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1 Introduction 
IBIS Power develops renewable energy solutions, these solutions are integrated with today’s 
architecture and generates solar and wind energy. One of these products is called PowerNEST, which 
will be placed on existing buildings.  

There should be a solution for the transition between the PowerNEST and the existing building, the 
building should be strong enough to take the extra load and there should be a structure that guides 
the resulting forces from the PowerNEST to the existing building. The research can therefore be divided 
into two parts. 

The first part of the research will be a standardized approach for checking the reliability of the 
structural system of the building. The structural elements will be checked for extreme stresses, 
deformation and other predetermined boundary conditions. The building at Urkhovenseweg will be 
checked following this approach, this approach will be usable for other buildings. 

In the second part of the research the intermediate structure will be designed, this structure transfers 
the forces resulting from the PowerNEST to the existing building. This intermediate structure will be 
checked with the relevant norms, where all elements that needs to be checked are predetermined. 
Various boundary conditions will be specified, in this report these boundary conditions will be clarified. 
The design process will follow a standardized approach, therefore the design and process will be multi 
applicable for other buildings. 

These two parts will be combined into one research paper, the main question of the problem is stated 
as follows. 

What is the most efficient standardized intermediate structure, considering chosen aspects, which 
can support forces resulting from a PowerNEST unit with a 6 by 6 configuration, with a 
standardized check for strength and stability of the chosen existing building? 
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2 Boundary conditions 
The research will have several boundary conditions, these boundary conditions will be explained per 
aspect. These aspects are explained in this chapter.   

2.1 Materials 

2.1.1 Intermediate structure 
IBIS Power has already developed a sub frame, for this structure steel 235-J2 (appendix C-1) is used. 
The steel for the intermediate structure, which will be designed in this research, will be the same class. 
The same goes for the material of the bolts, this will be class 8.8 (appendix C-1). 

2.1.2 Structural walls 
The materials of the main structure of the existing building needs to be researched. The main structure 
at Urkhovenseweg consists out of structural concrete walls, with the K28 (appendix A-1) grading, which 
could be considered to be equivalent to the C20/25 grading. Therefore values regarding strength and 
stability are taken from C20/25 grading. 

In these structural walls reinforcement is present, which profiled steel bars with Qrn 48 grading 
(appendix A-1). Values regarding strength and stiffness are taken according to the original material.  
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2.2 Structural design 
The boundary conditions regarding the structural design are divided into three main subjects, which 
are the allowed stresses in the structural walls, the maximum deformation and the load bearing 
capacity of the piles. 

2.2.1 Structural walls 
The allowable stresses in the structural purely depends on the characteristics of the concrete with 
class C20/25 (NEN-EN 1992-1-1, chapter 3.1.3). These allowed stresses of the concrete are stated in 
equations 2-1 and 2-2.  

𝑓𝑓𝑐𝑐𝑐𝑐 = 𝛼𝛼𝑐𝑐𝑐𝑐 ∙ 𝑓𝑓𝑐𝑐𝑐𝑐/𝛾𝛾𝐶𝐶 = 1,0 ∙ 20,0/1,5 = 13,33 𝑁𝑁/𝑚𝑚𝑚𝑚2  2-1 

𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 = 𝛼𝛼𝑐𝑐𝑐𝑐 ∙ 𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐,0,05/𝛾𝛾𝐶𝐶 = 1,0 ∙ 1,50/1,5 = 1,00 𝑁𝑁/𝑚𝑚𝑚𝑚2  2-2 

 
Furthermore the allowable stresses in the reinforcement needs to be determined, class Qrn 48 (Dr. 
H.N. Stein, 1967, 3) is used. Equation 2-3 states the characteristic value of the yield stress and equation 
2-4 gives the design value of the yield stress. 

𝑓𝑓0,2𝑐𝑐 = 4.800/100 ∙ 9,81 = 470,9 𝑁𝑁/𝑚𝑚𝑚𝑚2  2-3 

𝑓𝑓𝑦𝑦𝑐𝑐 = 𝑘𝑘 ∙ 𝑓𝑓0,2𝑐𝑐/𝛾𝛾𝑆𝑆 = 1,0 ∙ 470,9/1,15 = 409,5 𝑁𝑁/𝑚𝑚𝑚𝑚2  2-4 

 
The deformation of the structural walls depends on the Young’s modulus of the concrete. When the 
concrete is cracked, the Young’s modulus is drastically reduced. I assume that a third of the Young’s 
modulus remains. The cracked and uncracked (NEN-EN 1992-1-1, chapter 3.1.3) Young’s modules are 
given in equation 2-5 and 2-6.  

𝐸𝐸𝑐𝑐𝑐𝑐;𝑢𝑢𝑢𝑢𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐 = 30.000 𝑁𝑁/𝑚𝑚𝑚𝑚2  2-5 

𝐸𝐸𝑐𝑐𝑐𝑐;𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐 = 1
3� ∙ 30.000 = 10.000 𝑁𝑁/𝑚𝑚𝑚𝑚2  2-6 

2.2.2 Pile foundation 
In the time this building was calculated, the acting forces on the piles were characteristic values instead 
of design values. The current norm (NEN-EN 1997-1) states that the acting forces on the pile foundation 
should be calculated as design values. This should be compensated with the pile capacity, this capacity 
will be raised with the average safety value of the loads. I think the best way to determine the average 
load safety is to take the average between the load safety factors for the permanent and variable loads, 
this can be seen in equation 2-7. 

𝛾𝛾𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢 = 𝛾𝛾𝐺𝐺+𝛾𝛾𝑄𝑄
2

= 1,2+1,5
2

= 1,35  2-7 

 
In documentation (appendix A-1) found about the building at Urkhovenseweg, a maximum pile 
capacity is found. The renewed pile capacity is stated in equation 2-8 and 2-9.  

𝐹𝐹𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢,𝑐𝑐𝑢𝑢𝑚𝑚 = 100 ∙ 9,81 ∙ 1,35 = 1.324 𝑘𝑘𝑁𝑁  2-8 

𝐹𝐹𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢,𝑐𝑐𝑝𝑝𝑢𝑢 = 0 𝑘𝑘𝑁𝑁  2-9 
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2.3 Transport 
The intermediate structure will consist of elements that need to be transported to the construction 
site. The size of the trailer will determine the amount of elements that can be transported by a single 
trailer. The dimensions of the trailer is to assumed to have a length of 12,0 meters, a height of 4,0 
meters and a width of 2,55 meters (http://wetten.overheid.nl/BWBR0025798/2011-01-01, chapter 5). 

2.4 Assembly on site 
The assembly on site will encounter the following aspects, placements of the necessary equipment 
and the construction process.  

2.5 Vibrations and sound 
The vibrations and sound disturbance which the IBIS PowerNEST could develop, will be taken care off. 
Insulation that is necessary is developed by IBIS Power, these recommendations will be taken over. 

2.6 Connections 
There are various important aspect for the design of the connections. For the connection between the 
intermediate structure and the roof structure, an important factor is that the connection should be a 
waterproof connection.  

Furthermore, the connections that are made in the factory will be welded connections and the 
connection that are made on the construction site will be bolted connections. 

2.7 Obstructions 
Two different kind of obstructions needs to be conquered, the chimney’s and the window wash 
installation that could be present on the roof top. Thirdly the roof edge has a significant influence on 
the design of the intermediate structure.  

The chimney’s that are present on the roof tops, will be taken into account, some of the chimneys 
need to be avoided completely and other chimneys can be built above. 

The window washer installation that could be present, will have fixed dimensions in this research, 
which are taken from a manufacturer. These dimensions will be rough estimates based on the 
dimensions given by the manufacturer (http://www.manntech.nl), a height of 5,0 meters and a length 
perpendicular to the roof edge of 2,0 meters must remain clear for the usage of the window washer 
installation.  

The roof edges have also an influence on the intermediate structure, the maximum height of the roof 
edge will be held at 0,5 meter, this is significant higher than the minimal required height of 0,12 meters 
(this value depends on the manufacturer and the situation of the building, this can therefore vary). 

  

http://wetten.overheid.nl/BWBR0025798/2011-01-01
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3 Building 

3.1 General 
The structural properties of the building need to be tested. Every building has different dimensions, 
different type of structure or different materials. To determine the structural properties, a certain 
approach needs to be followed. This approach that is developed needs to be suitable for other existing 
buildings as well, therefore a general approach is made to determine the structural characteristics. 
This general approach is tested during the project, adjustments could be made if necessary.  

Firstly, the available space around the building which can be used as construction site needs to 
evaluated. The general approach will be given, which will be used to determine the specific situation. 

Secondly, the obstructions needs to be evaluated. For example chimney’s on the roof or rails for the 
window washers.  

Thirdly, the strength and stability of the building needs the determined. Various aspects needs to be 
considered. The considered aspects are; 

- Stiffness main structure (shear walls, coupled walls, core or other structural elements) 
- Loads inflicting on the building 
- Stresses in structural elements 
- Pile reactions 
- Deformations 

For every aspect the relation is made between the general approach and the specific approach for the 
building at Urkhovenseweg.  
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3.2 Obstructions 

3.2.1 Chimneys 

On every building chimneys could be placed, these can be 
divided into two different kind of chimneys, which could 
be important for placement of the PowerNEST. The first 
type of chimney is for venting sewage canals, the second 
type of chimney is for the emission of carbon dioxide. When a PowerNEST is placed on the roof, these 
obstructions reduce the possible placements of these PowerNEST’s. When a chimney is only for 
ventilating the sewage canals, a PowerNEST can be placed above this chimney. This is not possible for 
chimneys that emissions carbon dioxide, because the carbon dioxide could accumulate, which could 
be a fire hazard.  

In Figure 3-1 a top view of the building at Urkhovenseweg can be seen, with placements of 
PowerNEST’s and the obstructions. The figure shows that the 12x12 PowerNEST needs to be placed 
outside of the top floor. Which means that an additional story high structure must support the 12x12 
PowerNEST, this is not the desirable solution, therefore the 12x12 PowerNEST will not be applicable 
for this building. The 6x6 PowerNEST could be placed in between the obstruction well, the exact 
placement of the models depends mainly of the wind flow. The most efficient place will be chosen by 
wind flow experts of IBIS power. 

3.2.2 Window cleaning installation 
The second obstruction that is found on a lot of buildings, is a 
window wash installations. There are multiple variations of 
these installations. The installation that is the most 
problematic for placing the PowerNEST, is the installation that 
uses a rail on top of the roof, Figure 3-2 shows an example of 
these rails. The most ideal location for the PowerNEST is on the 
edge of the roof, or the corner. The rails for the window wash 
installation are also at the edge of the rooftop. 

A solution should be found to conquer this problem, the intermediate structure should encounter for 
this problem, so that buildings which have this kind of installation, could also be equipped with the 
PowerNEST. The building at Urkhovenseweg doesn’t have this kind of installation, therefore the 
building at Urkhovenseweg doesn’t need this more difficult solution, but a general solution for this 
problem will be made, to encounter for this problem in the future.  

 Outline building at 36.380 +P 
 Outline building at 39.180 +P 
 12x12 PowerNEST 
 6x6 PowerNEST 
 Obstruction 

Figure 3-1- Top view of building, with PowerNEST’s and obstructions 

Figure 3-2 – Example of a  rails for a window 
cleaning installation 
(http://www.danway.ae/access-systems-
cranes.php?ID=48) 
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3.3 Strength and stability 

3.3.1 Relative stiffness of the structural walls 

3.3.1.1 General approach 
The relative stiffness of each structural wall is important to determine the magnitude of the lateral 
load which is acting on the structural walls. This is true, because the structural walls are connected 
with each other through the floors, these floors are rigid and therefore the structural walls will deform 
the same amount. The relative stiffness is determined by finding out what the deformation is with a 
certain lateral load. This can be determined with a 2D calculation program (such as SCIA Engineer), but 
also with hand calculations according to mechanics. The total deformation depends on the equivalent 
bending stiffness (𝐸𝐸𝐸𝐸𝑔𝑔) and the racking shear stiffness (𝐺𝐺𝐺𝐺).  

Where the bending stiffness is divided into a flexural bending stiffness (𝐸𝐸𝐸𝐸𝑝𝑝) and an axial bending 
stiffness (𝐸𝐸𝐺𝐺𝐸𝐸2), the equivalent bending stiffness can be found in Equation 3-1 (Hoenderkamp, 2007, 
pg. 61) more clarification on the force distribution can be found in Chapter 3.3.1. 

𝐸𝐸𝐸𝐸𝑔𝑔 = 𝛾𝛾𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐺𝐺𝐸𝐸2  3-1 

 
The racking shear stiffness depends mainly on the dimension off the horizontal beams which connects 
the wall, and can therefore be described as coupled walls. The racking shear stiffness can be found in 
Equation 3-2 (Hoenderkamp, 2007, pg. 61) 

𝐺𝐺𝐺𝐺 = 12𝐸𝐸

ℎ� 1
∑�𝛾𝛾3𝐼𝐼𝑘𝑘 ℎ⁄ �𝑖𝑖

+ 1
∑�𝛼𝛼3𝐼𝐼𝑏𝑏 𝑙𝑙⁄ �𝑖𝑖

�
  3-2 

 
When these two different stiffness’s are known, the deformation of each individual structural wall 
could be calculated. This will be calculated according to Equation 3-3. 

𝛿𝛿 = 𝑞𝑞𝑞𝑞4

𝐸𝐸𝐸𝐸𝑔𝑔
�1
8

+ 1
𝑐𝑐2−1

� 1
2(𝑐𝑐𝑘𝑘𝑞𝑞)2 −

1−cosh(𝑐𝑐𝑘𝑘𝑞𝑞)+𝑐𝑐𝑘𝑘𝑞𝑞(sinh(𝑐𝑐𝑘𝑘𝑞𝑞))
(𝑐𝑐𝑘𝑘𝑞𝑞)4cosh (𝑐𝑐𝑘𝑘𝑞𝑞)

��  3-3 

 
For each wall the same lateral load is used to calculate the deformation, therefore different 
deformations will be found. These deformations should be the same, therefore the lateral load should 
be adjusted. This adjusted lateral load will represent the eventual acting load on the structural walls.  
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3.3.1.2 Specific approach 
The steps described in the general approach, will be followed to describe the specific approach. In the 
specific approach, the lateral load distribution will be calculated. The bending stiffness, the racking 
shear stiffness and the deformation with a certain load, will be calculated for one specific wall 
configuration. This will be the wall configuration found on gridline 2, as found in appendix A-2, there 
can also be seen that this wall configuration is also found on gridlines 9, 12, 20, 23 and 30. This 
configuration can be seen in Figure 3-3. 

Figure 3-3 – Horizontal cross section of the structural wall at the gridlines 2, 9, 12, 20, 23 and 30 

The flexural bending stiffness and the axial bending stiffness can be seen in the Equations 3-4 and 3-5. 

𝛾𝛾𝐸𝐸𝐸𝐸 = 2800
2140

∙ 30 ∙ 106 0,18
12

(5,0653 + 3,1953 + 1,753) = 9,89 ∙ 107𝑘𝑘𝑁𝑁𝑚𝑚2  3-4 

𝐸𝐸𝐺𝐺𝐸𝐸2 = 30 ∙ 106 ∙ 0,18(5,065 ∙ 3,2142 + 3,195 ∙ 1,8162 + 1,75 ∙ 5,9882) = 67,83 ∙ 107𝑘𝑘𝑁𝑁𝑚𝑚2  3-5 

 
The equivalent bending stiffness will therefore be according to Equation 3-6. 

𝐸𝐸𝐸𝐸𝑔𝑔 = 9,89 ∙ 107 + 67,83 ∙ 107 = 77,72 ∙ 107𝑘𝑘𝑁𝑁𝑚𝑚2  3-6 

 
The racking shear stiffness can be determined, there are lot of variables. These variable depends on 
the dimension of the structural wall, these dimensions can be seen in Figure 3-4. 

Figure 3-4 – Vertical view of the structural at gridlines 2, 9, 12, 20, 23 and 30 

The racking shear stiffness of the structural wall at gridline 2, is can be seen in Equation 3-7. 
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𝐺𝐺𝐺𝐺 =
12 ∙ 𝐸𝐸

ℎ � 1
𝛾𝛾3 ∙ 𝐸𝐸𝑐𝑐1
ℎ + 𝛾𝛾3 ∙ 𝐸𝐸𝑐𝑐2

ℎ + 𝛾𝛾3 ∙ 𝐸𝐸𝑐𝑐3
ℎ

+ 1
𝛼𝛼13 ∙ 𝐸𝐸𝑏𝑏1

𝑙𝑙1
+ 𝛼𝛼23 ∙ 𝐸𝐸𝑏𝑏2

𝑙𝑙2

�

 

3-7 

 
With the dimensions shown in Figure 3-4, Equation 3-8 could therefore be established.  

 
When the bending stiffness and the racking shear stiffness are known, the deformation could be 
calculated. To calculate the deformation, the value (𝑘𝑘𝛼𝛼𝑘𝑘) should be known. The calculation method 
of this value can be found in Chapter 3.3.7. Equation 3-9 states the deformation of the structural wall 
at gridline 2.  

𝛿𝛿 = 100∙33,64

77,72∙107
�1
8

+ 1
1,146−1

� 1
2(16,015)2 −

1−cosh(16,015)+𝑐𝑐𝑘𝑘𝑞𝑞(sinh(16,015))
(16,015)4cosh (16,015)

�� = 22,62 𝑚𝑚𝑚𝑚  3-9 

 
This procedure should be followed for all structural walls, then the 
load distribution over the walls could be calculated. The results 
from the structural walls located in block B, are shown in Table 3-1. 
These results are further clarified with a cross section of the 
structural walls in block B, where the acting load is drawn in this 
cross section. This can be seen in Figure 3-5. 

 

 

 

The stiffness of each individual can be seen in the appendix A-3.  

𝐺𝐺𝐺𝐺 =
12 ∙ 30 ∙ 106

2,8 � 1

� 2,8
2,14�

3
�0,18 ∙ 5,0653

12 ∙ 2,8 � + � 2,8
2,14�

3
�0,18 ∙ 3,1953

12 ∙ 2,8 � + � 2,8
2,14�

3
�0,18 ∙ 1,753

12 ∙ 2,8 �
+ 1

�5,03
0,9 �

3
�0,18 ∙ 0,663

12 ∙ 5,03 � + �4,1725
1,7 �

3
�0,18 ∙ 0,663

12 ∙ 4,1725�
�

 

 
𝐺𝐺𝐺𝐺 = 1,96 ∙ 107𝑘𝑘𝑁𝑁 

3-8 

Grid Deflection Percentage 

1 17,66 14,8% 

2 22,62 11,7% 

3 18,54 14,0% 

4 18,95 14,2% 

5 152,11 1,7% 

6 185,23 1,4% 

7 152,11 1,7% 

8 18,54 14,0% 

9 22,62 11,7% 

10 17,66 14,8% 

Table 3-1 – Relative stiffness block B 

Figure 3-5 – Force distribution block B 
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3.3.2 Loads 

3.3.2.1 General approach 
There are different loads acting on the main structure of any tall building, these loads can be described 
as follows. 

Qk,1 = Snow load 
Qk,2 = Variable floor load for its specific function 
Qk,3 = Wind load 
Gk,1 = Permanent loads from the residential separating floors 
Gk,2 = Permanent loads from the roof 
Gk,3 = Own weight of the structural walls or other structural elements 

There should be made three load combinations, the first combination is made to determine the 
maximum deformation. The second combination describes the maximum stresses or forces that could 
occur in the main structure of the building. The last combination will describe the minimum stresses 
in the main structure of the building. Therefore the combinations are stated the Equations 3-10 to 
3-12.  

