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1 Purpose of the document 

The main purpose of this document is to inform about all the steps that this project has had during all 

the development of the Final Career Project about Car Park. In this document will be possible to find 

all the information linked with what I have done, how it works, which will be the economic viability and 

what I expect about this project.  Also, in this document will be attached the development planning, the 

cost of the project and the information about the 3D that I have developed. 

2 Aim of the project 

The aim of this TFG is the design and study of the feasibility of constructing an outdoor parking for 

electric cars in Vic, Spain, with profile class 4 using galvanized steel with steel framing technique. I 

also want to study the possibility of being autonomous by placing solar panels on the roof of the car 

park. 

3 Justification 

One of the reasons I carry out this project is to try to reduce the environmental impact of the cars in 

the city and his pollution because I want to implement electric cars. My idea is to design a more 

integrated parking with the environment and more functional of those that exist. 

Furthermore, I also believe that it is necessary to develop or design a parking in order to collect the 

electrical cars that I want to implement because air quality in Vic is not good enough and I will try to 

reduce the impact of CO2. 

Finally, I believe that this project is necessary because this idea will allow the fast constructions for 

parking and reduce the space of these parking because the structure will be thinner and this fact will 

provide more available space for parking space. In this way, a study of air quality in cities could also 

be conducted in order to restrict access to certain vehicles in those areas. Also, I will try to amortize 

the project with the car sharing to enter in the city with the cars in the parking. 
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4 Scope of the basic engineering 

In this project what I’m going to do is:  

- Analysis of visual elements to integrate in the city and where I can localize it. 

- Sizing the parking. 

- Study how many floors can have the structure and his dimensions. 

- Mention the main laws that affect the project (urbanistic, fire and mobility). 

- Study of state of art and the different profiles and why we use each one.   

- Study and design the structure of the parking.  

- Study and selection of the solar panel devices that will be on the parking. 

- Study the fumes exhaust to evacuate safely the car park.  

- Aesthetic design of the parking.  

- Study and selection the size of every parking space. 

- Economic plan to amortize the car park structure. 

In this project I will not do: 

- The physical execution of the parking and any prototype. 

- Dimension the car, I will catch one example of electric car as standard electric car and 

standard cars or VAN to size parking space. 

- Analysis of the captured data of solar panel.  

- The software for solar panels, I will only mention the power that they can give to us and his 

dimensions. 

- I will not perform the civil work in order to be able to effect it. 

- The structural calculation analysis will not be carried out in the millimetre, references will be 

given to know the viability of the project and if it will support the load. 

  



 

Secció Terrassa  

CARPARK 

 

Date: 10/06/2019 

Pág. 10 de 57 

 

 

 

5 Environmental impact and environmental analysis  

In my project I will want to work with an operating system called CYPE, inventor and Autodesk Robot 

Structural Analysis Professional 2020 to do the 3D model and Autodesk products as AutoCAD, for 2D 

and support the 3D to do the structure of the project. I will put some solar panels which do not have an 

environmental impact because they do not generate any kind of pollution in the environment in any 

way. The energy that the parking will use comes from a solar panel that recharges a battery inserted 

in the car and external batteries. Therefore, I can say and verify that my parking does not have any 

environmental impact after the construction. 

Initially, I had planned to make a car park that would have 4 floors. With this idea, what I looked is to 

make a place where people could safe his car and change his diesel or gasoline car for an electric 

one. Also, what be looked is a structure that could be integrated into environment.  

While searching for components and dimensions of the different designs, I have had a turning point 

that has made me restructure my project. I realize that the material that I want to use it’s not like 

concrete and it’s very difficult to build more than 2 floors with galvanize steel with profile class 4 with 

my knowledge. For that fact I reorganize all the project to do only 1 or 2 floors with economical study 

for amortize the installation by car sharing.  

When I thought in that new proposal, I realize that the technique of steel framing with galvanized steel 

would be my solution for this project. In it I saw that all of my needs were solve; and with this 

technique I would be able to makes my design smaller than the actuals and faster to build it.  

For these reasons, finally I decide to make a round to my project and work in this new direction. 

PLACEMENT 

Once I have chosen my design, I have to study where I can place it. 

Adapting to my final design or idea, which is a model with the technic called steel framing where 

people can take an electric car to go to the centre of the city, I study few possible locations in Vic: 
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• On a solar outside of Vic next to a town called Malla:  

This location is a very big solar outside of Vic, approximately 9 km of Vic, and the 

people can safe his car to change it for an electric one to go to Vic and this will bring a 

very good experience, that would make people test an electric car and rethink the 

situation of change their combustion car for one that does not pollute. 

 

Illustration 1: Image taken with Google Maps of where I can integrate my car park outside Vic 

• Vic: 

I can integrate my design in Vic next to a school building and with this method I can 

avoid that the combustion cars go to the centre of the city. This place that I suggest is 

very near and very big too and is for that reason that I want to design a car park for 

many vehicles. 

 

Illustration 2: Image taken with Google Maps of where I can integrate my car park in Vic 

Finally, I can see that my design is easy to integrate with environment and around the city because is 

easy to build and I can install in every ground.  
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6 State of art and features of steel for this project 

Nowadays, the structure of the car park is made by concrete beams and concrete basically. This 

process takes a lot of time to build, this fact does that the customer need to pay a lot of days for 

workers and their meals, sometimes is very expensive because we need a truck to transport the 

material and a qualify workers to create the structure. Concrete is very heavy and usually is very 

difficult to recycle this material because we cannot bring this material for other structure and is for that 

reason that in this project, I will try to do a carpark with galvanize steel and now I will describe the 

features for steel. 

All the elements of the metallic structure will be composed of structural steel of quality S275JR and 

S355JR, whose most relevant mechanical characteristics are: 

Table 1: Characteristics of structural steel 

 

Class and designation S275JR 

Elastic limit 

(steel reduction coefficient = 1) 
275 MPa 

Modulus of elasticity (E) 210 GPa 

Modulus of transverse elasticity (G) 81 GPa 

Poisson's coefficient (v) 0.3 

Class and designation S355JR 

Elastic limit 

(steel reduction coefficient = 1) 
355 MPa 

Modulus of elasticity (E) 210 GPa 

Modulus of transverse elasticity (G) 81 GPa 

Poisson's coefficient (v) 0.3 

 

All the screws of the joints that will form between beams and pillars, will be made with screws, nuts 

and washers pre-tensioned and of quality 10.9, whose most relevant mechanical characteristics are 

the following: 
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Table 2: Characteristics of prestressed screws. 

 

Quality fy (N/mm2) Fub(N/mm2) 

10.9 900 1000 

 

The elastic limit of the steel in any case will be reduced depending on the characteristics of the piece 

to study according to the following table. 

Table 3: Safety coefficients. 

 

Type Coefficient Description of use 

A gM0=1’05 Partial safety coefficient relating to the plasticization of the material. 

B gM1=1’05 Partial safety coefficient relative to instability phenomena. 

C gM2=1’25 Partial safety coefficient relative to the ultimate strength of the material or 
section, and to the strength of the joining means. 

D gM3=1’10 Partial coefficient for the resistance to joint slippage with prestressed screws in 
the Service Limit State. 

D gM3=1’25 Partial coefficient for the sliding resistance of joints with prestressed screws in 
State Limit Last. 

D gM3=1’40 Partial coefficient for the sliding resistance of joints with prestressed screws 
and scraped or oversized holes. 

 

The following images and drawings are some of the profile class 4 with steel galvanized I had in my 

main to do the carpark and his principals features:           
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Illustration 3: profile C ((image taken from Autodesk Advance Steel) 

Table 4: Features for profile C. 

