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Problem 4.1 

 

Shape Functions for uniaxial element: 

 

 

a) From the definition of strain from the displacements: 

 

 

 

 



b) From the expression of displacements: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 3.3 

 

 

a) General procedure:  

From strong to weak formulation 

1. Move all expressions to one side of the equation 

2. Multiply the equation by the weight function 

3. Integrate across the domain 

4. Use partial integration (we want to remove the second derivative) 

5. Use the boundary conditions of the differential equation 

 

Note. 

 

The strong formulation defines an equation which together with boundary conditions 

gives the solution for all the points of the domain, while the weak form gives conditions 

that the integral of the equation must have.  

 

 

 

 

 
 



  

       
 

 
 

 

 



 

 

 

b) Galerkine’s method uses the same shape functions for 𝑢̃ and  𝑣̃ 

 
 

For a truss element: 

 

- Expression for u(x) and its derivative: 

 
 

 

 

- Expression for v(x) and its derivative (we use the same shape functions): 

 

 
 

- Now we substitute these expressions in the weak form: 

 

 

 



 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

1) Determine the Element Stiffness Matrix: 

 

 
 

(like the spring with k= EA/L) 

 

 



We have 2 elements and 3 nodes. Each node has only one degree of freedom 

 

We create the stiffness matrix for each element 

 

 

2) Assemble the Stiffness Matrix: 

 
 

 
3) Determine the body force vectors: 

 
 

For Element 1: 

 
 

For Element 2: 

 



 
 

 

 

We need to find the relationship between local and global coordinates: 

 
It is easier to integrate in local coordinates: 

 
 

 
 

 

4) Assembly body force vectors: 

 
 

5) Sum the nodal force vectors in the corresponding nodes (reactions) 

 
6) Solve the system and find the displacements 

only D2 is unknown 



 
7) Find the forces 

 
 

 
Note that 

 
Check equilibrium: 

ok! 

8) Compare with the real solution: 

Real Solution: 



 
FEM Solution 

 
 

 

At nodes, both forces and displacements are captured! 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 5.2 

 

 

 

1) Compute the elements’ stiffness matrix 

 

 

 
 

Element 1 

 



 

Element 2 

 

 

Element 3 

 

 

2) Assemble the Global Stiffness Matrix 

 

 



 

3) Compute the Load Vector 

 

Only Element 1 is loaded: 

 

 
Assembling the load vectors: 

 
 

 

 

 

 

 

 

 



4) Solve the system to find the displacements 

 

 

 

 

6) Compute the Reactions: 

 

 

 
 



7) Check: 

 


