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Step 4: Set global prescribed nodal dof

’ S e e A I
_ " .
=% < npe? ne np\\ A
[T ZEM 100{“11* [ dofs (e

|
el e Y | | kf . F 3(
0%' *: f}’? ; . " L J
<! S| C I|
o H fo ‘
‘o0 ¢ L
é{:fg 1 [*

np 3

node node_dof_index value
210.0

3105

@0.0

Step 5: Set global free nodal dof

All dofs in FEM are by default FREE with ZERO "force". Since from step 4, we already know which dofs are prescribed
(-> we'd know which ones are free), here we only need to provide free dofs with nonzero force
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Step 6: dof positions; Step 7: Set F(F/)
Nt :

FreeDofs
nNonZeroForceFDOFs 1

node node_dof index value
12-1.0

Step 7: Set Ff
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. J = el
@ After looping over all dofs the final values in load vector are:

F=[0 0 F 0 0 0 0 0 0 M|

posf = 0, posp = 0
for n = 1:nNodes
for dofi = 1: node(n).nndof num dof for node (n)
if node(n).ndof(dofi).p == true prescribed dof
pof:p(z) p?pf(_dl;') 6
node(n).ndof(dofi).pos = posp; ggz,\?
else free dof
posf = posf + 1;
node(n).ndof(dofi).pos = posf; 3““&"6
F(posf) = node(n).ndof(dofi).f %‘U/Pﬂ
end
end

end

Step 8: Element dof maps M

Step 8: Element dof maps My: Simplified limited case

Truss | _u, Frame
dofs: u, v, 0
Ndpn = 3
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For step 8, to form dofMap, we first need to know the map between element nodes and the global domain nodes ->

NodalMap or LEM.
How do we get this?

ements

_id elementType matID neNodes eNodes
1 23
2 21

1rm¥“’“”3\‘\¥ L. o
l;b eq~~

O\M\\t% L(USS
2., k(U
* rolen Cet Leserrd 4 o fioar—_

3
3

Slide 420:

Step 8: Element dof maps MY: Simplified limited case

)
| «, Frame T

Truss L
dofs: u,v = ',»A\s dofs: u,v.6 =
/N At
Ndpn - oD/ \\ 3 Tdpn = 3
/0 \
|} |.
\
1*‘ w, \‘] N ] -
7 ) 757

A simplified pseudo code looks like: ecdof = 1 dof counter for element
for en = 1: neNodes number of element nodes
gn = LEM(en) global node number for element node en
[ e.g., 2 for 2D trusses

for endof = 1: ndofpn This number is fixed now,
dofMap(ecdof) = node(gn).dof(endof).pos
zndof endof, we bypass some steps her:
ecdof = ecdof + 1 increment counter
end
end
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end
end

Step 9: Set element dofs a®: Simplified limited case

Truss I_.u_‘. Frame
dofs: u.v = dofs: u,v.0 =

@ Tdpn = 3 " ]

Ndpn = 2

N AA 9 o™
3
A

RS %%f\

teweim rrapn \TtUTr e

dofs = zeros(nedof) clempm dofs (edof) resized to number of element dofs and zeroed

ecdof = 1 dof counter for element
for en = 1: neNodes number of element nodes
gn = LEM(en) global node number for element node en
for endof = 1: ndofpn This number is fixed now, e.g., 2 for 2D trusses

if (node(gn).dof(endof).p == true) gndof = endof, we bypass some steps here \ 9 3 goq/
| QKR

dofs(ecdof) = node(gn).dof(endof).value; e dof val = corresponding global val

SEmr st ser s e ss peses S Sme) WIIII[eIIIe s SIS pue e wese[es W oW W wer s

end
dofMap(ecdof) = node(gn).dof(endof).pos SW O\
ecdof = ecdof + 1 increment counter Q, g& \
end (L Q $

end
422/ 456
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Step 10: Compute element stiffness/force

Uy (a3 LEN

Y 3
Mo Truss element
Quadrilaterial
s solid + thermal €1 Beam
y2lay) element / element
o ‘ €4q ‘ v/
— R |
n 1z ns n,;//

Every element has its own implementation of stiffness calculation.