 

 

Illustration 4: Profile T (image taken from Autodesk Advance Steel) 

h mm b mm a mm s=r mm Area F sm²

Weight G 

kg/m Jx sm⁴ Wx sm³ ix sm3 Jy sm⁴ Wy sm³ iy sm e sm

60 33 15 2 1,76 2,16 15,29 5,1 2,41 3,96 3,14 1,32 1,26

60 33 15 2,5 3,3 2,59 19,12 6,37 2,41 4,95 2,43 1,32 1,26

80 40 15 2 3,49 2,74 34,5 8,64 3,15 7,91 3,11 1,51 1,46

80 40 15 2,5 4,26 3,34 41,4 10,4 3,12 9,33 3,66 1,48 1,45

80 40 15 3,5 5 3,92 47,6 11,9 3,09 10,5 4,13 1,45 1,44

100 40 15 2 3,89 3,05 58,5 11,7 3,88 8,57 3,19 1,49 1,32

100 40 15 2,5 4,76 3,74 70,4 14,1 3,85 10,1 3,76 1,46 1,31

100 40 15 3 5,6 4,39 81,3 16,3 3,81 11,4 4,25 1,43 1,31

120 40 15 2,5 5,26 4,13 109 18,2 4,55 10,8 3,84 1,43 1,2

120 40 15 3 6,2 4,86 126 21 4,51 12,2 4,34 1,4 1,19

140 40 15 2,5 6,8 5,33 183 26,2 5,2 12,8 4,41 1,37 1,1

140 40 15 3 7,38 5,9 227,6 32,5 5,55 26,46 7,7 1,89 1,57
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Table 5: Features for profile T. 

 

 

Illustration 5: Profile U (image taken from Autodesk Advance Steel) 

Table 6: Features for profile U. 

 

mm mm mm mm mm mm sm² kg/m sm Jx Wx ix Jy Wy iy

sm⁴ sm³ sm sm⁴ sm³ sm

Т20 20 20 3 3 1,5 1 1,12 0,88 0,58 0,38 0,27 0,58 0,2 0,2 0,42

Т25 25 25 3,5 3,5 2 1 1,64 1,29 0,73 0,87 0,49 0,73 0,43 0,34 0,51

Т30 30 30 4 4 2 1 2,26 1,77 0,85 1,72 0,8 0,87 0,87 0,58 0,62

Т35 35 35 4,5 4,5 2,5 1 2,97 2,33 0,99 3,1 1,23 1,04 1,57 0,9 0,73

Т40 40 40 5 5 2,5 1 3,77 2,96 1,12 5,28 1,84 1,18 2,58 1,29 0,83

Т45 45 45 5,5 5,5 3 1,5 4,67 3,67 1,26 8,13 2,51 1,32 4,01 1,78 0,93

Т50 50 50 6 6 3 1,5 5,66 4,44 1,39 12,1 3,36 1,46 6,06 2,42 1,03

Т60 60 60 7 7 3,5 2 7,94 6,23 1,66 23,8 5,48 1,73 12,2 4,07 1,24

Т70 70 70 8 8 4 2 10,6 8,32 1,94 44,5 8,79 2,05 22,1 6,32 1,44

Т80 80 80 9 9 4,5 2 13,6 10,7 2,22 73,7 12,8 2,33 37 9,25 1,65

Т90 90 90 10 10 5 2 17,1 13,4 2,48 119 18,2 2,64 58,5 13 1,85

Т100 100 100 11 11 5,5 3 20,9 16,4 2,74 179 24,6 2,92 88,3 17,7 2,05

Т120 120 120 13 13 6,5 3 29,6 23,2 3,28 366 42 3,51 178 29,7 2,45

Т140 140 140 15 15 7,5 4 39,9 31,3 3,8 660 64,7 4,07 330 47,2 2,88

r2 r3 Ареа F Weight G x-x ex

T

x - x y - yh b s=t r1

h b s t rl r2 Ареа F Weight G y-y ey xM

mm mm mm mm mm mm sm² kg/m Jx Wx ix Jy Wy iy sm sm

sm⁴ sm³ sm sm⁴ sm³ sm

50 50 38 5 7 7 3,5 7,12 5,59 26,4 10,6 1,92 9,12 3,75 1,13 1,37 2,47

65 65 42 5,5 7,5 7,5 4 9,03 7,09 57,5 17,7 2,52 14,1 5,07 1,25 1,42 2,6

80 80 45 6 8 8 4 11 8,64 106 26,5 3,1 19,4 6,36 1,33 1,45 2,67

100 100 50 6 8,5 8,5 4,5 13,5 10,6 206 41,2 3,91 29,3 8,49 1,47 1,55 2,93

120 120 55 7 9 9 4,5 17 13,4 364 60,7 4,62 43,2 11,1 1,59 1,6 3,03

140 140 60 7 10 10 5 20,4 16 605 86,4 5,45 62,7 14,8 1,75 1,75 3,37

160 160 65 7,5 10,5 10,5 5,5 24 18,8 925 116 6,21 85,3 18,3 1,89 1,84 3,56

180 180 70 8 11 11 5,5 28 22 1350 150 6,95 114 22,4 2,02 1,92 3,75

200 200 75 8,5 11,5 11,5 6 32,2 25,3 1910 191 7,7 148 27 2,14 2,01 3,94

220 220 80 9 12,5 12,5 6,5 37,4 29,4 2690 245 8,48 197 33,6 2,3 2,14 4,2

240 240 85 9,5 13 13 6,5 42,3 33,2 3600 300 9,22 248 39,6 2,42 2,23 4,39

260 260 90 10 14 14 7 48,3 37,9 4820 371 9,99 317 47,7 2,56 2,35 4,66

280 280 95 10 15 15 7,5 53,3 41,8 6280 448 10,9 399 57,2 2,74 2,53 5,02

300 300 100 10 16 16 8 58,8 46,2 8030 535 11,7 495 67,8 2,9 2,7 5,41

320 320 100 14 17,5 17,5 8,75 75,8 59,5 10870 679 12,1 597 80,6 2,81 2,6 4,82

350 350 100 14 16 16 8 77,3 60,6 12840 734 12,9 5570 75 2,72 2,4 4,45

380 380 102 13,5 16 16 8 80,4 63,1 15760 829 14 615 78,7 2,77 2,38 4,58

400 400 110 14 18 18 9 91,5 71,8 20350 1020 14,9 846 102 3,04 2,65 5,11

UPN

x - x y - y
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Illustration 6: Profile L (image taken from Autodesk Advance Steel) 

Table 7: Features for profile L. 

 

 

 

