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Role of the Assembler in a FEM Code

Model definition T ¢ """"""""""""
tables: ' A :
geometry K : K -
P »| Assembler > Modify Eqs Equation
‘| for BCs Solver
freedom : :
connectivity loop : Some equation solvers apply BOs
over | @ ... and solve simultaneously :
elementg K
AR : \
Nodal
; Element ; displacements
! Stiffness !
! Matrices !
: ELEMENT .
LIBRARY .
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Simplified Assembly Processis Possible If

All elements are of the same type (meaning application model)
The number and configuration of DOFs at each node is the san
There are no gaps in the node numbers

There are no multifreedom constraints (MFCs)

The master stiffness matrix is stored as a full symmetric matrix

Following example satisfies all five conditions
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Example: Plane Truss Structure

Ay
E=3000 and A=2 for all bars
1 (1) 2 (2 3

7~

(4)
3 3) (5)

Y

A
A
\

Start by clearing arralf

Global DOFs
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Plane Truss Structure (cont'd)

O (1) O (o, (2) O
1(1,2) 2(3,4 3(5,6)
& 4) (5)
4(7,8)
assembly
2(3,4)
1(1,2) o 3(5,6)
4(7,8)
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Plane Truss Structure (cont'd)

Form stiffness of element (1)

1500 0 —1500 1

ckw_| 0 0 0 0f2

—~1500 0 1500 O| 3

O 0 0 0la

and merge

- 1500 0 —-1500 0 0 O 0 071
O O 0 O0O0O0O0 02
~1500 O 1500 0 O O O 0|3
«_| 0 0 0 000 0 04
O 0O 0O O0O0O0O0TO
O 0O 0O O0O0O0O0TO
O 0 O ©0O0O0O00O
| 0 0 0O 00 0 0 0
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Plane Truss Structure (cont'd)

Form stiffness of element (2)

1500 0 —1500 3
ko_| O 0 0 0|4
—~1500 0 1500 O| 5
O 0 0 oO0ls
and merge
- 1500 0 —-1500 0 O 0 0 Q]
o 0 0O O O 000
—~1500 O 3000 O —1500 O O O3
Kk_| 0 0 0 0 0 00 04
O 0 —1500 0O 1500 O 0 O+
O 0 0O O O 00 Ofs
o 0 0O O 0O 000
| 0 0 0O 0 0 O0 0 0
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Plane Truss Structure (cont'd)

Last element is (5); form stiffness

768 576 —768 —5767 5
K® _ | 576 432 576 -432 |6
—~768 576 768 576 |7
_ —576 —432 576 432138
Upon merging
~ 2268 576 —1500 O 0 0 -768 576
—576 432 0 0 0 0 576 —432
—1500 O 3000 0 -1500 O 0 0
K — 0 0 0 2000 0 0 0 —2000
0 0 -1500 O 2268 576 —768 -576 |5
0 0 0 0 576 432 -576 -432 |6
—~768 576 0 0 -768 -576 1536 0 |7
| 576 432 0 -2000 -576 —432 0 2864 | 8

Since all elements have been processed, this mdRer stiffness
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Complicationsin Assembly Process

Elements of different types

The number and configuration of DOFs at each node varies

Gaps in the node numbers

Multifreedom Constraints (MFCs) treated by Master-Slave
or Lagrange Multiplier methods (Penalty Elements

do not introduce complications)

The master stiffness matrix is stored in sparse format
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Example of Complications dueto Different
Element Types and Node-DOF Configurations:
Frame-Truss Structure

E=30000 MPa A=0.02 nf, 1=0.0004 4

&

3m'
yd

E=200000 MPaA=0.001 M

E=200000 MPaA=0.003 M
——E=200000 MPaA=0.001 m
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Frame-Truss Example Structure (cont'd)

FEM idealization Beam-column2 Beam-column 3
disassembly \V

o (1) 0 o (2) o)
1(1,23) 2(4,5,6) 3(7,8,9) 1(1,2,3) 2(456)  3(7.8.9)
3
() / assembly \V
4(10,11) 4(10,11)

GDOF#: 1 2 3 4 5 6 4 8 9 10 11
DOF: Uxz Uy1 621 Uxo Uy 62 Uxz Uyz 623 Uxs Uys
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Frame-Truss Example Structure (cont'd)