𝐶𝐶𝐶𝐶𝑚𝑚𝑏𝑏. 1 = 𝛾𝛾𝐺𝐺1 ∙ (𝐺𝐺𝑐𝑐1 + 𝐺𝐺𝑐𝑐2 + 𝐺𝐺𝑐𝑐3) + 𝛾𝛾𝑄𝑄1 ∙ (𝑄𝑄𝑐𝑐1 + 𝑄𝑄𝑐𝑐2 + 𝑄𝑄𝑐𝑐3) 3-10 

𝐶𝐶𝐶𝐶𝑚𝑚𝑏𝑏. 2 = 𝛾𝛾𝐺𝐺2 ∙ (𝐺𝐺𝑐𝑐1 + 𝐺𝐺𝑐𝑐2 + 𝐺𝐺𝑐𝑐3) + 𝛾𝛾𝑄𝑄2 ∙ (𝑄𝑄𝑐𝑐1 + 𝑄𝑄𝑐𝑐2 + 𝑄𝑄𝑐𝑐3) 3-11 

𝐶𝐶𝐶𝐶𝑚𝑚𝑏𝑏. 3 = 𝛾𝛾𝐺𝐺3 ∙ (𝐺𝐺𝑐𝑐1 + 𝐺𝐺𝑐𝑐2 + 𝐺𝐺𝑐𝑐3) + 𝛾𝛾𝑄𝑄2 ∙ (−𝑄𝑄𝑐𝑐3) 3-12 
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3.3.2.2 Specific approach 
Gk,1 – Permanent load from residential separating floors 
Own weight d = 160 mm 3,84 kN/m2 

Top coat d =   50 mm 1,00 kN/m2 

Lightweight separation walls 0,70 kN/m2   + 

𝐺𝐺𝑐𝑐,1 
 

5,54 kN/m2 

 
Gk,2 – Permanent load from residential separating floors 
Own weight d = 160 mm 3,84 kN/m2 

Top coat d =   50 mm 1,00 kN/m2   + 

𝐺𝐺𝑐𝑐,2 
 

4,84 kN/m2 

 
Gk,3 – Own weight structural walls 
The own weight is calculated with a density of 24 kN/m3. The results are shown in Table 3-2. 

grid 𝐺𝐺𝑐𝑐,3 grid 𝐺𝐺𝑐𝑐,3 grid 𝐺𝐺𝑐𝑐,3 grid 𝐺𝐺𝑐𝑐,3 

1 1.982 kN 11 2.134 kN 22 2.134 kN C 1.939 kN 

2 1.573 kN 12 1.694 kN 23 1.694 kN H 1.523 kN 

3 1.982 kN 13 1.840 kN 24 1.982 kN M 1.939 kN 

4 1.715 kN 14 1.715 kN 25 1.715 kN    

5 857 kN 15 1.715 kN 26 857 kN    
6 705 kN 16 857 kN 27 705 kN    

7 857 kN 17 705 kN 28 857 kN    

8 1.982 kN 18 857 kN 29 1.982 kN    

9 1.694 kN 19 1.982 kN 30 1.573 kN    

10 2.134 kN 20 1.694 kN 31 1.982 kN    

 
  21 2.134 kN       

Table 3-2 – Own weight of the structural walls 

 
Qk,1 – Snow load 
The snow load is calculated according to NEN-EN 1991-1-3 Snow loads. 

𝑄𝑄𝑐𝑐,1 = 0,56 𝑘𝑘𝑁𝑁/𝑚𝑚2 

Qk,2 – Variable floor load 
The building at Urkhovenseweg is occupied with residences. Therefore the variable load is: 

𝑄𝑄𝑐𝑐,2 = 0,4 ∙ 1,75 = 0,7 𝑘𝑘𝑁𝑁/𝑚𝑚2 

The load is used to determine the stresses in the structural walls and the pile reactions. The extreme 
load is these situations will be the wind force. Therefore the instantaneous value can be used to 
determine the stress in the structural walls and pile reactions. 
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Qk,3 – Wind load 
The wind load should be calculated for two different situations, the current situation and the new 
situation where there is placed a PowerNEST on top each block. The calculation of the current situation 
and when the wind load is acting on the long side of the building, is shown below. 

Building properties kN/m2 F5 = 8 kN
Total height 39,18 m F4 = 82 kN
Width (0+ P to 36,38 +P) 27,00 m
Height 36,38 m
Width (36,38 +P to 39,18 +P) 19,50 m F3 = 377 kN
Depth 14,61 m

Thrust calculation

zh = 39,18 m

zd = 27 m F2 = 877 kN

zo = 0,2 uncultivated

zoII = 0,05

vb = 24,5 m/s wind area III F1 = 101 kN
ρ = 1,25

kl = 1 kN/m2

c0 = 1 φ < 0,05

kr = 0,19*(z0/z0,II)
0,07 = 0,209

z = m z = m

cr(z) kr*ln(z/z0) = ;

vm (z) = cr(z)*co(z)*vb = m/s ; m/s

= co * ln(z/zo)

qp(z) = [1+7*Iv(z)]*1/2*ρ*vm
2(z) = kN/m2 ; kN/m2

Wind loads resulting from building 1,066 ####

h/d =

cpe,10,D =

cpe,10,E =
=

< 0,25 cscd =

Fw,e = cscd * * cpe *

Fr = * cf *

Wind pressure

F1;pressure = 1,0 * * 0,8 * * = kN

F2;pressure = 1,0 * * 0,8 * * = kN

F3;pressure = 1,0 * * 0,8 * * = kN

F4;pressure = 1,0 * * 0,8 * * = kN

Iv(z)
kl

D
cpe,10

0,8
0,8 -0,5

2,78 58

h/d
5
1

2,49
0,8

-0,575
0,02

27,07

E
cpe,10

-0,7

27

cfr 

Zone

39,18

1,066

0,189

1,105

;=

0,7 -0,3

0,960 27,00 24,22
1,066 27,00 9,38

14
,8

9

0,960 27,00

2,
80

24
,2

2
2,

78

1,
39

39
,1

8

12
,1

8

9,
38

31
,6

9

27
,0

0

1,027
25,16

0,204

0,960
37

,7
8

502

Aref

1,0

qp(z) Aref

qp(z)

216
1,066 19,50 2,80 47

1,0655

0,9603
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Wind suction

F1;suction = 1,0 * * -0,575 * * = kN

F2;suction = 1,0 * * -0,575 * * = kN

F3;suction = 1,0 * * -0,575 * * = kN

F4;suction = 1,0 * * -0,575 * * = kN
Wind friction

F1;friction = * 0,02 * * * 2 = kN

F2;friction = * 0,02 * * * 2 = kN

F3;friction = * 0,02 * * * 2 = kN

F4;friction = * 0,02 * * * 2 = kN

F5;friction = * 0,02 * * = kN

Bending moment

F1 = 58 - -41 + = kN

F2 = 502 - -361 + = kN

F3 = 216 - -155 + = kN

F4 = 47 - -33 + = kN

F5 = = kN
at 0 +P:

Mcurrent;B;x-dir.;k = = kNm
at 2780 +P:

Mcurrent;B;x-dir.;k = = kNm

1,39*101 + 14,89*877 + 31,69*377 + 37,78*82 + 39,18*8

12,11*877 + 28,91*377 + 35*82 + 36,4*8 24.675

1012

28.550

6
2

14 877
377

82
8

2,78 -41

0,960 14,61 2,78

1,066 27,00 9,38 -155
0,960 27,00 24,22 -361
0,960 27,00

19,50 2,80 -33

14
6
2

1,066

2

81,066

1,066
1,066

0,960 14,61
14,61
14,61
27,00

24,22
9,38
2,80

14,61

 

As can be seen, the bending moment is calculated for two different heights. This is done because the 
dimensions of the structural wall changes significantly 
at that height. This is specifically useful to determine 
the extreme stresses in the structural wall, this will be 
elaborated further in the report. 

The relative stiffness of the structural walls are 
calculated. As stated before, the reason that the 
distribution of the forces is because the deflection of 
the wall should be the same for every height of the 
building.  

The weight calculations can also be seen in appendix A-4 and the other wind calculation can be viewed 
in appendix A-5. 

   

 𝑸𝑸𝒌𝒌,𝟑𝟑 

My;B;cur;0;k 28.550 kNm 

My;B;new;0;k 29.782 kNm 

Mx;B;cur;0;k 13.193 kNm 

Mx;B;new;0;k 14.423 kNm 

My;A;cur;0;k 31.512 kNm 

My;A;new;0;k 32.744 kNm 

Table 3-3 – Results wind load calculation 
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3.3.3 Bending moment 

3.3.3.1 General approach 
The total bending moment acting on the building can be described according to standard mechanics, 
which can be seen in Equation 3-13, 

1
2
∙ 𝑞𝑞 ∙ 𝑥𝑥2  3-13 

 
As said, this describes the total bending moment in the structural elements. This total bending moment 
could be divided into a bending moment which will be resisted by the bending stiffness (𝐸𝐸𝐸𝐸𝑝𝑝) and a 
bending moment which will be resisted by the axial stiffness (𝐸𝐸𝐺𝐺𝑝𝑝) of the coupled walls. The formula 
to determine these acting bending moments can be seen in Equation 3-14 (Hoenderkamp, 2007, pg. 
37) 

1
2
∙ 𝑞𝑞 ∙ 𝑥𝑥2 = 𝐸𝐸𝐸𝐸 𝑐𝑐

2𝑦𝑦
𝑐𝑐𝑚𝑚2

+ 𝑇𝑇𝑙𝑙  3-14 

 
The bending moment in the walls (𝑀𝑀𝑝𝑝) can 
be calculated with the second derivative of 
the horizontal deformation, where the 
variable height is expressed with x. In Figure 
3-6 the basic lateral load resisting planar bent 
can be seen. 

The equation of the horizontal deformation is 
given in Equation 3-15 (Hoenderkamp, 2007, 
pg. 37) 

 

𝑦𝑦 = 𝑞𝑞𝑞𝑞4

𝐸𝐸𝐸𝐸𝑔𝑔
�1
8
− 1

6
�𝑚𝑚
𝑞𝑞
� + 1

24
�𝑚𝑚
𝑞𝑞
�
4

+ 1
𝑐𝑐2−1

��1−(𝑚𝑚 𝑞𝑞⁄ )2�
2(𝑐𝑐𝑘𝑘𝑞𝑞)2

− 1−cosh(𝑐𝑐𝑘𝑘𝑚𝑚−𝑐𝑐𝑘𝑘𝑞𝑞)+𝑐𝑐𝑘𝑘𝑞𝑞(sinh(𝑐𝑐𝑘𝑘𝑞𝑞)−sinh(𝑐𝑐𝑘𝑘𝑚𝑚))
(𝑐𝑐𝑘𝑘𝑞𝑞)4 cosh (𝑐𝑐𝑘𝑘𝑞𝑞)

��  3-15 

 
The second derivative of the deformation has been calculated with the program Mathematica and can 
be seen in Equation 3-16. 

𝑦𝑦′′ =

𝑞𝑞𝑞𝑞4� 𝑥𝑥
2

2𝐻𝐻4
+
− 1
𝛼𝛼2𝐻𝐻4𝑘𝑘2

−
sech (𝑘𝑘𝛼𝛼𝐻𝐻)�−𝛼𝛼2𝑘𝑘2 cosh(𝑘𝑘𝛼𝛼𝐻𝐻−𝑘𝑘𝛼𝛼𝑥𝑥)−𝑘𝑘3𝛼𝛼3𝐻𝐻 sinh (𝑘𝑘𝛼𝛼𝑥𝑥)�

𝑘𝑘4𝛼𝛼4𝐻𝐻4
−1+𝑘𝑘2

�

𝐸𝐸𝐸𝐸𝑔𝑔
  

3-16 

 
When this equation is known, the 
other expression (𝑇𝑇𝑙𝑙) can easily be 
found. These bending moments 
can be plotted in a diagram, which 
can be seen in Figure 3-7. 

 

Figure 3-6 – Basic lateral load resisting planar bent 
(Hoenderkamp, 2007, 36) 

Figure 3-7 – Force distribution in coupled shear walls 
(Hoenderkamp, 2007, 36) 
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3.3.3.2 Specific approach 
In chapter 3.3.2.2 the bending moments for all the different situations are calculated. For determining 
the maximum stresses in the structure, the extreme forces are taken. In chapter 3.3.2.2 the total 
bending moments are calculated, but according to the findings in the previous chapter, the bending 
moments needs to be calculated with a distributed wind load (𝑞𝑞). Therefore an equivalent wind load 
(𝑞𝑞𝑢𝑢𝑞𝑞)  needs to be calculated, the maximum bending moment will be equated with the bending 
moment when a horizontal distributed load is acting on the building. The equivalent wind load will 
therefore be as stated in Equation 3-17, for block B in the current situation. 

𝑞𝑞𝑢𝑢𝑞𝑞 =
2 ∙ 𝑀𝑀𝑐𝑐𝑢𝑢𝑚𝑚

𝑘𝑘2 =
2 ∙ 28.550

39,182
= 37,20 𝑘𝑘𝑁𝑁/𝑚𝑚1 3-17 

 
The bending moments for the gridlines 2, 9, 12, 20, 23 and 30 are determined. The structural walls on 
these gridlines have the same configuration, but these structural walls are not located in the same 
block, the differences between the blocks is the wind load. To reduce the amount of calculations, the 
largest wind load is taken for the calculations, which will be in block B.  

The bending moment in each of the structural walls can be determined, the second derivative of the 
horizontal displacement could be filled in with the variable corresponding to the structural wall at 
gridline 2, this can be seen in Equation 3-18. 

𝐸𝐸𝐸𝐸𝑦𝑦′′ = 9,89 ∙ 107
4,592∙39,184� 𝑥𝑥2

2∙39,184
+
− 1
0,382239,1841,146

−
sech (16,015)�−0,38221,072 cosh(16,015−1,07∙0,382∙𝑥𝑥)−1,0730,382339,18 sinh (1,07∙0,382∙𝑥𝑥)�

1,0740,382439,184
−1+1,146 �

7,54∙108
  

3-18 

 
Now the axial forces in the structural wall can be calculated, this done according to Equation 3-19. 

𝑇𝑇𝑙𝑙 =
1
2
𝑞𝑞𝑢𝑢𝑥𝑥2 − 𝐸𝐸𝐸𝐸𝑦𝑦′′ 3-19 

 
 The only unknown variable in these 
equation is now the x-value, which 
corresponds with the distance from the top 
of the building to the point of interest. This 
is plotted on the y-axes and the acting 
bending moment is plotted on the x-axes, 
this can be seen in Figure 3-8. The extreme 
values are listed below, the height of the 
building is 39,18 m. 

 

 

 

Bending moments of the structural walls with a different configuration are shown in appendix A-6 

1
2
∙ 𝑞𝑞𝑢𝑢𝑞𝑞 ∙ 𝑥𝑥2 = 3.262 𝑘𝑘𝑁𝑁𝑚𝑚 𝑇𝑇𝑙𝑙 = 2.490 𝑘𝑘𝑁𝑁𝑚𝑚 𝐸𝐸𝐸𝐸𝑦𝑦′′ = 771 𝑘𝑘𝑁𝑁𝑚𝑚 3-20 

Figure 3-8 – Diagram bending moment over the height of 
the building (appendix A-6) 
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3.3.4 Axial forces 

3.3.4.1 General approach 
The axial forces for every structural element needs to be calculated, these normal forces come from 
the floor loads and its own weight. The normal force due to the floor loads is described in Equations 
3-21 and 3-22 , and the normal force due to its own weight is shown in Equation 3-23 . 

𝐹𝐹𝑄𝑄𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓;𝑖𝑖 = 𝑄𝑄𝑐𝑐1;𝑝𝑝 ∙ 𝐺𝐺𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓𝑢𝑢;𝑝𝑝 ∙ 𝑛𝑛 + 𝑄𝑄𝑐𝑐2;𝑝𝑝 ∙ 𝐺𝐺𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓𝑢𝑢;𝑝𝑝 ∙ 𝑛𝑛 3-21 

𝐹𝐹𝐺𝐺𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓;𝑖𝑖 = 𝐺𝐺𝑐𝑐1;𝑝𝑝 ∙ 𝐺𝐺𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓𝑢𝑢;𝑝𝑝 ∙ 𝑛𝑛 + 𝐺𝐺𝑐𝑐2;𝑝𝑝 ∙ 𝐺𝐺𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓𝑢𝑢;𝑝𝑝 ∙ 𝑛𝑛 3-22 

𝐹𝐹𝐺𝐺𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙;𝑖𝑖 = 𝜌𝜌𝑐𝑐 ∙ 𝐺𝐺𝑤𝑤𝑢𝑢𝑝𝑝𝑝𝑝;𝑝𝑝 ∙ 𝑘𝑘 3-23 

 
Where the values 𝑄𝑄𝑐𝑐;𝑝𝑝  and 𝐺𝐺𝑐𝑐;𝑝𝑝  represents the floor load per square meter for the variable and 
permanent loads. The area that is acting on the structural wall is described as 𝐺𝐺𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓𝑢𝑢;𝑝𝑝 and the number 
of floors acting on the structural wall is written as 𝑛𝑛. 

The volume mass of concrete in the structural walls is written as 𝜌𝜌𝑐𝑐 , the cross section area of the 
structural wall is written as 𝐺𝐺𝑤𝑤𝑢𝑢𝑝𝑝𝑝𝑝;𝑝𝑝 and the height of the wall is described as 𝑘𝑘. 

3.3.4.2 Specific approach 
The axial forces will be calculated for the structural wall at gridline 2, the previous equations will be 
filled in, this will be described in the Equations 3-24, 3-25 and 3-26. 

𝐹𝐹𝑄𝑄𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓;2 = 0,56 ∙ 54,79 ∙ 1 + 0,70 ∙ 54,79 ∙ 14 = 578 𝑘𝑘𝑁𝑁 3-24 

𝐹𝐹𝐺𝐺𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓;2 = 5,54 ∙ 54,79 ∙ 14 + 4,84 ∙ 54,79 ∙ 1 = 4.515 𝑘𝑘𝑁𝑁 3-25 

𝐹𝐹𝐺𝐺𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙;2 = 24,0 ∙ 1,802 ∙ 39,18 = 1.694 𝑘𝑘𝑁𝑁 3-26 
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3.3.5 Extreme stresses 

3.3.5.1 General approach 
When all acting forces are known, the extreme stresses in the structural walls could be calculated. The 
forces which inflict stresses in the structural elements, are the normal forces and the bending moment. 
The stresses due to the norm;al forces are straight forward, these stresses are calculated according to 
Equations 3-27 and 3-28. 

𝜎𝜎𝑄𝑄;𝑝𝑝 =
𝐹𝐹𝑄𝑄𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓;𝑖𝑖

𝐺𝐺𝑤𝑤𝑢𝑢𝑝𝑝𝑝𝑝
 3-27 

𝜎𝜎𝐺𝐺;𝑝𝑝 =
𝐹𝐹𝐺𝐺𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓;𝑖𝑖 + 𝐹𝐹𝐺𝐺𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙;𝑖𝑖

𝐺𝐺𝑤𝑤𝑢𝑢𝑝𝑝𝑝𝑝
 3-28 

 
The stresses due to the bending moments are more complex, due 
to the fact that the bending moment is divided into two separate 
acting bending moments. These acting bending moments have a 
different stress distribution, this can be seen in Figure 3-9. Where 
the 𝐸𝐸𝐸𝐸𝑦𝑦′′  represents the bending stress due to the bending 
moment in each individual structural wall. The 𝑇𝑇𝑙𝑙 represents the 
stresses due to the axial bending moment. The sum of these two 
stresses will form the total bending stress in the structural walls. 

This summation of the bending stress can be written as is done 
in Equation 3-29. 

𝜎𝜎𝑀𝑀𝑝𝑝 =
𝑀𝑀𝑝𝑝

𝑊𝑊𝑤𝑤𝑢𝑢𝑝𝑝𝑝𝑝;𝑝𝑝
+

𝑇𝑇𝑝𝑝
𝐺𝐺𝑤𝑤𝑢𝑢𝑝𝑝𝑝𝑝;𝑝𝑝

 3-29 

 
The load combinations, as stated in Chapter 3.3.2.1, determine the 
extreme stresses in the structural elements.  