e sm w sm v1 sm v2 sm Jx sm⁴ Wx sm³ ix sm J sm⁴ i sm J sm⁴ W sm³ i sm

20 X 3 20 3 3,5 2 1,12 0,88 0,6 1,41 0,85 0,7 0,39 0,28 0,59 0,62 0,74 0,15 0,18 0,37

4 4 1,45 1,14 0,64 0,9 0,71 0,48 0,35 0,58 0,77 0,73 0,19 0,21 0,36

3 3 1,42 1,12 0,73 1,03 0,87 0,79 0,45 0,75 1,27 0,95 0,4 0,3 0,47

25 X 4 25 4 3,5 2 1,85 1,45 0,76 1,77 1,08 0,89 1,01 0,58 0,74 1,61 0,93 0,4 0,37 0,47

5 5 2,26 1,77 0,8 1,13 0,91 1,18 0,69 0,72 1,87 0,91 0,5 0,44 0,47

3 3 1,74 1,38 0,84 1,18 1,04 1,41 0,65 0,9 2,24 1,14 0,57 0,48 0,58

30 X 4 30 4 5 2,5 2,27 1,78 0,89 2,12 1,24 1,05 1,81 0,86 0,89 2,85 1,12 0,76 0,61 0,57

5 5 2,78 2,18 0,92 1,3 1,07 2,16 1,04 0,88 3,41 1,11 0,91 0,07 0,68

3 3 2,04 1,6 0,96 1,36 1,23 2,29 0,9 1,06 3,63 1,34 0,95 0,7 0,68

35 X 4 35 4 5 2,5 2,67 2,1 1 2,47 1,41 1,24 2,96 1,18 1,05 4,68 1,33 1,24 0,88 0,67

5 5 3,28 2,57 1,04 1,47 1,25 3,56 1,45 1,04 5,63 1,31 1,49 1,1 0,68

6 6 3,87 3,04 1,08 1,53 1,27 4,14 1,71 1,04 6,5 1,3 1,77 1,16 0,78

3 3 2,35 1,84 1,07 1,52 1,4 3,45 1,18 1,21 5,45 1,52 1,44 0,95 0,78

40 X 4 40 4 6 3 3,08 2,42 1,12 2,83 1,58 1,4 4,48 1,56 1,21 7,09 1,52 1,86 1,18 0,78

5 5 3,79 2,97 1,16 1,64 1,42 5,43 1,91 1,2 8,64 1,51 2,22 1,35 0,77

6 6 4,48 3,52 1,2 1,7 1,43 6,33 2,26 1,19 9,98 1,49 2,67 1,57 0,77

4 4 3,49 2,74 1,23 1,75 1,57 6,43 1,97 1,36 10,2 1,71 2,68 1,53 0,88

45 X 5 45 5 7 3,5 4,3 3,38 1,28 3,18 1,81 1,58 7,83 2,43 1,35 12,4 1,7 3,25 1,8 0,87

6 6 5,09 4 1,32 1,87 1,59 9,16 2,88 1,34 14,5 1,69 3,83 2,05 0,87

7 7 5,86 4,6 1,36 1,92 1,61 10,4 3,31 1,33 16,4 1,67 4,39 2,29 0,87

Ареа F 

sm²

Weight G 

kg/m

x-x = y-y e - e h-h
L a mm s mm r1 mm r2 mm

e sm w sm v1 sm v2 sm Jx sm⁴ Wx sm³ ix sm J sm⁴ i sm J sm⁴ W sm³ i sm

4 4 3,89 3,06 1,36 1,92 1,75 8,97 2,46 1,52 1,42 1,91 3,73 1,94 0,98

5 5 4,8 3,77 1,4 1,98 1,76 11 3,05 1,51 14,4 1,9 4,59 2,32 0,98

50 X 6 50 6 7 3,5 5,69 4,47 1,45 3,54 2,04 1,77 12,8 3,61 1,5 20,4 1,89 5,24 2,57 0,96

7 7 6,56 5,15 1,49 2,11 1,78 14,6 4,15 1,49 23,1 1,88 6,02 2,85 0,96

8 8 7,41 5,82 1,52 2,16 1,8 16,3 4,68 1,48 25,7 1,86 6,87 3,19 0,96

9 9 8,24 6,47 1,56 2,21 1,82 17,9 5,2 1,47 28,1 1,85 7,67 3,47 0,97

5 5 5,32 4,18 1,52 2,15 1,93 14,7 3,7 1,66 23,3 2,09 6,11 2,84 1,07

55 X 6 55 6 8 4 6,31 4,95 1,56 3,89 2,21 1,94 17,3 4,4 1,66 27,4 2,08 7,24 3,28 1,07

8 8 8,23 6,46 1,64 2,32 1,97 22,1 5,72 1,64 34,8 2,06 9,35 4,03 1,07

10 10 10,1 7,9 1,72 2,43 2 26,3 6,97 1,62 41,4 2,02 11,3 4,65 1,06

5 5 5,82 4,57 1,64 2,32 2,11 19,4 4,45 1,82 30,7 2,3 8,03 3,46 1,17

60 X 6 60 6 8 4 6,91 5,42 1,69 4,24 2,39 2,11 22,8 5,29 1,82 36,1 2,29 9,43 3,95 1,17

8 8 9,03 7,09 1,77 2,5 2,14 29,1 6,88 1,8 46,1 2,26 12,1 4,84 1,16

10 10 11,1 8,69 1,85 2,62 2,17 34,9 8,41 1,78 55,1 2,23 14,6 5,57 1,15

6 6 7,53 5,91 1,8 2,55 2,28 29,2 6,21 1,97 46,3 2,48 21,1 4,74 1,27

7 7 8,7 6,83 1,85 2,62 2,29 33,4 7,18 1,96 53 2,47 13,8 4,27 1,26

65 X 8 65 8 9 4,5 9,85 7,73 1,89 4,6 2,67 2,31 37,5 8,13 1,95 59,4 2,46 15,6 5,84 1,26

9 9 11 8,62 1,93 2,73 2,32 41,3 9,04 1,94 65,4 2,44 17,2 6,3 1,25

11 11 13,2 10,3 2 2,83 2,36 48,8 10,8 1,91 76,8 2,42 20,7 7,31 1,25

6 6 8,13 6,38 1,93 2,73 2,46 36,9 7,27 2,13 58,5 2,68 15,3 5,6 1,37

70 X 7 70 7 9 4,5 9,4 7,38 1,97 4,95 2,79 2,47 42,4 8,43 2,12 67,1 2,67 17,6 6,31 1,37

9 9 11,9 9,34 2,05 2,9 2,5 52,6 10,6 2,1 83,1 2,64 22 7,59 1,36

11 11 14,3 11,2 2,13 3,01 2,53 61,8 12,7 2,08 72,6 2,61 6 8,64 1,35

6 6 8,75 6,87 2,04 2,89 2,63 45,6 8,35 2,28 42,2 2,87 18,9 6,54 1,47

7 7 10,1 7,94 2,09 2,95 2,63 52,4 9,67 2,28 73,6 2,88 21,1 7,15 1,45

75 X 8 75 8 10 5 11,5 9,03 2,13 5,3 3,01 2,65 58,9 11 2,26 93,3 2,85 24,4 8,11 1,46

10 10 14,1 11,1 2,21 3,12 2,68 71,4 13,5 2,25 113 2,83 29,8 9,55 1,45

12 12 16,7 13,1 2,29 3,24 2,71 82,4 15,8 2,22 130 2,79 4,7 0,7 1,44

7 7 10,8 8,49 2,21 3,13 2,82 64,2 11,1 2,44 102 3,07 6,5 8,48 1,57

8 8 12,3 9,66 2,26 3,2 2,82 72,3 12,6 2,42 115 3,06 9,4 9,25 1,55

80 X 10 80 10 10 5 15,1 11,9 2,34 5,66 3,31 2,85 87,5 15,5 2,41 139 3,03 35,9 10,9 1,54

12 12 17,9 14,1 2,41 3,41 2,89 102 18,2 2,39 161 3 43 12,6 1,53

14 14 20,6 16,1 2,48 3,51 2,93 115 20,8 2,36 181 2,96 48,6 13,9 1,54

8 8 13,9 10,9 2,5 3,53 3,17 104 16,1 2,74 166 3,45 43,1 12,2 1,76

9 9 15,5 12,2 2,54 3,59 3,18 116 18 2,74 184 3,45 47,8 13,3 1,76

90 X 11 90 11 11 5,5 18,7 14,7 2,62 6,36 3,7 3,21 138 21,6 2,72 218 3,41 57,1 15,4 1,75

13 13 21,8 17,1 2,7 3,81 3,24 158 25,1 2,69 250 3,39 65,9 17,3 1,74

16 16 26,4 20,7 2,81 3,97 3,29 186 30,1 2,69 294 3,34 79,1 19,9 1,73

Weight G 

kg/m

x-x = y-y e - e h-h
L a mm s mm r1 mm r2 mm

Ареа F 

sm²
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Illustration 7: Flat profile (image taken from Autodesk Advance Steel) 

Table 8: Features for Flat profile.  

 

 

Illustration 8: Different profiles for steel (image taken from www.aeroncomposite.com) 

mm Weight, kg/m 

  3 4 5 6 8 10 12 

12 0,28 0,38           

15 0,35 0,47           

20 0,47 0,63           

25 0,59 0,79 0,98 1,18       

30 0,71 0,94 1,18 1,41 1,88     

35 0,82 1,1 1,37 1,65 2,2 2,75   

40 0,94 1,26 1,57 1,88 2,51 3,14 3,77 

45 1,06 1,41 1,77 2,12 2,83 3,53 4,24 

50 1,18 1,57 1,96 2,36 3,14 3,93 4,71 

55 1,29 1,73 2,16 2,59 3,45 4,32 5,18 

60 1,41 1,88 2,36 2,83 3,77 4,71 5,65 

65 1,53 2,04 2,55 3,06 4,08 5,1 6,12 

70 1,65 2,2 2,75 3,3 4,4 5,5 6,6 

75 1,77 2,36 2,94 5,53 4,71 5,89 7,07 

80 1,88 2,51 3,14 3,77 5,02 6,28 7,53 

85 2 2,67 3,34 4 5,34 6,67 8 

90 2,12 2,83 3,53 4,24 5,65 7,06 8,48 

95 2,24 2,98 3,73 4,47 5,97 7,46 8,95 

100 2,36 3,14 3,93 4,71 6,28 7,85 9,42 

 

http://www.aeroncomposite.com/
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Once I had done the analysis of the different profiles and his features, I will proceed to do a summary 

with what profile I will work and in which situation for my car park. 

