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 In this study, fatigue growth of external surface cracks on the autofrettaged cylinders under bending is 
investigated. Autofrettage is a process in which a thick-walled cylinder subjected to internal pressure 
with known amount, causing some portions on the inner zone of the cylinder deformed plastically. In 
this case, removing the pressure causes compressive residual stresses on the inner layers and tensile 
stresses on the outer wall. The goal is increasing the fatigue durability of the product by inducing 
residual compressive stresses into materials, but along with this, there are adverse tensile stresses which 
can decrease the life due to the outer defects. In this paper, the external cracks are in the forms of half-
elliptical, semi-elliptical and semi-circle. Samples made by aluminum 2024 alloy. The cylinders were 
autofrettaged up to 40 and 60 percent. Cracks were located in circumferential direction and normal to 
cylinder axis. The numerical simulations were performed by finite element method. Experimental data 
and  numerical  results  were  compared.  Results  show that  the  number  of  load  cycles  to  fracture,  in  the  
60%  autofrettaged  cylinders  are  smaller  than  those  for  40%  and  also  smaller  than  the  state  without  
autofrettage.  Distribution of stress intensity factor along the crack front is symmetric and crack grows 
in its initial plane which indicating the dominance of the first mode of failure during the crack growth. 
In all samples, after some steps of the growth, crack front transforms to the semi-elliptical shape until 
complete fracture. 
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2 31.0 3 2   
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Table 2 Mechanical properties of Aluminum  
         

AL2024 370±5 MPa  72.9±2  GPa 0.32  
 

  
Fig. 1 Stress-strain curve of Al 2024 with two samples 

1  -  2024   

  
Fig. 2 Dimensions of test samples (in mm) 

2  )   

1 2024   
Table 1 Chemical compositions of Al 2024 (%wt.)  

Ni  Cr  Mg  Mn  Cu  Fe  Si  Al 
0.05  0.03  1.4  0.26  4.6  0.47  0.56  Base 

B  Zr  Co  V  Sn  Pb  Ti  Zn  
0.004  0.007  0.005  0.008  0.023  0.043  0.14  0.23  
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Fig. 3 A numbers of the built samples 

3   

-
 8502  .

 .
6   

6 1kN 
10kN   .3 Hz  

 
 .

PT   
7 

 .3  .
8 1 9 5  .10  

  

  
Fig. 4 Specifications and dimensions of semi-elliptical external crack  

4   

  
Fig. 5 Two samples of cracked specimens with = 0.4 

5 = 0.4  

  

Fig 6. Built Jigs and fixtures with assembled sample   
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Fig. 7 Two samples of the fatigue fractured surfaces 
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3   
Table 3 Complete specifications of the samples 

  =  =   
1 , 8 40% 2 3 0.4 

2 40% 2 3 0.6 
3 40% 1.0 0.4 
4 40% 3 2 0.4 

5 , 9 60% 2 3 0.4 
6 60% 1.0 0.4 
7 60% 3 2 0.4 

10 0 2 3 0.4 
11 0 3 2 0.4 

 .
 .y 

 .
 .65165 59648 

 .
7mm 0.01mm  

 

  
Fig. 8 Finite element model of cracked cylinder, boundary conditions 
and bending load   
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Fig. 9 A sample of meshing around the crack front 
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Fig. 10 Comparing the numerical and analytical results of residual 
stress due to 40% autofrettage.   
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Fig. 11 Variations of K in sample 1 for various steps of the crack 
growth 

11 K 1   

  
Fig. 12 Variations of K in sample 2 for various steps of the crack 
growth 

12 K 2   

  
Fig. 13 Variations of K in sample 3 for various steps of the crack 
growth 

13 K 3   
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Fig. 14 Variations of K in sample 4 for various steps of the crack 
growth 
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Fig. 15 Effect of AF ratio on the residual axial stress 
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Fig. 16 Variations of K in sample 5 for various steps of the crack 
growth 

16 K 5   

  
Fig. 17 variations of K in sample 6 for various steps of the crack 
growth 

17 K 6   

  
Fig. 18 variations  of  K in  sample  7  for  various  steps  of  the  crack  
growth 

18 K 7   



    

      

  

42  13951611  

K KA 
19  . 

 60% 40%  .
 .

K   
  

20 

 .  
 

1.0 
  

 < 1 
 

 .
     

  .60%  
  

5-2-   
  

 .  
  

  
Fig. 19 Variations of K in point A for various steps of the crack 
growth 

19 K A   

  
Fig. 20 Ratio of K in point B to A for various steps of the crack 
growth 
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Fig. 21 Comparing the numerical and experimental results in samples 1 
and 8(test repeating study) 
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Fig. 22 Comparing the numerical and experimental results in samples 5 
and 9(test repeating) 
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Fig. 23 Experimental results of the fatigue crack growth in samples 1, 5 
and 10 (Effects of the autofrettage ratio) 

23   15 10 )
  

  
Fig. 24 Experimental results of the fatigue crack growth in samples 4, 7 
and 11 (Effects of the autofrettage ratio) 
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