
Isoparametric elements



Isoparametric elements

• Element not compatible

• Define element in a parent domain

• Approximation in parent domain

• Mapping to global domain



Mapping

• Mapping

• Differentiate

• Or from global to parent domain

where

• Unique mapping requirement



4-node isoparametric element

• Shape functions (from Lagrange interpolation)

• Use the element shape functions for the mapping !



4-node isoparametric element
• With

• The mapping can be written

• Same shape functions used for approximation and mapping

• Requirements for unique mapping



4-node isoparametric element
• Mapping

• Mapping of corner points:

• Mapping of line x=-1

i.e. x and y vary linearly between node 1 and 4



8-node isoparametric element

• Mapping

• Shape functions from Lagrange interpolation polynomial



• Mapping of line x=-1 maps to quadratic lines

• But consider nodes 1, 8 and 4 are global on a straight line

• Inserting in the second equation above

• And using the first equation gives a linear mapping

8-node isoparametric element



Three-dimensional isoparametric elements



• Isoparametric elements fulfil the completeness criterion if
the following is satisfied

• and

Convergence criteria



Finite element form of elasticity

• Two-dimensions

• Three-dimensions



• Two vectors

• The cross product gives the area of the parallelogram

• If the vectors are located in the xy-plane

• Or as

Integral transformations



Integral transformations, 2-dim
• Considering two-dimensional elements, we have

• where

• Choose the vectors a and b as

• We get



Integral transformations, 3-dim

• Generalization to three-dimensions

• Where

• This results in



Transformation of boundary integrals

• In two dimensions we have

• Either dh or dx is =0 along boundary, assuming dh=0

• We then get

• and the boundary integral can be written as



Transformation of boundary integrals

• In three dimensions the boundary is a surface where dh, dx 
or dz = 0, assuming dz = 0

• The infitesimal surface dS is then

• And the boundary integral is written



FE-equations in 2-dimensions
• Heat equation

• Gradient of shape functions

or 

• we get



Elasticity finite element equations

• Two dimensions

• Use that


