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The Ahmad-Irons- Zienkiewicz Element Cº 

Continuity 
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The Ahmad-Irons- Zienkiewicz Element Cº 

Continuity 

(t = 0 represents the reference undeformed configuration ) 
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Incremental Displacements 
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Incremental Displacements 

5 d.o.f. / node 

and A special definition of                                    is used for the case when               is parallel 
to the y-axis.   

n 
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Constitutive Relations 
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The Locking Problem 
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The Locking Problem 
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The Locking Problem 

In curved elements a similar problem appears if the interpolation functions cannot 
represent states of zero membrane deformation (membrane locking) 



11 
www.simytec.com 

The Locking Problem 

Simply-supported plate  
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The Locking Problem 

Curved cantilever  

The Figures are not to scale 
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The MITC4 Element 

The MITC4 (mixed interpolation of tensorial components, four nodes) is a general 
shell element with the following features: 
 
   It can be used in non-flat geometries (it is a shell element rather than a plate 
element) 

 
   It can be used in general nonlinear analyses (material nonlinear analyses and 
geometrical nonlinear analyses but small strains) 

 
   It does not lock and it does not present spurious rigid body modes. 

 
   It can be used for thin and moderately thick shells. 
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The MITC4 Element 

Four node shell element 
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l = 0     undeformed configuration 
l = t     deformed configuration 
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The MITC4 Element 
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In the natural coordinate system, the strain tensor is: 
 
 
 
 
 
where           are the strain tensor components  and              the contravariant base 
vectors 
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The MITC4 Element 

   The usual A-I-Z interpolations for the displacements/rotations, Eqn. (3) 
 

 
   The “in-layer” strains  (        ,          and          ) are directly calculated from 
the displacement interpolation using the kinematic relations. 

 
 
   The transverse shear strains         and         are interpolated using the 
interpolations shown in Fig. 2 

e13 
i 

e11 
i 

e33 
i 

e22 
i 

e33 
i 



17 
www.simytec.com 

The MITC4 Element 

Interpolation functions for the transverse shear strains 
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MITC4 - TLF 
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MITC4 - TLF 
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MITC4 - TLF 
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MITC4 – The Patch Test 
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MITC4 – Modeling Details 

Shell Intersections 

Director Vectors 

Generated Normals 
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MITC4 – Modeling Details 

Modelling of stiffened shells 



24 
www.simytec.com 

MITC4 – Modeling Details 

Rotational boundary 
conditions in nonlinear 
analyses 
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MITC4 – Finite Rotations 
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Finite Rotations - Linearization 
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Finite Rotations - Linearization 
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Finite Rotations - Linearization 
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MITC4 – Finite Strains 

Introduce thickness stretching 
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MITC4 – Finite Strains 
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MITC4 – Finite Strains 
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MITC4 – Finite Strains 
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MITC4 – Finite Strains 

Use 3D constitutive relations 
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