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Study of Energy Dissipation in Accordion Thin-Walled Tubes
under Axial Cyclic Loads
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Abstract: Energy absorber systems like metallic dampers for controlling the structural vibrations due to earthquake have
witnessed considerable development in the past few decades. Also there are some studies on the energy absorption of thin-walled
tubes due to impact load. Thin-walled tubes have a large deformation capacity and are suitable energy absorbers in the structure
during an earthquake provided that a suitable inelastic buckling mode obtains. This paper deals with the study of energy
dissipation in accordion thin-walled tubes and their behavior due to axial cyclic loads. For this purpose, experimental and
analytical studies have been performed. Experimental studies were conducted on specimens available in the market by dynamic
tension and compression actuator. Analytical studies are based on finite element methods and nonlinear inelastic dynamic
analysis. These studies are focused on the effects of mechanical and geometrical parameters of these tubes like shape, thickness,
diameter, length and material type of tube on the amount of energy dissipation and axial stiffness. The results show that
accordion thin-walled tubes exhibit satisfactory energy absorption behavior and that proper selection of the parameters yields the
optimum design of this metallic damper.

Keywords: Hysteretic metallic damper, Accordion thin-walled tube, Energy dissipation, Seismic retrofitting
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straight thin-walled tube 9. mushrooming buckling 18. stainless steel
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Euler buckling 13. groove 22. strength reduction
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technique 17. Von Mises

Soong, T., and Dargush, G. F., Passive Energy
Dissipation Systems in Structural Engineering, 31
ed., p. 27, John Willey & Sons Ltd., London and
New York, 1997.

Aoyama, H., “Technological Development of
Earthquake Resistant Structures,” Expert Committee
on Advanced Technology for Building Structures,
Tokyo, Japan, 1987.

Whittaker, A. S., Bertero, V. V., Thompson, C. L.,
and Alonso, L. J., “Earthquake Simulator Testing of
Steel Plate Added Damping and Stiffness Elements,”
EERC-89/02, University of California at Berkeley,
California, 1989.

Tsai, K. C., Chen, H. W., Hong, C. P., and Su, Y. F.,
“Design of Steel Triangular Plate Energy Absorbers
for Seismic Resistant Construction,” FEarthquake
Spectra, Vol. 9, No. 3, pp. 505-528,1993.

Dargush, G. F., Cho, H., and Sant, R. S., “Cyclic
Elastoplastic Analysis of Metallic Dampers for
Seismic Energy Dissipation,” Proceedings of the
Seventh U. S. National Conference on Earthquake
Engineering, Boston, USA., Paper No. 1058, 2002.
Reid, S. R., "Plastic Deformation Mechanisms in
Axially Compressed Metal Tubes Used as Impact
Energy Absorbers,” International Journal of
Mechanical Science; Vol. 35, No. 12, pp. 1035-1052,
1993.

Yamazaki, K., and Han, J., “Maximization of the
Crushing Energy Absorption of cylindrical Shells,”
Advances in Engineering Software, Vol. 31, pp. 425-
434, 2000.

Wang, B., and Lu, G., “Mushroomig of Circular
Tubes Under Dynamic Axial Loading,” Thin-Walled
Structures, Vol. 40, pp. 167-182, 2002.

Bardi, F.C., Yan, H.D., and Kyriakides, S., “On the
Axisymmetric Progressive Crushing of Circular

\Y’AO )j‘ij‘@":’ L\ g)la...:r LYO JLM LdM‘

10.

11.

12.

13.

s
Tubes Under Axial Compression,” International
Journal of Solids and Structures, Vol. 40, pp. 3137-
3155, 2003.
Karagiozova, D., and Jonse, N., “Dynamic Buckling
of Elastic-Plastic Square Tubes Under Axial Impact-
IT : Structural Response,” International Journal of
Impact Engineering, Vol. 30, pp. 167-192, 2004.
Hosseinipour, S. J., and Daneshi, G. H., “Energy
Absorption and Mean Crushing Load of thin-walled
Grooved Tubes Under Axial Compression,” Thin-
Walled Structures, Vol. 41, pp. 31-46, 2003.
Daneshi, G. H., and Hosseinipour, S. J., “Grooves
Effect on Crashworthiness Characteristics of thin-
walled tubes Under Axial Compression, ” Journal of
Materials and Design, Vol. 23, pp. 611-617, 2003.
Singace, A. A., and El-Sobky, H., “Behaviour of
Axially Crushed Corrugated Tubes,” International
Journal of Mechanical Science, Vol. 39, No. 3,
pp- 249-268, 1997.

S53T 5l5 S1e s IS g 4l o shezne N
i slgniy "oV Glel ol o3 ) glo pslis s
B s ed 5 s sl (RS0l ki 5555
5 psbe doly ol ST elKils ¢ gl AbL 5w b S

15.

16.

MM Ol colidss

Motamedi, M., and Nateghi-A., F., “Using
Accordion Thin-Walled Tubes As A Hysteretic
Metallic Damper,” Proceedings of the Thirteenth
World Conference on Earthquake Engineering,
Vancouver BC, Canada. Paper No. 2264, 2004.
Timoshenko, S., Theory of Elasticity, 3" ed., p. 314,
McGrow-Hill, New York, 1970.

WA



" . " . . .t - YA
H‘A}_L;M.‘\_&SUQA c.bc)j_;;d_wﬁ)‘fcdm \\/ (ﬁlﬁ.))‘ €0 ¢y g Wﬁjd ‘L5€J‘ ‘;Lbl.vjf ‘LSM

23 Gles A bt auss 00 835wl e S e Lol oyl mhoe o slglolw (los 5L
S sl SV 4 e ke o sllent s S (Sl o bl e 55l 558 S e
snmo oSl Lasilw gloy ) (Solmgr 5 ol el etige Ml s il S reiid SYlie 45 pazes

AFAY AYB-VIA Lo )t Ol S oo ) a s Ol Ol ixi s oKl (Ol as

AYAY $F-04 o

\\q \Y’AO )j‘ij‘@":’ t.\ g)la...:r LYO JL-N LdM‘



