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Background 

 

• Laboratory triaxial compression  

experiment of geomaterials 

 

 
• Strain-softening phenomenon is very  

common in Petroleum Geomechanics 

 

 



 
FEM for elasto-plastic consolidation 
 

• Field equations 

 

 

 

• Galerkin discretization 

 

 

 

• Time discretization 

 

 

 



• Initial stress method 

 

 

 

 

• Numerical flow chart 

 

 

 

 
FEM for elasto-plastic consolidation 
 



• Stress changes in brittle-plastic plasticity 

 

 

 

 

 
                           

                                   Diagram of stress-dropping                                      Brittle-plastic model 

• Simplification of strain-softening process 

 

 

 

 

 

 
Strain-softening process 

 



• Stress changes in M-C  

     Assumption: constant minor principal stress 

       

     Peak stress surface: 

     Residual stress surface: 

 

 

 

     Assume the ratio of difference of the principal stress is constant 

 

      

 

     

 
Strain-softening process 

 



• Evolution of strength parameters 

 

 

 

• Plastic shear strain 

is chosen to measure strength parameters 

 

 

 

 

 

 

 
Strain-softening process 

 



Consolidation considering strain-softening 

 

 

 

 
 

 

                                      Strip footing model 

 

 

 

 

 

 

 

 

                                     Finite element mesh 

 
Numerical results 

 



• Pressure 

 

 

 

 

 

 

 

 

 

 

 

          Consolidation settlement at centre of footing                 Dissipation of pressure at point A           

 
Numerical results 
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• In coupled hydro-mechanical (H-M) system, if material exhibits strain-
softening behavior, the strain-softening model should be applied, 
otherwise, the results will deviate far from the real solution. 

 

• Finite element method is capable of solving the coupled H-M 
problem with strain softening considered. 

 
Conclusions 

 