- 150 0. 0. -150 00 071
0. 225 45 0. —225 45 |2
(D _ 0. 45 120 0. -—45 60 |3
~150 0. 0. 150 00 0|4
Beam 0. —225 —45 0. 225 -45 |5
element (1) | o0 45 60 0. -45 120 |6
- 150 0. 0. -150 O 00 00 0 O 071
00 225 45 0. -225 45 0 0 0 0 Of2
0. 45, 1200 0. -45 600 0 O O O O]3
~150. 0. 0. 150 O 00 00 0 O 0fa4
0 -225 —-45 0. 225 —-45 0 0 0 0 O|s
K=| o 45, 60, 0. —45 120 0 O O O Ols
0 0 0 0 0 0O 00O0O0 O
0 0 0 0 0 0O 00O0O0 O
0 0 0 0 0 0O 00O0O0 O
0 0 0 0 0 O 00O0O0 O
| 0 0 0 0 0 0O 000 0 0
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Frame-Truss Example Structure (cont'd)

- 150 0. 0 -150 0. 071
0. 225 45 0. —225 45 |2
(@D _ 0. 45 120 0. —45 60 |3
—150 0. 0 150 0. 0|4
Beam 0. —225 —45 0. 225 —45 |s
dement(2) | 0 45 60 0. —45 1206
-150. 0. 0. -150 0. O 0 0 0 0 O
0. 225 45 0. -225 45 O 0 0 00
0. 45 120 0. —-45 60 O 0 0 00
150 0. 0 300 0 0 -150 0. 0. 0 0|4
0. -225-45 0. 45 0. 0 -225 45 0 Ofs
K=| 0. 45 60 O 0. 240 0 -45 60. 0 0|6
0 0 0 -150 0 0 150 0 0 0 0f7
0 0 0 Q -—225 —45 0. 225 -45 0 Ofs
0 0O 0 Q 45 60 0. —45 120 0 Ofo9
0 0 0 0 0 0 0 0 0 0 0
L0 0 o0 0 0 0 0 0 0 0 0
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Frame-Truss Example Structure (cont'd)

The last element is (5):

256 192 256 —192- 7

(& _ | 192 144 -192 —144 | s
Bar ~ | _256 —192 256 192 |10
element ~192 —144 192 144 J 11

Upon merge we obtain the master stiffness:

1756 -192 0 —-150 0. 0. 0 0 0 —256 192 7
—-192 369 45 0. —225 45 0 0 0 192 -144
0. 45. 120 0. —45.  60. 0 0 0 0 0
—150 0. 0. 300 0. 0. —150 0. 0. 0 0
0. —225 —45 0. 245 0. 0. —225 45 0 —200
K= 0. 45. 60. 0. 0. 240 0. —45. 60 0 0
0 0 0 -—-150 0. 0. 175 192 0 -256 -—-192 | 7
0 0 0 Q —225 —-45 192 369 —-45 192 -144 | 8
0 0 0 Q 45, 60. 0. —45. 120 0 0
—256 192 0 0 0 0 -256 -192 O 512 0 10
L 192 -144 O 0 -200 0 —-192 -144 O 0 2288 | 11
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Plate-Reinforced Frame-Truss
Example Structurefor Exercise 25.4

@) (b)

. ) . B -col 2 Beam-column
FEM idealization ~Iotcam-columne 3

E =240000 MPay=1/3
h =1.6 mm =0.0016 m, disassembly 4
Other dimensions & properties

same as in Figure 25.4

Bar

© 4 @ @
1(1,2,3) Beam-column 2(4,5,6) Beam-column 3(7,8,9) 1(1,2,3) 2(4,5,6) 3(7,8,9)
- Plate | | - 7
3) ®)
® O Bar
4(10,11) 4(10,11)
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Concept of NFCT and NFMT for HW#11
(slide added 12/4/03)

NFCT NFMT
Node Freedom Node Freedom
Count Table Map Table

XK

node:l fc:0 map:0

o o 2 node2 fc:0 map:0
3(1,2,3) 6 (6,7,8) 8 (9,10,11) node:3 fc:3 map:0
node:4 fc:0 map:3

(3) (4) (5) node5 fc:2 map:3
node6 fc:3 map:5

node:7 fc:0 map:8

545 node:8 fc:3 map:8

build eft of bar (4) , nodes 5-6:
{3+1,3+2,5+1,5+2} ={4,5,6,7}
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