Table 9: Summary of profiles (table taken from http://www.arquitecturaenacero.org)  

 

In this situation I will use the profile C as a beam and pillar basically because it’s easy to build it and it 

have a very good features that can feed all the necessities in this project. Obviously, I will use another 

type of profile for different situations and to do the unions between pillars and beams. 

http://www.arquitecturaenacero.org/
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7 Car Park design 

7.1 Size the car park 

Here in this point you will find some information about the design or my car park and the 3D model. 

Here I only will attach some renders or image about the car park, if you want to know more about the 

dimensions and car park design you can find it in the document attach with this memory called 

Drawings. 

First of all, I will try to start to size how many parking spaces are necessary to cover the necessity in 

Vic. We need to know that Vic is a City with approximately 45.000 habitants (this information is from 

www.idescat.cat) but, Vic has an important events as “Mercat Medieval”, “Fira del ram”, “Mercat de 

Música Viva”… this events bring a lot of public that want to see it and then Vic can have approximately 

10.000 guests or more. If I try to translate these guests to cars I can figurate that every car has an 

average of 5 persons inside and with these results I can say that I need a storage for 2.000 cars but I 

need to be more realistic because not every day Vic has these visitors. I can figurate that every day 

2.000 visitors are arrived in Vic and if I have an average per car of 3, I can say that I need a storage 

for 667 cars. Is for that reason that I create a car park with 2 floors with 350 parking space in every 

floor as the image in the next page.  

To do a summary before the design in the floor 0 I create one entrance and one exit with 3 paths in 

each one. In total we can find 338-parking space with normal dimensions for electric and normal cars 

and a little big space parking for vans and accessible parking bays. We can find 2 ramps to access to 

floor 1 and then 1 ramp to go down to floor 0. 

In the other hand the floor 1 I create we can find 392-parking space with normal dimensions for 

electric and normal cars and a little big space parking for vans and accessible parking bays. We can 

find 2 ramps to access to floor 1 and then 1 ramp to go down to floor 0 as the floor 0. 

http://www.idescat.cat/
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Illustration 9: Floor 0 (image of my design from Autodesk Advance Steel) 
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Illustration 10: Floor 1 (image of my design from Autodesk Advance Steel) 
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In the link below you can find the 3D model as virtual reality but, you don’t need any addicional 

program to open it only intrnet conection. With educational version the link will be only available for 31 

days since the 10/06/2019 because this design was created with an educational version and has 

some limitations. 

• https://autode.sk/2ZnKVvt (this link is the final model with the sketch of the layout of the space parking 

on each floor) 

• https://autode.sk/2ZhoibP (this link is the structure model without walls and without the sketch of the 

layout of the space parking) 

In these two links you can mesure the space, see the structure of the design and you can put the first 

person view as like in the real world to see the final design and how it can be and if this is possible or 

not. Only you would need to regist on https://viewer.autodesk.com/ if the link is not working. 

7.2 Results from Robot Structural Analysis 

Finally I only need to comment the results of the CYPE program but, I had some problems with the 

licence of CYPE and I did the structural results with Inventor and Robot Structural Analysis because 

all this products are from Autodesk and I have a student licence for being student in unversity. 

As previously defined, the pillars have been cataloged according to their profile, of all of them the most 

requested has been chosen to perform the pertinent checks according to the CTE to confirm that the 

results of Roobot Structural Analysis are correct. 

For the pillar with the C profile more adverse it presents the following requests, according to the 

envelopes provided by Robot Structural Analysis. 

• Axil Effort: 2052,46 kN (compression) 

• Flector Moment (y axis): 88,49 kNm 

• Flector Moment (z-axis): 27,73 Nm 

• Cutting Effort (y axis): 5,53 kN 

• Cutting Effort (z axis): 33,19 kN 

https://autode.sk/2ZnKVvt
https://autode.sk/2ZhoibP
https://viewer.autodesk.com/
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According to the compression resistance test, following the criteria of the CTE, we obtain: 

 

• The result obtained by Robot Structural Analysis is 0,479.        

• Therefore, we can say that it complies without complications. 

According to the buckling check of the compressive strength, according to the criteria of the CTE, we 

obtain: 

• The result obtained by Robot Structural Analysis are: 

𝜆 = 0,43  

𝜒 = 0,91 

𝑓𝑦𝑑 · 𝐴 · 𝜒 = 5836,52 𝑘𝑁𝑚 

𝜂 = 0,47 

The utilization coefficient is less than 1, the limitation for slenderness λ is less than 2, the value  is 

less than 1 the profile is valid in its most unfavorable side. 

According to the test of resistance to flexion, following the criteria of the CTE, we obtain: 

 

• The result obtained by Robot Structural Analysis is 0,08. 

• Therefore, we can say that it complies without complications 
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According to the check to lateral buckling of the beam by bending resistance, according to the criteria 

of the CTE, we obtain: 

• The result obtained by Robot Structural Analysis are: 

𝜆 =  0,64 

𝜒 = 0,82 

𝑓𝑦𝑑 · 𝑊𝑝𝑙 · 𝜒 = 497, 25 𝑘𝑁𝑚 

𝜂 = 0,79 

The utilization coefficient is less than 1, the limitation for slenderness λ is less than 2, the value  is 

less than 1 the profile is valid in its most unfavorable side. 

7.3 Arrow of the profile 

The CTE establishes limitations of service limit states, where the maximum arrow of the profile does 

not exceed the maximum arrow established by the CTE. 

A maximum of arrow L / 300 will be allowed for this building. 

Table 20: Arrow 

 

 

 

With these results for this arrow we can say that our profile is valid according to the maximum arrow 

established by the CTE 

  

Profile Arrow 
Maximum 

arrow 

Profile C 7,53 11,67 
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7.4 Unions 

The joints between pillars and beams will be made by bolted connections using prestressed screws of 

quality 10.9 with their corresponding nuts and washers. 

All bolted joints must be welded from the workshop by butt welding, an anchor plate of defined 

dimensions, to be able to screw the plate to the pillar with the necessary screws. 

The joints between belts and beams will be made by welding butt cord. The belts must have a correct 

notch in order to place the belt with the beam. 

7.4.1 Bolted connections 

In order to correctly join a C profile with reinforcement bracket, the placement of: 

• 14 Screws M30 quality 10.9 

• Anchor plate 20mm thick, quality S275JR 

The union will have to support without problems the following requirements in its most adverse axis: 

• Axil Effort: 78,265 kN (compression) 

• Flector Moment (y axis): 1034,42 kNm 

• Cutting Effort (y axis): 326,75 kN 

Depending on the requests presented by the union to study, checks have been made. 

• Tensile strength of the screw 

 

• Crushing check of the plate. 
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• Sliding plate check (by screw) 

 

According to the obtained results we can say that the union is able to withstand the stresses. 

In order to correctly join a C profile without reinforcement bracket, the placement of: 

• 8 Screws M16 quality 10.9 

• Anchor plate 10mm thick, quality S275JR 

The union will have to support without problems the following requests in its most adverse axis: 

• Axil Effort: 291,42 kN (compression) 

• Flector Moment (y axis): 34,24 kNm 

• Cutting Effort (y axis): 756,11 kN 

Depending on the requests presented by the union to study, checks have been made. 

• Tensile strength of the screw 

 

• Crushing check of the plate. 