The determination of the axial force could be more difficult, the 
Equations 3-30, 3-31, 3-32 and 3-33 states the calculation method. 
Figure 3-10 shows how the variables are taken from the structural 
wall. Eventually the normal force (𝑇𝑇𝑝𝑝) in the walls is calculated.   

𝑁𝑁𝐺𝐺 =
∑(𝐺𝐺𝑝𝑝 ∙ 𝑥𝑥𝑝𝑝)
∑(𝐺𝐺𝑝𝑝)

 3-30 

𝐸𝐸 = �(𝐸𝐸𝑝𝑝2 ∙ 𝐺𝐺𝑝𝑝) 3-31 

𝑤𝑤𝑝𝑝 =
𝐸𝐸

𝐸𝐸𝑝𝑝 ∙ 𝐺𝐺𝑝𝑝
 3-32 

𝑇𝑇𝑝𝑝 =
𝑇𝑇𝑙𝑙
𝑤𝑤𝑝𝑝

 3-33 

Figure 3-9 – Bending stresses 

Figure 3-10 – Variables in coupled walls 
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3.3.5.2 Specific approach 
When the bending moments are known, the acting stresses due to the bending moment could be 
calculated. The extreme stresses are the most interesting, therefore the flexural bending moment and 
the axial bending moment are taken at the point where 𝑥𝑥 = 39,18 𝑚𝑚. These bending moment can be 
taken from Chapter 3.3.3.2, the axial forces are taken from Chapter 3.3.4.2.  

When the general approach is followed, the following stresses due to the axial loads are as stated in 
Equation 3-34 and 3-35. 

𝜎𝜎𝑄𝑄;2 =
578 ∙ 103

180 ∙ (5065 + 3195 + 1750)
= 0,32 𝑀𝑀𝑀𝑀𝑀𝑀 3-34 

𝜎𝜎𝐺𝐺;2 =
4.515 ∙ 103 + 1.694 ∙ 103

180 ∙ (5065 + 3195 + 1750)
= 3,45 𝑀𝑀𝑀𝑀𝑀𝑀 3-35 

 
The axial bending moment of the structural wall at grid line 2 is as stated in Equation 3-36, the distance 
to the neutral axes can be seen in Equation 3-37 and the I-value can be seen in Equation 3-38.  

𝑇𝑇𝑙𝑙 = 2.490 𝑘𝑘𝑁𝑁𝑚𝑚 3-36 

𝑁𝑁𝐺𝐺 =
(5,065) ∙ 2,5325 + (3,195) ∙ 7,5625 + (1,75) ∙ 11,735

(5,065) + (3,195) + (1,75)
= 5,747𝑚𝑚 3-37 

𝐸𝐸 = (0,18 ∙ 5,065) ∙ 3,21452 + (0,18 ∙ 3,195) ∙ 1,81552 + (0,18 ∙ 1,75) ∙ 5,9882 = 125,6 3-38 

 
The stresses are found in the Equations 3-39, 3-40 and 3-41. 

𝑤𝑤1 =
126,6

3,2145 ∙ (5,065)
= 7,72 𝑇𝑇1 =

2.490
7,72

= 322,8 𝑘𝑘𝑁𝑁 𝜎𝜎𝑇𝑇1 =
322,8 ∙ 103

180 ∙ 5065
= 0,35 𝑀𝑀𝑀𝑀𝑀𝑀 3-39 

𝑤𝑤2 =
126,6

1,8155 ∙ (3,195)
= 21,66 𝑇𝑇2 =

2.490
21,66

= 115,0 𝑘𝑘𝑁𝑁 𝜎𝜎𝑇𝑇2 =
115,0 ∙ 103

180 ∙ 3195
= 0,20 𝑀𝑀𝑀𝑀𝑀𝑀 3-40 

𝑤𝑤3 =
126,6

5,9880 ∙ (1,750)
= 11,99 𝑇𝑇3 =

2.490
21,66

= 207,7 𝑘𝑘𝑁𝑁 𝜎𝜎𝑇𝑇3 =
207,7 ∙ 103

180 ∙ 1750
= 0,66 𝑀𝑀𝑀𝑀𝑀𝑀 3-41 

 
 
The flexural bending moment is equal as stated in Equation 3-42. 

𝐸𝐸𝐸𝐸𝑦𝑦′′ = 771 𝑘𝑘𝑁𝑁𝑚𝑚 3-42 

 
This flexural bending moment is divided over the wall, which are coupled through horizontal beams, 
the relation of the stiffness determines the magnitude of the flexural bending moments in the walls. 
The stiffness’s determines this magnitude, the total stiffness can be seen in Equation 3-43. 

�𝐸𝐸𝑝𝑝 =
1

12
∙ 0,18 ∙ (5,0653 + 3,1953 + 1,753) = 2,52𝑚𝑚4 3-43   
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The stresses in the structural walls are therefore as stated in Equations 3-44, 3-45 and 3-46. 

𝑀𝑀1 =
0,18 ∙ 5,0653

12 ∙ 2,52
∙ 771 = 596,8 𝑘𝑘𝑁𝑁𝑚𝑚 𝜎𝜎𝑀𝑀1 =

596,8 ∙ 106
1
6 ∙ 180 ∙ 50652

= 0,78 𝑀𝑀𝑀𝑀𝑀𝑀 3-44 

𝑀𝑀2 =
0,18 ∙ 3,1953

12 ∙ 2,52
∙ 771 = 149,7 𝑘𝑘𝑁𝑁𝑚𝑚 𝜎𝜎𝑀𝑀2 =

149,7 ∙ 106
1
6 ∙ 180 ∙ 31952

= 0,49 𝑀𝑀𝑀𝑀𝑀𝑀 3-45 

𝑀𝑀3 =
0,18 ∙ 1,753

12 ∙ 2,52
∙ 771 = 24,5 𝑘𝑘𝑁𝑁𝑚𝑚 𝜎𝜎𝑀𝑀3 =

24,5 ∙ 106
1
6 ∙ 180 ∙ 17502

= 0,27 𝑀𝑀𝑀𝑀𝑀𝑀 3-46 

 
The extreme stresses could be calculated with the different load combinations, load combinations 1 
and 2 are calculated, this can be seen in the Equations 3-47 and 3-48. 

𝜎𝜎𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.2 = 1,2(−3,45) + 1,5(−0,32 − 0,35 − 0,78) = 6,32 𝑀𝑀𝑀𝑀𝑀𝑀 3-47 

𝜎𝜎𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.3 = 0,9(−3,45) + 1,5(0,35 + 0,78) = −1,41 𝑀𝑀𝑀𝑀𝑀𝑀 3-48 

 
All stresses in the structural wall on gridline 2 are known, this is further illustrated in Figure 3-11. 

 

Figure 3-11 – All stresses in structural wall at gridline 2 

Appendix A-7 shows the extreme stresses of all the other structural walls. 
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3.3.6 Pile foundation 

3.3.6.1 General approach 
The boundary conditions for the maximum (1324 𝑘𝑘𝑁𝑁) and minimum (0 𝑘𝑘𝑁𝑁) pile reactions are stated 
according to Chapter 2.2.2. 

The pile reactions needs to be calculated according to Equations 3-49, 3-50 and 3-51, the extreme 
reactions are calculated with the load combinations 2 and 3. 

𝐹𝐹𝐺𝐺;𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝 =
𝐹𝐹𝐺𝐺𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓;𝑖𝑖 + 𝐹𝐹𝐺𝐺𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙;𝑖𝑖

𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝
 3-49 

𝐹𝐹𝑄𝑄;𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝 =
𝐹𝐹𝑄𝑄𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓;𝑖𝑖

𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝
 3-50 

𝐹𝐹𝑀𝑀;𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝 =
𝑀𝑀𝑝𝑝

𝑤𝑤𝑐𝑐𝑢𝑢𝑚𝑚
 3-51 

Where: 

𝑤𝑤𝑐𝑐𝑢𝑢𝑚𝑚 =
𝐸𝐸

(𝑑𝑑. 𝑡𝑡. 𝐸𝐸. )𝑐𝑐𝑢𝑢𝑚𝑚
 3-52 

𝐸𝐸 = �(𝑑𝑑. 𝑡𝑡. 𝐸𝐸. )𝑝𝑝
2 

3-53 
 

 
Figure 3-12 shows how the values are found to determine the pile reactions. Where the center is the 
neutral axes of the pile line.  

Figure 3-12 – Example with piles and corresponding d.t.c. (distance to center) 
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3.3.6.2 Specific approach 
In the specific approach also gridline 2 is evaluated, the pile reactions due to the permanent load (Eq. 
3-54), the variable load (Eq. 3-55) and due to the wind load (Eq. 3-56).  

𝐹𝐹𝐺𝐺;𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝 =
4.515 + 1.694

8
= 776 𝑘𝑘𝑁𝑁 3-54 

𝐹𝐹𝑄𝑄;𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝 =
578

8
= 72 𝑘𝑘𝑁𝑁 3-55 

𝐹𝐹𝑀𝑀;𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝 =
3.262
21,8

= 150 𝑘𝑘𝑁𝑁 3-56 

Where: 

𝑤𝑤𝑐𝑐𝑢𝑢𝑚𝑚 =
133,9
6,14

= 21,8 3-57 

𝐸𝐸 = 2 ∙ (6,142 + 4,642 + 2,642 + 0,882) = 133,9 3-58 

 
Now the extreme pile reactions could be calculated with the load combinations 2 and 3, this can be 
seen in the Equations 3-59 and 3-60. 

𝐹𝐹𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.2 = 1,2 ∙ (−776) + 1,5 ∙ (−72 − 150) = −1.264 𝑘𝑘𝑁𝑁 3-59 

𝐹𝐹𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.3 = 0,9 ∙ (−776) + 1,5 ∙ (150) = −473 𝑘𝑘𝑁𝑁 3-60 

 
Because the behavior of the foundation under the structural walls located at gridline 10 and 11 is more 
complex than the other structural walls, the calculation of these piles will be explained more 
thoroughly.  

The bending moment acting on the structural walls on gridlines 10 and 11 are calculated according to 
the Equations 3-61 and 3-62. 

𝑀𝑀10 = 28.550 ∙ 14,6% = 4.178 𝑘𝑘𝑁𝑁𝑚𝑚 3-61 

𝑀𝑀11 = 31.512 ∙ 13,5% = 4.242 𝑘𝑘𝑁𝑁𝑚𝑚 3-62 

 
The axial forces resulting from the structural walls are described in the Equations 3-63 and 3-64. 

𝑁𝑁𝐺𝐺,10 = 𝑁𝑁𝐺𝐺,11 = 1700 + 106 + 2134 = 3.941 𝑘𝑘𝑁𝑁 3-63 

𝑁𝑁𝑄𝑄,10 = 𝑁𝑁𝑄𝑄,11 = 12 + 215 = 227 𝑘𝑘𝑁𝑁 3-64 
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The value 𝐸𝐸 depends on the pile configuration, this configuration can be seen in Figure, this value is 
calculated according to the Equations 3-65 and 3-66. 

𝐸𝐸10 = 7,0062 + 5,5062 + 3,1862 + 0,8062 + 0,7142 + 2,2342 + 3,7542 + 5,3042 = 166,7  3-65 

𝐸𝐸11 = 5,2952 + 3,7752 + 2,2552 + 0,7352 + 0,8152 + 3,1952 + 5,5152 + 7,0152 = 167,1 3-66 

 
The extreme pile reactions in this pile configuration are calculated, these are the extreme reactions in 
the load combinations 2 and 3. The extreme reactions resulting from load combination 2 are found in 
the Equations 3-67 to 3-70. 

𝑤𝑤11 =
𝐸𝐸

𝑑𝑑. 𝑡𝑡. 𝐸𝐸.
=

167,1
7,015

= 24 3-67 

𝐹𝐹𝑀𝑀11 =
𝑀𝑀11

𝑤𝑤11
=

4.058
24

= −170𝑘𝑘𝑁𝑁 3-68 

𝐹𝐹𝑁𝑁𝐺𝐺,10 =
3.941

10
= −394 𝑘𝑘𝑁𝑁 3-69 

𝐹𝐹𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.2 = 𝛾𝛾𝐺𝐺3 ∙ �𝐹𝐹𝑁𝑁𝐺𝐺� − 𝛾𝛾𝑄𝑄2 ∙ (𝐹𝐹𝑀𝑀) = 0,9 ∙ −394 + 1,5 ∙ (170) = −99 𝑘𝑘𝑁𝑁 3-70 

 
The extreme reaction is equal to 99 𝑘𝑘𝑁𝑁, which shows that there are no tensile forces in this pile 
configuration. The extreme reaction according to load combination 3 is showed in the Equations 3-71 
to 3-74. 

𝑤𝑤10 =
𝐸𝐸

𝑑𝑑. 𝑡𝑡. 𝐸𝐸.
=

166,7
3,754

= 44,4 𝑤𝑤11 =
𝐸𝐸

𝑑𝑑. 𝑡𝑡. 𝐸𝐸.
=

167,1
0,735

= 227,3 3-71 

𝐹𝐹𝑀𝑀10 =
𝑀𝑀10

𝑤𝑤10
=

4.359
44,4

= −98,2 𝑘𝑘𝑁𝑁 𝐹𝐹𝑀𝑀11 =
𝑀𝑀11

𝑤𝑤11
=
−4.217
227,3

= −18,6 𝑘𝑘𝑁𝑁 3-72 

𝐹𝐹𝑁𝑁𝐺𝐺,10 = 𝐹𝐹𝑁𝑁𝐺𝐺,11 =
3.941

10
= 394,1 𝑘𝑘𝑁𝑁 𝐹𝐹𝑁𝑁𝑄𝑄,10 = 𝐹𝐹𝑁𝑁𝑄𝑄,11 =

227
10

= 22,7 𝑘𝑘𝑁𝑁 3-73 

𝐹𝐹𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.2 = 𝛾𝛾𝐺𝐺2 ∙ �𝐹𝐹𝑁𝑁𝐺𝐺� + 𝛾𝛾𝑄𝑄2 ∙ �𝐹𝐹𝑁𝑁𝑄𝑄 + 𝐹𝐹𝑀𝑀� = 1,2 ∙ 2 ∙ 394,1 + 1,5 ∙ (2 ∙ 22,7 + 98,2 + −18,6) = 1.133 𝑘𝑘𝑁𝑁 
3-74 

 
The extreme reaction is equal to 1.133𝑘𝑘𝑁𝑁  which is smaller than 1324𝑘𝑘𝑁𝑁 , which proves that the 
maximum pile reaction is not exceeded in this pile configuration. Appendix A-8 shows the extreme pile 
reactions of the other gridlines.     
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3.3.7 Deformation 

3.3.7.1 General approach 
The deformation could be determined with the equivalent lateral 
load. The elastic module of the concrete will decrease with a factor 
3 if the concrete endures tensile stresses and therefore will be 
cracked. The safest way therefore is to calculate  the deformation 
with an Young’s modulus that is a third of the mean value of the 
Young’s modulus. 

The wind load on the building various in magnitude over the height, 
this is complex to calculate with coupled walls as stability structure. 
Therefore an equivalent load is calculated.  

The deformation of the current situation can be calculated according 
to Equation 3-75 (Hoenderkamp, 2007, pg. 61). 

𝛿𝛿 =
𝑞𝑞𝑢𝑢𝑞𝑞𝑘𝑘4

𝐸𝐸𝐸𝐸𝑔𝑔
�
1
8

+
1

𝑘𝑘2 − 1
�

1
2(𝑘𝑘𝛼𝛼𝑘𝑘)2 −

1 − cosh(𝑘𝑘𝛼𝛼𝑘𝑘) + 𝑘𝑘𝛼𝛼𝑘𝑘(sinh(𝑘𝑘𝛼𝛼𝑘𝑘))
(𝑘𝑘𝛼𝛼𝑘𝑘)4 cosh (𝑘𝑘𝛼𝛼𝑘𝑘)

�� 3-75 

 
The factor 𝑘𝑘𝛼𝛼𝑘𝑘 can be determined according to Equations 3-76 and 3-77. 

𝛼𝛼𝑘𝑘 = 𝑘𝑘�
𝐺𝐺𝐺𝐺
𝐸𝐸𝐸𝐸

  3-76 

𝑘𝑘2 =
𝐸𝐸𝐸𝐸𝑔𝑔
𝐸𝐸𝐺𝐺𝐸𝐸2

  3-77 
 

 
The equivalent bending stiffness can be obtained with Equation 3-78 and the racking shear stiffness 
can be seen in Equation 3-79. 

𝐸𝐸𝐸𝐸𝑔𝑔 =
ℎ
𝑑𝑑
𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐺𝐺𝐸𝐸2 3-78 

𝐺𝐺𝐺𝐺 =
12𝐸𝐸

ℎ � 1
∑((ℎ 𝑑𝑑⁄ )3 ∙ 𝐸𝐸𝑐𝑐/ℎ)𝑝𝑝

+ 1
∑((𝑙𝑙 𝑏𝑏⁄ )3 ∙ 𝐸𝐸𝑏𝑏/𝑙𝑙)𝑝𝑝

�
 3-79 

 
The racking shear stiffness depends partly on the stiffness of the column (𝐸𝐸𝑐𝑐) and the beam (𝐸𝐸𝑏𝑏), the 
Equations 3-80 and 3-81 give the calculation methods of these stiffness’s. The variables are found in 
Figure 3-13.   

𝐸𝐸𝑐𝑐 =
1

12
∙ 𝑡𝑡 ∙ 𝑀𝑀3 3-80 

𝐸𝐸𝑏𝑏 =
1

12
∙ 𝑡𝑡 ∙ (2𝑒𝑒)3 3-81 

 
The maximum deformation is tested with the sway index, this is shown in Equation 3-82. 

𝜓𝜓𝑞𝑞 =
𝛿𝛿𝑐𝑐𝑢𝑢𝑚𝑚
𝑘𝑘

=
𝑞𝑞𝑘𝑘3

8𝐸𝐸𝐸𝐸𝑔𝑔
≤

1
500

 3-82 

Figure 3-13 – Coupled walls 
(Hoenderkamp, 2007, pg. 58) 
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3.3.7.2 Specific approach 
The general approach is 
followed to calculate the 
deformation at gridline 2. 
Figure 3-14 shows the 
situation of the structural 
wall. The Equations 3-85 
and 3-86 show the 
stiffness of the structural wall, for the Young’s modulus, a third of the mean value is used.  

𝛾𝛾𝐸𝐸𝐸𝐸 = 2800
2140

∙ 30∙10
6

3
0,18
12

(5,0653 + 3,1953 + 1,753) = 3,30 ∙ 107𝑘𝑘𝑁𝑁𝑚𝑚2  3-83 

𝐸𝐸𝐺𝐺𝐸𝐸2 = 30∙106

3
∙ 0,18(5,065 ∙ 3,2142 + 3,195 ∙ 1,8162 + 1,75 ∙ 5,9882) = 22,61 ∙ 107𝑘𝑘𝑁𝑁𝑚𝑚2  3-84 

𝐸𝐸𝐸𝐸𝑔𝑔 = 3,30 ∙ 107 + 22,61 ∙ 107 = 25,91 ∙ 107𝑘𝑘𝑁𝑁𝑚𝑚2  3-85 

 
The dimensionless factors are stated in Equations 3-87 to 3-89.  

𝛼𝛼𝑘𝑘 = 39,18�
0,65 ∙ 107

3,30 ∙ 107
= 17,446 3-87 

𝑘𝑘2 =
25,91 ∙ 107

22,61 ∙ 107
= 1,146 

3-88 
 

𝑘𝑘𝛼𝛼𝑘𝑘 = �1,146 ∙ 17,446 = 18,67 3-89 

 
  

𝐺𝐺𝐺𝐺 =
12 ∙ 1

3� 30 ∙ 106

2,8 � 1

� 2,8
2,14�

3
�0,18 ∙ 5,0653

12 ∙ 2,8 � + � 2,8
2,14�

3
�0,18 ∙ 3,1953

12 ∙ 2,8 � + � 2,8
2,14�

3
�0,18 ∙ 1,753

12 ∙ 2,8 �
+ 1

�5,03
0,9 �

3
�0,18 ∙ 0,663

12 ∙ 5,03 � + �4,1725
1,7 �

3
�0,18 ∙ 0,663

12 ∙ 4,1725�
�

 

 
𝐺𝐺𝐺𝐺 = 6,63 ∙ 106𝑘𝑘𝑁𝑁 

3-86 

Figure 3-14 – Wall configuration gridline 2 
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The stiffness of the columns are described in Equation 3-90 the stiffness of the beams are stated in 
Equation 3-91.  

