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Lecture 7C. 2D_Truss element

Finite element method
(FEM1)
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Examples of trusses

Tower crane Roof truss

Bridge Fuselage truss
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2D Truss Element
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Global vector of nodal parameters:

Transformation of the node parameter vector:

Elastic strain energy of the element:
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Local stiffness matrix of the member:
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Global truss member stiffness matrix:



4

q
1

1

q
2

8
q

q
7

4
q

q
3

6
q q

5

3

2 =

2

1

1

4
2

3 P

     321
,,

eijeijeij kkk

1 1 1 1

11 12 13 14

1 1 1 1

21 22 23 24

2 2 2 2

11 12 13 14

2 2 2 2

21 22 23 24

3 3 3 3

11 12 13 14

3 3 3 3

21 22 23 24

1 1 2 2 3 3 1 2 3 1 2 3

31 32 31 32 31 32 33 33 33 34 34 34

1 1 2 2 3 3 1

41 42 41 42 41 42 43

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

k k k k

k k k k

k k k k

k k k k

k k k k

k k k k

k k k k k k k k k k k k

k k k k k k k

+ + + +

1

2

3

4

5

6

7

2 3 1 2 3

843 43 44 44 44

0

0

0

0

0

0

cos

sin

F

F

F

F

F

F

q P

qk k k k k P





   
   
   
   
   
   

=   
   
   
   
   
   + + + +   

23 3

7
1 1

23 3

8
1 1

sin

cos

i i i

i ii i

i i i

i ii i

c s c
q P

l l
EA

s c s
q P

l l





= =

= =

 
    
     =    
        

  

 

 

1 2  = = 0 =

3

7

2

8

1 2 0

0 2 0

c q PEA

s c ql

 +    
=     
    

cosc =

sins = 7 3(1 2 )

Pl
q

EA c
=

+ 8 0q =

0jq = 1,6j =

Boundary conditions:

For:

For:

Example: 3-bar truss
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Example: Build a 2D FEM model of a truss. Find nodal displacements,
stresses, internal forces and reactions.
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Reactions
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Internal stresses and forces



16



17

Axial stresses [MPa]
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Examples of tasks
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Truss member finite element in 3D

Global vector of nodal parameters

Global truss member stiffness matrix :
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