 

• Sliding plate check (by screw) 

 

According to the obtained results we can say that the union is able to withstand the stresses. 
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The possible unions for this project with galvanized steel are the following once: 

 

Illustration 11: Unions (image taken from www.cintac.cl) 

With this results I can say that the structure resist but I know that this calculs are basic because I 

center my project to design and study the carpark and I should do more calculations to verify the 

structure because with what I did I only can say that the design is feaseble and the project can be 

possible. 

8 Solar panels 

Nowadays exists 3 types of solar panels, those are: 

8.1 Photovoltaic solar panels 

The one in charge of transforming the energy coming from the sun into electricity. 

http://www.cintac.cl/
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Illustration 12: Photovoltaic solar panel 

In general, these types of panels are composed of silicon (Si) photovoltaic cells, through a process 

called photoelectric effect, they can transform light energy into electrical energy. 

This process occurs when photons impact on the solar panel, specifically, against the silicon of which 

it is composed. Upon impact, the photons bombard the silicon atoms, breaking electrons and releasing 

some of them that will generate the electric current. 

On same way, inside of photovoltaics panels exists different types, depending on the photovoltaic cells 

are composed. 

Nowadays the most common photovoltaics solar panels are:  

- Monocrystalline (silicon) 

- Polycrystalline (silicon) 

- Others not composted of silicon as Thin Film or Organic. 

This type of panel is presented in two possible scenarios as isolated systems of the gird or electric 

self-consumption. 

8.2 Thermal solar panels 

This panel allows the transformation of the energy coming from sun into thermal energy, that is, in 

heat. 
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Independent of they are used domestically or at an industrial level, thermal panels have multiple uses, 

such as the air conditioning of swimming pools, the preparation of water for sanitary use (SHW= 

sanitary hot water) creation of steam, etc. 

 

Illustration 13: Thermal solar panel 

There are different types that we can put in 3 big groups: 

- Low temperature collector or flat solar collector not protected: Reaching up to a maximum 

of 50⁰C, this type of panel is used mainly for heating and for domestic hot water systems. 

- Medium temperature collector: These collectors are basically, the same as the previous 

ones but incorporating a transparent cover that avoids the heat loss of the panel. Thanks to 

this cover, the panel can reach up to 90⁰C 

- High temperature collector: By adding another cover between the previous one and the 

converter (a key element in the thermal panel), a vacuum is generated between the two 

covers, so that, likewise, the temperature can reach up to 150⁰C. they are generally used to 

produce steam capable of moving turbines that allow electrical generation. 

8.3 Hybrid solar panels (photovoltaic + thermal) 

The hybrid solar panel is nothing more than a mixture of a photovoltaic panel with a thermal one. With 

the two technology allows to produce electricity and heat simultaneously. 
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The main advantage that this panel present, is the reduction of the space necessary to take 

advantage of solar energy; As it is obvious, assembling two panels in only one, makes the space 

where to place the panels is half. Therefore, this type of panel is presented as the perfect alternative 

for all those places where, in addition to demanding sanitary hot water, the space on deck is reduced 

such as hotel, a heated pool or residence among others.  

 

 

 

 

 

 

Illustration 14: Hybrid solar panel 

8.4 Chosen design 

Once we have seen the types of solar panels currently on the market, we will choose the most suitable 

for our project. 

In our case the solar panel that suits us is the photovoltaic since we do not need energy to heat water. 

In the current photovoltaic market, we could differentiate 3 blocks of photovoltaic installations 

according to these applications: 

1. Isolated photovoltaic installations (batteries): 

For isolated photovoltaic projects it is usual to buy solar panels with output voltage suitable for 12V 

and 24V, to work with batteries. That is, the output voltage must always be higher than 12V and 24V. 

In the case of 12V solar panel, we will generally have a nominal output voltage of about 17V, so we 

would be facing a solar panel for isolated installations at 12V. 
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2. Installations of solar panels for homes or industries (self-consumption): 

The type of solar panels that we must select is the most standard possible, especially if there is a 

breakage and the equipment has to be replaced. Right now, in the current solar market, the most 

standardized model is the 300W (60 cells) Monocrystalline, which for its price, performance and size 

make it ideal for this type of systems. 

Also, the models of photovoltaic modules of 70 cells of 320-340-350-400W, but these are more 

suitable for photovoltaic systems in soil, because due to the size and weight of the panels of 72 cells it 

is more laborious to install them on roofs. 

3. Solar projects for solar pumping: 

For these cases, although panels of 60 cells are also perfectly valid, but solar panels with 72 cells 

320-340-350-400W are usually installed due to their high output voltage that favour the operation of 

the frequency inverters used for this type of projects. 

Now we can choose the perfect solar panel for our project. We can use the photovoltaic panel for 

installations of solar panels for homes or industries. 

After that we need to find the best one, that means we have to look for the best efficiency, panel 

power and size (long x wide). 

Below we show the list of solar panels that have greater efficiency in the current photovoltaic sector. 

They are the following: 
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Table 11: Photovoltaic solar panels 

Manufacturer Model Efficiency 
of Panel 

Panel 
Power 

Size (Long x 
Width 

SunPower SPR-X22-370 (Ahora MAX3-400) 22.6% 400W 1.690 x 1.046 mm 

SunPower SPR-X22-360 (Ahora MAX3-390) 22.1% 390W 1.690 x 1.046 mm 

SunPower MAX3-370 20.9% 370W 1.690 x 1.046 mm 

LG LG360Q1C-A5 20.8% 360W 1.700 x 1.016 mm 

LG LG355Q1C-A5 20.6% 355W 1.700 x 1.016 mm 

AUO SunForte PM096B00 20.6% 335W 1.559 x 1.046 mm 

SunPower MAX2-360 20.4% 360W 1.690 x 1.046 mm 

AUO SunForte PM096B00 20.3% 330W 1.559 x 1.046 mm 

SunPower MAX3-350 19.8% 327W 1.690 x 1.046 mm 

SHARP NQ-R256A 19.8% 256W 1.318 x 980 mm 

Panasonic VBHN330SJ53 19.7% 330W 1.590 x 1.053 mm 

Panasonic VBHN325SJ53 19.4% 325W 1.590 x 1.053 mm 

SunPower SPR-P19-400 19.4% 400W 2.067 x 998 mm 
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Now knowing all this and having all the data we need; we will choose the one that best suits for our 

parking. 

Finally, we decided to buy the first solar panel model in the table with the model name SPR-X22-370 

(Ahora MAX3-400) because can feed all we need. This solar panel has an intensity of 8,37A and the 

voltage is 47,79V.  

If we know that we have a space on the roof of 14500 m2 but, we need some holes to extract the 

fumes and ventilation and then we can say that the available space will be approximately 13000 m2. 

We can install 7000 solar panels but we need to calculate it if this is reasonable. 

If we suppose that the HSP in Barcelona is approximate of 4 (average during the year 2018) we only 

need to apply the formula to know how many devices that we need. 

𝐸𝑝𝑎𝑛𝑒𝑙 = 𝐼𝑝𝑎𝑛𝑒𝑙 · 𝑉𝑝𝑎𝑛𝑒𝑙 · 𝐻𝑆𝑃 · 0.9 

𝐼𝑝𝑎𝑛𝑒𝑙 = 𝐼max 𝑝𝑎𝑛𝑒𝑙 · 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑝𝑎𝑛𝑒𝑙𝑠 

𝑉𝑝𝑎𝑛𝑒𝑙 = 𝑉𝑚𝑎𝑥 𝑝𝑎𝑛𝑒𝑙 · 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑛𝑒𝑙𝑠 𝑖𝑛 𝑠𝑒𝑟𝑖𝑒𝑠 

In the image below we can see the circuit if we connect the solar panels in parallel and series

 

Illustration 15: Mixed with solar panels in parallel and series 
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If we catch, as reference, the standard electric car with consumption of 18 kWh and autonomy of 180 

km and in this case, we have 150 electric cars. 