𝐸𝐸𝑐𝑐1 =
1

12
∙ 0,18 ∙ 5,0653 

𝐸𝐸𝑐𝑐1 = 1,95𝑚𝑚4 

𝐸𝐸𝑐𝑐2 =
1

12
∙ 0,18 ∙ 3,1953 

𝐸𝐸𝑐𝑐2 = 0,49𝑚𝑚4 

𝐸𝐸𝑐𝑐3 =
1

12
∙ 0,18 ∙ 1,753 

𝐸𝐸𝑐𝑐3 = 0,08𝑚𝑚4 
3-90 

𝐸𝐸𝑏𝑏1 = 𝐸𝐸𝑏𝑏2 =
1

12
∙ 0,18 ∙ 0,663 = 0,0043𝑚𝑚4 3-91 

 
With 𝑞𝑞𝑢𝑢𝑞𝑞 = 4,82, the deformation can be written as is done in Equation 3-92. The sway index in 
Equation 3-93 complies with the set requirement, the stiffness of the structural wall at gridline 2 is 
sufficient. The sway index in Equation 3-93 complies with the set requirement, the stiffness of the 
structural wall at gridline 2 is sufficient.  

𝛿𝛿 =
4,82 ∙ 39,184

25,91 ∙ 107 �
1
8 +

1
1,146 − 1 �

1
2(18,67)2 −

1 − cosh(18,67) + 18,67(sinh(18,67))
(18,67)4 cosh (18,67) �� = 5,90𝑚𝑚𝑚𝑚 3-92 

𝜓𝜓𝑞𝑞 =
5,90

39.180
=

1
6641

≤
1

500
 

3-93 
 

 
Appendix A-9 shows the calculation of the deformation of the other structural walls.   
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4 Variant study intermediate structure 

4.1 Introduction 
The intermediate structure depends on the various aspects, the considered aspects will be as stated in 
the graduation plan. Which will be; 

- Materials 
- Transport 
- Assembly 
- Vibration and sound 
- Connections 
- Obstacles 
- Structural design 

In this chapter a brief explanation is given for each of these aspects.  

4.1.1 Terminology 
In this chapter there will be referred to different kind of structures, to cause no confusion about these 
different structures, this will be clarified in this paragraph. 

Base structure The structure that is connected with the roof and forms a base for the 
transitional structure.   

Transitional structure The structure that is connected on the base structure, the transitional 
structure forms a support for the sub frame. 

Sub frame The structure that is developed by IBIS Power for supporting the 
PowerNEST, the sub frame is placed on the transitional structure. 

Intermediate structure The total structure that supports the PowerNEST, thus the 
combination of the base structure, the transitional structure and the 
sub frame. 

4.1.2 Materials 
There are multiple materials that could be used for different parts of the intermediate structures, 
different materials have different advantages. The intermediate structure will mostly consist of H-
profiles, materials aluminum or steel could be used. Aluminum is more lightweight than steel, but this 
will only be an advantage when the  pieces are lifted to the roof of the building. But the cranes should 
be able to lift steel structures as well.  

Therefore the most logical material for the intermediate structure will be steel, with a quality of S235. 
The structure will consist of mostly H-beams and tube shaped profiles. The connections will be made 
with chemical anchors made by Fischer, which will ensure a sturdy connection.  
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4.1.3 Transport 
The intermediate structure can’t be transported in one piece to the construction site, the structure 
will be too big. The structure should be split up into multiple elements, the size of these elements will 
be determined by the size of the transport vehicles. The cargo space varies between the different kind 
of vehicles. The height varies between 2,55 meters and 3,0 meters, a maximum height of 2,55 will be 
maintained. The width varies between 2,45 and 2,55 meters, a maximum width of 2,45 will be 
maintained. The length varies between 13,2 and 13,6 meters, a maximum length of 13,2 meters will 
be maintained. This means the designed elements should be transported in a cargo space of 2,45 m x 
2,55 m x 13,2 m.  

It is also important to ensure the route from the factory to building site is passable for the transport 
vehicles. The most critical point of the route, will be in the town or village, or just before the 
construction site is reached.   

4.1.4 Assembly 
The assembly of the intermediate structure will be done partly at the factory and partly on site. The 
parts that are assembled in the factory, will have welded connections. In contrast to the elements that 
are made in the factory, which will have bolted connections. The reason for this, is that inside the 
factory a suitable environment is present, this is not the case for the environment on site.  

The PowerNEST will be lifted in one piece, on top of the roof. The question remains if this should be 
done for the intermediate structure, there are basically two options. The first options is to split the 
intermediate structure in multiple pieces, and lift these pieces to the top of the building. The second 
option is to lift the entire intermediate structure, in one piece to the top of the roof.  

The construction site will be on the parking lot of the existing building, there are several days needed 
to clear the parking lot form its cars. Which means that the dates of the workdays should be known in 
advance, which means there could be uncertainties of the weather conditions. If there would be an 
unworkable day, the crane or other equipment couldn’t be used, and the rent of this equipment will 
continue. 
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4.1.5 Vibration and sound 
Construction factor 

The IBIS PowerNEST could cause vibrations in the intermediate structure, these vibrations should be 
taken into account for the design of the structure. The vibrations will be caused by the wind and the 
vertical axes wind turbine. The connections could should be able to withstand these vibrations, this 
will be implemented into the structural design. This will be done by increasing the construction factor, 
which is dependable on the own frequency of the added structure. This construction factor will be 
calculated according to Equation 4-1. Other equations that are necessary to calculate the construction 
factor can be found further in this chapter. 

𝐸𝐸𝑝𝑝𝐸𝐸𝑐𝑐 =
1 + 2 ∙ 𝑘𝑘𝑝𝑝 ∙ 𝐸𝐸𝑣𝑣(𝑧𝑧𝑝𝑝)√𝐵𝐵2+𝑅𝑅2

1 + 7 ∙ 𝐸𝐸𝑣𝑣(𝑧𝑧𝑝𝑝)
 4-1 

 
The turbulence intensity factor will be determined according to Equation 4-2. 

𝐸𝐸𝑣𝑣(𝑧𝑧) =
𝑘𝑘𝑝𝑝

𝐸𝐸𝑓𝑓 ∙ 𝑙𝑙𝑛𝑛 �
𝑧𝑧
𝑧𝑧0
�

=
1

1 ∙ 𝑙𝑙𝑛𝑛 �42,0
0,3 �

= 0,202 4-2 

 
The background response factor will be calculated according to Equation 4-3. 

𝐵𝐵2 =
1

1 + 0,9 �𝑏𝑏 + ℎ
𝐿𝐿(𝑧𝑧𝑝𝑝)�

0,63 =
1

1 + 0,9 �6,0 + 4,0
115,8 �

0,63 = 0,839 
4-3 

Where: 

𝐿𝐿(𝑧𝑧𝑝𝑝) = 𝐿𝐿𝑐𝑐 ∙ �
𝑧𝑧𝑝𝑝
𝑧𝑧𝑐𝑐
�
𝑘𝑘

= 300 ∙ �
42,0
200

�
0,67+0,05∙ln(0,3)

= 115,8 𝑚𝑚 
 

 
The resonance factor is more complicated, the main formula is given in Equation 4-4. 

𝑅𝑅2 =
𝜋𝜋2

2 ∙ 𝛿𝛿
∙ 𝑆𝑆𝐿𝐿(𝑧𝑧𝑝𝑝;𝑛𝑛1,𝑚𝑚)𝑅𝑅ℎ(𝜂𝜂ℎ)𝑅𝑅𝑏𝑏(𝜂𝜂𝑏𝑏) =

𝜋𝜋2

2 ∙ 0,08
∙ 0,655 ∙ 0,122 ∙ 0,083 = 0,409 4-4 

  
The spectral density function is: 

𝑆𝑆𝐿𝐿�𝑧𝑧𝑝𝑝;𝑛𝑛1,𝑚𝑚� =
6,8 ∙ 𝑓𝑓𝐿𝐿(𝑧𝑧𝑝𝑝;𝑛𝑛1,𝑚𝑚)

(1 + 10,2 ∙ 𝑓𝑓𝐿𝐿(𝑧𝑧𝑝𝑝;𝑛𝑛1,𝑚𝑚)
=

6,8 ∙ 48,34
(1 + 10,2 ∙ 48,34

= 0,665 
 

𝑓𝑓𝐿𝐿�𝑧𝑧𝑝𝑝;𝑛𝑛1,𝑚𝑚� =
𝑛𝑛1,𝑚𝑚 ∙ 𝐿𝐿(𝑧𝑧𝑝𝑝)
𝑉𝑉𝑐𝑐(𝑧𝑧𝑝𝑝)

=
46/4 ∙ 115,8

27,55
= 48,34 

 

  
The aerodynamic admittance functions are: 

𝑅𝑅ℎ(𝜂𝜂ℎ) =
1
𝜂𝜂ℎ

−
1

2 ∙ 𝜂𝜂ℎ2
∙ (1 − 𝑒𝑒−2𝜂𝜂ℎ) =

1
7,68

−
1

2 ∙ 7,682
∙ (1 − 𝑒𝑒−2∙7,68) = 0,122 

 

𝜂𝜂ℎ =
4,6 ∙ ℎ
𝐿𝐿(𝑧𝑧𝑢𝑢)

∙ 𝑓𝑓𝐿𝐿�𝑧𝑧𝑝𝑝;𝑛𝑛1,𝑚𝑚� =
4,6 ∙ 4
115,8

∙ 48,34 = 7,68 
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𝑅𝑅𝑏𝑏(𝜂𝜂𝑏𝑏) =
1
𝜂𝜂𝑏𝑏
−

1
2 ∙ 𝜂𝜂𝑏𝑏2

∙ (1 − 𝑒𝑒−2𝜂𝜂𝑏𝑏) =
1

11,52
−

1
2 ∙ 11,522

∙ (1 − 𝑒𝑒−2∙11,52) = 0,083 
 

𝜂𝜂𝑏𝑏 =
4,6 ∙ 𝑏𝑏
𝐿𝐿(𝑧𝑧𝑢𝑢)

∙ 𝑓𝑓𝐿𝐿�𝑧𝑧𝑝𝑝;𝑛𝑛1,𝑚𝑚� =
4,6 ∙ 6
115,8

∙ 48,34 = 11,52 
 

 
The peak factor can be calculated according to Equation 4-5. 

𝑘𝑘𝑝𝑝 = 𝑚𝑚𝑀𝑀𝑥𝑥��2 ∙ 𝑙𝑙𝑛𝑛(𝑣𝑣 ∙ 𝑇𝑇)�3� = 𝑚𝑚𝑀𝑀𝑥𝑥��2 ∙ 𝑙𝑙𝑛𝑛(6,583 ∙ 600)�3� = 4,070 4-5 

 Where the frequency of the wind gusts is calculated according to: 

𝑣𝑣 = 𝑛𝑛1,𝑚𝑚 ∙ �
𝑅𝑅2

𝐵𝐵2 + 𝑅𝑅2
=

46
4
∙ �

0,409
0,839 + 0,409

= 6,583 
 

 
All parameters are known, the construction factor is given in Equation 4-6. 

𝐸𝐸𝑝𝑝𝐸𝐸𝑐𝑐 =
1 + 2 ∙ 4,07 ∙ 0,202√0,839 + 0,409

1 + 7 ∙ 0,202
= 1,175 4-6 

This factor will be used for the wind forces acting on the PowerNEST. 

 Noise disturbance 

These vibrations could cause noise disturbance, this should be controlled. The prevention of noise 
disturbance can be done by placing rubber in the connections of the turbine, this will absorb some of 
the vibrations and therefore reduce the noise disturbance. This type of connection is researched and 
developed by IBIS Power. 
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4.1.6 Connections 
The connection between the PowerNEST and the existing building depends on various aspects. The 
support points of the PowerNEST are known, as well as the location of the structural walls of the 
existing building. It would most ideal, if the support points of the PowerNEST and the support points 
of the existing building are met. The intermediate structure would connect the two support points. 

The intermediate structure will be connected with the roof through chemical anchors. These chemical 
anchors will have certain specifications which need to be followed.    

4.1.7 Obstacles 
When the building at Urkhovenseweg was being analyzed, some obstacles came forward. These 
obstacles could have a significant influence on the design of the intermediate structure. The chimneys 
on top of the roof limits the possible locations on the roof, which could be important, because different 
locations on the roof, could lead to a different energy generation. The building maintenance 
installations could be a big problem, lot of buildings have this. Therefore it could be valuable if a 
solution is found to avoid the building maintenance installation.  

4.1.8 Structural design 
When a preliminary design is made, the design should be checked for strength and stability. The forces 
that act on the structure will mostly be caused by the wind force. It is possible to calculate the 
intermediate structure, where the wind load is a static load. Therefore the an increased construction 
factor is used. 

The static forces resulting from the PowerNEST could be divided into a wind load and the dead load of 
the sub frame and the PowerNEST.  

 Permanent load 
The dead load of the sub frame and the PowerNEST are given below, these values are taken from IBIS 
Power, this can be seen in appendix C-1 and C-2. 

Sub frame 10,41 𝑘𝑘𝑁𝑁 

PowerNEST (6x6) 31,90 𝑘𝑘𝑁𝑁 
 
The sub frame is supported by four support points, the permanent load in each of these support points 
can be seen in Equation 4-7. 

𝐹𝐹𝑉𝑉;𝑝𝑝𝑢𝑢𝑢𝑢𝑐𝑐. =
10,41 + 31,90

4
= 10,58 𝑘𝑘𝑁𝑁 4-7 
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Wind load 
The wind load that is acting on the PowerNEST can be divided into pressure, suction and friction. Figure 
4-1 illustrates these forces and the dimensions of the situation. Equations 4-8, 4-9 and 4-10 shows the 
calculation of these forces.  

𝐹𝐹𝑝𝑝𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝑢𝑢𝑢𝑢𝑢𝑢 = 1,175 ∙ 1,089 ∙ 0,8 ∙ 3,3 ∙ 6,0 = 20,27 𝑘𝑘𝑁𝑁 4-8 

𝐹𝐹𝑝𝑝𝑢𝑢𝑐𝑐𝑐𝑐𝑝𝑝𝑓𝑓𝑢𝑢 = 1,175 ∙ 1,089 ∙ 0,48 ∙ 3,3 ∙ 6,0 = 12,16 𝑘𝑘𝑁𝑁 4-9 

𝐹𝐹𝑓𝑓𝑢𝑢𝑝𝑝𝑐𝑐𝑐𝑐𝑝𝑝𝑓𝑓𝑢𝑢 = 1,175 ∙ 1,089 ∙ 0,02 ∙ 6,0 ∙ 6,0 = 0,92 𝑘𝑘𝑁𝑁 4-10 

 

 
Figure 4-1 – Acting and resulting forces from the IBIS PowerNEST 

For calculating the intermediate structure, the acting wind loads are recalculated, Figure 4-1 shows 
these forces. The left picture of the figure shows the acting forces on the PowerNEST, the right side of 
the figure shows the resulting forces on the intermediate structure, these forces are used for further 
calculations. The bending moment of the structure, that needs to be supported by the sub frame can 
therefore be written as Equation 4-11.  

𝑀𝑀𝑤𝑤𝑝𝑝𝑢𝑢𝑐𝑐 = (20,27 + 12,16) ∙ 2,0 + 0,92 ∙ 4,0 = 68,54 𝑘𝑘𝑁𝑁𝑚𝑚 4-11 

 
The force per support point therefore is. 

𝐹𝐹𝑉𝑉;𝑤𝑤𝑝𝑝𝑢𝑢𝑐𝑐 =
1
2
∙

68,54
𝐸𝐸

 
 

𝐹𝐹𝑞𝑞;𝑤𝑤𝑝𝑝𝑢𝑢𝑐𝑐 =
20,27 + 12,16 + 0,92

2
= 16,68 𝑘𝑘𝑁𝑁 

 

 
Load combinations 

The three load combinations gives the following forces. 

𝐹𝐹𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.1 = 1,0 ∙ 10,58 + 1,0 ∙
68,54

2𝐸𝐸
 

 

𝐹𝐹𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.2 = 1,2 ∙ 10,58 + 1,5 ∙
68,54

2𝐸𝐸
 

 

𝐹𝐹𝑐𝑐𝑓𝑓𝑐𝑐𝑏𝑏.3 = 0,9 ∙ 10,58 + 1,5 ∙ −
68,54

2𝐸𝐸
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4.2 Specify variants 

4.2.1 General 
Two main variants will be chosen, these variants depends on the aspects, which are previously 
explained. Each of these main variants will have two sub variants, these two sub variants are also 
dependable on the aspects which are previously stated. The designs are established by following the 
general approach, the connection of the support points of the PowerNEST with the existing building, 
will be made according to this approach. These existing buildings are different, therefore a solution 
need to be found that support multiple building types.  

The two different main variants are distinguished with the presence and absence of the window wash 
installation. In the first main variant, there will be no rails present which are needed for the window 
wash installation. There will be made two solution for the first main variant. The first solution can be 
categorized as the standard solution and the second solution will be called the integrated solution. The 
second main variant, will encounter a window wash installation. The design of this variant will 
encounter for this window wash installation. Two solutions will be given, the first solution will be called 
elevated solution and the second solution will be called the sliding solution. Within the sub variant, 
different choices could be made at level of detail.  

List of variants: 

1. Without window wash installation  
a. Standard solution 
b. Integrated solution 

2. With window wash installation 
a. Elevated solution 
b. Sliding solution 

   

  



37 
 

4.3 General design 
Without window wash installation 

The approach of designing the first variant will be for a building where no building maintenance 
installation is present on the roof top. This means, there are less limitations in comparison when a 
window wash installation is present. The PowerNEST should be flush with the façade, to catch the wind 
that hits the façade.  

An important point of interest, is waterproofing the connection between the base structure and the 
building. As the connection is made between the base structure and the roof, the connection should 
instantly be made waterproof. Support of the base structure should be found at the structural walls of 
the building, to avoid an extra bending moments in the roof. The sub frame is shown in Figure 4-2, this 
structure is developed by IBIS Power. The main design and dimensions are held the same. 

 

  

  

Figure 4-2 – Sub frame for supporting PowerNEST 
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With window wash installation 

Before the design of the intermediate structure can be made, the problem and conditions need to be 
established. The main problem and also boundary conditions for this variant, is that the building 
maintenance installations which are present, can still function freely. These installations are placed 
near the edge of the roof, the same location as where the energy system would be placed.  

Furthermore the same problems occur for the second variant as they did for the first variant regarding 
the transition between the support points of the energy system and the available support points for 
the existing building.  

First, all possible solutions needs to be considered, this may involve solutions which can discarded early 
on. The principle of the solution should be, that when the building maintenance installations are used, 
the intermediate structure and the wind energy system are not blocking the maintenance installation.  

The design of the intermediate should encounter for this problem, the intermediate structure should 
not intervene with the building maintenance installation. In basic principle there are two options to 
design a structure that doesn’t intervene with the maintenance installation.  

Firstly the structure could be a moveable structure, that could move out of the way, by sliding or 
rotating. Secondly the structure could be built around the area which needs to be used by the 
maintenance installation. 

Figure 4-3 – Possible solutions for avoiding building maintenance installations 
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4.3.1 Standard solution 
General design 

First the base structure needs to be 
designed. A boundary condition for the base 
structure should be that the weight of the 
base structure should not exceed 25 
kilograms, because this is the maximum 
load a man can carry according to the Arbo 
law. In this design two main base structures 
are designed, with each their benefits.  

