NPTEL ONLINE CERTIFICATION COURSES

FINITE ELEMENT METHOD

Biswanath Banerjee & Amit Shaw
Department of Civil Engineering, lIT Kharagpur

Module 12: Examples
Lecture 57 : B-Bar Method



* Incompatible Mode elements QM6 Example
* B-Bar method — Examples



Problem 1 : Thin Cantilever Plane stress Beam
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Problem 1 : Thin Cantilever Plane stress Beam
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Problem 1 : Thin Cantilever Plane stress Beam
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Problem 1 : Thin Cantilever Plane stress Beam

Mesh (25 x 4)

FEM (with incompatible modes) 7 -
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Problem 1 : Thin Cantilever Plane stress Beam
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Problem 1 : Fully constrained 2D block
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A, u — material parameters, u = 40

g-(x,y) = uy(-15x* + 6x% - 3x%y? + y? — 2.5) — 15x%(y - 1)
qgy(x,y) = ux(15y* - 6y* + 3x%y? — x% + 2.5) — 5x° —3y?



Problem 1 : Fully constrained 2D block
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Exact Q4 element with B — bar method

A
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Problem 1 : Fully constrained 2D block

SR EEE

AT

|BENENEEN

Exact

IENEREENi

ﬂﬂﬂﬂﬂﬂﬂﬂﬂ

11
= 2 2 2
5 8 & 8
g o o o
S 8 8
AT
! i
|EBREDEEi 1171117
|
f
T 1
&
a
S
S
S

Q4 element with B — bar method

A
v displacement with — = 10°, v = 0.499999
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Problem 1 : Fully constrained 2D block
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Problem 1 : Fully constrained 2D block
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Problem 2 : Nearly incompressible cantilever

by
E = 200,v =0.499

| L=10
Simply Supported Cantilever subjected to a couple at the free end

Exact Solution :

26" (1-v2) (1,
u(x,y) = h x[i —y]

267 (1 -1?)
(X, y) = = (xz + %y(y = h)]
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Problem 2 : Nearly incompressible cantilever
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Problem 2 : Nearly incompressible cantilever

Exact E,
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Cook’s Membrane

Problem 3
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Q4 element with B — bar method
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Problem 3 : Cook’s Membrane

Q4 element with B — bar method



Problem 3 : Cook’s Membrane
Q4 element with B — bar method

Q4 element with B — bar method
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Problem 3 : Cook’s Membrane

Odel ; Q4 element with B — bar method
eieniert
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Problem 4 : Nearly incompressible 3D block under compression
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Problem 4 : Nearly incompressible 3D block under compression

P8 element
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P8 element with B




Problem 4 : Nearly incompressible 3D block under compression

P8 element with B — bar P8 element
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Different Finite Elements in Three Dimension

Tetra

0-node

Wedge/ Penta
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Shape function

[—1,1] x [-1,1] x [-1,1]



Recall: Shape function through tensor product
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Shape function: 8-node hexahedral (or brick) element
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$3(E,n,0) = I @PFPZ(Q)
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Shape function: 8-node hexahedral (or brick) element
EnD=0-HA-n1-4)/8
E O =0+HU-mA-7)/8

37 ) =0 +OHA+mA-)/8

"D =0-A+nA-)/8

G =1 -HA-mMA+)/8
E N =0+HA-nA+)/8
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Shape function: 4-node tetrahedral element
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Recall: Area coordinate




Shape function: 4-node tetrahedral element







Shape function: 4-node tetrahedral element

B volume of P234
4 $,=1 §1 = 0e
Similarly,
3
$3 =1 volume of P134 _ volume of P124
& f2= = &= —a
§1 =

2 £, = volume of P123

4 — 0e



Shape function: 4-node tetrahedral element
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Recall: Area coordinate




Recall: Area coordinate




Recall: Area coordinate




Shape function: 4-node tetrahedral element
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Iso-parametric, Super-parametric and Sub-parametric



Iso-parametric, Super-parametric and Sub-parametric

Iso-parametric Super-parametric Sub-parametric

e Nodes for approximating geometry

/\ Nodes for approximating field variables
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Recall: Poisson equation

0p; ac/), dpe [ 0¢; L ] e
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Iso-parametric
formulation
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Iso-parametric Formulation
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Recall: Integration (Gaussian Quadrature) Over Quadrilateral Domain
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Gaussian Quadrature Over Hexahedral (Brick) Domain
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Recall: Integration Over Triangular Domain

Integration
order

$1,

621'

Wi

Three-point

0.1 666 666 666
0.6 666 666 666
0.1 666 666 666

0.1 666 666 666
0.1 666 666 666
0.6 666 666 666

0.1 666 666 666
0.1 666 666 666
0.1 666 666 666

Seven-point

0.1 012865 073
0.7 974 269 853
0.1 012865 073
0.4 701 420 641
0.4 701 420 641
0.0 597 158 717
0.3 333 333 333

0.1 012865073
0.1 012865073
0.7974 269 853
0.0 597 158 717
0.4 701 420 641
0.4 701 420 641
(0.3 333 333 333

0.0 629 695 903
0.0 629 695 903
0.0 629 695 903
0.0 661 970 764
0.0 661 970 764
0.0 661 970 764
0.1125




Integration Tetrahedral Element

1= Wil(E, 20 €I (10 20 65.)
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Integration
order
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One-point

0.25

0.25

(.25

Four-point

0.58 541020
0.13 819660
0.13819 660
0.13819 660

0.13 819660
0.58 541 020
0.13 819660
0.13 819660

0.13 819 660
0.13819 660
0.58 541020
0.13 819 660

0.25
0.25
0.25
0.25

Five-point

0.25
1/3
1/6
1/6
1/6

0.25
1/6
1/3
1/6
1/6

0.25
1/6
1/6
1/3
1/6

—0.8
0.45
0.45
0.45
0.45




Recall: Poisson’s Equation in 2D V- (kVu) = —f

Specific case (a,, =a,, =k, a,,=a,,=a,,= 0 ): Poisson equation
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Element Formulation: Poisson’s Equation

vo(kvu) ==f K} = (£ +(Q°)
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Element Formulation: Poisson’s Equation

vo(kvu) ==f K} = (£ +(Q°)
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Element Formulation: Poisson’s Equation
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Recall: Plane Elasticity and Element Equation
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[K¢] = j t,B¢TCB¢dxdy
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