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Topics for todays class

— * Generalizing FEA procedures for elasticity —
T « Assembling [K] and [R] o
- Generalized interpolation functions
— « Calculating derivatives of interpolation functions —
— « Matrix forms for element stiffness and residual force —

» Calculating volume integrals by numerical integration
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Quadrilateral and hexahedral elements

For quadnlateral elements we can simply regard the integral over 2 spanal dimensions as successive 1-D
integrals
+1+1 NN _ .
[ | fla.5)d5ds = S wwyfld .4 )
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which gives rise to the following 2D quadrature scheme: Let #; and v; for /=1... M denote 1-D

quadrature points and weights listed below. Then in 2D, an N =M x M quadrature scheme can be
generated as follows:

forJ=]. . MandK=1..M let & =5, H=np wy=vyvp, I=MEK-1)+J
Similarly, in 3D, we generate an N =M x M x M scheme as:
forJ=1. .M, K=]1_ML=1_M let
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H=n;y H=ny H=n wi=vpvpvy, I=M¥L-1)+ME-1)+J
M=1 m=0 w=2
M=2 = —0.5773502691 W =10
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M=3| 1 =-0.7745966692 1y =0.55555555555
m =0. v; = 088888888888
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Integration points for tetrahedral elements

! pont d-14 d-14 d-4a w=106
d-a &-p &-B w-Un
§-p d-a G-p w-12s

4 point E=p H=p &H=a wy=1/24
§=p &= &= w=1/24
where a=058541020, £ =0.13819660

Integration points for triangular elements
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(the first scheme here is optimal, but has some disadvantages for
guadratic elements because the integration points coincide with the
midside nodes. The second scheme is less accurate but more
robust).
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Number of integration points for fullv integrated elements

Linear triangle (3 nodes): 1 point
Quadratic triangle (6 nodes): 4 points
Linear quadrilateral (4 nodes): 4 points
Quadratic quadrilateral (8 nodes): 9 points

Linear tetrahedron (4 nodes): 1 point
Quadratic tetrahedron (10 nodes): 4 points
Linear brick (8 nodes): 8 points

Quadratic brick (20 nodes): 27 points

J%n;/ IR Ya {k% ] R
d NINT ™ —
[ = = w et IOIT B
L =/
NINTA
= - = w- LB (S;

_page 18




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

