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This article investigates energy absorption capacity and plastic deformation of lateral flattening
process on an aluminum profile with special cross-section under the lateral compressive loading in
the quasi-static condition by experimental method. The profile section is circular tube with two
symmetric longitudinal grooves. Different samples with various lengths and outer diameters in three
different filling conditions consisting of empty, core-filled and full-filled by polyurethane foam were
prepared. Some specimens with the same geometry and filling condition but with different loading
angles of 0, 30, 45, 60 and 90 with respect to symmetric line of two longitudinal grooves, were
laterally compressed. Effects of various parameters such as profile length, outer diameter, three
different filling conditions, and loading angle are investigated on lateral loading and specific
absorbed energy. Experimental results show that specific absorbed energy is independent of
specimen length. At the same displacement, when diameter of samples increases compressive
loading decreases. Also, in zero loading angle, the presence of the filler enhances lateral load, and
consequently increases specific absorbed energy by the structure. From the viewpoint of the design
of an energy absorber design, optimum specimen is full-filled profile under loading angle equal to
zero. However, if due to some design limitations, assembling the special profile with loading angle of
zero is impossible, assembling the structure in empty condition with loading angle of 90o can be the
next suggestion. Experiments show that the highest specific absorbed energy occurs in the profile
with different diameters under loading angles of zero and 90o

Keywords:
Lateral loading
Aluminum profile with special cross-section
lateral flattening
polyurethane foam
specific absorbed energy

  

1 -    
  .



    

      

  

230  1394154  

 
 .

] 1 .[
 

] 2 .[
 .

] 3 .[
 .

  .

] 4 .[  
  

  . -

  
 

]  5]  [6[] 7 [
] 8 .  [ ] 9[

 
  . 

  .
  

  ] 10[
  ] 11[

 ] 12 .[  
-

   .
 

  . 
 ] 13[

 ]  .14[

 . 
 .

-
 . 

 .

 .
 .

  

 .
  

 .
  ]  .15[

  .
] 16[

]  .17[

]  .18[

] 19[

 
]   .20[ 

 
  . 

 .] 21[
 . 

  .
]  22[ 

 .
    

 

 ]   .23[

]  .24[

 .]  25[

 .
] 26[ 

 . 

 .
]27[- 

  
] 14 [

 
 

 .



    

     

1394154  231  

 .  

 
   .

 . 

 .

 .
- 

2 - 
  

 .1
 .DMG 7166  .

 .  m6 

 .10 
 .

 .1 -
 .l 

   

1   
D 

(mm) (mm)
t 

(mm)
A 

(mm)
B 

(mm)
  

(MPa)  
  

30 10 2 15 12 178 SS

40 20 2 26 12 115 LS
  

  
1  1 2  

  
 2    

  
3   

1
 .SS LS 

30 40  
  .

 .
50 

260   . 

   .
1 

 .

  2 
  

304560 90 
 .3

2
28  .

 .
  56  .

F1 )  1- (
F2 

) 1- .E 
  

 . 

ASTM E8M  .
1  .

-  



    

      

  

232  1394154  

 .

  

3 -   

  

3-1-   
4(F/L) 

 /D)( 
 

 .2040 60  
 . 

 .

  

2   
  

) )(  )(  
  LS 0 20  22/14 C01E  

LS 30 20 43/15 C02E

LS 45 20 83/15 C03E

LS 60 20 90/15 C04E

LS 90 20 42/14 C05E

SS 0 20 23/13 C06E

SS 30 20 98/12 C07E

SS 45 20 32/13 C08E

SS 60 20 17/13 C09E

SS 90 20 26/13 C10E

LS 90 40 29/30 C11E

LS 90 60 32/45 C12E

SS 90 40 05/25 C13E

SS 90 60 40/37 C14E

1  LS 0 20 17/16 C01F1

1  LS 30 20 19/16 C02F1

1  LS 45 20 09/16 C03F1

1  LS 60 20 20/16 C04F1

1  LS 90 20 15/16 C05F1

1  LS 90 40 50/31 C06F1

1  LS 90 60 81/46 C07F1

2  LS 0 20 77/15 C01F2

2 LS 30 20 97/15 C02F2

2 LS 45 20 88/15 C03F2

2 LS 60 20 02/16 C04F2

2 LS 90 20 55/15 C05F2

2 LS 90 40 76/32 C06F2

2 LS 90  60 19/48 C07F2

  
4 - 

90   

  
5 - 

90   

  
6 - 

1 
90   



    

     

1394154  233  

  - 
 .5 

  

25  
C05EC11E C12E  2040 60 
31/6843/128 49/201  .

C11E/C05E C12E/C05E 2 
3  

88/1 95/2  .4 5 

 
 . 

