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Introduction to FEM

| sopar ametric Representation of
Finite Elements

Element geometry and displacements
are represented by
same set of shape functions (iso = same)
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Introduction to FEM

Strong and Weak Points of | soparametric
Formulationsfor Structural Mechanics

Advantages

Unification: same steps for all iso-P elements
No need to distinguish straight vs. curved side elements
Quick construction of shape functions

Disadvantages
L ow-order iso-P elements may be poor performers (overstiff)

Method does not extend to problems with variational
index higher than 1 (e.g., plate bending and shells)
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Introduction to FEM

Before | soparametric Concept was Discover ed,
FEM DevelopersDid " Super Parametric' Elems

Element shape functionsrefined,
more nodes and DOFs added

But element geometry was kept simple
with straight sides
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Introduction to FEM

For the 3 Node Linear Triangle, Recall:

Geometric Description

1 1 1 17[q
X | =Xt X2 X3 2
y Yi Y2 V3 {3

Displacement | nterpolation

Ux = Uyq Nle + Uyo Nze T Uys Ne,e = Uy183 + Uypls + Uxaly
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Super Par ametric Representation

(Triangles)
Triangular Geometry
coordinates _) Lxy
Z]_! ZZ! Z3
Shape Displacement
functions — inter polation
N® Uy, Uy
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Introduction to FEM

| soparametric Representation
(Iso=Equal) for Triangular Elements

Geometry
/ 11 Xl y
Triangular Shape
coordinates _) functions
ST E N
\ Displacement
inter polation
qu Uy

IFEM Ch 16 — Slide 7




Introduction to FEM

| soparametric Representation

for any 2D Element

-

Natural f Sh?pe
coordinates | == UnCNISnS
i

N

Only change wrt
previous slide

In 3D: 1,x,y becomes 1,X,y,z €tc

Geometry
1%y

Displacement
inter polation
UX, Uy
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Introduction to FEM

| so-P Representation of 2D
Plane Stress Elements with n Nodes

Element Geometry:

n n n
1=2;Nie, X=inNie, yz;yiNie
= | =

Displacement I nterpolation
n n
UX — Z Ux| Nle ’ Uy — Z Uy| Nle
i=1 i=1
Matrix Form of Above
- 19 1 1 ... 1[N T
Ne
X X, X ... X, 2
y = y1 Y2 cee Yn
Uy Ugq Uyo ... Uy,
_Uy_ —uyl uy2 uyn‘ | Nne _
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Introduction to FEM

More Rows May be Added to I nterpolate
other Quantitiesfrom Node Values

"17 1 1 17 .
CNE -
X X, % Xy, Nle
y Y. Y, Yn 2
Ux | = | Uy Uy Uyn
] Uy uyl uy2 uyn
thicknessh h hy hy Nn | L NS
temperatureT LT LT, T, Ty |
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ThelLinear Triangle

3
2
1
-1 - - 1 1 1 -
e
X X, Xy Xg N,
e
Y=Y Y Vs N,
e
Ux uxl ux2 ux3 N3
L Uy - LUy Uy Uyg-
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The Quadratic Triangle

-1 -1 1 1 1 1 1 A
X X1 Xo X3 X4 Xg Xg
y | = Y1 Yo Y3 Ya Y5 Y6
Ux Uyp  Uyo ux3 Uy ux5 ux6

_ Uy - —uyl Uy2 Uy3 Uy4 Uy5 uy6—

NS =aa-1) NS =40
NS =0(2-1) NS =468
NS =23(2z—1)  Ng =405
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The Cubic Triangle

Shape functions developed as
Exercisein Chapter 18
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Introduction to FEM

Quadrilateral Coordinates &, n

IFEM Ch 16 — Slide 14




- uyl

Introduction to FEM

4-Node Bilinear Quadrilater al

ux2
u

ux3
Uy3

17 - N e -
y4 N e
uX4 Nse
I

=7(1-8(1-n)
=7(1+8(1-n)
=7(1+8(1+n)
=z(1-8)(1+n)
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Introduction to FEM

9 Node Biquadratic Quadrilateral

ol
1 1 1 1 1 1 1 1 1 1 1
X X, Xo Xg X4 Xg  Xg X7 Xg Xg N,

Y =Y Y2 Y5 Ya Y5 Yo Y2 Vs Yo ;

Ux ux1 ux2 ux3 ux4 ux5 ux6 ux? ux8 ux9

Uy Uy Uy Uyg Uy U Uy Uyz Uyg Uyg | Nge |

N = 31-8(1-n&n  Ng=-3(1-8)(L-nn
Ny =—31+8(1-m&n  Ng= L+ -m)E Ny =(1-&)(1-n)
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Introduction to FEM

8 Node " Serendipity” Quadrilateral

SR
8 —_
&=-1 ¢=1
1~ n=-1g
2

Derivation of shape functionsisan
Exercisein Chapter 18
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