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ABSTRACT 
In this paper, Abramowitc and Jones model for analyzing dynamic progressive buckling of circular tubes under axial 
loading have been modified. In the improved model, the dissipated energy due to shortening of tube wall and the effects 
of inertia of previous folding layers on new one is considered. The mean crushing force and energy absorption, which is 
predicted by the theoretical model, has higher accuracy than the previous theoretical model. Based on the results of this 
paper, it is observed that the impact velocity and the mass of striker (neglected in pervious analytical models) are 
important in mean crush force and absorb energy of circular tube. Also in this research, it has been observed in the 
experiential tests that in most of the aluminum specimens, the high impact speeds, dynamic progressive buckling and in 
some samples in which the speed of impact was lower, dynamic plastic buckling happened. In this paper, final 
reduction in axial length, energy absorption and dynamic average crushing force in specimens in which dynamic 
progressive buckling has been occurred, is compared and discussed. Based on the results extracted in this thesis, it has 
been specified that theoretical results have acceptable consistency with experimental results. 

Keywords: Circular Tubes, Axial Impact, Axial Crushing, Progressive Buckling  
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Mp  
Mb  
M
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
































 


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 






 




                                                           
1- Drop Hammer Testing Machine   
2- Zhang     
3- Yu     
4- Tam and Calladine   
5- Karagiozova and Jones 
 6- Su     












 




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











 











 
mm R= mm H= 

 mm L=MPa 
















 

 









www.SID.ir

www.SID.ir
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                                                                                                                  





m/s= V0






 
m/sV0=




MpV0
 

ke
 MpV0

2 


 



k (J)  V0 (m/s)  Mb (gr)  Mp (gr)  Specimen 

Number 
 T9 
T10 
T11 
T12 
T13 

 
 









MpV0/(Mp+Mb)Mb

 
2

fe
Pm

d
e

fe 





 





 




 (J)  (m/s)   (gr)  Specimen 
Number 

  T9 
  T10 
  T11 
 T12 
 T13 

 


Pm
d

e(N)  fe (mm)   (J)  Specimen 
Number 

 T9 
 T10 
 T11 
 T12 
T13 


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     


 


 


 

 
 


 

 
 


 

 


 

 
 


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
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                                                                                                                  













 




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
D

s






Pm
d (N)  f (mm)  D

d (J)   Q 
Specimen 
Number 

   T9 
 T10
 T11 
 T12 
 T13 
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     

.

DQ  DQ   k  (J)  D
d (J)  D

s (J)  Specimen 
Number 

  T9 

   T10 

  T11 

  T12 

T13 





 Pm

s






Pm

d








 
 





Pm

d(N)  Pm
s(N)  Specimen 

Number 
 T9 
  T10 
  T11 
  T12 
  T13 









V 
                                                           
1- Abramowitcz     
2- Jone  

V0


V0









f 

 
f




mmL=





mm  L=

f (mm)  fe (mm)  Specimen 
Number 

T9 
T10 
T11 
T12 
T13 











Pm

d








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                                                                                                                  
























 










 
















Pmd (N)  Pmd
e (N)  Specimen 

Number 
T9 
T10 
T11 
T12 
T13 

 


Pm

dPm
e

 


 







 
mm R= mmH= 

 N/mm2  =
0

 N/mm2  =0



 


LMV0



k

MV0
2f
d

mP
f K/


Pm

s




Pm

d

Drop Hammer Rig1- 
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     





qD 

1−
suσσ =0





Specimen 
Number L (mm) M (kg) V0  (m/s) 

T1    
T4    
T5    
T37    
T39    
T41    
T43    
T45    
T46    

R=   mm , H=   mm 





Specimen 
Number K (kJ) f  (mm)  Pmd

e (kN) 

T1    
T4    
T5    

T37    
T39    
T41    
T43    
T45    
T46    



 
Specimen 
Number Pms (kN) Pmd (kN) 


 

T1    
T4    
T5    

T37    
T39    
T41    
T43    
T45    
T46    



















��

mmR= mm  H= Pmd1

pmd2
Pme










 







 






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






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