150 𝑐𝑎𝑟𝑠 · 18 𝑘𝑊ℎ = 2700 𝑘𝑊ℎ 

This value is the Epanel of the formula and we have an infinity combination to do this installation but if 

we do the calculus for the same panels for each row and column: 

2700000 𝑊ℎ = 8,37𝑥 · 47,79𝑥 · 4 · 0,9 

𝑥 = 43,30 

This x expresses how many devices we need in each column and row. If we want to know all the 

devices for our installation this will be an approximate of 1875 solar panels. 

43,30 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙𝑠 𝑓𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛 · 43,30 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙𝑠 𝑓𝑜𝑟 𝑟𝑜𝑤 = 1875 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙𝑠 

With this numbers we can finally say that we would need 1875 solar panels but we cannot load all the 

electric car in the same time. But we have sized solar panels for 150 electric cars and the car park can 

storage 270 and is for that reason that I recommend these 1875 solar panels. 

But in this case, we have a limitation because we only can achieve a maximum voltage of 1500 V 

because is the maximum voltage of the inverter available in the market under the low voltage for DC 

power. For that reason, we can only install 31 panels connected in series and then 61 panels 

connected in parallel and this will give a number of 1891 solar panels in total. I need to say that in my 

project I only size the electric power and how we need to connect the solar panels. The inverters and 

electric installation will be contracted apart from project. 

9 VENTILATION SYSTEMS 

Currently, the regulation on ventilation in parking lots and garage is regulated by the Technical 

Building Code, and more specifically in the Basic Document on Health, which sets the basic objectives 

regarding “Hygiene, health and environmental protection”. 
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The technical Building Code includes in tis DB HS3 that for adequate ventilation in parking lots and 

garages a ventilation system must be provided that can be natural or mechanical. 

In the event that it is decided to install a system based on natural ventilation, openings should be 

available in at least two opposite areas of the facade in such a way that their distribution is uniform 

and that the distance along of the minimum obstacle-free route between any point of the premises and 

the opening closest to it is a maximum of 25 meters. If the distance between the opposite openings is 

greater than 30 metres, another opening equidistant from both must be available from both must be 

available, allowing a tolerance of 5%  

The garages that do not exceed five seats or 100m² the CTE envisages the possibility of having one 

or several admission openings, which communicate directly with the exterior, one located at the top 

and another at the bottom of the enclosure, but respecting a vertical separation of at least 1.5 meters. 

On the other hand, it is decided to use a mechanical ventilation system, it must be taken into account 

that the regulations require that this system be used exclusively for parking except when the storage 

rooms are located in the parking lot itself. 

In order to avoid the occurrence of gaseous contaminants, the ventilation openings must be placed as 

follows (or any alternative that produces the same effect): 

- One intake opening and the other extraction for every 100m² of usable surface. 

- The separation between nearest extraction openings must be less than 10 metres. 

In addition, the following aspects must be taken into account: 

- At least two of the extraction openings must be located at a distance from the ceiling less than 

or equal to 0.5m. 

- In compartmentalized parking spaces where the ventilation is joint, the intake openings shall 

be places in the common circulation zones. In this way, each compartment will have at least 

one inlet opening. 
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- At least two networks of extraction ducts with their corresponding mechanical extractor in each 

plant with 15 or more seats. 

- In parking lots exceeding five- seater or 100m², a carbon monoxide detection system must be 

available on each plant which automatically activates mechanical aspiration when a 

concentration of 50ppm is reached in the case of car parks where there are no employees in 

the car park. 

In the case of ventilation in car parks and garages there is the standard UNE 100166:2004 whose title 

is “Air conditioning: Parking ventilation” and which is designed to determine the criteria to be followed 

for the calculation and design of the mechanical ventilation systems of Underground parking and 

natural ventilation of surface parking. Currently, this document is being revised, extending its supply, 

and emphasizing the sizing of systems, detection of polluting gases or smoke and activation 

sequences. 

Also, the Electro technical regulation for low voltage (R.E.B.T. instruction BT-29) refers to ventilation 

systems in carparks and garages when considering these enclosures as locations with potentially 

explosive atmospheres. This technical instruction ITC-BT-29 refers to the standard UNE-EN 60079-10 

(on gaseous explosive atmospheres) in order to establish the procedure for classification of sites 

where the risks are due to the presence of flammable vapour or gas, classification that is conditioned 

by the degree of the source of the exhaust and ventilation of the local. 

Different levels of performance: mechanical ventilation. 

Table 12: CO ventilation [info taken from https://www.solerpalau.com/es-es/blog/normativa-aparcamientos-garajes/] 

 
CO Ventilation 

Spain 
120 l/s·car = 432 m3/h ·car according to CTE (~ 6 air changes per hour) 

UK 
6 air changes per hour 

 
  

https://www.solerpalau.com/es-es/blog/normativa-aparcamientos-garajes/
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Table 13: Fire Ventilation (smoke clearance) [info taken from https://www.solerpalau.com/es-es/blog/normativa-

aparcamientos-garajes/] 

 
Smoke clearance 

Spain 
150 l/s·car = 540 m3/h ·car 

UK 
10 air changes per hour 

 

9.1 Natural Ventilation 

This system cannot guarantee a number of air changes per hour because the ventilation depends on 

the strength and direction of the wind. 

This situation can affect the concentration levels of gases in the carpark. 

Depending on the wind direction, air inlet will be done through one of the two facades and the smoke 

extraction will be done through the opposite. 

 

 

Illustration 16: Example for natural ventilation (information taken from www.sodeca.com/es/)  

  

https://www.solerpalau.com/es-es/blog/normativa-aparcamientos-garajes/
https://www.solerpalau.com/es-es/blog/normativa-aparcamientos-garajes/
http://www.sodeca.com/es
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Mechanical extraction/ natural inlet.  

- The ventilation system is based on a net of extractions ducts provide with extraction fans and 

allow the air inlet by depression through natural inlets. This natural inlet should have the same 

features that the one used for natural ventilation in carparks.  

 

 

Illustration 17: Example for natural inlet (information taken from www.sodeca.com/es/)  

With this system we can guarantee a number of air changes per hour. 

- The distribution of ducts and grills should be done in a uniform way in order to avoid air 

stagnation in some parts of the carpark. So, the salubrity and safety degree in the carpark will 

depend on the good distribution of grills and ducts. 

 

Illustration 18: Distribution of ducts (information taken from www.sodeca.com/es/)  

  

http://www.sodeca.com/es
http://www.sodeca.com/es
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9.2 Impulse Ventilation 

The system is being used to ventilate underground parking, very large, with low ceilings and regular 

shape. 

Ducts are replaced for a matrix of jet fans or induction fans. 

This system can be used in different cases:  

➔ In a natural ventilated carpark through facades, helping in the movement of air from one 

facade to the other, if the distance between them is too big. 

 
Illustration 19: Example for natural ventilation with jet fans (information taken from www.sodeca.com/es/)  

➔ In a mechanical ventilated carpark, as an alternative to the ducting system 

 
Illustration 20: Example for mechanical ventilation with jet fans (information taken from www.sodeca.com/es/)  

Inside the carpark the air movement through the storey is difficult because of the obstruction of cars 

and parts of the structure.  

There is a tendency to create rapid flows in the lanes, and recirculation in the parking areas, and the 

pressure drop inside the carpark is considerable. 

http://www.sodeca.com/es
http://www.sodeca.com/es
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Illustration 21: Recirculation in the parking (information taken from program of Sodeca)  

               

Illustration 2: Recirculation and dead spot in the parking (information taken from program of Sodeca)  

This creates inefficient ventilation, recirculation and “dead spots” or zones where there is no air 

movement. 

For this reason, jet fans are installed in order to create an uniform flow, and overcome the inside 

pressure drop, reducing the static pressure needed for the extraction fans. 

          

Illustration 23: Recirculation with jet fan (information taken from program of Sodeca)   

http://0.0.0.22/
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This produces an uniform ambient in the basement without “dead spots”. 

             

Illustration 24: Recirculation and dead spot with jet fan (information taken from programs of Sodeca)  

Jet fans: The impulsion of small volume of air at high speed, induces the movement of big volumes of 

air at low speed. 

