Tutorial 5: FEM for Engineering Applications (SE1025)

Chiara Ceccato, ceccato@Kkth.se

6.8 The plate in the above problem is loaded by a pressure p,
(uniform traction) acting on the side 1-4 and by its dead weight
(density p). The dead weight can be modelled as a force per unit
volume (body force) K, = —pg. Let A = 1/2 and determine
the contributions to the nodal force vector from

(a) the pressure pj and (b) the force per unit volume X,
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6.9 Calculate the contribution from the force per unit volume K, to the nodal force vector mn
the above problem by use of numerical integration based on Gauss-Legendre quadrature. Use:
(a) I x1 and (b) 2 x2 pomt integration scheme 1n the element.

6.10 A traction vector t (force per unit surface) is acting between pomnts A and B located on
the edge of a plate of thickness h. The segment between A and B is straight and of length 2L.
Consider a linear variation of the traction vector according to
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where 5 1s a natural coordinate. t, and tg are the traction vectors at the points A and B. respec-

tively. see the figure below. Determine the contribution to the total nodal force vector if the
plate is modelled by

(a) one 1soparametric 4-node quadrilateral element,

(b) one isoparametric 8-node quadrilateral element. where the mid nodes are placed in the
middle between their corresponding comer nodes.

Assume that the traction vectors along AB are composed of a constant normal stress 6 and a
constant shear stress Tg, such that
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Use the results in (a) and (b) to evaluate the contribution to the total nodal force vector along
AB if the boundary is modelled by

(c) three equal 1soparametric 4-node quadrilateral elements and

(d) three equal 1soparametric 8-node quadrilateral elements, see the figure below.

(c) (d)

N =(1=-8)(1-m)/4, Ny=(1+E)(1-m)/4

ds
=X "
-\ Ny=(1+&)(1+n)/4, Ny=(1-E)(1+n)/4
Displace- wEm)| _ [N 0Ny 0N 0N, 0
ments: v(E,m) 0N, 0N, 0N 0N ° ‘
ON;/dx 0
Deformation: B - I:BL B, B, 134] B;=| 0 oN/dy
ON,;/dy dN./dx
ON./dx —1|ON./dE JIE v/ DE
where O y11979s J = |92/08 dv/ag
aN,/dy aN,/an ax/am dy/
Stresses: O v 0 e
| = T e (Plane stress)

00 (1-v)/2f|y,,




Problem 6.8
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Recall from the theory:
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Relations between local and global reference system:
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Definition of Jacobian:
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We want to compute the dead weight:
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Problem 6.9
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Gauss Numerical Integration:
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Repeating the same procedure for all the forces:
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NOTE ABOUT THE INTEGRATION ACCURACY:

In the tables, the accuracy n = 2m -1 (with m the number of integration points) is the order of the
polynomial expression which can be integrated correctly with the Gauss approximation.

In this case f(§,n) is a polynomial of order 2 in n and of order 1 in . We need at least n=2 for n and n=1
for &. It means that, in order to have a correct integral, we need at least m=2 in n (which gives accuracy
3>2) and m=1 in & (which gives accuracy 1).



Problem 6.9

Change of Coordinates
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(b) 8 nodes element
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