The first base structure consists of two IPE 
profiles combined to one single beam, the length of this structure is 0,5 meters, therefore the weight 
of the base structure remains under the 25 kilograms. Figure 4-4 shows the connection of the base 
structure with the roof.  

The second base structure can be seen in Figure 4-5, which consists of a square CHF profile and possibly 
bracings to ensure a bending stiff connection with the roof. In the other direction the stiffness is 
obtained by connecting all of the base structures together. 
Due to the fact that the total weight should remain 
beneath the 25 kilograms, the maximum height of the 
base structure is approximately 1 meter.  

The connection between the base structure and the sub 
frame can be seen in Figure 4-6. The sub frame is 
unaltered and placed directly on the transitional structure. 
The transitional structure solely consists of horizontal 
beams spanning between and over the base structures. 

4.3.2 Integrated solution 
General design 

The base structure of the integrated solution isn’t changed, the base structure remains the same as is 
said in the description of the standard solution. Figure 4-4 and Figure 4-5 from the previous chapter 
shows the possible designs of the base structure.  

The main difference between the standard solution and 
the integrated solution, is the connection between the 
transitional structure and the sub frame. Unlike the 
standard solution, the sub frame will be altered, the 
transitional structure and the sub frame will be 
combined. 

This can be seen in Figure 4-7, two UNP profiles of the 
sub frame are extended into H profiles, so that the sub 
frame will fit on the extra included steel beams. These 
extra beams will be placed on the base structure, with 
this solution less material is used.  

Figure 4-5 – Base 
structure, type 1 

Figure 4-4 – Base structure, type 2 

Figure 4-6 – Preliminary design of the standard 
solution 

Figure 4-7 – Preliminary design of the integrated 
solution 



40 
 

4.3.3 Elevated solution 
The first solution in variant 2, will be an elevated sub frame. The PowerNEST will be placed on an 
elevated structure that reaches above the rails that is necessary for the window wash installation. The 
window wash installation should be able to run beneath the structure and be fully operational.  

The design of this structure focusses on several key points, the way of waterproofing the connections 
will be similar as is done in the previous variant.  

An important aspect for IBIS Power is the wind flow towards the PowerNEST, due to the elevation of 
the structure this wind flow will be disrupted. In order to catch the wind, that hits the façade, the 
intermediate structure should be closed all around. The only option for this is a temporary secondary 
structure, this structure should be moveable for when the window wash installation is being used. This 
will not be further examined, as the focus lies on the intermediate structure itself. 

The structural integrity of the intermediate should be obtained with a three dimensional truss frame. 
Due to the overhang of the PowerNEST’s sub frame bending moment will occur in the horizontal beam. 
The rest of the structure will endure normal forces.  

Two designs are made, these are shown  in Figure 4-8.  

      

  

Figure 4-8 – Preliminary design of the elevated solution  
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4.3.4 Sliding solution 
Another solution for avoiding the window wash installation, is to slide the intermediate structure away 
from the window wash installation, when it is being operated. The intermediate structure of this 
solution will be sliding outwards the façade of the building when the window wash installation is being 
used. There are two possible solutions for sliding or rolling the structure out of the way, to make room 
for the window wash installation. Namely a skidding system and a wheel based system, these systems 
are further elaborated in this chapter.  

Skidding system 

The skidding system is a hydraulically pressured system, where the structure actually slides. Gripper 
jacks is one of the solutions, which is the same system used for the football field Gelredome 
(http://www.cobouw.nl/artikel/308106-schip-schuift-anders-dan-voetbalveld-het-veld-van-het-
gelredome-nog-niet-klaar). In the Gelredome the gripper jacks push the field out of the stadium, 
beneath the field a layer of Teflon is placed to reduce the friction. The layer of Teflon needs to be 
replaced after around 17 uses, the procedure of this system is given below 
(http://www.sacsko.com/www/pdf/RCL_brochure-2011.pdf) 

1. 
Gripper Jack Assembly mounted to jacking beam 
and attached to load. 

 

2. 
The Gripper is pressurized, locking it to jacking 
beam. 

3. 
Pressure is maintained in Gripper; the Cylinder is 
extended, moving the load. 

4. 
Pressure is released from the Gripper unlocking 
it from jacking beam. 

5. 
The Cylinder is retracted, moving the Gripper 
into position for next move. 

  

  Wheel based system 

The wheel based system is based on the connection roller 
coasters uses to stay on track. The wheels will enclose the track, 
which can be seen in Figure 4-9. In the case of the PowerNEST, 
a H-profile will be enclosed by this system. The movement of 
the PowerNEST can be powered by an engine or hand, this 
depends on the amount of force needed to roll the PowerNEST. 

Figure 4-9 – wheel based connection system 
(http://openprtspecs.blogspot.nl/2009_12_
01_archive.html) 

http://www.sacsko.com/www/pdf/RCL_brochure-2011.pdf
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 General design 

The general design of the sliding solution 
can go into two directions, which will 
determined by the base structure. Two 
different kind of base structure can be used, 
which is previously discussed, the design 
can be seen in Figure 4-10 and Figure 4-11. 
The base structure in Figure 4-10 is longer 
than previously discussed, because these 
beams will be used as sliding beam. It will 
weigh close to 50 kilograms, therefore these should be placed with two men. The beam should 
stiffened against local buckling, by using steel plates.  

Because the of the rails of the window wash 
installation, the horizontal beam of the transitional 
structure overhangs the support point. This is further 
clarified with a mechanics scheme, this can be seen 
in Figure 4-12. This scheme shows an overhang of 1,5 
meters, this will be the starting point of this solution. Due to this overhang, the reaction force in point 
A tends to be an upward force. Because of the sliding mechanics, this cannot be allowed. Therefore a 
solution for carrying this upward reaction force needs to be made.  

One basic solution for canceling out the upward reaction force, is adding 
weight on the support points. Because of the different load combination, 
only 90% of the weight may be taken into account for canceling out the 
upward reaction force. A more complex solution for carrying the upward 
reaction force, is with a wraparound solution. The principle of this 
connection can be seen in Figure 4-13. Extra attention should be given 
to the montage of the connection and the connection should have some 
tolerance to take imperfections into account. 

 

There are two principal designs made, these can be seen in Figure 4-14 and Figure 4-15. 

 

Figure 4-11 – Base 
structure, type 1 

Figure 4-10 – Base structure, type 2 

Figure 4-12 – Mechanics scheme, sliding solution 

Figure 4-13 – Example of 
connection 

Figure 4-15 – Preliminary design sliding solution, type 1 Figure 4-14 – Preliminary design sliding solution, type 2 
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4.3.5 Alignment 
In this chapter the alignment of the structure is discussed, the horizontal and vertical alignment are 
elaborated. For each of the methods, the advantages and disadvantages will be given.   

4.3.5.1 Horizontal alignment 
Bolt hole tolerance 

When no extra precaution is made to ensure the correct horizontal location. 
The bolt hole toleration is important, the bolt hole is slightly bigger than the 
bolt. The difference is the bolt hole tolerance, as can be seen in Figure 4-16. 
The quantity of the toleration is only useful for imperfections in the assembly 
or the materials itself. 

The alignment of the PowerNEST with the edge of the façade will not be 
possible with this type of connection. When this connection is chosen, an offset 
of the PowerNEST relative to the edge of the building needs to be accepted.  

Beam clamps 

A different connection, is the connection with beam clamps. An 
example of a connection made with beam clamps can be seen in 
Figure 4-17. The strength of this connection depends on the 
friction between the plates that is created by the beam clamps.  

The main advantage of using beam clamp connection instead of a 
bolted connection is the horizontal alignment. This alignment can 
be obtained much easier, then when a bolted connection is made.   

The maximum bearing capacity depends on the diameter and 
grade of the bolt. The manufacturer “beamclamp” gives technical 
information about this load bearing resistance. These values can 
be seen in Table 4-1. 

Product 
Code 

Bolt 
Grade 

A Bolt 
Dia. 

Width 
(mm) 

Torque 
(Nm) 

Tensile SWL (kN) 
per bolt 

(5:1 Factor of Safety) 

Frictional SWL (kN) 
per two bolts 
Painted Steel 

(2:1 Factor of Safety) 

BY G12 8.8 M12 40 90 10.60 4.29 

BY G16 8.8 M16 49 240 17.29 8.02 

BY G20 8.8 M20 55 470 29.58 11.94 

BY G12 10.9 M12 40 130 11.65 7.88 

BY G16 10.9 M16 49 300 19.41 15.50 

BY G20 10.9 M20 55 647 32.00 23.76 

Table 4-1 – Technical specifications for beam clamp connections (http://www.beamclamp.com) 

Figure 4-17 – Connection with beam clamps 
(http://www.beamclamp.com) 

Figure 4-16 – Bolt hole 
tolerance 
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4.3.5.2 Vertical alignment 
Spacers 

The first and most traditional solution for ensuring the right vertical location, 
is by placing steel plates between the base structure and the transitional 
structure. The right height can be approach by inserting the right amount of 
plates, Figure 4-18 shows how this is done. The height that can be added is 
limited, therefore this method is only useful for the slope of the insulation 
or miscalculations or imperfections in the materials. 

The base structure can be placed on the roof and then the right height of 
each individual base structure can be found with a level. At this moment the 
transitional structure can be put into place and finish the rest of the 
placement. 

The consequence of using this type of vertical alignment, is that there should be a margin in height, to 
ensure the PowerNEST stays above the roof edge. This also means that there will be a gap between 
the roof edge and the PowerNEST, which could decrease the wind energy generation. 

 Bolt and nut principle 

The second option is more unconventional for fixing the right height. The 
base structure is divided in a bolt and nut piece, where the nut piece is a CHS 
profile with a tread carved into the inside of the profile and the bolt piece is 
also a CHS profile with a tread carved on the outside of the profile. This type 
of connection is also used for props, where this temporary structure jacks to 
the right height.  

The nut piece is mounted on the rooftop, and the bolt piece will be placed 
inside the nut piece. The bolt can be rotated inwards, just when the right 
height is reached. Both of the CHS profiles need to have the strength capacity 
to withstand the bending moment. The general design of this type of solution 
is given in Figure 4-19. 

The biggest advantage of this kind of connection is that the every height, 
within limits, is obtainable and no surprises in the roof design will be critical 
for the height of the PowerNEST.  

 

 

   

 

 

 

Figure 4-18 – Vertical alignment 
with spacers 

Figure 4-19 – Vertical 
alignment with nut and bolt 
principle 



45 
 

4.4 Conclusion 
In the chapter the conclusion of the variant study is given, this conclusion will be divided into two main 
subjects. The first main subject will be the general design of the variants, which will include the base 
structure and the transitional structure. The second main subject will be the alignment of the structure.  

4.4.1 General design 
There are significant different situations, namely the situations with or without rails for the window 
wash installation. There should be two different worked out solutions, where the solutions are 
applicable for the different situations.  

Without window wash installation 

The intermediate structure of the integrated will consist out of more elements, therefore the risk of 
error is greater and the actions to mount the intermediate structure is larger. An advantage of the 
integrated solution in comparison with the standard solution is the less material that is being used. 
The standard solution is relatively easy to install on the rooftop, because it only consist of two separate 
beams as transitional structure. Also the sub frame can easily be position over the whole beam, where 
by the integrated solution the location is fixed. 

Therefore the standard solution will be worked out in more detail, which is for when there are no rail 
for the window wash installation present on the roof. 

 With window wash installation 

The elevated solution is very difficult to realize, the stability of the structure is hard to guarantee. And 
because the PowerNEST is elevated, a gap beneath the PowerNEST will be created. The wind flow in 
the PowerNEST will therefore be decreased, unless a secondary structure is created, which will guide 
the wind into the PowerNEST. Because of these reasons, the elevated solution will not be worked out. 

The sliding solution will be worked more detailed for the final solution and is compared to the elevated 
solution easier to realize. When the sliding solution was explained, two different sliding mechanics 
were discussed, these were the skidding system and the wheel based solution. The final design should 
encounter for both type of sliding systems, therefore later alterations are applicable on the design. 
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4.4.2 Alignment 
Horizontal alignment 

The beam clamps gives a lot of flexibility regarding horizontal alignment, where the bolt hole tolerance 
is very limited. Another advantage for the beam clamps is that the elements don’t need bolt holes, the 
elements can therefore be the same for different projects. IBIS Power should produce and place a 
certain amount of PowerNEST models to make this advantage qualify. 

In the worked out variants, the beam clamp connection will be checked. Because standardized 
solutions are preferred in this project.  

Vertical alignment 

The first option for ensuring vertical alignment is to use the CHS profiles as bolt and nut. There are 
insecurities regarding this solution, the strength and stability is more difficult to maintain. But the 
tolerance that can be made with this solution is high, much higher as the second solution. This second 
solutions is placing steel plates between the transitional structure and the base structure. This can 
easily be done, by simply placing just enough steel plates to level the structure out. This solution will 
also be cheaper, because no treads need to be cut. But if the reduced costs is comparable with the loss 
in efficiency of the PowerNEST due to the gap between the roof edge and the PowerNEST is a question 
that should be answered by IBIS Power. 
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5 Final intermediate structure 
As stated in the conclusion of the previous chapter, there will be two different solutions chosen. Which 
are the standard solution and the sliding solution. In this chapter these two solutions will be clarified 
in more detail. 

According to IBIS Power, the most energy will be generated when the PowerNEST is placed in the 
corner, which will develop more challenges for designing a stable intermediate structure. For the two 
solutions, an ‘edge’ and a ‘corner’ sub variant will be designed.   

The principle detail for waterproofing the connection will be the same for all variants. This detail can 
be seen in Figure 5-1, this the detail of the standard solution, when the PowerNEST will be placed in 
the corner of the roof. A part of the insulation will be removed, when the base structure is mounted 
to the roof. After the insulation is put back into place, the roof membrane can be put back into place. 
The top of roof membrane needs to be sealed off, this is done with a pipe cuff. At the top of the pipe 
cuff, a stainless steel clamping ring provides a watertight seal between the pipe cuff and the circular 
steel profile. With a circular profile a watertight is easier obtained, because a pipe cuff can be used. 
Also, with a circular profile the ‘bolt and nut principle’ can still be made. The connection with the roof 
will therefore be the same for different situations.  

  

Figure 5-1 – Detail waterproof connection of the standard solution 
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5.1 General design 

5.1.1 Standard solution 
Edge 

Figure 5-3 shows the general design 
of the standard solution, where the 
PowerNEST is flush with only one 
edge of the building. This is the most 
basic solution with the least 
structural complexity. Therefore the 
elements can be relatively small. The 
connections between the base 
structure and the transitional 
structure are hinged, which is the 
same for the connection between the 
transitional structure and the sub 
frame. The base structure is rigidly 
connected with the roof and is placed 
directly above structural walls, to 
reduce bending moments in the roof 
floor.  

Corner 

In this variant of the standard 
solution, the PowerNEST will be 
made flush with the corner of the 
building. The roof edge of the 
building isn’t able to act as a 
structural support point, only the 
structural walls below the roof floor. 
That is the reason why the 
intermediate structure doesn’t have 
a third base structure, this can be 
seen in Figure 5-3.  The transitional structure cantilevers in that direction, which means that the 
transitional structure is subjected to larger bending moments. It’s also more likely that the base 
structure will endure tensile reaction forces.  

  

         Base structure 
 Transitional structure 
 Sub frame 

Figure 5-3 – General design standard solution, flush with edge 

         Base structure 
 Transitional structure 
 Sub frame 

Figure 5-2 – General design standard solution, flush with corner 
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5.1.2 Sliding solution 
Edge 

In this variant, the rails for the 
window wash installation should 
avoided, this can be seen in Figure 
5-4. The main aspect of the sliding 
solution is that the sub frame 
slides over the intermediate 
structure, so that the window 
wash installation can pass. 

The base structure and the 
transitional structure are unable to 
move, these two structures will 
provide the general stability of the 
structure.  

The sub frame is adjusted to enable the sub frame to slide over the 
transitional structure, in Figure 5-4 an extra beam can be seen below the 
sub frame. This will be done the same way as is done with roller coasters, 
Figure 5-5 shows an example of the type of connection that is used on 
roller coasters. The second type of connection, is the skidding system. This 
kind of system can be seen in Figure 5-7. This beam will be placed between 
the transitional structure and the sub frame. The whole sub frame can now 
slide or role, over the transitional structure.  

All connections between the base structure and 
the transitional structure will be hinged. The 
connection between the sub frame and the 
transitional structure will be done according to 
Figure 5-5. Where this connection should be 
locked, so that the connection can withstand 
shear and tensile forces, due to the wind load.  

 

The tensional forces acting on the skidding system can be supported 
with two L shaped profiles. This connection can be seen in Figure 5-6. 
The black ‘box’ in this figure represents the skidding system, which is 
connected between the sub frame and the transitional structure. One 
L-shaped profile is welded on the sub frame, the other L-shaped 
profile will be bolted on the first profile, this will be done on site. The 
sub frame will now be unable to lift upwards due to this connection. 

  

Figure 5-6 – Example of 
wheel based connection 

Figure 5-4 – General design sliding solution, flush with edge 

         Base structure 
 Sub frame 
 Transitional structure 
 Sliding system connection 

Figure 5-5 – Example skidding connection 
(www.mammoet.com) 

Figure 5-7 – Connection for the 
purpose of a skidding connection 



50 
 

Corner 

The sliding solution should be 
able to be flush in the corner. 
The sliding direction is rotated 
by 45 degrees, as can be seen 
in Figure 5-8. Therefore the 
cantilever will be larger, this 
means that the transitional 
structure will endure higher 
bending moments and the 
base structure will face higher 
tensile reaction forces. Also 
deformation tend to be 
higher, therefore bigger 
dimensions will necessary in 
this situation.  

The general solutions will not different when the sliding must be flush with the edge, the intermediate 
structure will provide the stability of the structure and all connections will be hinged, with exception 
of the connection between the base structure and the roof floor.  

5.2 Transport 
In this chapter the transportation of the elements are discussed. Where the main focus lies on the 
dimensions of the elements in comparison of the size of the truck which transports these elements. 
Appendix C-2 shows the sizes of these elements, where in a previous chapter the boundary conditions 
are given, where the size of the truck is 2,45 m x 2,55 m x 13,2 m. 

All of the solution will basically have the same solution, where some of the solutions will have more 
elements that needs to be transported. In this chapter there will be made no differences between 
these solutions. 

All of the components need to be 
transported from the factory to the 
construction site, the size of these 
components are limited by the size of 
the truck. The individual elements need 
to be determined The base structure can 
be transported in one piece, there will 
be six identical base structures.  

The division of the components of the 
sub frame and the PowerNEST are 
determined by IBIS Power, this division 
of the components are used. A 
clarification can be seen in Figure 5-9.  

Figure 5-9 – Schematization of truck, filled with all necessary elements  

Figure 5-8 – General design sliding solution, flush with corner 

         Base structure 
 Sub frame 
 Transitional structure 
 Sliding system connection 
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5.3 Assembly 
The assembly should be for all of the different variants generally the same, more detailed assembly 
procedure will follow on the next page. 

An important issue is that the base structure should be placed 
well before the transitional structure, sub frame and 
PowerNEST are taken to construction site. This should be 
done because the placement of the base structure should give 
some unforeseen issues and no expensive materials are 
brought to the site for nothing. The step for step procedure 
can be seen below. 

1. The roof membrane and roof insulation is cut open to 
make room for the base structure. 

2. Holes are drilled into the concrete roof, after this the 
base structure can be put into place. 

3. The removed insulation can be put back into place, 
after this the roof membrane can be added to ensure 
a waterproof connection.  

The base structure will provide a level working surface for the placement of the rest of the 
intermediate structure, therefore this should be placed first. One person should be able to walk around 
with the structure and connect the structure on the roof. It is wise to plan the placement of the base 
structure a week before the placement of the rest of the intermediate structure. When a complication 
should occur while placing the base structure, the elements of the intermediate structure and the 
PowerNEST are not transported to building site for nothing.  