 

 

 

 

 

 

Illustration 25: Example jet fan air flow (created by me but jet fan image taken from Sodeca)  

Induction fan: The impulsion is made in a laminar flow, so the problems of turbulences are reduced. 

 

Illustration 26: Example for induction fan (information taken from www.sodeca.com/es/)  

Small high that allows the installation in low high areas. 

 

http://0.0.0.22/
http://www.sodeca.com/es
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9.3 Fire ventilation 

There can be 3 goals for the ventilation system: 

- To extract the smoke during and after a fire (smoke clearance)  

- To assist Fire Fighters in finding & extinguishing the fire. (firefighting) 

- To ensure the evacuation of people during all the fire (means of escape). 

BS 7346-7 Components for smoke and heat control systems. Code of practice on functional 

recommendations and calculation methods for smoke and heat control systems for covered cap parks. 

➢ This standard covers the smoke control using ventilation systems according to the 3 goals for a 

system (smoke clearance, firefighting, and means of escape). 

➢ In case of smoke clearance design, the demand is to ensure a ventilation of 10 air changes per 

hour of the storey or fire compartment.  

➢ The document also gives other design recommendations for smoke clearance systems.  

 

Design supported by Computation Fluid Dynamics (CFD): 

The CFD software is based in the resolution of numerical equation of Navier-Stokes. These equations 

describe the conservation of mass, energy and momentum in a fluid. 

There are a lot of software CFD, (FLUENT, CFX, FDS). The phenomena of turbulences, combustion 

and radiation that are considered in this software is what makes the differences between them. 

Determination of inlet parameters, definition and goals are very important in order to make a good 

simulation. In addition, boundary condition should be introduced, based on the experience of the 

designer. 

The scenario is divided in tridimensional cells in order to create a mesh. 

The position, shape and number of cells determine a certain influence in the accurancy of the results. 
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Illustration 27: Results (information taken from CFD)  

The software works solving the equations in each cell, so the outlet values of each cell are taken for 

the inlet of the next cells (flow, temperature, pressure). 

More number of cells, more time of computation. 

 

Illustration 28: Results (information taken from cdf)  

Smoke behaviour. 

 

Illustration 29: Recirculation (information taken from CDF)  

http://0.0.0.22/
file:///D:/marc/Universitat/TFG/PROJECT%20CHARTER/BAHRIA%20ICON%20VELOCITY.mp4
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Compatibility with day to day, and CO dilution ventilation: 

These systems can be used to achieve both goals. 

In order to satisfy the different demands of ventilation it is possible to design the system with: 

a) Two speed fans 

b) Make a sequence in the work of fans depending on the use of the system 

It is possible to maintain in service some of the jet fans at low speed in order to create an uniform 

ambient in the carpark. 

BENEFITS: 

➔ More safety system. 

➔ Possibility to design “smoke control” system, that allows fire fighters to access inside the 

carpark. 

➔ Ambient in the carpark healthier and uniform 

➔ Ventilation for the dilution of CO avoid not enough ventilated areas. 

➔ Easier installation, less assembly time and commissioning, less occupation of space below the 

roof, and better visibility in the carpark. 

➔ Less interferences with other installations (pipes, cables…)  

➔ Better conditions for the CCTV. 

9.4 Smoke evacuation for parking 

Smoke evacuation method by certified extractors for work with temperature during a determined time 

according to their classification and certification. This method is usually applied in buildings, shopping 

centres, tunnels, car parks and other large-area buildings with large open areas, also in industrial 

buildings with a high risk of fire and smoke extractions in industrial kitchens.  

  



 

Secció Terrassa  

CARPARK 

 

Date: 10/06/2019 

Pág. 45 de 57 

 

 

 

 

➔ IMMERS FAN 

 

 

 

 

 

Illustration 30: Example for Immers fan (information taken from www.sodeca.com/es/)  

 

➔ EXTERIOR FAN 

 

 

 

 

 

 

Illustration 31: Example for exterior fan (information taken from www.sodeca.com/es/) 

➔ JET FAN 

 

 

 
 
 

 

 

Illustration 32: Example for Jet fan (information taken from www.sodeca.com/es/)  

http://www.sodeca.com/es
http://www.sodeca.com/es
http://www.sodeca.com/es
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10 Budget 

Once the design of the structure has been made, a budget broken down by cost is presented. This 

budget will be detailed in the annex Budgets. 

In accordance with the accompanying budgets, the total cost of the project amounts to 855.066,31€ 

 

11 Economic viability 

11.1 Introduction 

In this section the economic viability of the project is presented. I have estimated that to be able to 

make a good economic viability the company that buys the structure will also buy 150 electric cars to 

be able to leave the installation in use and be able to do the car sharing. 

 

11.2 Estimated sales 

For the realization of the viability of the project, I must estimate a volume of diary rentals and how 

many hours are the cars storage in the car park. 

 

11.3 Subcontracting 

It has been decided to subcontract the company responsible for mounting the car park design. In order 

to estimate the price that would cost the creation of the car park, I have taken into account the main 

costs of a construction as I need. 
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Table 14: Fire Ventilation (smoke clearance) [info taken from 

 

It has been estimated that the time needed to create a car park is 30 weeks. Adapting to demand (1 

unit), I need to subcontract the company for 7,5 months. The real cost for the company to build this 

structure is 855.066,31 € as I showed in the budged document but this company want to have a profit 

of 24% for unit. For that reason, the company will charge me 1.125.266,64 € 

11.4 Renting 

In In this project I don’t take the option to rent the car park. If the client asks for, the rental options will 

be able in a future but not in this project. 

What I rent is the electric cars inside the car park and this will have a cost of 3,75 €/h and another 

thing that I rent is the space to storage the combustion car for 1,65 €/h. 

To do this exercise I will suppose that every day the people rents 150 electric cars and they storage 

250 vehicles because the people use the car park for meet each other. Also is necessary to defined 

Outsourcing

Initial Useful life Year 1

Initial investment

Machinery 2.500.000,00 € 50

amortization 50.000,00 €

Fixed costs

Local rent 18.000,00 €

Personal costs

20 workers 348.000,00 €

Annual 416.000,00 €

Time required to crat the car park 30 Weeks

Required car parks 1 Unit

Workers needed 45 workers

Time required 7,5 Months

Craft cost per unit 855.066,31 €

Craft cost per unit with profit 1.125.266,64 €
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how many hours the people storage their cars and how many hours they will rent the electric cars and 

for this situation is supposed a time of 8 hour per car and day.  

11.4.1 Initial investment 

The initial investment that must be tackled can be classified as intangible and material. 

Intangible 

• The total cost of the project 

• 150 electric cars 

Material 

• It refers to all the material (paper, pens…) required for the business execution of the 

project. 

Aside from the initial investment, annually it will have to invest in the purchase of electric cars for rent. 

The unity cost for the creation of a Car Park is explained below. 

As mentioned, if 1 unit is sold the annual investment will be 1.125.266,64 € 

Table 15: Investment Proposal Table (1) 

 

Initial amount Useful life Investment amount Useful life Amortization fee Investment amount Useful life Amortization fee

Intangible 328.131,67 € 328.131,67 €

Project 1.125.266,64 € 40 40 28.131,67 € 40 28.131,67 €

Electric cars 3.000.000,00 € 10 10 300.000,00 € 10 300.000,00 €

Material

Office forniture 200,00 € 4 4 50,00 € 4 50,00 €

Electric cars 400.000,00 € 10 40.000,00 € 10 40.000,00 €

Total non-current investment 4.125.466,64 € 400.000,00 € 696.313,33 € 0,00 € 696.313,33 €

Investment proposal

Entries
Initial investment YEAR 1 YEAR 2
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Table 16: Investment Proposal Table (2) 

 

11.5 Costs 

11.5.1 Workers 

In this case I will suppose that the car park will have 3 security workers, 2 employees for the consults 

of the clients and then 3 employees to clean the car park. The prices that are showed in the table 

below includes the taxes and insurance for each worker. 

