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Summary: Force vectors

@ Force vector is given by: Essential boundary 9D,

'4
I F=F,+Fy+F,—-Fp | (311) Natural boundary
JDy
@ F,, Fy, F, and Fp are given by (cf. (301) and (310))
L .’\1
Fr= (NT.q) = / NTqdv = / : | qdz (312a)
v D 0 ot
Nng
Ny
Fy = (NT,F) =/ NTFNds= || : | F (312b)
N "Dy 2
N r=L
Fp=A(NT,¢,) = 4 NTEAL 4o dv (312¢)
' =ER Jp dx “dz T
L By aj
= {/ BTEAB dv}ﬁ: / . |EA[By -+ Bm]dzp| : [=Kya
D 0 £ £
ng dvfp
Fnl
Fn=| : (312d)
"‘" ng
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Force Essential Boundary Condition
@ We have used (309) in (312c) to write,
Fp=A (NT.o,,) =K ,a (313)
@ The prescribed to free stiffness matrix Ky, is an ng x np matrix given by,
L[ B
Wy / BTEAB dv = / . |EaBy -+ Bg)dz (314)
JD . =
0 B,,l
@ From (306) we had,
By
L | B2
K=A(¢"0)= / BTEAB dv = / . | EA[Bi B: --- Bgn]dz
JD Jo e
Bn,
where K was an ns x nj matrix.
@ "Prescribed” dofs i do not go into K because their value a; are already known.
@ This is opposite todofs I =1,..., ng which correspond to “free” dofs.
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Numerical example from slide 251:
Bar Example: Overview
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Bar Example: Step 1: Stiffness matrix

9 A I}] I));;
- x 1 )
Q €1 r=3; €9 1 ('.'j T £ (/-l 2 <
=011, R 1o T
92 -
151 B, Bs
B.1 ¥ B,B, ar
- [2]
(5]
l, B E
l y
1 -2 0 0
B! -2 0
K = 316
sSym. 4 -2 ( )
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More detailed calculation of this is below:

Bar Example: Step 2.1: Source term force
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Bar Example: solution values

@ u” and u match at all nodes 71, n1, 72, 75, and 1;. This holds for 1D solid elements with
uniform AE and does not hold in general.
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Bar Example: error in solution values
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Bar Example: solution derivatives (o axial force)
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@ The errors in solution derivative is larger than those in the solution itself. In general, the
accuracy of FE solution decreases for solution derivatives (e.g., strains, stresses, etc.).

: : s : h S S
@ Approximate solution u” exhibits jumps in %“— at all interior nodes. This is because the

solution is piece-wise constant in H*([0 2]).
@ Even the exact solution exhibits jumps in 1—%'7‘ at n; and from the concentrated forces.
@ The H'([0 2]), rather than C'}([0 2]), is the right solution space for u and u”
them belong to the latter space.
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FEM local view (element-centered perspective) in contrast to global (node/dof centered view abom N
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