
Introduction to FEM

25
The Assembly

Process

IFEM Ch 25 – Slide 1

Department of Engineering Mechanics PhD. TRUONG Tich Thien



Role of the Assembler in a FEM Code

Element 
Stiffness 
Matrices

Model definition
tables:
geometry
element
freedom
connectivity

Assembler Equation 
Solver

Modify Eqs
for BCs

K K

K(e)

^

ELEMENT
LIBRARY

Some equation solvers apply BCs
and solve simultaneously

Nodal
displacements
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Simplified Assembly Process is Possible If

All elements are of the same type  (meaning application model)

The number and configuration of DOFs at each node is the same

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

Introduction to FEM

Following example satisfies all five conditions
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Example: Plane Truss Structure

3

x

y

4 4

(1) (2)

(3)
(4)

(5)

1 2 3

4

E=3000  and  A=2  for all bars

K =




0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0




1

2

3

4

5

6

7

8

Start by clearing array K

Global DOFs
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Plane Truss Structure (cont'd)

1 (1,2)

1 (1,2)

(1) (2)

(3) (4) (5)

4 (7,8)

4 (7,8)

2 (3,4)

2 (3,4)

3 (5,6)

3 (5,6)

assembly

Introduction to FEM
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Plane Truss Structure (cont'd)

K(1) =




1500 0 −1500 0
0 0 0 0

−1500 0 1500 0
0 0 0 0




1

2

3

4

K =




1500 0 −1500 0 0 0 0 0
0 0 0 0 0 0 0 0

−1500 0 1500 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0




1

2

3

4

Form stiffness of element (1)

and merge
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Plane Truss Structure (cont'd)

Form stiffness of element (2)

and merge

K(2) =




1500 0 −1500 0
0 0 0 0

−1500 0 1500 0
0 0 0 0




3

4

5

6

K =




1500 0 −1500 0 0 0 0 0
0 0 0 0 0 0 0 0

−1500 0 3000 0 −1500 0 0 0
0 0 0 0 0 0 0 0
0 0 −1500 0 1500 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0





3

4

5

6
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Plane Truss Structure (cont'd)

Last element is (5); form stiffness

Upon merging

K(5) =




768 576 −768 −576
576 432 −576 −432

−768 −576 768 576
−576 −432 576 432




5

6

7

8

K =




2268 −576 −1500 0 0 0 −768 576
−576 432 0 0 0 0 576 −432
−1500 0 3000 0 −1500 0 0 0

0 0 0 2000 0 0 0 −2000
0 0 −1500 0 2268 576 −768 −576
0 0 0 0 576 432 −576 −432

−768 576 0 0 −768 −576 1536 0
576 −432 0 −2000 −576 −432 0 2864




5

6

7

8

Since all elements have been processed, this is the master stiffness
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Complications in 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

Introduction to FEM
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Example of Complications due to Different 
Element Types and Node-DOF Configurations:

Frame-Truss Structure

3 m

4 m 4 m

E=200000 MPa, A=0.003 m2

E=200000 MPa, A=0.001 m2

E=200000 MPa, A=0.001 m2

2E=30000 MPa,  A=0.02 m  ,  I=0.0004 m4

Introduction to FEM
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Frame-Truss Example Structure (cont'd)

Bar

Bar

Bar

1

1(1,2,3)1(1,2,3)

2

2(4,5,6) 2(4,5,6)

3

3(7,8,9) 3(7,8,9)

4

4(10,11) 4(10,11)

disassembly

assembly

FEM idealization

(1) (2)

(3) (4) (5)

Beam-column Beam-column

GDOF #: 1 2 3 4 5 6 7 8 9 10 11
DOF: ux1 uy1 θz1 ux2 uy2 θz2 ux3 uy3 θz3 ux4 uy4

Introduction to FEM
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Frame-Truss Example Structure (cont'd)

K(1) =




150. 0. 0. −150. 0. 0.

0. 22.5 45. 0. −22.5 45.
0. 45. 120. 0. −45. 60.

−150. 0. 0. 150. 0. 0.

0. −22.5 −45. 0. 22.5 −45.
0. 45. 60. 0. −45. 120.