When the base structure is placed on the roof, and no complications have occurred, the rest of the 
intermediate structure and the PowerNEST can be transported to the construction site. The 
transitional structure will be mounted on the ground floor, and will be lift onto the base structures. 
The connections between the transitional structure and the base structure will be bolted connections 
or the connection is made with beam clamps, depending on the needs of IBIS Power. 

The procedure of mounting the intermediate structure on ground level and the mounting of the 
intermediate structure with the base structure, strongly depend on the chosen variant. A detailed 
procedure plan is made, this can be seen at the next page. 

While the intermediate structure is placed on the roof, the sub frame and the PowerNEST could be 
mounted. This will be done at ground level. The montage of the PowerNEST and the sub frame can be 
seen in appendix C-1 and C-2, this is created by IBIS Power.  
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  I.  Placement of 
base 
structure 

II.  Placement of 
intermediate 
structure 

III.  Placement of 
PowerNEST 

a. Find correct location 
b. Cut open roof membrane and 

insulation 

d. Connect base structure with Fisher 
anchors 

c. Drill holes with hollow core diamond 
bore 

f. Final check of the connections  
e. Ensure watertight connection with 

roof 
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I.  Placement of 
base 
structure 

II.  Placement of 
intermediate 
structure 

III.  Placement of 
PowerNEST 

a. Ensure the correct height of the base 
structure with ‘bolt and nut method’ 

b. Use the crane to lift the intermediate 
structure onto the roof  

d. Final check of the connections 
c. Make the connection with the base 

structure 



54 
 

  I.  Placement of 
base 
structure 

II.  Placement of 
intermediate 
structure 

III.  Placement of 
PowerNEST 

a. Assemble the sub frame on ground 
level (appendix C-1) 

b. Assemble the PowerNEST onto the 
sub frame (appendix C-2) 

d. Ensure the correct horizontal location 
(only with beam clamps) 

c. Lift the sub frame with PowerNEST 
onto the roof with a crane 

f. Final check of the connections 
e. Make the connection with the 

intermediate structure 
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5.4 Structural design 
In this chapter the structural 
design is given, which will be more 
detailed then the general design. 
Because this design is more 
detailed, only the standard 
solutions, where the PowerNEST is 
placed on the edge will be 
discussed. This is also the solution 
that is used for the building at 
Urkhovenseweg. Figure 5-10 
shows the model. The details, 
cross sections and other plans of 
the other solutions, can be found 
in the appendix B-2. 

Figure 5-11 shows the ground plan of the transitional structure, resting on the base structure.  

 

Figure 5-11 – Ground plan of the sub frame resting on the intermediate structure and base structure (no PowerNEST) 

The side view 1.A can be seen on the next page, all other side views for all solutions can be found in 
appendix B-2. 

 

         Base structure 
 Transitional structure 
 Sub frame 

Figure 5-10 – General design standard solution, flush with edge 
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Figure 5-12 – Side view 1.A, standard solution (edge) 

5.4.1 Base structure 
The base structure has a rigid connection with the roof, which means that this connection will endure 
a bending moment. This bending moment is taken by the anchors, these anchors from Fischer are 
injections anchors, where a chemical solution is injected. Details of this connection can be found in 
Figure 5-12 and in appendix B-2.  

5.4.2 Transitional structure 
The transitional structure spans between multiple base structures, the connection between the base 
structure and the intermediate structure will be a hinged connection. Details of this connections can 
be seen in Figure 5-12and in appendix B-2.  

For this reason the bending moment in the connection of the base structure with the roof  will be 
larger, but the connection between the base structure and the intermediate structure can be made 
lighter. This connection will be made with beam clamps, the manufacturer has provided maximum 
tensile and shear forces that a beam clamp 
connection can handle. 

The sub frame, which is designed by IBIS Power, 
is placed on the intermediate structure. Detailed 
specifications of the sub frame can be seen in 
appendix C-1. The connection between the 
intermediate structure and the sub frame, can 
also be made with beam clamps. The 
manufacturer has two standard connections 
between a HEA and UPE profile, these connections can be seen in Figure 5-12. The left detail is not 
possible, because the PowerNEST is placed on top of the UPE profile, the beam clamp connection sits 
in the way of this.  

The beams in the intermediate structure, are sensitive for local buckling. To reduce the chance of local 
buckling the beams should be reinforced at the support points. This is done with a steel plate, which 
prevents the beam for twisting and rotating out of plane. 

Figure 5-13 – Connections taken from 
http://www.beamclamp.com 
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5.5 Check with Eurocode 
The design of the intermediate structure should be checked with the relevant standards, which is in 
this case the Eurocode 3, various checks should be made to ensure its safety. These checks are in 
principle the same for all different solutions, therefore only one of these solutions will be thoroughly 
described in the main report, the calculations of the other variants can be seen in the appendix. Table 
5-1 and Table 5-2 shows the minimum dimensions of the structural elements. Figure 5-14 shows where 
the different elements can be found of the standard solution and the sliding solution.  

 

Solution Element I Element II Element III Element IV 

Standard (edge) CF CHS 139,7x4 HEA 160 - - 

Standard (corner) CH CHS 139,7x5 IPE 330 - - 

Sliding (edge) CH CHS 139,7x5 HEA 160 HEA 160 HEA 220 

Sliding (corner) CH CHS 168,3x4 IPE 300 HEA 200 HEA 300 
Table 5-1 – Profiles and dimensions of elements 

Solution Dimensions   
top plate 

Dimensions 
bottom plate 

Number of 
anchors 
(M16) 

Center to 
center of 
anchors 

Weight of 
base 

structure 
Standard (edge) 200x200x10 230x230x10 4 pcs. 150 mm 18,00 kg 

Standard (corner) 200x200x10 300x300x10 6 pcs. 110 mm 23,49 kg 

Sliding (edge) 200x200x10 340x340x12 6 pcs. 130 mm 27,32 kg 

Sliding (corner) 200x200x10 380x380x12 6 pcs. 150 mm 29,71 kg 
Table 5-2 – Dimensions and properties of base structures 

 

 

  

Figure 5-14 – Location of the different elements, of the standard solution (top left) and the sliding solution (bottom right)  
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5.5.1 Load combinations 
The load combinations for calculating the intermediate structure are similar as the load combinations 
for the building. Where in SCIA all of these load combinations are divided in the two wind directions, 
directions x and y. The load combinations can be seen in Table 5-3. 

Load combination 1x 1,0 G + 1,0 Qx 
Load combination 1y 1,0 G + 1,0 Qy 
Load combination 2x 1,2 G + 1,5 Qx 
Load combination 2y 1,2 G + 1,5 Qy 
Load combination 3x 0,9 G + 1,5 -Qx 
Load combination 3y 0,9 G + 1,5 -Qy 

Table 5-3 – Load combinations  

5.5.2 Acting forces  
The first step is to calculate the acting forces on the structure, which are the forces resulting from the 
PowerNEST. These forces are previously calculated can be seen in chapter 4.1.8. 

In chapter 4.1.8 the forces resulting from the PowerNEST are calculated, these forces are used to 
determine the forces that are acting on the intermediate structure. There are two situations that  
needs to be considered, namely the situations where the wind force could come from the x-direction 
or the y-direction, this should be clarified in Figure 5-15. 

The acting forces on the intermediate structure are calculated previously, these forces are further 
clarified in the equations below. 

𝐹𝐹𝑞𝑞;𝑤𝑤𝑝𝑝𝑢𝑢𝑐𝑐;𝑚𝑚 = 𝐹𝐹𝑉𝑉;𝑤𝑤𝑝𝑝𝑢𝑢𝑐𝑐;𝑦𝑦 =
20,27 + 12,16 + 0,92

2
= 16,68 𝑘𝑘𝑁𝑁 

 

𝐹𝐹𝑉𝑉;𝑤𝑤𝑝𝑝𝑢𝑢𝑐𝑐;𝑚𝑚 =
1
2
∙

68,54
3,4

= 10,08 𝑘𝑘𝑁𝑁 
 

𝐹𝐹𝑉𝑉;𝑤𝑤𝑝𝑝𝑢𝑢𝑐𝑐;𝑦𝑦 =
1
2
∙

68,54
5,0

= 6,85 𝑘𝑘𝑁𝑁 
 

𝐹𝐹𝑉𝑉;𝑓𝑓𝑢𝑢𝑢𝑢𝑐𝑐𝑢𝑢 =
10,41 + 31,90

4
= 10,58 𝑘𝑘𝑁𝑁 

 

 

16,68 kN 

16,68 kN 
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Figure 5-15 – Acting forces on the intermediate structure 
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5.5.3 Strength and stability 
In this chapter the strength and stability of the two elements and the connections are checked. This is 
done according to Eurocode 3, which is focused on steel structures. All of the checks that are made in 
this chapter relate to the sliding solution, where the PowerNEST is set flush with the façade. All other 
solution can be found in the appendix. The following members or connections can be found in this 
chapter: 

- Element I 
- Element II 
- Connection base structure with roof 
- Connection base structure with transitional structure 

5.5.3.1 Element I 
Internal forces 

First the internal forces need to be determined, which is done with the program SCIA Engineer. The 
results of these calculations can be seen in the appendix, the governing internal forces are clarified in 
Figure 5-16. In this report a square profile is checked, in reality a circular profile is used. The square 
profile is slightly more interesting to check, because the torsional resistance of the circular profile 
doesn’t need checking. 

 

Figure 5-16 – Resulting internal forces element I 

Profile properties 

The properties of the profile that will be checked, is shown in Table 5-4. The profile can be seen in 
Figure 5-17.  

fy 235 N/mm2 Wy,el 4,53 *104 mm3 

E  210.000 N/mm2 Wy,pl  5,33 *104 mm3 
G 81.000 N/mm2 Wz,el 4,53 *104 mm3 
h 100 mm Wz,pl 5,33 *104 mm3 
b 100 mm Iy 2,26 *106 mm4 
tw 4 mm Iz 2,26 *106 mm4 
tf 4 mm It 3,27 *106 mm4 
r 8 mm i 38,90 mm 
h1 76 mm G 11,73 kg/m 
A 1494 mm    

Table 5-4 – Profile properties 

Figure 5-17 – Cross section CFRHS profile 
(http://staalprofielen.bouwenmetstaal.nl/) 
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Torsional resistance 

It is shown that there is a torsional moment in the beam, the torsional resistance should be checked, 
this is done according to Equation 5-1. 

𝑇𝑇𝐸𝐸𝑐𝑐
𝑇𝑇𝑅𝑅𝑐𝑐

≤ 1,0 5-1 

 

𝑇𝑇𝐸𝐸𝑐𝑐 = 0,64 𝑘𝑘𝑁𝑁𝑚𝑚 
 

𝑇𝑇𝑅𝑅𝑐𝑐 = 𝜏𝜏𝑐𝑐𝑢𝑢𝑚𝑚 ∙ �2 ∙ 𝑡𝑡𝑤𝑤 ∙ (ℎ − 𝑡𝑡𝑤𝑤) ∙ �𝑏𝑏 − 𝑡𝑡𝑓𝑓�� 
 

𝑇𝑇𝑅𝑅𝑐𝑐 =
235
√3

∙ [2 ∙ 4 ∙ (100 − 4) ∙ (100 − 4)] = 10,00 𝑘𝑘𝑁𝑁𝑚𝑚 
 

 
𝑇𝑇𝐸𝐸𝑐𝑐
𝑇𝑇𝑅𝑅𝑐𝑐

=
0,64

10,00
= 0,06 ≤ 1,0 

 

 

Shear force resistance 

The beam should resist the shear forces, the resistance to these shear forces is reduced by the acting 
internal torsional forces. The beam should be checked with the main Equation 5-2. 

𝑉𝑉𝐸𝐸𝑐𝑐
𝑉𝑉𝑝𝑝𝑝𝑝,𝑇𝑇,𝑅𝑅𝑐𝑐

≤ 1,0 5-2 

 

𝑉𝑉𝐸𝐸𝑐𝑐 = 1,53 + 11,94 = 13,47 𝑘𝑘𝑁𝑁 
 

𝑉𝑉𝑝𝑝𝑝𝑝,𝑇𝑇,𝑅𝑅𝑐𝑐 = �1 −
𝜏𝜏𝑐𝑐,𝐸𝐸𝑐𝑐

�𝑓𝑓𝑦𝑦/√3�/𝛾𝛾𝑀𝑀0
� ∙ 𝑉𝑉𝑝𝑝𝑝𝑝,𝑅𝑅𝑐𝑐 

 

𝜏𝜏𝑐𝑐,𝐸𝐸𝑐𝑐 =
𝑇𝑇𝐸𝐸𝑐𝑐

2 ∙ 𝑡𝑡𝑤𝑤 ∙ (ℎ − 𝑡𝑡𝑤𝑤) ∙ �𝑏𝑏 − 𝑡𝑡𝑓𝑓�
=

0,64 ∙ 106

2 ∙ 4 ∙ (100 − 4) ∙ (100 − 4) = 8,68 𝑁𝑁/𝑚𝑚𝑚𝑚2 
 

𝐺𝐺𝑣𝑣 = 𝐺𝐺 − �2 ∙ 𝑏𝑏 ∙ 𝑡𝑡𝑓𝑓 + (𝑡𝑡𝑤𝑤 + 2 ∙ 𝑟𝑟) ∙ 𝑡𝑡𝑓𝑓� = 1494 − [2 ∙ 100 ∙ 4 + (4 + 2 ∙ 8) ∙ 4] = 614 𝑚𝑚𝑚𝑚2 
 

𝑉𝑉𝑝𝑝𝑝𝑝,𝑅𝑅𝑐𝑐 =
𝐺𝐺𝑣𝑣 ∙ �𝑓𝑓𝑦𝑦/√3�

𝛾𝛾𝑀𝑀0
=

614 ∙ �235/√3�
1,0

= 83,31 𝑘𝑘𝑁𝑁 
 

𝑉𝑉𝑝𝑝𝑝𝑝,𝑇𝑇,𝑅𝑅𝑐𝑐 = �1 −
8,68

�235/√3�/1,0
� ∙ 83,31 = 77,98 𝑘𝑘𝑁𝑁 

 

 
𝑉𝑉𝐸𝐸𝑐𝑐

𝑉𝑉𝑝𝑝𝑝𝑝,𝑇𝑇,𝑅𝑅𝑐𝑐
=

13,47
77,98

= 0,17 ≤ 1,0 
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Buckling 

The normal force resistance should be reduced to be sure the beam doesn’t buckle. Therefore a buckle 
factor is calculated according to Equation 5-3, this value should not exceed 1,0.  

𝜒𝜒 =
1

ф + �ф2 − �̅�𝜆 𝑦𝑦2
≤ 1,0 

5-3 

 

𝜆𝜆1 = 𝜋𝜋 ∙ �
𝐸𝐸
𝑓𝑓𝑦𝑦

= 𝜋𝜋 ∙ �
210.000

235
= 93,91 

 

�̅�𝜆 𝑦𝑦 =
𝐿𝐿𝑏𝑏𝑢𝑢𝑐𝑐
𝑖𝑖

∙
1
𝜆𝜆1

=
1600
38,90

∙
1

93,91
= 0,44 

 

𝛼𝛼𝐿𝐿𝑇𝑇 = 0,49         (buckling curve C) 
 

ф =
1
2
∙ �1 + 𝛼𝛼𝐿𝐿𝑇𝑇 ∙ ��̅�𝜆 𝑦𝑦 − 0,2� + �̅�𝜆 𝑦𝑦2� =

1
2
∙ (1 + 0,49 ∙ (0,44 − 0,2) + 0,442) = 0,66 

 

 

𝜒𝜒 =
1

0,66 + �0,662 − 0,442
= 0,88 ≤ 1,0 

 

 
The influence of the sensitivity to deformation due to torsion is also taking into account. The main 
factors to determine this influence are given in Equations 5-4 and 5-5. 

𝑘𝑘𝑦𝑦𝑦𝑦 = 𝑘𝑘𝑧𝑧𝑧𝑧 = 𝐸𝐸𝑐𝑐 ∙ �1 + ��̅�𝜆 𝑦𝑦 − 0,2�
𝑁𝑁𝐸𝐸𝑐𝑐

𝜒𝜒𝐿𝐿𝑇𝑇 ∙ 𝑓𝑓𝑦𝑦 ∙ 𝐺𝐺
� ≤ 𝐸𝐸𝑐𝑐 ∙ �

0,8 ∙ 𝑁𝑁𝐸𝐸𝑐𝑐
𝜒𝜒𝐿𝐿𝑇𝑇 ∙ 𝑓𝑓𝑦𝑦 ∙ 𝐺𝐺

� 5-4 

𝑘𝑘𝑦𝑦𝑧𝑧 = 𝑘𝑘𝑧𝑧𝑦𝑦 = 0,6 ∙ 𝑘𝑘𝑦𝑦𝑦𝑦 5-5 

 

𝐸𝐸𝑐𝑐 = 𝐸𝐸𝑐𝑐𝑦𝑦 = 𝐸𝐸𝑐𝑐𝑚𝑚 = 0,6 
 

𝜒𝜒𝐿𝐿𝑇𝑇 = 1,0 
 

 

𝑘𝑘𝑦𝑦𝑦𝑦 = 𝑘𝑘𝑧𝑧𝑧𝑧 = 0,6 ∙ �1 + (0,44 − 0,2)
29.540

1,0 ∙ 235 ∙ 1494
� ≤ 𝐸𝐸𝑐𝑐 ∙ �

0,8 ∙ 29.540
1,0 ∙ 235 ∙ 1494

� = 0,61 ≤ 0,64 

𝑘𝑘𝑦𝑦𝑧𝑧 = 𝑘𝑘𝑧𝑧𝑦𝑦 = 0,6 ∙ 0,61 = 0,37 
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Bending moment resistance in combination with normal force 

The acting shear force should be less than half the shear force resistance, when the check for the 
combination of bending moment and normal force can be made. The check for the shear force 
resistance can be seen in Equations 5-6 and 5-7. 

𝑉𝑉𝑦𝑦
𝑉𝑉𝑝𝑝𝑝𝑝,𝑇𝑇,𝑦𝑦,𝑅𝑅𝑐𝑐

=
1,53

77,98
= 0,02 ≤ 0,5 5-6 

𝑉𝑉𝑧𝑧
𝑉𝑉𝑝𝑝𝑝𝑝,𝑇𝑇,𝑧𝑧,𝑅𝑅𝑐𝑐

=
11,94
77,98

= 0,15 ≤ 0,5 5-7 

 
The shear force has no influence on the bending moment and normal force resistance. The first 
expression that should be met is stated in Equation 5-8, the normal force resistance is reduced with 
the buckling factor. 

�
𝑀𝑀𝑦𝑦,𝐸𝐸𝑐𝑐

𝑀𝑀𝑁𝑁,𝑦𝑦,𝑅𝑅𝑐𝑐
�
𝑘𝑘

+ �
𝑀𝑀𝑧𝑧,𝐸𝐸𝑐𝑐

𝑀𝑀𝑁𝑁,𝑧𝑧,𝑅𝑅𝑐𝑐
�
𝛽𝛽

≤ 1,0 5-8 

 

𝛼𝛼 = 𝛽𝛽 = 2                      (rectangular cross section) 
 

𝑀𝑀𝑁𝑁,𝑦𝑦,𝑅𝑅𝑐𝑐 = 𝑀𝑀𝑁𝑁,𝑧𝑧,𝑅𝑅𝑐𝑐 = 𝑀𝑀𝑝𝑝𝑝𝑝,𝑅𝑅𝑐𝑐 ∙ �1 − �
𝑁𝑁𝐸𝐸𝑐𝑐
𝑁𝑁𝑝𝑝𝑝𝑝,𝑅𝑅𝑐𝑐

�
2

� 
 

𝑀𝑀𝑁𝑁,𝑦𝑦,𝑅𝑅𝑐𝑐 = 𝑀𝑀𝑁𝑁,𝑧𝑧,𝑅𝑅𝑐𝑐 = 235 ∙ 4,53 ∙ 104 ∙ �1 − �
29.540

0,88 ∙ 235 ∙ 1494
�
2

� = 10,54 𝑘𝑘𝑁𝑁𝑚𝑚 
 

 

�
9,53

10,54
�
2

+ �
1,27

10,54
�
2

= 0,83 ≤ 1,0 
 

 
The second expression that should be met, is stated in Equation 5-9. In this expression the moment 
resistance is reduced with the torsion factors.  