 
  

6 
 

 .
 2040 60 

  .  .
 

  

3-2-  
7 8 

  30 40  
 .78 

90 
  

 
  .

 
 

9
 .  

  

 .
 9

  
 .

 .

 . 
 

  
] 15[

 
 .

 .  
] 15 [ 

  
  

  
7 -  

30 40    

  
8 -  30 

40  90   



    

      

  

234  1394154  

  
9    

10 -  

  

3-3-   
10 

 

 .    
 .

  

 .

11- 

 .
90  .

 
  .

12  .
 .

)1( 
  

= )1(  
  

M0 
)2(   

=
1
4 )2(  

0 t  .12 
 

  

 .

)  .1 () 2 (  

 .
 

90 ) 
 .  (

 .  

   .
 

 

   .  
 .   

 
   .

13 
304560 90 

 1  2 .
 

2 1 51/1029/9 
21/8  . 

 1 2 
2/13  % 28 

 .
  . 

  
  -

% 28   

3-4-  
 13 

304560 
90  1 

 2  



    

     

1394154  235  

  
11 - 

90   

12 

  
13 

  

 

 
  .

1 
2  .

  

90 
 

60 
90  .

60  -
  

 .

13 
90  .

90 6/141  % 127 
60  .

  

90   
13 

 - 
 

90   1 2 
 .  1 2  

45 
 .

45 60 

45 60   
  

1 
13   

1 90 
45 6/148  % 3/82  .

 
  

90   
13   

 45 
 90 

 .  
2 90 1/191  % 53 

45 
 .14  45 

  
  

 51/10   C01F2 
 

61/3 
 C03F2 45  .

 .  
  

5/10 

 .
 

45 9/2  .
 .



    

      

  

236  1394154  

  
  

13   
 .  

 45 

 ( ) 
45  . 90 

  
 .

30  .
    

  
   

  
 

90 
 .

90 
1 2 3045 60 

   
15  

30 40  
 .

  
 .  

30  
 22/14 

 .  30 90 
 .  40 

     90 
  

  

  
14  45 

  

  
15 30 

40   

  
16  

30 40   

 30 40  

16
 

 .    

  

40  - 
90 C05E 90 

 . -

30  
3045 60 

 .
16 30 40 

 C09E 30 
60  .  



    

     

1394154  237  

  
17   60 

  

17C09E 
 .

30 40 90 
  

] 22[ 
 -

 .   

 

 . -  
  

 

  

4 - 

 .
 

 .  
 .

 .
 

  .
 .

 

 .
40 

90 
 .

90 
 .45 

60 

5 -   
 93025667 

)  
 .  (

6 -   
[1] N. Jones, W. Abramowicz, Static and dynamic axial crushing of circular

and square tubes, In: Reid, S.R. editor. Metal forming and impact
mechanics New York: Pergamon Press, pp. 225-247, 1985.

[2] J. M. Alexander, An approximate analysis of the collapse of thin
cylindrical shells under axial loading, The Quarterly Journal of Mechanics
and Applied Mathematics Vol. 13, No. 1, pp. 10-5, 1960.

[3] W. Johnson, S.R. Reid, Metallic energy dissipating systems, Applied
Mechanics Reviews Vol. 31, No. 3, pp. 277-288, 1978.

[4] G.H. Daneshi, S.J. Hosseinipour, Elastic–plastic theory for initial buckling
load of thin-walled grooved tubes under axial compression, Journal of
Materials Processing Technology Vol. 125-126, pp. 826-832,2002.

[5] M. M. Abedi, A. Niknejad, G. H. Liaghat, M. ZamaniNejad, Prediction of the
mean folding force during the axial compression in foam-filled grooved
tubes by theoretical analysis,Materials and Design Vol. 37, pp. 144–
51,2012.

[6] Y.H. Luo, Z.W. Huang, X.L. Zhang, FEM analysis of external inversion and
energy absorbing characteristics of inverted tubes, Journal of Materials
Processing Technology,Vol. 187–188, pp. 279–282, 2007.

[7] S. Mori, K. I. Manabe, H. Nishimura, K. Hirose, Experimental analysis of
the flattening of the cross-sectiospringback and the bending moment of
clad tubes in uniform bending, Journal of Materials Processing
Technology Vol. 66, pp. 270-276,1997.

[8] A. Niknejad, B. Rezaei, Gh. H. Liaghat, Empty circular metal tubes in the
splitting process-theoretical and experimental studies, Thin-walled
structures Vol. 72, pp. 48-60,2013.

