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Static Analysis description 

 The cooling tower of a nuclear central has to be calculated. A static 

analysis is performed in order to evaluate the stresses and 

displacements of the structure. 

Additional purposes of the analysis are 

the following ones: 

- Evaluate the accuracy of the results 

considering different sizes of the 

mesh; 

- Compare results obtained using 

linear elements with 4 nodes and 

quadratic elements with 8 nodes; 

- Obtain the distribution of the 

maximum principal stress. 



Cooling Tower Description 

The tower consists of a hyperboloid shaped concrete shell 0.25 m 

thick. The total height of the tower is equal to 170 m, the minimum 

radius is located at 135 m from the soil, while the maximum at 10 

m. 100 squared concrete pillars (0,25 m edge) support the tower 

following its shape. 



Cooling Tower Description 

The tower is modeled with a shell element 0,25 m 

thick. At 10 m from the soil, X,Y and Z 

displacements are constrained. 

C30/37 concrete from CivilFEM 2015 library has 

been used for the simulation. Its properties are 

calculated according Eurocode 2. 



Loads  
The loads considered are the following ones: 

- Self-weight: gravity acceleration of 9,81 m/s^2 in –Z axis direction 

- Wind load: the wind has been considered as a static load applied on 

both sides of the tower. Its value varies along the height and the 

radius of the tower according to the following equations: 
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𝑝 𝑧, 𝜃 = 5 ∗ 𝜌 ∗ 𝑣 𝑧 2 ∗ cos(𝜃) 

Where: 

- z = height from the soil 

- H = total height of the tower 

- V = speed of the wind at Z=H 

- v(z) = speed of the wind 

- p(z,θ) = pressure of the wind 

- ρ = density of the air 

- θ = angle with the direction of the wind  



Load Case 

Self-weight load and Wind load 

have been applied in the same 

load case considering a safety 

factory equal to 1 for both of 

them. 



Results 
The hypothesis is to apply both self-weight and wind load at the same 

time. 

The exercise has been solved using first linear elements with 4 nodes 

and then quadratic elements with 8 nodes for the shell. 

Smaller and smaller elements of the mesh have been used to check 

the convergence of the analysis and obtain the exact value of the 

maximum principal stress in the shell. 

Element 

size [m] 
Max stress 4 nodes 

[MPa] 
Max stress 8 nodes 

[MPa] 
Max X disp 4 

nodes [mm] 
Max X disp 8 nodes 

[mm] 

20 6.204   107.6   

16 5.127   107.2   

10 3.822   64.28   

8 3.918   65.82   

5 3.918   65.82   
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Results 

For element size equal or smaller than 10 m the convergence is 

obtained. 

Below the values of the Maximum principal stress [MPa] and 

displacements [mm] for 4 nodes linear elements of 10 meters edge 

size.  


