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C t t f T d ' L tContents of Today's Lecture

• Aim of the lecture 

• Displacement-based isoparametric continuum finite elements

• General matrix equations of displacement-based continuum 
elements

• Truss and cable elements

• Example
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Di l t b d i t i ti fi itDisplacement-based isoparametric continuum finite 
elements

• Linearisation of the principle of virtual work with respect to finite 
element variables

TL formulation

At the end we obtaint t e e d e obta

and can now derive the finite element equations
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General matrix equations of displacement-based 
continuum elements

• The selection of interpolation functions and their implementation 
(displacements and coordinates)

• By invoking the linearized principle of virtual displacements for 
each nodal point displacement the governing equations areeach nodal point displacement the governing equations are 
obtained

• Same interpolation functions for coordinates and displacements 
assure that the displacement compatibility is preserved also for 
incremental analysis (for all configurations)y ( g )
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General matrix equations of displacement-based 
continuum elements

• Materially-nonlinear-only analysis:

- Static analysis

- Dynamic analysis, implicit time integration

- Dynamic analysis, explicit time integration
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General matrix equations of displacement based

• TL (Total Lagrange) formulaton:

General matrix equations of displacement-based 
continuum elements

( g g )

- Static analysis

Dynamic analysis implicit time integration- Dynamic analysis, implicit time integration

- Dynamic analysis, explicit time integration
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General matrix equations of displacement based

• UL (Updated Lagrange) formulaton:

General matrix equations of displacement-based 
continuum elements

( p g g )

- Static analysis

Dynamic analysis implicit time integration- Dynamic analysis, implicit time integration

- Dynamic analysis, explicit time integration
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General matrix equations of displacement basedGeneral matrix equations of displacement-based 
continuum elements
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General matrix equations of displacement basedGeneral matrix equations of displacement-based 
continuum elements
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Fi it l t t i (T bl 6 4)Finite element matrices (Table 6.4) 

• All analysis:y

- Integral Matrix evaluation
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Fi it l t t i (T bl 6 4)

• Materiallly-nonlinear-only:

Finite element matrices (Table 6.4) 

y y

- Integral Matrix evaluation
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Fi it l t t i (T bl 6 4)

• TL formulation:

Finite element matrices (Table 6.4) 

- Integral Matrix evaluation
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Fi it l t t i (T bl 6 4)Finite element matrices (Table 6.4) 

• UL formulation:

- Integral Matrix evaluation
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T d bl l tTruss and cable elements 
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