[9] M.Shariati, M. Davarpanah, H. Chavoshan, H. R. Allahbakhsh, Numerical
and experimental investigations on buckling and control amount of
energy absorption of stainless steel 304L shells with various shapes
under axial loading, Modares Mechanical Engineering Vol. 14, No. 3, pp.
60-68, 2014 (In Persian)

[10] M. H. Shojaeifard, H. R. Zarei, R. Talebitooti, M. Mehdikhanlo, Bending
behavior of empty and foam-filled aluminum tubes with different cross-
sections ActaMechanica Solid Sinica Vol. 25, No. 6, December, 2012. 

[11] A. Alavi Nia, M. Z. Sadeghi, An experimental investigation on the effect of
strain rate on the behaviour of bare and foam-filled aluminium
honeycombs, Materials and Design Vol. 52, pp. 748–756, 2013. 

[12] W. Johnson, A.C. Walton, Protection of car occupants in frontal impact
with heavy lorries: frontal structures, International Journal of Impact
Engineering Vol. 1, No. 2, pp. 111-123,1983.

[13] E. Zamani, Gh. H. Liaghat, M. H. Pol, Modeling and analytical study of
progressive collapse of aluminum foam, Modares Mechanical
Engineering Vol. 99, No. 9, pp. 9-99, 9999 (In Persian)



    

      

  

238  1394154  

[14] A. Niknejad, S. A. Elahi, Gh. H. Liaghat, Experimental investigation on the
lateral compression in the foam-filled circular tubes, Materials and
Design.Vol. 36, pp. 24–34,2012.

[15] S. R. Ried, T.Y. Reddy, Effect of strain hardening on the lateral
compression of tubes between rigid plates, International Journal of Solid
Structures,Vol.14,pp.213–25,1978.

[16] N. K. Gupta, G. S. Sekhon, P. K. Gupta, Study of lateral compression of
round metallic tubes, Thin-Walled Structures,Vol. 43, pp. 895–922,2005.

[17] D. J. Celentano, J. L. Chaboche, Experimental and numerical
characterization of damage evolution in steels, International Journal of
Plasticity Vol. 23, pp.1739–62, 2007.

[18] A. Zuraida, A. A. Khalid, A. F. Ismail, Performance of hybrid filament
wound composite tubes subjected to quasi static indentation, Materials
and Design Vol. 28, pp.71–7,2007.

[19] Z. Fan, J. Shen,G. Lu, Investigation of lateral crushing of sandwich tubes,
Procedia Engineering,Vol. 14, pp. 442–449,2011.

[20] A. Niknejad, S. M. Elahi, S. Ahmad. Elahi, S. Ali. Elahi, Theoretical and
experimental study on the flattening deformation of the rectangular
brazen and aluminum columns, Archives of Civil and Mechanical
Engineering Vol. 13,pp. 449–464,2013.

[21] S.A. Karamanos, C. Eleftheriadis, Collapse of pressurized elast plastic
tubular members under lateral loads, International Journal of
Mechanical Sciences Vol. 46, pp. 35–56,2004.

[22] J. Zamani, A. Darvize, M. Soleimani, A. Refahi, Experimental analysis of
in-plane densification of circular thin-walled structures, in The first
International Conference of Society of Manufacturing Engineering of Iran
Tehran, Iran, 2005. (In Persian)

[23] E. Mahdi, A. S. Hamouda, Energy absorption capability of composite
hexagonal ring systems, Materials and Design,Vol. 34, pp. 201–210,2012.

[24] E. S. Mahdi, H. E. Kadi, Crushing behavior of laterally compressed
composite elliptical tubes: experiments and predictions using artificial
neural networks, Composite Structures Vol. 83, pp. 399–412,2008.

[25] A. Niknejad, H. Assaee, S. A. Elahi, A. Golriz ,Flattening process of empty
and polyurethane foam-filled E-glass/vinylester composite tubes An
experimental study,Composite Structures Vol. 100, pp. 479–492, 2013.

[26] R. Ghajar, A. Rassaf, Effect of impactor shape and temperature on the
behavior of Eglass/epoxy composite laminates, Modares Mechanical
Engineering Vol. 14, No. 10, pp. 1-8,2014 (In Persian).

[27] N. Tavassoli, A. Darvizeh, M. Darvizeh, S. A. Sabet, Analytical and
experimental investigation into the crushing behavior of hat shaped
composite energy absorber, Modares Mechanical Engineering Vol. 14,
No. 14, pp. 211-216, 2015 (In Persian).

  

  


