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8-node 2D quadrilateral element (accuracy, irregular shapes)

An 8-node element is defined by eight nodes with two degrees of freedom at each node: u;, v;. It
provides more accurate results and can accommodate irregular shapes without significant loss of

accuracy.
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Reference element vs real elements

One reference element maps to each real element of the mesh

parent element mesh of model elements
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Isoparametric mapping

vectors of nodal coordinates

(X1 (V1)

X2 Y2
de={ b 5 D=4
8x1 8x1

\Xg/ \Vg/

local vector of nodal parameters

(491 (U1
1%
o “op
T - €
N {q}e =1 C=
xi 16 x1
: Ug
\CI16J8 UﬂgJ

Isoparametric mapping - the same
functions are used to describe the

geometry and displacement field




Isoparametric mapping

matrix of shape functions:
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Shape functions of the 8-node quadrilateral finite elment

corner nodes:

midside nodes:
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Transformation between natural and cartesian coordinates

partial derivatives of any function of coordinates (x, y) with respect to (¢, n):
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Transformation between natural and cartesian coordinates

differential operators:
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the inverse of the Jakobian matrix:
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How to find the inverse of the Jakobian matrix?
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Gradient matrix calculation

differential operators in the coordinate system (x, y):
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Gradient matrix for plane stress and plane strain conditions
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Strain energy of an 8-node QUAD element

strain vector for plane stress or plane strain conditions:

{e} =[R(E mI{u} = [RE MIINE mMtale = [B(E, male
elastic strain energy of a finite element:
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Potential energy of loading and equivalent load vector

potential energy of loading in a finite element:
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Equivalent load vector in the 8-node quadrilateral element

{F}ez<

(F1

\F1c/
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Example. Equivalent load vector due to mass forces (gravity load)

gravity load : | 11
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Equivalent load vector due to surface load

equivalent load vector due to surface load:
] = [P, 1y |
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Results on the boundary between two 8-node FEs

continous DOF solution x =( x4, X5, X)
y=(y1, ¥5, ¥2)

u=(Cuq, us, uy)
v =(vy, Vs, V)
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9y, 9y, not continous element solution
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Example. 2D model of cantilever beam (8-node FEs)

pressure

fixed support

[ _!JL = -
5

element
solution o,

=

-336.56 1018 2372
-1014 340.577 1695 3049

stress o, stressay

-743.468 -413.194 -82.921 247.352 577. 626
-578.331 -248.058 82.216 412.489

"4
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