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Our approach right now is global or shape function approach

We work with global shape functions Ni(x)
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Forces from essential BC, natural BC, and source term (and concentrated forces)

B. Essential Boundary Conditions

u = u 0D,

Essential boundary E

N v Nixk N x) N ix)
A

@ We let, (_I'ip = uNg — (;'JP(U) — (.f)P[::I!o} = ulNp (Io) —ud1 =1 (307}
@ It is clear that for all the trial functions (i.e., shape functions corresponding to /’
unknowns - I € {Ni,..., N}, Ni(0) = Ni(x0) = dj0 = 0. That is, trial /=

Pp- AN, (0) = U N, ()
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applied u

Although the essential BC is not satisfied exactly (given that it only
matches the prescribed values at FEM nodes) the error induced by this
approximation is of the same order of magnitude of FEM discretization
error and all the other errors that we will cover ->

This type of error is acceptable!
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Summary: Force vectors

@ Force vector is given by: . ;.Esctnmﬂ boundary 9D,
F
> e

| F=F.+Fyv+F.-Fp ‘ (311) ' Nafural boundary
x L o dDy

o

@ F,., Fy, Fr and Fp are given by (¢f. (301) and (310))

T
F, = (NT,q) :fDNquv:f . | gdz (312a)
T ) ]

N, ]

P'l'Tl
: ] F) (312b)
*IV“f =L

Fy = (NT,F)N - fwr NTF.st — (

Fp=A(NT,6,) = fﬂ (%NTEA%% dv (312¢)
= BTEABdv'a= r ’VBI—| FA [Bi En-p] dx [ai ] =1
J, J
g > 1s..] o,
F, = [Fll (312d)
Frp,. P48 / 456
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Force Essential Boundary Condition

@ We have used (300) in (312c) to write,

Fp=A(NT6,) =Ky,a (313)
@ The prescribed to free stiffness matrix Ky, is an ng % ny matrix given by,
2
Kf, = /ﬂ BTEABdv = /0 D |EA[B; -+ By)da (314)
| By,
@ From (306) we had,
By
X L " BQ “
K=A(s".0) :f BTEAde:/ Sl EA[BL By .- Bn]dr
D 0 \‘ :
B,
where K was an ng x n€. matrix.
@ “Prescribed” dofs i do not go into K because their value @; are already known.
@ This is opposite to dofs [ = 1,...,nf which correspond to "free” dofs.
Force Essential Boundary Condition
For example for the problem in the figure n, =1, 1 =0, a; = =
L | B - L | B
Fp=a; / o | FABj(z)dzx = 'ﬂ/ . | FABy(z)dz (315)
0 0
B, By,
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