols in Fig.4
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Fig.6 Typical load-displacement curves of the circular
tubes with £=250mm height

Fig.7  Sequential observation of the circular tube during

buckling deformation. (a)~(i} agree with symbols in Fig.6
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Sequential observation of the circular tube during
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Fig.9
buckling deformation. (a)~(h) agree with symbols in Fig.8
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Fig.10  Typical load-displacement curves of the circular

tube with ¢£=1000mm height

Sequential observation of the circular tube during

Fig.11
buckling deformation. (a)~(d) agree with symbols in Fig.10
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Fig.12 Schematic micrographs of typical examples of the

crack initiation around the top of wrinkles at

non-axisymmetric buckling deformation
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Fig.13  Typical load-displacement curves of the hexagonal

thin-walled tube with £=250mm height

(d)
Fig.14  Sequential observation of the hexagonal

thin-walled tube during buckling deformation.

(a)~(d) agree with symbols in Fig.13
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Fig.15 Dependence of the tube length, £ on absorbed

energy per unit weight, e,,, in present study
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Both open points are experimental results
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