
  

  1395161 307-316
                

  

    

     
mme.modares.ac.ir  

  

    

    

    

    
                

 

  
:  Please cite this article using:

M.R. Saeedi, Y. Alizadeh Vaghaslou, integral evaluation of U-notched bainitic functionally graded steel plates in notch arrester and notch divider configuration, Modares
Mechanical Engineering Vol. 16, No. 1, pp. 307-316, 2016 (in Persian)

J U 
  

12*  

1-   
2-   

 *4413-15875alizadeh@aut.ac.ir  

      
  

 :13  1394  
 :24  1394  

 :28 1394  

   
 .U   

Jcr  .
J 

J  .
 Jcr 

Jcr  .
J  

 .  

  
  

J  
U   

  
  

  

  

J integral evaluation of U-notched bainitic functionally graded steel plates
in notch arrester and notch divider configuration

Mohammad Reza Saeedi, Younes Alizadeh Vaghaslou*

Department of Mechanical Engineering, AmirKabir University of Technology, Tehran, Iran
P.O.B. 15875-4413, Tehran, Iran, alizadeh@aut.ac.ir

ARTICLE INFORMATION ABSTRACT
Original Research Paper
Received 04 November 2015
Accepted 15 December 2015
Available Online 18 January 2016

In the present study, the bainitic form (ferrite-bainite-austenite) of Functionally Graded (FG) steel
has been produced using the Electro Slag Remelting (ESR) process. The position of each layer has
been determined utilizing the Metallography and Vickers Hardness tests. In order to investigate
the fracture behaviour of the notched FGS specimens, the three point bending test configuration
has been utilized. The fracture of the notched specimens has been examined in the form of the
notch arrester and notch divider. For the mode loading case, the effect of the notch depth on the
critical fracture load and Jcr value have been studied. In order to present the differences between
the FG and homogeneous steels, the J values of them under constant load have been investigated.
Moreover, the effect of the notch depth on the J values for the mentioned case have been studied.
Results show that for the notch arrester type the maximum value of the critical facture load has
been obtained when the notch tip is located at the beginning of Bainite phase. Results also show
that the Jcr values are severely dependent on the material properties of the layers which are
located at the front of the notch tip. Results show that for the notch divider type the response of
the FG steel specimens is similar to the homogeneous ones. Also, in this case the variation of the Jcr

with respect to the notch depth is negligible. The J value of each of the studied configurations was
then computed using finite element approach based on Rice theory and good agreement was
observed between numerical results with the experimental ones.
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Table 1 Chemical composition of the low carbon (ferritic) and stainless (austenitic) steels 

  %  Mn %  Si %  Cu %  Mo %  Cr %  Ni %  %  %

) 0(  0.08  0.63  0.19  0.29  0.02  0.12  0.07  0.11  0.01  
) 0(  0.04  1.5  0.53  0.43  1.89  16.69  9.58  0.01  0.04  

2 
Table Mechanical properties of the single phase steels in the FGS 

   (GPa)   (MPa)  (MPa)

  207  0.33  245  424  
  207  0.33  200  480  
  207  0.33  1025  1125  
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Fig. 2 view of the ESR process
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Fig. 3 the produced FGS ingot
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Fig. 4 The hot-pressed FGS plate
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Fig. 5 The micro structure of the bainite phase
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Fig. Vickers micro hardness profile of bainitic FGS
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Fig. Splitting of the FGS to different layers
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Fig.8 True stress-strain curves of different layers located at ferrite to bainite
transition region
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Fig.9 True stress-strain curves of different layers located at austenite to
bainite transition region
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Fig. 10 Mesh refinement influence on the J value
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Fig. 11 meshed sample of the notched specimen
11  U

Fig.12 Critical fracture load vs notch depth at 1mm constant radius
 12 1   

  
Fig. 13 FGS sample after three point bending test
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Fig. 14 Exprimental load vs displacement curve of sample containing 11
mm depth notch
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Fig. 15 Jcr value vs notch depth curve at mm constant radius
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Fig. 16 J value of the notched specimens under 400 constant loading
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Fig. 17 J value vs notch depth curve of the FGS and homogeneous steel
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Fig. 18 The notched FGS in notch arrester and notch divider configuration
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Fig. 19 Critical fracture loads of the notched specimens in divider configuration
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Fig. 20 Jcr value of the notch divider configuration for different notch depth at

mm constant radius
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