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 Accumulation of plastic strain during cyclic loading is one of the main reasons for fatigue failure. In 
order to predict the fatigue life of plates, it is necessary to calculate the accumulated plastic strain and 
the affecting parameters carefully. In this study, a combination of nonlinear isotropic and nonlinear 
kinematic hardening model (modified Choboche) was implemented in the commercial finite element 
code of ABAQUS, by using a FORTRAN subroutine to calculate the accumulation of strain in samples 
made from thin plates of aluminum. In this regard experimental, strain controlled and stress controlled 
cyclic tests were carried out, and the required coefficients for simulating the hardening behavior of 
aluminum alloy 2024-T3 were obtained and the accumulation of plastic strain was simulated at different 
uniaxial loading condition. The comparison of the experimental and the predicted results shows that, the 
determination of optimal coefficients for combined nonlinear isotropic and nonlinear kinematic 
hardening model (modified Choboche) has an adequate ability to predict the experimental results. The 
obtained results also show that, increasing stress amplitude and mean stress increase the strain 
accumulation. The results from 4 types of cyclic loading indicate that the stress ratio has a direct 
influence on the strain rate when the maximum applied cyclic load is kept the same, and an increase in 
stress ratio increases the accumulation of plastic strain. Moreover, the rate of strain accumulation at the 
first cycles is high while it is reduced by increasing the number of cycles. 
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Fig. 1 Elastic plastic deformation behavior subjected to (a) constant 
cyclic strain (b) constant cyclic stress 
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Fig. 2 Dimensions of testing samples 
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Fig.3 Model of assembled sample with steel guide 
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Fig. 4 a- INSTRON 8502 servo hydraulic machine b-schematic of 
sample position between the guide and the attached strain gauge   

4 - 8502 - 
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Table 1 States of loading in force control tests 

 
(kN)  (MPa)  

       R  
R1  4 18  69.4  312.5  -0.63  
R2  5  18  86.8  312.5  -0.56  
R3  5  16  86.8  277.7  -0.52  
R4  6 16  104.1  277.7  -0.45  
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Fig. 5 Stress strain curve from symmetric strain controlled test during 6 
cycles 
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Fig. 6 Stress–strain curve from symmetric strain control test a-in 
positive state of strain b- in negative state of strain 
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Table 2 Data determined for calculation of Q and b 
i      
0  -  -  -  310 0 
1 336.5 -292.29 22.10  314.40  0.00106  
2  347.8  -309.58  19.11  328.69  0.00530  
3  359.0  -316.79  21.10  337.90  0.00954  
4  362.2  -320. 35  20.92  341.28  0.01378  
5  364.7  -324.05  20.32  344.38  0.01802  
6  366.2 -324.05  21.07  345.13  0.02226  
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Fig. 7 Four parts of stabilized hysteresis curve [26] 
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Fig. 8 Stabilized stress -strain hysteresis curve 
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Table 3 Parameters of modified Choboche hardening model 

C1 (GPa) C2 (GPa) C3 (GPa) C4 (GPa)      
120 90  1.8  6  12670  7880  3.3  375  35  
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Fig. 9 Finite element model 

9  
  

 
Fig. 10 Experimental stress strain curve during 150 cycles in R1 
loading state 
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Fig. 11 Predicted stress strain curve during 150 cycles in R1 loading 
state 

11 - 150 
R1 

  
 R1 R4 R 

  .R1  R2 
R2 R3 R3 R4 

 . 
  12   . 

  

(MCH+NLISO)  
(CH2)   .  4 

 

  . 
 

   
  . 

  .
4   

 
 1   

  

R1   
R1 

 
   

  
   

]4,5[   
  

1 Plastic Shakedown 

D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir 

at
 1

3:
50

 IR
D

T
 o

n 
W

ed
ne

sd
ay

 M
ay

 9
th

 2
01

8

www.SID.ir

http://journals.modares.ac.ir/article-15-1730-fa.html
www.sid.ir


Arc
hive

 of
 S

ID

    

2024-T3       

13951612  453  

 . 
 

   .
   .

  80 90 
  .

  
 

 ]1,4[ .

 150 
 

  .  
12  
 

  .
  

    
150 

 R1 R2  
  .

1504 
13   .

 .
R3 R2 

  .
R1 R2 R3 R4 

 
  

13 
R4 R1   .

(R) R4R1 

 .
   

-7   
2024-T3 

 

 .  
   

  

 

 

 

 
Fig.12 Uniaxial ratcheting curve at different loading states: R1, R2, R3, 
R4 
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Fig. 13 Ratcheting curve in 150 cycles at different loading states. 
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