1

2

3

4

5

6

K =




150. 0. 0. −150. 0. 0. 0 0 0 0 0
0. 22.5 45. 0. −22.5 45. 0 0 0 0 0
0. 45. 120. 0. −45. 60. 0 0 0 0 0

−150. 0. 0. 150. 0. 0. 0 0 0 0 0
0. −22.5 −45. 0. 22.5 −45. 0 0 0 0 0
0. 45. 60. 0. −45. 120. 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0




1

2

3

4

5

6
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Beam
element (1)
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Frame-Truss Example Structure (cont'd)

K(1) =




150. 0. 0. −150. 0. 0.

0. 22.5 45. 0. −22.5 45.
0. 45. 120. 0. −45. 60.

−150. 0. 0. 150. 0. 0.

0. −22.5 −45. 0. 22.5 −45.
0. 45. 60. 0. −45. 120.




1

2

3

4

5

6

Introduction to FEM

Beam
element (2)

K =




150. 0. 0. −150. 0. 0. 0 0 0 0 0
0. 22.5 45. 0. −22.5 45. 0 0 0 0 0
0. 45. 120. 0. −45. 60. 0 0 0 0 0

−150. 0. 0. 300. 0. 0. −150. 0. 0. 0 0
0. −22.5 −45. 0. 45. 0. 0. −22.5 45. 0 0
0. 45. 60. 0. 0. 240. 0. −45. 60. 0 0
0 0 0 −150. 0. 0. 150. 0. 0. 0 0
0 0 0 0. −22.5 −45. 0. 22.5 −45. 0 0
0 0 0 0. 45. 60. 0. −45. 120. 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0




4

5

6

7

8

9
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Frame-Truss Example Structure (cont'd)
The last element is (5):

Upon merge we obtain the master stiffness:

Introduction to FEM

K(5) =




25.6 19.2 −25.6 −19.2
19.2 14.4 −19.2 −14.4

−25.6 −19.2 25.6 19.2
−19.2 −14.4 19.2 14.4




7

8

10

11

K =




175.6 −19.2 0. −150. 0. 0. 0 0 0 −25.6 19.2
−19.2 36.9 45. 0. −22.5 45. 0 0 0 19.2 −14.4

0. 45. 120. 0. −45. 60. 0 0 0 0 0
−150. 0. 0. 300. 0. 0. −150. 0. 0. 0 0

0. −22.5 −45. 0. 245. 0. 0. −22.5 45. 0 −200.
0. 45. 60. 0. 0. 240. 0. −45. 60. 0 0
0 0 0 −150. 0. 0. 175.6 19.2 0 −25.6 −19.2
0 0 0 0. −22.5 −45. 19.2 36.9 −45. −19.2 −14.4
0 0 0 0. 45. 60. 0. −45. 120. 0 0

−25.6 19.2 0 0 0 0 −25.6 −19.2 0 51.2 0
19.2 −14.4 0 0 −200. 0 −19.2 −14.4 0 0 228.8




7

8

10

11

Bar
element
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Plate-Reinforced Frame-Truss 
Example Structure for Exercise 25.4

Introduction to FEM

Bar

Bar

Bar

Plate

Plate

PlatePlate

Plate

Bar

Bar

1

1(1,2,3)1(1,2,3)

2

2(4,5,6) 2(4,5,6)

3

3(7,8,9) 3(7,8,9)

4

4(10,11) 4(10,11)

(a) (b)

(c)
(d)

disassembly

assembly

FEM idealization

(1) (2)

(3)
(6) (7)(4)

(5)

Beam-column

Beam-column

Beam-column

Beam-column

E =240000 MPa, ν=1/3 
h =1.6 mm =0.0016 m,
Other dimensions & properties
same as in Figure 25.4
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Concept of NFCT and NFMT for HW#11
(slide added 12/4/03)

3 (1,2,3) 6 (6,7,8) 8  (9,10,11)

5 (4,5)

(1) (2)

(3) (4) (5)

Introduction to FEM

NFCT
Node Freedom 
Count Table

NFMT
Node Freedom 

Map Table

node:1     fc:0   map:0
node:2     fc:0   map:0
node:3     fc:3   map:0
node:4     fc:0   map:3
node:5     fc:2   map:3
node:6     fc:3   map:5
node:7     fc:0   map:8
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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