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Advanced FEM
One advantage of solid elementsis
that FEM modelslook likethereal thing ...
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or likethereal McCow
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tetrahedron
aka Iltetll

Standard Solid Elements
(Corner Nodes Only)

3

pentahedron
aka"wedge"
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<2
hexahedron
aka"brick"
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Nonstandard Solid Elements
(Corner Nodes Only)
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Advanced FEM

The Standard Geometries Can Be
Used for Repeating M eshes
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Solid Elements Can Have Midside Nodes

Midside nodes need not be at the edge midpoints.
Thisfacilitatesfitting curved-face boundaries
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. . Advanced FEM
| soPar ametric For mulation

For general solid element with n nodes
Geometry definition

where Nj arethe shape functions (kept generic in this Chapter)
Thefour rows of thismatrix relation say that

n n n n
1=>"N x=» %N y=>Y_ yN z=>Y zN,
= = =

Thefirst equation saysthat shape functions must identically
add up to unity, which isa completeness requirement
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| soPar ametric Formulation (cont'd)
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Displacement inter polation usesthe same shape functions

as geometry definition

Thethreerowsof thismatrix relation say that

n n n
i=1 i=1 i=1
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| soPar ametric Formulation (cont'd)

Thenodal DOF of element are arranged as 3n-vector
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wher eas strains and stresses are arranged as 6-vectors
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| soParametric For mulation (cont'd)
Strain-displacement equationsfor infinitessmal strains:
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Constitutive equationsfor linear elastostatics (noinitial stresses):
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| soParametric For mulation (cont'd)

The element stiffness matrix is given by

K€ = f B'EBdV
Ve
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which isnumerically integrated by a nG-point Gaussrule:

NG
K& = Z wakB-krEBk
k=1
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To speed up element formation introduce

and

[ Byi E11 + Byi E1s + B, Eg6
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| soParametric Formulation (cont'd)
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Bxi E12 + Byi E2s + By Eos
Bxi E13 + Byi Ezs + B Ezs
Bxi E14 + Byi Eas + B, Ess
Bxi E15 + Byi E4s5 + By Esg
Bxi E16 + Byi E46 + By Egs

B ij 0
0 Ny
0 0
Nyj Ny
0 Ny

| sz

Byi E12 + By E1sa + B4 Egs
Byi Exx + By E2s + B4 Eos
Byi E2z + By Ezs + B, E3s
Byi E2s + Byi Eas + B, Ess
Byi Eos + Byi E4s + By Ess
Byi E2os + Byi Es6 + By Ese
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Bz E13 + Byi E15 + Byi E16 7]
Bz E2s + Byi Eos + Byi Exs
B, Eaz + Byi Ess + By Ess
B, Eas + Byi Ess + Byi Ess
B, Eas + Byi Ess + Byi Ese
B Ess + Byi Esg + By Egs -

Then the3 x 3 {i,j} stiffnessmatrix block isgiven by

ByjCi3 + ByjCaz + By Ces:|

|

BxjC1u + ByjCa1 + B;;Ce1
ByjCo1 4+ ByxiCa1 + B;Csy
B, Cs1 + By;Cs1 + By Ce1

BXj C12 + By] C42 + BZJ CGZ
Byj C22 + Bxi C42 + sz C52
B Cs2 + By;Cs, + By Ce2

ByjCos + By Cuz + B;Css
B, Css + ByjCsz + ByjCes
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| soParametric For mulation (cont'd)

The element consistent mass matrix is given by

MngpNNT dv
Ve

in which N denotes the shape function matrix

The mass matrix isalso usually evaluated
by Gauss numerical integration
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