Table 17: Cost for workers 

Employees Salary per month Salary per year 

8 1450 €/month 17400 €/year 

As we can see the total fix cost for workers will be 11.600 €/month or 139.200 €/year 

 

11.5.2 Fix costs 

The following are the different fixed costs that affect the project. 

Initial amount Useful life Investment amount Useful life Amortization fee Investment amount Useful life Amortization fee Investment amount Useful life Amortization fee

Intangible 328.131,67 € 328.131,67 € 328.131,67 €

Project 1.125.266,64 € 40 40 28.131,67 € 40 28.131,67 € 40 28.131,67 €

Electric cars 3.000.000,00 € 10 10 300.000,00 € 10 300.000,00 € 10 300.000,00 €

Material

Office forniture 200,00 € 4 4 50,00 € 200,00 € 4 50,00 € 4 50,00 €

Electric cars 10 40.000,00 € 400.000,00 € 10 80.000,00 € 10 80.000,00 €

Total non-current investment 4.125.466,64 € 0,00 € 696.313,33 € 400.200,00 € 736.313,33 € 0,00 € 736.313,33 €

YEAR 4 YEAR 5

Investment proposal

Entries
Initial investment YEAR 3
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Table 18: Expenditure policy table 

 

Only the maintenance, telephone, advertising and promotion costs and other fixed costs have been 

taken into account. 

In order to achieve rents for electric car satisfactorily, a good investment in advertising and promotion 

should be taken into account. This promotion can be invested in advertising on Facebook, a good web 

positioning, or a wide variety of options that will be studied as the company advances. 

Thus, an annual cost of 15.000,00 € has been estimated in advertising and promotion. 

 

It is necessary to contract telephone and internet service for good communication with customers and 

at the same time with suppliers, the chosen fee has an annual cost of € 450,00 

At the same time, different expenses that were not foreseen in the costs will arise annually, which I 

have estimated with a total of 1.250 € per year. 

As a fixed cost, the amortization cost is specified which must be faced annually. 

11.5.3 Variable costs 

The variable costs using the rental method are null, since no product is sold, it is only rented. 

Estructured expend

External servides 25.200,00 € 10.200,00 € 25.200,00 € 10.200,00 € 25.200,00 €

Constitution expenses

Lease

Conservatiom and maintenance 8.500,00 € 8.500,00 € 8.500,00 € 8.500,00 € 8.500,00 €

Insurance

Publicity and promotion 15.000,00 € 15.000,00 € 15.000,00 €

Phone and internet 450,00 € 450,00 € 450,00 € 450,00 € 450,00 €

Other fixes expenses 1.250,00 € 1.250,00 € 1.250,00 € 1.250,00 € 1.250,00 €

Wages, Salaries and S.S 17.400,00 € 17.400,00 € 17.400,00 € 17.400,00 € 17.400,00 €

Amortization 696.313,33 € 696.313,33 € 696.313,33 € 736.313,33 € 736.313,33 €

Total 738.913,33 € 723.913,33 € 738.913,33 € 763.913,33 € 778.913,33 €

Year 1 Year 2 Year 3 Year 4 Year 5

Expenditure Policy
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11.6 Rents 

Applying the rental plan discussed above, we obtain a total benefit for each year. 

Since it is invested in advertising and promotion, the total number of cars to be rented each year will 

increase compared to the previous year. 

Table 19: Rental policy table 

 

 

 

 

 

Product Price per hour Quantity Hours/day €/day €/year

Electric car 3,75 € 150 8 4.500,00 € 1.314.000,00 €

Parking space 1,65 € 250 8 3.300,00 € 963.600,00 €

2.277.600,00 €

Rental Policy

Total

Renting Year 1

Product Price per hour Quantity Hours/day €/day €/year

Electric car 3,75 € 160 8 4.800,00 € 1.401.600,00 €

Parking space 1,65 € 275 8 3.630,00 € 1.059.960,00 €

2.461.560,00 €

Rental Policy

Year 2

Total Total

Renting

Product Price per hour Quantity Hours/day €/day €/year

Electric car 3,75 € 170 10 6.375,00 € 1.861.500,00 €

Parking space 1,65 € 303 10 4.999,50 € 1.459.854,00 €

3.321.354,00 €

Rental Policy

Total

Year 3

Total

Renting

Product Price per hour Quantity Hours/day €/day €/year

Electric car 3,75 € 190 10 7.125,00 € 2.080.500,00 €

Parking space 1,65 € 333 10 5.494,50 € 1.604.394,00 €

3.684.894,00 €

Year 4

Total

Rental Policy

Total

Renting

Product Price per hour Quantity Hours/day €/day €/year

Electric car 3,75 € 209 10 7.837,50 € 2.288.550,00 €

Parking space 1,65 € 367 10 6.055,50 € 1.768.206,00 €

4.056.756,00 €

Year 5

Total

Rental Policy

Total

Renting
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11.7 NPV, TIR & Results 

In a project that requires an investment X, and generates a positive cash flow Y over Z years, there 

will be a point in which we recover the investment X. Although, instead of investing money X in a 

business project I had invested in a financial product, I would also have a return on this investment. 

Therefore, in cash flows I must reduce the interest rate that I could have obtained. In this value, if I 

deduct the initial investment, I obtain the current Net Value of the project. The formula for calculating 

the VAN / NPV is the following: 

 

Where “I” is the initial investment, “Qn” is the cash flow of year n, “r” is the interest rate I am buying 

and “N” is the number of years of the investment. On the other hand, the internal rate of return (TIR) 

can also be calculated, which would be the interest rate in which NPV is zero. If the TIR is high, we 

are facing a profitable business project, which represents a return on investment comparable to high 

interest rates that may not be in the market. If the TIR is low, we could possibly burden another 

destination to invest the money.  

In my case I have a TIR of 33,59% that is an amazing result and this project will be very rentable. 

Table 20: Net present value table 

 

 

Year 2 Year 3 Year 4 Year 5

Income 2.277.600,00 € 2.461.560,00 € 3.321.354,00 € 3.684.894,00 € 4.056.756,00 €

Charge -738.913,33 € -723.913,33 € -738.913,33 € -763.913,33 € -778.913,33 €

Initial Investment -4.125.466,64 €

Cash flow 1.538.686,67 € 1.737.646,67 € 2.582.440,67 € 2.920.980,67 € 3.277.842,67 €

Cash flow acumulated -2.586.779,97 € -849.133,31 € 1.733.307,36 € 4.654.288,03 € 7.932.130,70 €

Total cash flow -4.125.466,64 € -2.586.779,97 € -849.133,31 € 1.733.307,36 € 4.654.288,03 € 7.932.130,70 €

TIR

Year 0 Year 1

Net present value 

33,59%
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Illustration 33: Amortization the inversion 

As we can see in the illustration, we can amortize the inversion with 2,5 years approximately. 

12 Recommendations 

At this point of my project I would like to list some things that I’ve thought about, but for an economical 

and/or early dead line of the project matter, they haven’t been done. What I am looking with these 

things is to improve my project.  

- Do a best calculus to recalculate all the design because I did a very primary calculus and you 

will need to size all better. 

- Make the forgets and calculate them. 

- Make the foundation of the project. 

- Another recommendation that I will make to the company that has request this project, is to 

develop an app to let the people access fast to data  of the car park from anywhere, or to 
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interact with the car park, knowing how many electric cars are available in the carpark and how 

many space parking are available too for the combustion car. 

13 Conclusions 

The aim of this project was to design and study of the feasibility of constructing an outdoor parking for 

electric cars with profile class 4 and I think that I achieved this goal of designing the structure with a 

3D model but I need to be realistic and for some personal problems I do not achieve the goal of a 

good structural analysis and there are some points that I did not do as the forges and foundation. 

I consider that this project achieved the main objectives proposed and some more as fumes exhaust 

(with a good ventilation), the study of solar panels and the study of economic viability. 

The design I've created is practical that permits and easy construction with steel framing and with less 

time for this type of constructions. This fact allows the collection of combustion cars to forbidden these 

cars to the city and this allowed a good air quality for the people in the city. 

Also, with this project I want to raise awareness to the people to buy an electric car and change their 

mentality to be environmentally friendly.  
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