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Corotational Formulation
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 In a nutshell:
 Each finite element has a frame of reference associated with it

 This frame describes base rotations and translations –rigid body-style
 Based on linear finite elements –infinitesimal deformation
 The element frame of reference absorbs rigid body motion and allows defining 

infinitesimal deformation with respect to the element 
 We will analyze this formulation on a per-element basis, only a beam elem.



Corotational Formulation
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Corotational Formulation
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Corotational Formulation
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Local displacements

Possible initial relative rotation between node and reference frame

Infinitesimal 
rotations for elastic 
forces
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Corotational Formulation
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Corotational Formulation
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Generalized Elastic Forces
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Generalized Elastic Forces



10

Stiffness Matrix
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Generalized Loads in CRF
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Procedure
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Summary
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Summary



Other finite elements 
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Reissner shells

• Reissner-Mindlin theory 

• Kinematically-exact 6-field shell theory, drilling included ( Witkowski et al.)

• 6-field: displacement y and rotation T , with 𝑻𝑻(𝒙𝒙, 𝑡𝑡) ∈ 𝑆𝑆𝑆𝑆(3)

• Optimization
Morandini-Masarati corotational formulation: interpolation of T from node rotations respect to 
average rotation
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The Reissner 6-field shell

• 6 dofs per node
• Quaternions for rotations, incremental formulation

• 4 Gauss points
• ANS for shear lock
• CLT preintegrated material laws for layered materials 

17

N1

N2

N3

N4



Animation
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