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 In the present paper, to determine the pressure-dependent yield surface of polypropylene/nanoclay 
nanocomposites, the extended Drucker-Prager yield criterion is used and its parameters are derived by a 
combined experimental/numerical/optimization approach. In this method, the difference between the 
experimental and numerical results obtained from three-point bending test is minimized. In order to 
alleviate the burdensome numerical simulation, a surrogate model based on Kriging method is used to 
estimate the cost function. The optimum of this function is obtained by maximizing expected 
improvement method. Afterwards, the results are verified by tension and compression tests. The results 
show that this method can substitute the complicated experimental tests which are normally employed 
to identify the extended Drucker-Prager parameters. Also, this method can be used to determine the 
mechanical properties of thermoplastic material such as tensile and compressive yield stresses and 
elastic modulus using only a three-point bending test. In addition, it is found that the volumetric change 
of thermoplastic during plastic deformation is significant and the non-associative, compared with the 
associative, plastic flow assumption is more proper for this material for the extended Drucker-Prager 
criterion. 
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Kriging model  
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8- Computational Fluid Dynamics(CFD) 
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1    
Table1. The composition details of samples 

) wt%(    
- PP 

0.5 PPNC05 
1 PPNC1 
3 PPNC3 
6 PPNC6 

 

 
Fig. 1 Tension, compression and bending specimens a- PP b- PPNC3 

1  a(PP  b(PPNC3  
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-    
   .

3% 
-  3 4  
 .   

 . 
2  . 

    
  

2  ) MPa (  
Table2. Mechanical properties of PP and its nanocomposites(Units: 
MPa)  

 PP  PPNC05  PPNC1  PPNC3  PPNC6  

  1500 1556 1700 1654 1588 
  1409 1627 1690 1734 1746 

   42.0 43.2 44.2 43.8 40.8 

  24.0 26.6 27.6 27.5 26.8 
  

  
Fig. 2 Configuration of three-point bending test 

2   

  
Fig. 3 Tensile true stress-strain curves for PP and PPNC3 

3  - PP PPNC3  

  
Fig. 4 Compressive true stress-strain curves for PP and PPNC3 

4  -PP PPNC3  

3 -   
3 -1- 1 

    
5  . 
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 ]18[  0.36 0.26  

   0.26     
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Fig. 5 Finite element modeming of three-point bending test 

5    

1- Finite Element Model(FEM) 
2- Implicit 

(MPa) 

a 
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Fig. 6 Drucker-Prager yield criterion ]8[  
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Fig. 7 The effect of elastic modulus variation on the load-deflection 
curve obtained from simulation 
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Fig. 8 The effect of  variation on the load-deflection curve obtained 
from simulation 
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Fig. 9 Schematic representation of six sample points selected using 
LHS method for two variables functions 
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7- Least Square Estimation 
8- Correlation Vector 
9- Correlation Matrix 
10- Likelihood Function 
11- Genetic Algorithm 
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Fig. 10 Variation of versus  and  

10       

  
Fig. 11 Variation of  versus  
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Table 3 Definition of constraints and objective function  
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Fig. 12 Flowchart of Kriging-based optimization method for deriving 
extended Drucker-Prager parameters 
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Fig. 13 The convergence between the experiment and the numerical 
results for PP composite 

13  

  
Fig. 14 Comparison of maximum force obtained from experimental and 
optimization methods 
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Fig. 15 Objective function values at different runs 
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Fig. 16 Variation of Maximum EI(x) at optimization procedure  
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Fig. 17 Variation of RSME/f0 at optimization procedure  
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Fig. 18 Variation of  at optimization procedure 
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Fig. 19 Dependence of the elastic modulus on the nanoclay content  
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Fig. 20 Dependence of the flexural modulus on the nanoclay content  
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Fig. 21 Dependence of the tensile and compressive yield stress on the 
nanoclay content 
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Fig. 22 Dependence of dilation and friction angle on the nanoclay 
content 
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Fig. 23 Dependence of K parameter on the nanoclay content 

23 K  
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