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 In which  Is the volume plastic strain rate, SN is the voids nucleation mean quantity, fn is 
the volume ratio of the second phase particles (responsible for the voids nucleation), and M  is 

mean strain at the time of voids nucleation.    

So, eight parameters must be defined: 

1 2 0( , , , , , , , )c n f N Nq q f f f f S                                                                                 (8) 

In this work, we will determine the values of 6 parameters using Marc MSC Mentat software 
because the GTN model is included in the software, so we will not need to write a script for our 
GTN model order to include it in the program. 
According to the literature (Table1), q1 and q2 values are almost fixed values: q1=1.5 and q2=1. 

 

          
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

        
 

 

        

 

 

        
 

 

 

     
  

  

 

I.2. Artificial Neural Network Method 

An Artificial Neural network (ANN) is a mathematical model that simulates the computational 
model like the biological neural networks. It consists of interconnected artificial neurons and 



processes information using a connectionist approach. Its system adaptivity to the change of 
external or internal information that flows through the network during the learning process. 
Another aspect of the artificial neural network is that different architectures require different 
algorithms, but a neural network is relatively simple if handled intelligently compared to other 
complex systems. 
One of the ANN's advantages is the backpropagation of error, by which the network can be 
trained to minimize the error up to an acceptable accuracy.  
A neural network's schema depends on the network topology and two more parameters: the 
transfer function and learning algorithm.  

 

 
The ANN model's architecture comprises three layers: the input layer, hidden layer, and output 
layer. 
Each neuron receives total outputs from all of the neurons, as clarified in the figure shown 
below for the hidden layer. 

 
 

 

 

 

II. Methodology and Results 

To predict the ferritic steel's ductile failure in our case, we will use the CT specimen as it is a 
good representative of the pipelines. 
The determination of the GTN parameters is done by following the steps below: 

 Perform the small scale tests (CT, NT) In order to provide the Experimental data 
 Make the Finite Element Simulations to make the Database for the neural network 
 Determination of the GTN parameters by using Artificial Neural Network 

 
 

 

 

 



 

 

 

 

 

 

II.2. ANN and Database creation 

To train the ANN, sixty simulations were done for the NT specimen with different sets of GTN 
parameters. 
For the NT test, the trained ANN model consists of four hundred and one in the input layer, 
twenty neurons in the hidden layer, and six neurons in the output layer (401-20-6). The neurons 
of the input layer represent the displacements of a reference point chosen in the boundary of 
the specimen corresponding to the given values of the reaction force F, and the neurons of the 
output layer are the six GTN parameters to be identified (f0, fc, ff, Sn, n, and fn).   
After training the Neural Network, we could determine the six parameters, and it did not take 
much time as if we did it by using the direct method, which is the combination between the 



Experimental data and finite element data, as the simulation of notch specimen took just one to 
two minutes 
The GTN parameters determined by using the ANN are f0=0.0028, fc=0.0520, Sn= 0.0043, n= 
0.5631, ff=0.3316, and fn= 0.2851. 
 
II. 2.1. Prediction of Crack propagation for CT SPECIMEN 
 

,  
We will use the axisymmetry during the NT simulation and make the 3D model just for half of 
the specimen, and the FEM model contains 58,103 nodes  

 

 
 

 

 

 

III. Conclusion 

The GTN model is an advanced mechanical model used to predict the crack initiation and 
propagation in the material to avoid failure. 

 
This paper proved that ANN could be combined with the direct method to quickly determine 
the GTN parameters, two hours instead of one hundred and forty hours. 
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