𝑁𝑁𝐸𝐸𝑐𝑐
𝜒𝜒𝑦𝑦 ∙ 𝑁𝑁𝑅𝑅𝑐𝑐

+ 𝑘𝑘𝑦𝑦𝑦𝑦 ∙
𝑀𝑀𝑦𝑦,𝐸𝐸𝑐𝑐

𝜒𝜒𝐿𝐿𝑇𝑇 ∙ 𝑀𝑀𝑦𝑦,𝑅𝑅𝑐𝑐
+ 𝑘𝑘𝑦𝑦𝑧𝑧 ∙

𝑀𝑀𝑧𝑧,𝐸𝐸𝑐𝑐

𝜒𝜒𝐿𝐿𝑇𝑇 ∙ 𝑀𝑀𝑧𝑧,𝑅𝑅𝑐𝑐
≤ 1,0 5-9 

29.540
0,88 ∙ 235 ∙ 1494

+ 0,61 ∙
9,53 ∙ 106

1,0 ∙ 235 ∙ 4,53 ∙ 104
+ 0,37 ∙

1,27 ∙ 106

1,0 ∙ 235 ∙ 4,53 ∙ 104
= 0,69 ≤ 1,0 

 

 
The third expression is similar to the second expression. In the third expression the moment resistance 
is also reduced with the torsion factors, the third expression can be seen in Equation 5-10. 

𝑁𝑁𝐸𝐸𝑐𝑐
𝜒𝜒𝑧𝑧 ∙ 𝑁𝑁𝑅𝑅𝑐𝑐

+ 𝑘𝑘𝑧𝑧𝑦𝑦 ∙
𝑀𝑀𝑦𝑦,𝐸𝐸𝑐𝑐

𝜒𝜒𝐿𝐿𝑇𝑇 ∙ 𝑀𝑀𝑦𝑦,𝑅𝑅𝑐𝑐
+ 𝑘𝑘𝑧𝑧𝑧𝑧 ∙

𝑀𝑀𝑧𝑧,𝐸𝐸𝑐𝑐

𝜒𝜒𝐿𝐿𝑇𝑇 ∙ 𝑀𝑀𝑧𝑧,𝑅𝑅𝑐𝑐
≤ 1,0 5-10 

29.540
0,88 ∙ 235 ∙ 1494

+ 0,37 ∙
9,53 ∙ 106

1,0 ∙ 235 ∙ 4,53 ∙ 104
+ 0,61 ∙

1,27 ∙ 106

1,0 ∙ 235 ∙ 4,53 ∙ 104
= 0,50 ≤ 1,0 
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5.5.3.2 Element II 
Internal forces 

The internal forces are given in Figure 5-18, these forces are calculated with SCIA Engineer. 

 

Figure 5-18 – Internal forces element II 

Profile properties 

Element II will be a HEA 160, the properties of this profile can be seen in Table 5-5. Figure 5-19 shows 
the parameters of a HEA profile. 

fy 235 N/mm2 Wy,el 2,20 *105 mm3 

E  210.000 N/mm2 Wy,pl  2,45 *105 mm3 
G 81.000 N/mm2 Wz,el 7,70 *104 mm3 
h 152 mm Wz,pl 1,18 *105 mm3 
b 160 mm Iy 1,67 *107 mm4 
tw 6 mm Iz 6,16 *106 mm4 
tf 9 mm It 1,18 *105 mm4 
r 15 mm    
h1 104 mm    
A 3880 mm    

Table 5-5 – Properties of HEA 160 

Torsional resistance 

The torsional moment acting on the beam, is very low. This acting moment will therefore be neglected. 

  

Figure 5-19 – Cross section HEA profile 
(http://staalprofielen.bouwenmetstaal.nl/) 
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Shear force resistance 

The beam should be checked with the main Equation 5-11. There are no torsional forces included in 
the shear force resistance.  

𝑉𝑉𝐸𝐸𝑐𝑐
𝑉𝑉𝑝𝑝𝑝𝑝,𝑅𝑅𝑐𝑐

≤ 1,0 5-11 

 

𝑉𝑉𝐸𝐸𝑐𝑐 = 1,53 + 11,94 = 13,47 𝑘𝑘𝑁𝑁 

𝐺𝐺𝑣𝑣,𝑦𝑦 = 𝐺𝐺 − �2 ∙ 𝑏𝑏 ∙ 𝑡𝑡𝑓𝑓 + (𝑡𝑡𝑤𝑤 + 2 ∙ 𝑟𝑟) ∙ 𝑡𝑡𝑓𝑓� = 3880 − [2 ∙ 160 ∙ 9 + (6 + 2 ∙ 15) ∙ 9] = 676 𝑚𝑚𝑚𝑚2 

𝐺𝐺𝑣𝑣,𝑧𝑧 = 𝐺𝐺 − 𝐺𝐺𝑣𝑣,𝑦𝑦 = 3880 − 676 = 3204 𝑚𝑚𝑚𝑚2 

𝑉𝑉𝑝𝑝𝑝𝑝,𝑦𝑦,𝑅𝑅𝑐𝑐 =
𝐺𝐺𝑣𝑣,𝑦𝑦 ∙ �𝑓𝑓𝑦𝑦/√3�

𝛾𝛾𝑀𝑀0
=

676 ∙ �235/√3�
1,0

= 91,72 𝑘𝑘𝑁𝑁 

𝑉𝑉𝑝𝑝𝑝𝑝,𝑧𝑧,𝑅𝑅𝑐𝑐 =
𝐺𝐺𝑣𝑣,𝑧𝑧 ∙ �𝑓𝑓𝑦𝑦/√3�

𝛾𝛾𝑀𝑀0
=

3204 ∙ �235/√3�
1,0

= 434,71 𝑘𝑘𝑁𝑁 

 
𝑉𝑉𝑦𝑦,𝐸𝐸𝑐𝑐

𝑉𝑉𝑝𝑝𝑝𝑝,𝑦𝑦,𝑅𝑅𝑐𝑐
=

6,24
91,72

= 0,07 ≤ 1,0 
 

𝑉𝑉𝑧𝑧,𝐸𝐸𝑐𝑐

𝑉𝑉𝑝𝑝𝑝𝑝,𝑧𝑧,𝑅𝑅𝑐𝑐
=

15,80
434,71

= 0,04 ≤ 1,0 
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Local buckling 

Instabilities of the beam should be taken into account, this is done with a factor which applies to the 
local buckling. This factor can be seen in Equation 5-12, this reduction factor should remain below 1. 

𝜒𝜒 =
1

ф + �ф2 − �̅�𝜆 𝐿𝐿𝑇𝑇2
≤ 1,0 

5-12 

 

�̅�𝜆 𝐿𝐿𝑇𝑇 = �
𝑊𝑊𝑦𝑦,𝑝𝑝𝑝𝑝 ∙ 𝑓𝑓𝑦𝑦
𝑀𝑀𝑐𝑐𝑢𝑢

= �2,20 ∙ 105 ∙ 235
163,84 ∙ 106

= 0,56 

𝑀𝑀𝑐𝑐𝑢𝑢 =
𝑘𝑘𝑢𝑢𝑢𝑢𝑐𝑐 ∙ 𝐶𝐶
𝐿𝐿𝑔𝑔

∙ �𝐸𝐸 ∙ 𝐸𝐸𝑧𝑧 ∙ 𝐺𝐺 ∙ 𝐸𝐸𝑐𝑐 =
1,0 ∙ 11,04

7500
∙ �210.000 ∙ 6,16 ∙ 106 ∙ 81.000 ∙ 1,18 ∙ 105 = 163,84 𝑘𝑘𝑁𝑁𝑚𝑚 

𝑆𝑆 =
ℎ
2
∙ �
𝐸𝐸 ∙ 𝐸𝐸𝑧𝑧
𝐺𝐺 ∙ 𝐸𝐸𝑐𝑐

=
152

2
∙ �

210.000 ∙ 6,16 ∙ 106

81.000 ∙ 1,18 ∙ 105
= 882,38 

𝐶𝐶 =
𝜋𝜋 ∙ 𝐶𝐶1 ∙ 𝐿𝐿𝑔𝑔
𝐿𝐿𝑏𝑏𝑢𝑢𝑐𝑐

∙ ��1 + �
𝜋𝜋2 ∙ 𝑆𝑆2

𝐿𝐿𝑏𝑏𝑢𝑢𝑐𝑐2 ∙ (𝐶𝐶22 + 1)� +
𝜋𝜋 ∙ 𝐶𝐶2 ∙ 𝑆𝑆
𝐿𝐿𝑏𝑏𝑢𝑢𝑐𝑐

� 

𝐶𝐶 =
𝜋𝜋 ∙ 1,35 ∙ 5 = 7500

4500
∙ ��1 + �

𝜋𝜋2 ∙ 882,382

45002
∙ (0,552 + 1)� +

𝜋𝜋 ∙ 0,55 ∙ 882,38
4500

� = 11,04 

ф =
1
2
∙ �1 + 𝛼𝛼𝐿𝐿𝑇𝑇 ∙ ��̅�𝜆 𝐿𝐿𝑇𝑇 − 0,2� + �̅�𝜆𝐿𝐿𝑇𝑇2 � =

1
2
∙ (1 + 0,21 ∙ (0,56 − 0,2) + 0,562) = 0,70 

𝛼𝛼𝐿𝐿𝑇𝑇 = 0,21         (buckling curve a) 

 

𝜒𝜒 =
1

0,70 + �0,702 − 0,562
= 0,90 ≤ 1,0 
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Bending moment resistance in combination with normal force 

The acting shear force should be less than half the shear force resistance, when the check for the 
combination of bending moment and normal force can be made. The check for the shear force 
resistance can be seen in Equation 5-13. 

𝑉𝑉𝑦𝑦
𝑉𝑉𝑝𝑝𝑝𝑝,𝑇𝑇,𝑦𝑦,𝑅𝑅𝑐𝑐

=
1,53

77,98
= 0,02 ≤ 0,5 

5-13 
𝑉𝑉𝑧𝑧

𝑉𝑉𝑝𝑝𝑝𝑝,𝑇𝑇,𝑧𝑧,𝑅𝑅𝑐𝑐
=

11,94
77,98

= 0,15 ≤ 0,5 

The shear force has no influence on the bending moment and normal force resistance. The normal 
force can be neglected when the following criteria are met, these criteria can be seen in Equations 
5-14 and 5-15. 

𝑁𝑁𝐸𝐸𝑐𝑐 ≤ 0,25 ∙ 𝑁𝑁𝑝𝑝𝑝𝑝,𝑅𝑅𝑐𝑐   770 ≤ 0,25 ∙ 3880 ∙ 235 770 ≤ 227.950 5-14 

𝑁𝑁𝐸𝐸𝑐𝑐 ≤ 0,5 ∙ ℎ𝑤𝑤 ∙ 𝑡𝑡𝑤𝑤 ∙ 𝑓𝑓𝑦𝑦  770 ≤ 0,5 ∙ 104 ∙ 6 ∙ 235 770 ≤ 77.320 5-15 

This shows that the normal force has no effect on the bending moment resistance, therefore the check 
is made as Equation 5-16. 

�
𝑀𝑀𝑦𝑦,𝐸𝐸𝑐𝑐

𝑀𝑀𝑁𝑁,𝑦𝑦,𝑅𝑅𝑐𝑐
�
𝑘𝑘

+ �
𝑀𝑀𝑧𝑧,𝐸𝐸𝑐𝑐

𝑀𝑀𝑁𝑁,𝑧𝑧,𝑅𝑅𝑐𝑐
�
𝛽𝛽

≤ 1,0 5-16 

 

𝛼𝛼 = 2,0; 𝑏𝑏 = 1,0           (H shaped cross section) 
 

𝑀𝑀𝑁𝑁,𝑦𝑦,𝑅𝑅𝑐𝑐 = 𝜒𝜒𝐿𝐿𝑇𝑇 ∙ 𝑀𝑀𝑝𝑝𝑝𝑝,𝑦𝑦,𝑅𝑅𝑐𝑐 = 0,90 ∙ 235 ∙ 2,20 ∙ 105 = 46,73 𝑘𝑘𝑁𝑁𝑚𝑚 
 

𝑀𝑀𝑁𝑁,𝑧𝑧,𝑅𝑅𝑐𝑐 = 𝜒𝜒𝐿𝐿𝑇𝑇 ∙ 𝑀𝑀𝑝𝑝𝑝𝑝,𝑧𝑧,𝑅𝑅𝑐𝑐 = 0,90 ∙ 235 ∙ 7,70 ∙ 104 = 18,10 𝑘𝑘𝑁𝑁𝑚𝑚 
 

 

�
23,29
46,73

�
2

+ �
10,16
18,10

�
1

= 0,81 ≤ 1,0 
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5.5.3.4 Connection base structure with roof 
 The connection between the base structure and the roof, is 
partially calculated with software provided by Fisher and 
partially checked with the Eurocode. The tensile capacity of 
the anchors is determined with this software, the plate 
thickness is checked with the Eurocode. 

 Internal forces 

Before the check is made, the internal forces acting on the 
connection are determined. These forces are taken from 
SCIA, this can also be seen in appendix B-3 and B-4. The 
connection is checked for two different load combinations, 
which are different because of the wind direction. The 
reaction forces of these load combinations can be seen in 
Figure 5-20. Table 5-6 gives a more clear view of the resulting 
reaction forces.  

                  

Check for anchor capacity 

Figure 5-20 shows the governing forces acting on the 
connection with the roof, this is according to load combination 
2x.  

The software of Fisher takes the minimal and maximum bolt 
distances into account, also the maximum length of the anchor 
is checked in this program. Therefore these checks aren’t 
made by hand with the Eurocode. A detailed report of this 
calculation can be seen in appendix B-5. In this chapter a 
calculation is made for the standard situation where the 
PowerNEST is placed flush with the edge. Figure 5-21 shows 
the connection. 

The resulting anchor forces are listed below, also the tensile 
area in the plate is given. 

 

 Load 
combination 2y 

Load 
combination 2x 

Rx 0 kN 12,03 kN 
Ry 13,12 kN 0,01 kN 
Rz 13,09 kN 0,09 kN 
Mx 6,47 kNm 0 kNm 
My 0 kNm 9,60 kNm 
Mz 0 kNm  0,48 kNm  

Table 5-6 – Reaction forces 

Figure 5-20 – Reaction forces 

Figure 5-21 – Schematization of the connection 
(according to software Fischer). 
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The capacity of the anchor is given in two failure modes, steel fracture and the concrete fracture. 
This can be seen below.

 

The relevant checks that need to be made, can be seen below. These checks include the check for the 
tensile force, the shear force and the combination of these two forces. 

 

Check for plate thickness 

The forces acting on the connection need to be guided to the 
Highbond anchors, the thickness of the plate need to be sufficient to 
guarantee this. The other option for guiding the forces into the 
Highbond anchors, is the use of extra vertical plates attached to the 
column and plate.  

The check of the plate thickness is done by determining the maximum 
tensile force which is possible in the 
anchors, with the designed 
configuration. Figure 5-22 shows the relevant parameters for the check 
of the plate thickness, these parameters and other parameters are 
further clarified in Table 5-7. 

There are three different failure mechanisms, where the maximum 
tensile force are different, these are given in the Equations 5-17, 5-18 
and 5-19.  

 

𝐹𝐹𝑇𝑇1,𝑅𝑅𝑐𝑐 =
4 ∙ 𝑀𝑀𝑝𝑝𝑝𝑝,1,𝑅𝑅𝑐𝑐

𝑚𝑚𝑚𝑚
 5-17 

𝐹𝐹𝑇𝑇2,𝑅𝑅𝑐𝑐 =
2 ∙ 𝑀𝑀𝑝𝑝𝑝𝑝,2,𝑅𝑅𝑐𝑐 + 𝑛𝑛 ∙ ∑𝐹𝐹𝑐𝑐,𝑅𝑅𝑐𝑐

𝑚𝑚𝑚𝑚 + 𝑛𝑛
 5-18 

𝐹𝐹𝑇𝑇3,𝑅𝑅𝑐𝑐 = �𝐹𝐹𝑐𝑐,𝑅𝑅𝑐𝑐 5-19 

 

  

fy 235 N/mm2 
t 10 mm 
ex 40 mm 
mx 36,22 mm 
bp 230 mm 
w 150 mm 
n 40 mm 
no. bolts 4 pcs. 

Table 5-7 – Parameters connection 

Figure 5-22 – Parameters 
connection 
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The calculation of the necessary parameter are found in the equations below. 

𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,𝑐𝑐𝑝𝑝 = min (2 ∙ 𝜋𝜋 ∙ 𝑚𝑚𝑚𝑚  ;𝜋𝜋 ∙ 𝑚𝑚𝑚𝑚 + 𝑤𝑤 ;𝜋𝜋 ∙ 𝑚𝑚𝑚𝑚 + 2 ∙ 𝑒𝑒𝑚𝑚) 

𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,𝑐𝑐𝑝𝑝 = min(2 ∙ 𝜋𝜋 ∙ 36,22 ;𝜋𝜋 ∙ 36,22 + 150 ;𝜋𝜋 ∙ 36,22 + 2 ∙ 40) = 194 𝑚𝑚𝑚𝑚 

𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,𝑢𝑢𝑐𝑐 = min (4 ∙ 𝑚𝑚𝑚𝑚 + 1,25 ∙ 𝑒𝑒𝑚𝑚 ;  𝑒𝑒𝑚𝑚 + 2 ∙ 𝑚𝑚𝑚𝑚 + 0,625 ∙ 𝑒𝑒𝑚𝑚 ; 0,5 ∙ 𝑤𝑤 + 2 ∙ 𝑚𝑚𝑚𝑚 + 0,625 ∙ 𝑒𝑒𝑚𝑚) 

𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,𝑢𝑢𝑐𝑐 = min(4 ∙ 36,22 + 1,25 ∙ 40 ;  40 + 2 ∙ 36,22 + 0,625 ∙ 40 ; 0,5 ∙ 150 + 2 ∙ 36,22 + 0,625 ∙ 40) = 115 𝑚𝑚𝑚𝑚 

𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,1 = min�𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,𝑐𝑐𝑝𝑝 ; 𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,𝑢𝑢𝑐𝑐� = 115 𝑚𝑚𝑚𝑚 𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,2 = 𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,𝑢𝑢𝑐𝑐 = 115 𝑚𝑚𝑚𝑚 

𝑀𝑀𝑝𝑝𝑝𝑝,1,𝑅𝑅𝑐𝑐 = 0,25 ∙ 𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,1 ∙ 𝑡𝑡𝑝𝑝𝑝𝑝𝑢𝑢𝑐𝑐𝑢𝑢2 ∙ 𝑓𝑓𝑦𝑦 = 0,25 ∙ 115 ∙ 102 ∙ 235 = 0,68 𝑘𝑘𝑁𝑁𝑚𝑚 

𝑀𝑀𝑝𝑝𝑝𝑝,2,𝑅𝑅𝑐𝑐 = 0,25 ∙ 𝐿𝐿𝑢𝑢𝑓𝑓𝑓𝑓,2 ∙ 𝑡𝑡𝑝𝑝𝑝𝑝𝑢𝑢𝑐𝑐𝑢𝑢2 ∙ 𝑓𝑓𝑦𝑦 = 0,25 ∙ 115 ∙ 102 ∙ 235 = 0,68 𝑘𝑘𝑁𝑁𝑚𝑚 

 
The tensile strength per failure mechanism therefore will be 
as stated below. 

