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 A Forming Limit Diagram (FLD) is a graph which depicts the major strains versus values of the minor 
strains at the onset of localized necking. Experimental determination of a FLD is usually very time 
consuming and requires special equipment. Many analytical and numerical models have been developed 
to overcome these difficulties. The Gurson- Tvergaard- Needlemann (GTN) damage model is a 
micromechanical model for ductile fracture. This model describes the damage evolution in the 
microstructure with physical equations, so that crack initiation due to mechanical loading can be 
predicted. In this work, by using the GTN damage model a failure criterion based on void evolution was 
examined. The aim is to derive constitutive equations from Gurson's plastic potential function in order 
to predict the plastic deformation and failure of sheet metals. These equations have been solved by 
analytical approach. The Forming Limit Diagrams of some alloys  studied in the literature have been 
predicted using MATLAB software. The results of analytical approach have been compared with 
experimental and numerical results of some other researchers and showed good agreement. The effects 
of GTN model parameters including  , as well as anisotropy coefficient and strain hardening 
exponent on the FLD and the growth procedure of void volume fraction have been investigated 
analytically. 
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Fig. 1 Three steps of ductile fracture including nucleation, 
growth and coalescence of voids 
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Fig. 2 The calculation procedure flowchart in this research 
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Table 1 The constitutive equation and its values [25]  

  
Strength Coefficient(K) 435 MPa 

StrainHardening Exponent (n) 0.23 
Strain Hardening Law =  

2 GTN ]25[ 

Table 2 The GTN model parameters values [25] 
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   0.0002 

 0.0134 
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 0.02163 

  

 

Fig. 3 Experimental and FEM FLDs in Ref.[25] and their 
comparison with this research FLD for IF steel  
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Fig. 4 Void volume fraction versus equivalent plastic strain 
for IF steel with material properties in Ref.[25] 
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Table 3 The constitutive equation and its values [30]  

  
Strength Coefficient(K)  950 MPa 

StrainHardening Exponent (n) 0.13 
Strain Hardening Law =  

  

4 GTN ]30[ 

Table 4 The GTN model parameters values [30] 

  
 1.5 
 1 
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 0.25 
 0.0001 
 0.028 

 0.008 
 0.18 

  

 

Fig. 5 Void volume fraction versus equivalent plastic strain 
for IF steel with material properties in Ref.[25] 
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Table 5 The constitutive equation and its values [26] 

  
Strength Coefficient(K)  424 MPa 

StrainHardening Exponent (n) 0.28 
Strain Hardening Law  =  

Anisotropy Coefficient (r) [31]  0.785 
 

6 GTN 5052[26] 
Table 6 The GTN model parameters values [26] 
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 0.1028 
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Fig. 6 The comparison of experimental and FEM FLDs of 
Ref.[26] and this research results 
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Table 7 The constitutive equation and its values [32] 

 0.8 mm  1.2 mm  
n 0.224 0.227 

K(MPa) 491 493 
   1.94 1.97 

 1.98 2.03 
 2.25 2.37 

=
+ 2 +

4  2.04 2.10 
 

8 GTN  IF ]32[ 
Table 8 The constitutive equation and its values [32] 

 0.8 mm 1.2 mm 
 0.005 0.005 
 0.01 0.01 
 0.02 0.02 
 0.05 0.06 
 0.08 0.13 
 0.06 0.07 

 

 

Fig. 7 The FLD of Ref.[32] and this research FLD for thin 
sheet of IF steel 
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Fig. 8 The FLD of Ref.[32] and this research FLD for thick 
sheet of IF steel 
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Fig. 9 The FLDs for different values of f0 for IF steel in 
Ref.[25] 
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Fig. 10 The FLDs for different values of fC for IF steel in [25] 
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Fig. 11 Void volume fraction versus equivalent plastic strain 
for IF steel with material properties in Ref.[25] 
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Fig. 12 VVF. versus equivalent plastic strain ,Al5052 [26] 
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Fig. 13 The FLDs for different values of fN for IF steel [25] 
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Fig. 14 The FLDs for different values of ff for IF steel in 
Ref.[25] 
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Table 9 The Relative variation of  f  values and FLD0 in percent 

 ( )
( ) (%) 

(FLD )
(FLD ) (%) 

 200 15.38 
 27.3 52.4 
 200 48 
 66.7 28 

 

 

Fig. 15 Comparison of different FLDs for different values 
of anisotropy coefficient r for Al5052 in Ref.[26] 
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Fig. 16 Void volume fraction versus equivalent plastic strain 
for Al5052 with material properties in Ref.[26] 
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Fig. 17 Comparison of different FLDs for different values 
of strain hardening coefficient n for Al5052 in Ref.[26] 
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