Parent class: PhyElement (this is a generic element)

class PhyElement
( o [k dwn et e
// Step 10: Compute element sti F Mql\,-

ness/force (ke, foe (fre: source term; fNe: Neu QV\’] \wf\
vir%al void Calculate_ElementStiffness_Forc

CN\\\“X(\IW )\O(Gwv\) ‘,\\ m v {/\Q@){W \“‘P\MG}N\'\

Child (subclass)
PhyElementBar.h

class PhyElementBar : public PhyElement
{

virtual void Calculate_ElementStiffness_Force();

}
void PhyElementBar::Calculate_ElementStiffness_Force()
{
// compute stiffness matrix:
ke.resize(2, 2);
double factor=A*E/L; K - ]2{6 \ J\
ke(0, 0) = ke(1, 1) = factor; 0, ~ &/
ke(1, 0) = ke(0, 1) = -factor; A\ \
}

void PhyElementTruss::Calculate_ElementStiffness_Force()
{

// compute stiffness matrix:

ke.resize(4, 4);

double factor=A*E/ L;

for (int1=0; 1 < 2; ++l)

favlimves I N1 220 00 1\ — ? !
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double factor=A*E/ L;
for (int1=0; 1< 2; ++1)

for (intJ=0;J<2; ++)) O? ¢\

{ —_—
double 2 = factor; AE T
if (1 +1) % 2 1= 0) o cs S

f2 = -factor; '1 AN

ke(2*1,2*))=c*c*f2;
ke(2*1+1,2*))=ke(2*1,2*J+1)=c*s*f2 T:)
ke(2*1+1,2*J+1)=s*s*f2;

}

cout << "ke\n" << ke << end|;
3

SU\OJQ&\}“\‘;\' \/;03@& \
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Input file

nNodes 3
id crd
11.61.2
200
302.8

Step 11: Assembly from local to global system



truss example

Truss example: Assembly of global system

ey €3
€
niy
_M.g
Uy =0
0 =1
10 = 0
Sl =0
Ry’ 1
u»,
u
l'L 0
0000 064 048 -064-048
L€ _ e |010-1 W€ — (L) | 048 036-048-036
k* 0000 ) 0.64-048 0.64 0.48
0101 -0.48-036 0.48 0.36
ijoo 1] 032024 -032-024
= 3| 003671 0-03571 = 024018 -024-018
200 o0 -032-024032 0.24
0-0.35710 0.3571 -024-018024 018
- T ® 0 T nQ
D o 0 o 0 o i1jo [ B3 010_\ o0 Q ijo [ 1 ? 1106
00157 0.0.8N ° ° 034 015 224 D18 {n‘ 0 1 N
o 0 o o 0.5 = 3lo ARN0MO02 0N ﬂ] o J 1 1 5 (d\}\) \
003710 0.7 o o AMO0BOM OB L] 10 1 ? 2 i1
- = — AN
e e, _ J€ €y ey _ 0 e 2 _ 0 v : .
!eftl—l'.*+!N—fD—;0rrl 02 4o — 177 = ]| [ R —
o 2lo 2| —0.11
0.3 0.24 —0.34 0. 5410 0.019 —0.24
d’ K = [0.24 0.18 —0.18 - o019 0.401 —0.18
% -—0.34 —Q 0.36T140.18 0.24 -—0.18 0.5371
2 = [U. —0.212%
F=Fr +Fg = |=— 11 —1.1108| => u=x ¥=|Usl =|—3.2080
N 0 O 0 U, —1.200

Ve,

v
@ Numbers encircled in the computation of essentiahc force are displacements corresponding to free dofs. As mentioned
before, in reality we do not consider them in computation of this force, but in hand calculation we just put zero for
those values.

323 /456

Summary:

Prescribed rows -> useless
=>

Only work with prescribed ROWS

Free column -> Stiffness is updated

else
S o
=4
for e = 1:ne loop over elements

Prescribed column ->
fee = feo element total force = element all
f@: 1:nedof loop over rows of ke; nedof
| = dofMap(i) local to global dof map M
if (I > 0) | corresponds to a free dof, we skip prescribed dofs
for j = 1:nedof loop over columns of ke
J = dofMap(j) global dof corresponding to j
if (J > 0) now both | and J are free and can add ke(i,j) to global K

Al

’

forces except essential fo

element # dof

K(l, J) = K(I, J) + ke(i,
else | 0, preseribed dof j; add comtibutions of t’:,», k€a® to f*
fee(i) = feely) - ke(i, j) * edofs(j) ed)fs: element dofs = a’
end L o
end
E/N\ — Ef1\ 1 faali\alamant'c tatal fAarra foa ramnanant i'th ic ramnntad_uaddad v+ BN
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for e = 1:ne loop over elements
fee = feo element total force = element all forces except essential fo
f@: 1:nedof loop over rows of ke; nedof = element # dof
I = dofMap(i) local to global dof map M
if (I > 0) | corresponds to a free dof, we skip prescribed dofs
for j = 1:nedof loop over columns of ke
J = dofMap(j) global dof corresponding to j
if (J > 0) now both | and J are free and can add ke(i,j) to global K
K(1, J) K(l, J) + ke(i, j
else J < 0, pre d dof j; ad jbutions of ff, = k®a® to f

fee(i) = feely) - ke(l j) * edofs(j) eddfs: element dofs = a“
end
end
F(1) = F(l) + fee(i)element’s total force fee component i'th is computed—added to F(l)
end
end

end
431/ 456
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