𝐹𝐹𝑇𝑇1,𝑅𝑅𝑐𝑐 =
4 ∙ 0,68 ∙ 106

36,22
= 74,61 𝑘𝑘𝑁𝑁 

𝐹𝐹𝑇𝑇2,𝑅𝑅𝑐𝑐 =
2 ∙ 0,68 ∙ 106 + 40 ∙ 2 ∙ 56.350

36,22 + 40
= 76,87 𝑘𝑘𝑁𝑁 

𝐹𝐹𝑇𝑇3,𝑅𝑅𝑐𝑐 = 56,35 𝑘𝑘𝑁𝑁 

 
The acting force on the bolt group will be determined 
according to the equations above, the acting forces working 
on the bolt group is further clarified with Figure 5-23. The 
extreme acting forces are found in load combination 2x. 

The final check that is made to confirm that the plate 
thickness is sufficient can be found below. 

𝐹𝐹𝑇𝑇,𝐸𝐸𝑐𝑐 ≤ 𝐹𝐹𝑇𝑇,𝑅𝑅𝑐𝑐  55,05 𝑘𝑘𝑁𝑁 ≤ 56,35 𝑘𝑘𝑁𝑁 

 

 

  

 Permanent load 
 Wind X-direction 
 Wind Y-direction 
 Tensile area bolt group 

Figure 5-23 – Acting forces on anchored 
connection with roof 
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5.5.3.5  Connection between base structure and transitional structure 
The connection between the base structure and the beam of the transitional structure can be made in 
two different ways, namely with regular bolts or with beam clamps. These options are previously 
explained. For both solutions the required dimensions and quality are given, these can be seen in Table 
5-8. 

The calculation of the 
standard solution 
(edge), is given in this 
chapter, the other 
calculations can be seen 
in appendix B-5. 

 

Internal forces 

In Figure, the internal forces of the base structure are given, this are all the relevant internal forces to 
the determine the necessary strength of the connection. The Figure 5-24 shows the normal force and 
the shear force acting in the beam and therefore the connection. 

  

 
Regular bolts Beam clamps 

Diameter Quality Diameter Quality 

Standard solution (edge) M10 6.8 M16 10.9 

Standard solution (corner) M10 6.8 M20 10.9 

Sliding solution (edge) M10 6.8 M16 10.9 

Sliding solution (corner) M10 6.8 M20 10.9 

Table 5-8 – Dimensions bolts 

 

Figure 5-24 – Internal forces with N, Vy and Vx 



71 
 

 Check for standard connection 

The load bearing capacity of the bolts that are used in the connection are clarified below. 

𝐹𝐹𝑣𝑣,𝑅𝑅𝑐𝑐 = 0,48 ∙ 𝑓𝑓𝑐𝑐,𝑐𝑐 ∙ 𝐺𝐺𝑏𝑏,𝑝𝑝 = 0,48 ∙ 600 ∙
1
4
∙ 𝜋𝜋 ∙ 102 = 22,61 𝑘𝑘𝑁𝑁  

𝐹𝐹𝑐𝑐,𝑅𝑅𝑐𝑐 = 0,72 ∙ 𝑓𝑓𝑐𝑐,𝑐𝑐 ∙ 𝐺𝐺𝑏𝑏,𝑝𝑝 = 0,72 ∙ 600 ∙
1
4
∙ 𝜋𝜋 ∙ 102 = 33,91 𝑘𝑘𝑁𝑁  

 
The connection will consists of four bolts, therefore the check for strength is made as follows. 

𝐹𝐹𝑣𝑣,𝐸𝐸𝑐𝑐

𝐹𝐹𝑣𝑣,𝑅𝑅𝑐𝑐
≤ 1,0 

(1,36 + 11,92)/4
22,61

= 0,15 ≤ 1,0 

𝐹𝐹𝑐𝑐,𝐸𝐸𝑐𝑐

𝐹𝐹𝑐𝑐,𝑅𝑅𝑐𝑐
≤ 1,0 

(0,63)/4
33,91

= 0,00 ≤ 1,0 

 

 Check for clamped connection 

The load bearing capacity comes from the manufacture, where the value for the tensile capacity is per 
bolt and the shear capacity is given per two bolts. Therefore the load bearing capacity per bolt is stated 
as follows. 

𝐹𝐹𝑣𝑣,𝑅𝑅𝑐𝑐 =
1
2
∙

 𝐹𝐹𝑣𝑣,𝑐𝑐𝑝𝑝𝑢𝑢𝑐𝑐𝑝𝑝

𝛾𝛾𝑀𝑀
=

1
2
∙

15,50
1,3

= 5,96 𝑘𝑘𝑁𝑁  

𝐹𝐹𝑐𝑐,𝑅𝑅𝑐𝑐 =
 𝐹𝐹𝑐𝑐,𝑐𝑐𝑝𝑝𝑢𝑢𝑐𝑐𝑝𝑝

𝛾𝛾𝑀𝑀
=

19,41
1,3

= 14,93 𝑘𝑘𝑁𝑁  

 

The beam clamp connection will consist of four bolts, the check that is made, is shown below. 

𝐹𝐹𝑣𝑣,𝐸𝐸𝑐𝑐

𝐹𝐹𝑣𝑣,𝑅𝑅𝑐𝑐
≤ 1,0 

(1,36 + 11,92)/4
5,96

= 0,56 ≤ 1,0 

𝐹𝐹𝑐𝑐,𝐸𝐸𝑐𝑐

𝐹𝐹𝑐𝑐,𝑅𝑅𝑐𝑐
≤ 1,0 

(0,63)/4
14,93

= 0,01 ≤ 1,0 

 

 

  



72 
 

5.5.4 Deformation 
The deformation of all the elements shouldn’t exceed the limit that is set by the Eurocode. The 
deformation is solely calculated with SCIA Engineer, the chosen and checked profile are assigned to 
the elements.  

The deformation of the standard solution which is placed on the edge of the building is clarified here, 
the rest can be found in appendix B-3. 

5.5.4.1  Resulting deformation 
The resulting deformation is given from both wind directions, the deformations is given in two 
directions, relative to the cross section. The resulting deformation is given in Figure 5-25 and Figure 
5-26. 

 

 

  

 

  

Figure 5-26 – Deformation of the structure (wind from x-direction). Left figure represents the uz and the right figure uy 

Figure 5-25 – Deformation of the structure (wind from y- direction). Left figure represents the uz and the right figure uy 
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5.5.4.2 Element I 
The first element to check is element I, which is part of the base structure. The check can be found 
below. 

𝑢𝑢𝑧𝑧 ≤
𝐿𝐿

250
 3,0 ≤

800
250

 3,0 ≤ 3,2 

𝑢𝑢𝑦𝑦 ≤
𝐿𝐿

250
 1,4 ≤

800
250

 1,4 ≤ 3,2 

5.5.4.3 Element II 
The second element to check is element II, which is part of the base structure. Element II has two 
different spans, therefore the check should be done with both spans. The checks can be found below. 

𝑢𝑢𝑧𝑧,1 ≤
𝐿𝐿1

250
 6,1 ≤

4500
250

 6,1 ≤ 18,0 

𝑢𝑢𝑦𝑦,1 ≤
𝐿𝐿1

250
 7,0 ≤

4500
250

 7,0 ≤ 18,0 

 

𝑢𝑢𝑧𝑧,2 ≤
𝐿𝐿2

250
 2,1 ≤

3000
250

 2,1 ≤ 12,0 

𝑢𝑢𝑦𝑦,2 ≤
𝐿𝐿2

250
 2,0 ≤

3000
250

 2,0 ≤ 12,0 
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6 Conclusion and recommendation  
This report has been divided into two parts, namely the check of the structural integrity of the building 
and the design of the intermediate structure, therefore the conclusion and recommendation is also 
spilt into two parts. Firstly a recap and a recommendation is given of the report. Secondly a flow chard 
is made, this is done to clarify the approach.  

6.1 Building 
When a PowerNEST unit is placed a building, additional horizontal forces will seize on the structural 
system of the building. The additional wind load should be calculated according to the Eurocode, to 
check the capacity of the structural system, the structural system should be analyzed. The capacity of 
the structural system will include a check for the extreme stresses, pile reactions and the deformation 
of the system. 

Information about the building, especially the structural system, should be found at city hall. If certain 
necessary information is not present, this information should be researched separately. The 
calculations of the building at Urkhovenseweg were not present. Therefore the calculations of the 
whole building are made, this to guarantee that the additional forces will remain below the set limit 
and to be able to compare the new situation with the current situation. 

These checks are made according to the discussed boundary conditions, these boundary conditions 
have been explained in this report, which includes the materials of the structural walls and the allowed 
stresses. Also the piles in the pile foundations are described regarding its load bearing capacity.  

To check if the additional wind load doesn’t exceed the set limits, the wind load acting on the building 
should be calculated. When this wind load is known, the extreme stresses, pile reactions and the 
deformations can be calculated and tested. The findings regarding these topics are further clarified.  

6.1.1 Wind load 
The wind load acting on the building is calculated according to the relevant Eurocode. When this code 
is examined, it becomes clear that the height of the building is an important factor to determine the 
wind load on the entire building. Which means when the PowerNEST is added onto the building, the 
wind load will increase on the entire height of the building, therefore the bending moment will increase 
more than maybe was anticipated. This was also the case for the building at Urkhovenseweg, where 
the height is increased from 39 meters to 42 meters.  

The building at Urkhovenseweg consists out of three blocks, which are not connected with each other. 
Two blocks are identical and the third block is similar to the other two blocks. For the two different 
blocks are wind load calculations made, for both wind directions.  

The wind load will distribute itself over the structural walls, the amount of wind load acting on one of 
these structural walls, depends on the stiffness of this wall. The deformation of the floors remains the 
same, therefore the deformation of the wall too. The force distribution is in such a way, that this is the 
case.  
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6.1.2 Extreme stresses 
The load bearing capacity for the structural walls are determined by the boundary conditions. These 
boundary conditions indicates that the allowed tensile and compression stresses are comparable to 
concrete class C20/25. Also the default reinforcement of the structural walls is taken into account to 
increase the allowable tensile stress.  

The loads that are affecting the extreme stresses are divided into permanent loads and variable loads. 
These two different types of loads are combined into load combinations, the difference between these 
load combination lays in the fact, that the permanent load could have a positive effect on the extreme 
tensile stress. Therefore the permanent load is reduced with a safety factor, and the variable floor load 
is not taken into account. 

These calculations are made for the building at Urkhovenseweg, the extreme stresses in all structural 
walls are known. These stresses remain below the load bearing resistance of the walls.  

6.1.3 Pile reactions 
The load bearing capacity of the piles are described in the information which is taken from city hall. 
The procedure which was used when the building was originally calculated is outdated. Therefore the 
load bearing capacity can be increased with the average safety factor. 

The acting bending moment and vertical loads determine the pile reactions. Due to the stiffness of the 
structural walls, it can be assumed that the vertical load will be distributed evenly over the piles. The 
pile reaction due to the acting bending moment, depends mainly on the distance of a pile to the center 
of a pile line.  

The reaction of each pile is calculated, each of these pile reactions stays below the previously stated 
limits. 

6.1.4 Deformation 
The deformation of the structural walls depends on the Young’s modulus of the concrete. Because the 
structural walls are subjected to tensile stresses, the Young’s modulus will decrease to one third of its 
original value.  

The deformation of each of the walls stays the same per block, this resulting deformation stays below 
the limit set by the Eurocode. 
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6.2 Intermediate structure 

6.2.1 Standardized design 
There are two main designs, where the difference lies in the presence of the rails for the window wash 
installation. These designs follow however the same principle, the same type of structures are used to 
support the PowerNEST. The intermediate structure consists out of the base structure, transitional 
structure and the sub frame. 

The base structure is the direct connection with the structural system of the building. Multiple base 
structures form a base for the rest of the intermediate structure. The sub frame will be the direct 
support for the PowerNEST, the sub frame is designed by IBIS Power. The base structure and the sub 
frame are connected with each other through the transitional structure. The principle design of the 
transitional structure changes the most per building, the transitional structure depends on the 
presence of a window wash installation and the structural system of the building. The height of the 
building has an influence on the entire intermediate structure, since the wind load per square meter 
increases.  

In this report four separate calculations were made, where apart from the presence of a window wash 
installation, the difference is made for placement of the PowerNEST on the edge or in the corner on 
the rooftop. These calculations proved that these structures can be made within the requirements of 
the relevant Eurocodes, when the principle is applied for the building at Urkhovenseweg.  

When there is no window wash installation on the roof, the standard solution is used. This solution is 
fairly straight forward. When there is a window wash installation present on the roof, the sub frame is 
able slide over the transitional structure.  

6.2.2 Sliding mechanism 
In the report two different sliding mechanisms are discussed, a wheel based system and a hydraulic 
skidding system. Both of these systems can be used, the standardized design of the intermediate 
structure accounts for both systems.  

The wheel based system is fairly straight forward, where the connection of these wheels are similar as 
the wheels that are used to connection the roller coasters to the track. For the intermediate structure, 
the track will be a H shaped profile. A disadvantage of this system, is this track. The profiles will never 
be perfectly straight and the wheels that run over this could encounter this problem. Secondly, the 
wheels may catch dirt, this could prevent the PowerNEST rolling over the track. 

The second considered system, is the hydraulic skidding system. Where a skidding beam is placed 
between the sub frame and transitional structure, therefore the disadvantage of an imperfect H 
shaped profile is reduced. The Teflon which acts as the contact surface between the two structures, 
needs to be replaced in time. The tensional forces acting on the skidding system will be supported with 
two L shaped profiles.  

When the advantages and disadvantages are compared, the skidding system with hydraulics seems to 
be better. The uncertainties in the wheel based system, namely the imperfect beam and the risk of 
clogging up the system, are too high. The skidding system seems to fit well in the system, only a 
principle of the connection is provided. If this solution will be applied, the connection should be further 
optimized.   
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6.2.3 Horizontal alignment 
Horizontal alignment can be realized in two ways, with a beam clamp connection of with the use of 
the bolt tolerance. 

When the connection is made with beam clamps, the PowerNEST can easily be made flush with the 
edge or corner of the building. Also there is no need for predrilled holes in the beams and the beams 
can remain universal. For all situations the limits, which are set by the manufacturer, are not exceeded. 
Therefore a beam clamp connection can be made. There is a big disadvantage for the use of beam 
clamps, which is the reliability. The risk of making the connection crooked, while placing this type of 
connection is relatively high and because the structure will be mainly out of view, a failure of this 
connection is not likely to be spotted.   

When a connection with regular bolts is chosen, the ability of placing the PowerNEST exactly flush with 
the façade is lost. The bolt hole tolerances is the only room to play with, this room is necessary to take 
the possible errors in assembly into account. Which means that IBIS Power needs to accept that the 
PowerNEST is not flush with the façade. The loss of wind energy generation should be acceptable to 
use this option. 

My recommendation for this connection, will be a bolted connection. Because the risk for a bad 
connection with the beam clamps is too high. And IBIS Power is not mass producing the intermediate 
structure yet, therefore universal beams are irrelevant at this moment. If IBIS Power is grown into a 
bigger company, this problem could be readdressed. 

6.2.4 Vertical alignment 
The vertical alignment is needed for two different situations, namely uncertainties on the roof and the 
option to place the PowerNEST flush with the roof edge. When the PowerNEST isn’t placed flush with 
the roof edge, a gap could remain between the PowerNEST and the roof edge, this could reduce the 
efficiency of the PowerNEST. 

There were two different methods considered to establish decent vertical alignment, where one 
method is based on a nut and bolt and the other method is more standard by adding steel spaces until 
the right height is reached.  

The ‘nut and bolt method’ has a lot of potential for obtaining the right height. With this connection 
the intermediate structure can always be made level with the roof and the gap between the roof edge 
and the PowerNEST can be minimalized. The structural connection between the inner tube and outer 
tube is more difficult. The bending moment acting on the structure should be transmitted towards the 
roof. This should be considered. 

The second option, is using spacers between the base structure and the transitional structure. The 
advantage of this solution, is that it’s a tested and familiar solution. But this solution is not able to 
account for the gap between the roof edge and the PowerNEST, this gap cannot be minimalized. This 
solution is only able to eliminate relatively small errors and other surprises. The question remains, if 
the spacers are enough to be able to account for these errors. 

The best solution should initially be the ‘bolt and nut method’, this method eliminates the 
uncertainties. If these uncertainties proves to be insignificant in the future, the spacers can be chosen, 
where the gap between the roof edge and PowerNEST should be accepted.   
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6.3 Flow chart 
 

 

  

Gather structural drawings and 
calculations about the chosen building 

Check with city hall if there are 
structural drawings of the building 

 

Determine the main structure with 
the obtained drawings. The 

mechanics, dimensions of this 
structure need to be determined. 

Visit the building and identify the structural 
elements. The mechanics, dimensions of 

these elements need to be determined. An 
estimation need to made for the 

connections, regarding hinged and rigid 
connections. 

available not available 

Check if there are calculations of the 
building available at city hall 

Filter the important results to 
determine the acting loads on the 

building and the load bearing capacity 
of the building  

available not available 

Calculate the acting loads on the building and 
determine the load combinations 

Make a configuration of one or multiple PowerNEST’s 
on the building, regarding found obstructions on the 

roof (window wash installation and chimney’s) 

Check the strength and stability of building in the 
current situation and in the new situation  

Calculate the load bearing capacity of the 
main structure of the building 

Continue with the design of the intermediate structure  

Calculate the extra horizontal load resulting from the 
PowerNEST 

not sufficient  sufficient  
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Continue with the design of the 

intermediate structure. Depending on 
the found obstructions, the solution can 

be chosen. 

Standard solution Sliding solution  

Set additional boundary 
conditions, such as; 

- Height of roof edge 
- Placement (edge or corner) 
- Location of chimney’s 

 

Set additional boundary 
conditions, such as; 

- Height of roof edge 
- Placement (edge of corner) 
- Location of chimney’s 
- Dimension of the rails of the 

window wash installation 

Design the intermediate 
structure according to the 

standardized approach of the 
standard solution   

Design the intermediate 
structure according to the 

standardized approach of the 
sliding solution   

Calculate the internal forces and 
the reaction forces with a 2D or 

3D calculation program 
 

Determine the minimal 
dimensions of the elements and 
connections in the intermediate 

structure. 

Draw the building plans and 
details of the connections of the 

intermediate structure 
 

Draw the building plans and 
details of the connections of the 

intermediate structure 
 

Calculate the internal forces and 
the reaction forces with a 2D or 

3D calculation program 
 

Determine the minimal 
dimensions of the elements and 
connections in the intermediate 

structure. 

Continue with the assemble of the 
intermediate structure on the roof. 

with window wash installation without window wash installation   
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Transport only the base structure towards the 
building site 

Place the base structures on the roof, with 
these steps; 

- Men can manually transport the base 
structure to the construction site, no 
crane is needed 

- Mark correct location 
- Cut open roof membrane and insulation 
- Drill holes with hollow core diamond bore 
- Connect base structure with anchors 
- Ensure water tight connection with roof, 

which is done by a different specialized 
person 

 

Check connections and make sure no 
chimneys are blocking the intermediate 

structure. Also the base structure should be 
able to level at the minimum required height 

not sufficient 

sufficient 
Choose different location for 

the PowerNEST or redesign the 
intermediate structure  

Transport the intermediate structure and the 
PowerNEST to the construction site 

Place the rest of the intermediate 
structure on the roof, with these 

steps; 
- Ensure that the correct of the 

base structure is obtained 
- Use the crane to lift the 

intermediate structure onto the 
roof 

- Make the connection with the 
base structure 

- Final check of the connections 
 

Place the PowerNEST on the roof, 
with these steps; 

- Assemble the sub frame on 
ground level 

- Assemble the PowerNEST onto 
the sub frame 

- Lift the sub frame with the 
PowerNEST onto the roof with a 
crane 

- Ensure the correct horizontal 
location (only with beam 
clamps) 

- Make the connection with the 
intermediate structure 

- Final check of the connections 
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